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Provided is a terminal communicating with a base station, in
which in a case where a physical downlink control channel
is monitored in a first physical downlink control channel-
physical resource block set, the physical downlink control
channel is decoded in such a manner that the physical
downlink control channel is rate-matched based on a pre-
scribed reference signal, and in which, in a case where the
physical downlink control channel is monitored in a second
physical downlink control channel-physical resource block
set, the physical downlink control channel is decoded in
such a manner that the physical downlink control channel is
rate-matched based on a reference signal that is set indi-
vidually for each terminal.
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FIG. 1
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FIG. 7

UPLINK CONTROL CHANNEL LOGICAL RESOURCE
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FIG. 20
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TERMINAL, BASE STATION,
COMMUNICATION SYSTEM, AND
COMMUNICATION METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional application of
copending U.S. application Ser. No. 14/772,718, filed Sep.
3, 2015, which is a 35 USC §371 Application of Interna-
tional Application No. PCT/JP2014/055083, filed Feb. 28,
2014, claiming priority from Japanese Patent Application
No. 2013-046170, filed Mar. 8, 2013, all of which are hereby
expressly incorporated by reference into the present appli-
cation.

TECHNICAL FIELD

[0002] The present invention relates to a terminal, a base
station, a communication system, and a communication
method.

BACKGROUND ART

[0003] In a wireless communication system, such as Long
Term Evolution (LTE) and LTE-Advanced (LTE-A) that are
based on Third Generation Partnership Project (3GPP), or
Wireless LAN and Worldwide Interoperability for Micro-
wave Access (WiMAX) that are based on the Institute of
Electrical and Electronics Engineers (IEEE), a base station
(a base station device, a downlink transmission device, an
uplink reception device, or an eNode B) and a terminal (a
terminal device, a mobile station device, a downlink recep-
tion device, an uplink transmission device, or UE) each
include multiple transmit and receive antennas and use a
Multi Input Multi Output (MIMO) technology, resulting in
spatially multiplexing a data signal and thus realizing high-
speed data communication. Furthermore, particularly, in
LTE and LTE-A, high spectral efficiency is realized using an
Orthogonal Frequency Division Multiplexing (OFDM)
scheme for downlink, and peak power is suppressed using a
Single Carrier-Frequency Division Multiple Access (SC-
FDMA) scheme for uplink. Additionally, a Hybrid ARQ
(HARQ) that results from combining an Automatic Repeat
Request (ARQ) and error correction coding is employed.

[0004] FIG. 23 is a diagram illustrating a configuration of
an LTE communication system that performs the HARQ. In
FIG. 23, a base station 2301 notifies a terminal 2302 of
control information relating to downlink transmission data
2304 through Physical Downlink Control CHannel (PD-
CCH) 2303. First, the terminal 2302 detects the control
information using information of a serving cell. If the
control information is detected, the terminal 2302 extracts
the downlink transmission data 2304 using the detected
control information. The terminal 2302 that detects the
control information reports HARQ response information
indicating whether the extraction of the downlink transmis-
sion data 2304 succeeds or fails, to the base station 2301
through a Physical Uplink Control CHannel 2305 (PUCCH).
At this time, a resource (a PUCCH resource) for the PUCCH
2305, which is usable by the terminal 2302, is determined
explicitly/suggestively in a unique manner from a resource
for the PDCCH 2303 to which the control information is
assigned. Accordingly, when the terminal 2303 reports the
HARQ response information, a PUCCH resource can be
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used that is dynamically assigned. Furthermore, the PUCCH
resources are prevented from overlapping between terminals
(NPL 1 and NPL 2).

CITATION LIST

[0005] Non Patent Literature

[0006] NPL 1: 3rd Generation Partnership Project; Tech-
nical Specification Group Radio Access Network; Evolved
Universal Terrestrial Radio Access (E-UTRA); Physical
Channels and Modulation (Release 11), December 2012,
3GPP TS 36 211 V11.1.0 (2012-12).

[0007] NPL 2: 3rd Generation Partnership Project; Tech-
nical Specification Group Radio Access Network; Evolved
Universal Terrestrial Radio Access (E-UTRA); Physical
layer procedures (Release 11), December 2012, 3GPP TS
36.213 V11.1.0 (2012-12).

SUMMARY OF INVENTION

Technical Problem

[0008] However, it is considered that in the wireless
communication system, an enhanced Physical Downlink
Control Channel, as well as a Physical Downlink Control
Channel, is used in order to increase the number of terminals
that one base station can accommodate. For this reason, with
a method of transmitting and receiving the control informa-
tion over the Physical Downlink Control Channel in the
related art, transmission and reception parameter setting
cannot be shared between a base station and a terminal in a
case where the control information is transmitted and
received over the enhanced Physical Downlink Control
Channel. This is a factor in preventing improvement in
transfer efficiency.

[0009] An object of the present invention, which is made
in view of the problems described above, is to provide a base
station, a terminal, a communication system and a commu-
nication method, in each of which transmission and recep-
tion parameter setting is capable of being efficiently per-
formed even in a case where the base station notifies the
terminal of control information not only through a physical
downlink control channel but also through an enhanced
physical downlink control channel, in a wireless communi-
cation system in which the base station and the terminal
communicate with each other.

Solution to Problem

[0010] (1) The present invention was made to solve the
problem described above, and a terminal according to an
aspect of the present invention is a terminal that performs
communication with a base station in a cell, the terminal
including: a downlink control channel detection module that
monitors an enhanced physical downlink control channel in
a first enhanced physical downlink control channel-physical
resource block set and a second enhanced physical downlink
control channel-physical resource block set, in which, in a
case where the physical downlink control channel is moni-
tored in the first enhanced physical downlink control chan-
nel-physical resource block set, the downlink control chan-
nel detection module decodes the physical downlink control
channel in such a manner that the physical downlink control
channel is rate-matched based on a prescribed reference
signal, and in which, in a case where the physical downlink
control channel is monitored in the second enhanced physi-
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cal downlink control channel-physical resource block set,
the downlink control channel detection module decodes the
physical downlink control channel in such a manner that the
physical downlink control channel is rate-matched based on
a reference signal that is set individually for each terminal.
[0011] (2) A terminal according to an aspect of the present
invention is the above-mentioned terminal, in which a
search space in the first enhanced physical downlink control
channel-physical resource block set may be a search space
in which the physical downlink control channel added with
a CRC scrambled by a paging identifier is monitored, and a
search space in the second enhanced physical downlink
control channel-physical resource block set may be a search
space in which the physical downlink control channel added
with the CRC scrambled by the paging identifier is added is
not monitored.

[0012] (3) Aterminal according to an aspect of the present
invention is the above-mentioned terminal, in which the
prescribed reference signal may be a cell-specific reference
signal that is transmitted together with a physical broadcast
channel in the cell.

[0013] (4) Aterminal according to an aspect of the present
invention is the above-mentioned terminal, in which the
prescribed reference signal may be in a state where a
reference signal is absent.

[0014] (5) A base station according to an aspect of the
present invention is a base station that performs communi-
cation with a terminal in a cell, the base station including: a
physical control information notification module that
arranges an enhanced physical downlink control channel in
a first enhanced physical downlink control channel-physical
resource block set or a second enhanced physical downlink
control channel-physical resource block set, and notifies the
terminal of a result of the arrangement, in which, in a case
where the physical downlink control channel is arranged in
the first enhanced physical downlink control channel-physi-
cal resource block set, the physical control information
notification module arranges the physical downlink control
channel in such a manner that the physical downlink control
channel is rate-matched based on a prescribed reference
signal, and in which, in a case where the physical downlink
control channel is arranged in the second enhanced physical
downlink control channel-physical resource block set, the
physical control information notification module arranges
the physical downlink control channel in such a manner that
the physical downlink control channel is rate-matched based
on a reference signal that is set individually for each
terminal.

[0015] (6) A base station according to an aspect of the
present invention is the above-mentioned base station, in
which a search space in the first enhanced physical downlink
control channel-physical resource block set may be a search
space in which the physical downlink control channel added
with a CRC scrambled by a paging identifier is monitored,
and a search space in the second enhanced physical down-
link control channel-physical resource block set may be a
search space in which the physical downlink control channel
added with the CRC scrambled by the paging identifier is not
monitored.

[0016] (7) A base station according to an aspect of the
present invention is the above-mentioned base station, in
which the prescribed reference signal may be a cell-specific
reference signal that is transmitted together with a physical
broadcast channel in the cell.
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[0017] (8) A base station according to an aspect of the
present invention is the above-mentioned base station, in
which the prescribed reference signal may be in a state
where a reference signal is absent.

[0018] (9) A communication system according to an aspect
of'the present invention is a communication system in which
a base station and a terminal communicate with each other
in a cell, in which the base station includes a physical control
information notification module that arranges an enhanced
physical downlink control channel in a first enhanced physi-
cal downlink control channel-physical resource block set or
a second enhanced physical downlink control channel-
physical resource block set, and notifies the terminal of a
result of the arrangement, in which, in a case where the
physical downlink control channel is arranged in the first
enhanced physical downlink control channel-physical
resource block set, the physical control information notifi-
cation module arranges the Physical Downlink Control
Channel in such a manner that the physical downlink control
channel is rate-matched based on a prescribed reference
signal, in which, in a case where the physical downlink
control channel is arranged in the second enhanced physical
downlink control channel-physical resource block set, the
physical control information notification module arranges
the P physical downlink control channel in such a manner
that the physical downlink control channel is rate-matched
based on a reference signal that is set individually for each
terminal, in which the terminal includes a downlink control
channel detection module that monitors the enhanced physi-
cal downlink control channel in the first enhanced physical
downlink control channel-physical resource block set and
the second enhanced physical downlink control channel-
physical resource block set, in which, in a case where the
physical downlink control channel is monitored in the first
enhanced physical downlink control channel-physical
resource block set, the downlink control channel detection
module decodes the physical downlink control channel in
such a manner that the physical downlink control channel is
rate-matched based on a prescribed reference signal, and in
which, in a case where the physical downlink control
channel is monitored in the second enhanced physical down-
link control channel-physical resource block set, the down-
link control channel detection module decodes the physical
downlink control channel in such a manner that the physical
downlink control channel is rate-matched based on a refer-
ence signal that is set individually for each terminal.

[0019] (10) A communication method according to an
aspect of the present invention is a communication method
for use in a terminal that that performs communication with
a base station in a cell, the communication method includ-
ing: a step of monitoring an enhanced physical downlink
control channel in a first enhanced physical downlink con-
trol channel-physical resource block set and a second
enhanced physical downlink control channel-physical
resource block set, in which, in the step of monitoring, in a
case where the physical downlink control channel is moni-
tored in the first enhanced physical downlink control chan-
nel-physical resource block set, the physical downlink con-
trol channel is decoded in such a manner that the physical
downlink control channel is rate-matched based on a pre-
scribed reference signal, and in which, in the step of moni-
toring, in a case where the physical downlink control chan-
nel is monitored in the second enhanced physical downlink
control channel-physical resource block set, the physical
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downlink control channel is decoded in such a manner that
the physical downlink control channel is rate-matched based
on a reference signal that is set individually for each
terminal.

[0020] (11) A communication method according to an
aspect of the present invention is a communication method
for use in a base station that performs communication with
a terminal in a cell, the communication method including: a
step of arranging an enhanced physical downlink control
channel in a first enhanced physical downlink control chan-
nel-physical resource block set or a second enhanced physi-
cal downlink control channel-physical resource block set,
and notifying the terminal of a result of the arrangement, in
which, in the step of arranging, in a case where the Physical
Downlink Control Channel is arranged in the first enhanced
physical downlink control channel-physical resource block
set, the physical downlink control channel is arranged in
such a manner that the physical downlink control channel is
rate-matched based on a prescribed reference signal, and in
which, in the step of arranging, in a case where the physical
downlink control channel is arranged in the second
enhanced physical downlink control channel-physical
resource block set, the physical downlink control channel is
arranged in such a manner that the physical downlink
control channel is rate-matched based on a reference signal
that is set individually for each terminal.

Advantageous Effects of Invention

[0021] According to the present invention, in a wireless
communication system in which a base station and a termi-
nal communicate with each other, transmission and recep-
tion parameter setting can be efficiently performed even in
a case where the base station notifies the terminal of control
information not only through a physical downlink control
channel but also through an enhanced physical downlink
control channel.

BRIEF DESCRIPTION OF DRAWINGS

[0022] FIG. 1 is a diagram illustrating a configuration
example of a communication system according to a first
embodiment of the present invention.

[0023] FIG. 2 is a diagram illustrating one configuration
example of a downlink radio frame according to the first
embodiment.

[0024] FIG. 3 is a diagram illustrating one configuration
example of an uplink radio frame according to the first
embodiment.

[0025] FIG. 4 is a schematic diagram illustrating one
example of a block configuration of a base station according
to the first embodiment.

[0026] FIG. 5 is a schematic diagram illustrating one
example of a block configuration of a terminal according to
the first embodiment.

[0027] FIG. 6 is a diagram illustrating a configuration of
aphysical uplink resource block in an uplink control channel
domain to which a PUCCH is assigned, according to the first
embodiment.

[0028] FIG. 7 is a correspondence table illustrating an
uplink control channel logical resource according to the first
embodiment.

[0029] FIG. 8 is a diagram illustrating a physical resource
block PRB in a PDCCH region and a PDSCH region
according to the first embodiment.
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[0030] FIG. 9 is a diagram illustrating one example of
mapping of an EPDCCH according to the first embodiment.
[0031] FIG. 10 is a diagram illustrating another example
of the mapping of the EPDCCH according to the first
embodiment.

[0032] FIG. 11 is a diagram illustrating a constituent
element of the EPDCCH according to the first embodiment.
[0033] FIG. 12 is a diagram illustrating one example of an
aggregation level according to the first embodiment.
[0034] FIG. 13 is a diagram illustrating one example of an
EPDCCH set according to the first embodiment.

[0035] FIG. 14 is a diagram illustrating one example of
downlink grant and a CRS that is considered in rate match-
ing according to the first embodiment.

[0036] FIG. 15 is a diagram illustrating one example of the
downlink grant and a starting position of an EPDCCH
according to the first embodiment.

[0037] FIG. 16 is a diagram illustrating one example of the
downlink grant and a ZP-CSIRS that is considered in rate
matching according to the first embodiment.

[0038] FIG. 17 is a diagram illustrating one example of the
downlink grant and DMRS pseudo collocation according to
the first embodiment.

[0039] FIG. 18 is a diagram illustrating one example of the
downlink grant and a DMRS scrambling sequence according
to the first embodiment.

[0040] FIG. 19 is a diagram illustrating one example of
assignment of a downlink grant and a PUCCH resource
according to the first embodiment.

[0041] FIG. 20 is a diagram illustrating one example of a
flow for downlink data transmission and for a response
procedure for the downlink data transmission according to
the first embodiment.

[0042] FIG. 21 is a diagram illustrating one example of a
correspondence between an ARO field and an offset value
that is indicated in the ARO field, according to the first
embodiment.

[0043] FIG. 22 is a diagram illustrating another example
of the flow for the downlink data transmission and for the
response procedure for the downlink data transmission
according to the first embodiment.

[0044] FIG. 23 is a diagram illustrating a configuration
example of the communication system.

DESCRIPTION OF EMBODIMENTS

First Embodiment

[0045] A first embodiment of the present invention will be
described below. A communication system according to the
first embodiment includes a base station (a base station
device, a downlink transmission device, an uplink reception
device, or an eNode B) and a terminal (a terminal device, a
mobile station device, a downlink reception device, an
uplink transmission device, or User Equipment (UE)).

[0046] FIG. 1 is a diagram illustrating a configuration
example of the communication system according to the first
embodiment. In FIG. 1, a base station 101 notifies a terminal
102 of control information relating to downlink transmission
data 104 through a PDCCH and/or an Enhanced Physical
Downlink Control Channel (Enhanced PDCCH) 103. The
terminal 102 detects the control information. In a case where
the control information is detected, the terminal 102 extracts
the downlink transmission data 104 using the detected
control information. The terminal 102 that detects the con-
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trol information reports HARQ response information (which
is also referred to as an “Ack/Nack” or a “HARK-ACK”)
indicating whether the extraction of the downlink transmis-
sion data 104 succeeds or fails, to the base station 101
through a PUCCH. At this time, in a case where the terminal
102 detects the control information in the PDCCH, a
resource for a Physical Uplink Control Channel (PUCCH)
105 that is usable by the terminal 102 is explicitly/sugges-
tively determined in a unique manner from a PDCCH
resource to which the control information is assigned. Fur-
thermore, in a case where the terminal 102 detects the
control information in the EPDCCH 103, the resource for
the PUCCH 105 that is usable by the terminal 102 is
explicitly/suggestively determined in a unique manner from
a resource for the EPDCCH 103 to which the control
information is assigned.

[0047] FIG. 2 is a diagram illustrating one configuration
example of a downlink radio frame according to the present
embodiment. For downlink, an OFDM access scheme is
used. For downlink, the PDCCH, the EPDCCH, a Physical
Downlink Shared CHannel (PDSCH), and the like are
assigned. The downlink radio frame is configured from a
downlink resource block (RB) pair. The downlink RB pair is
a unit of assignment or the like of the downlink radio
resource and is constructed from a frequency bandwidth (a
RB bandwidth) with a prescribed width and a time duration
(two slots=1 subframe). One downlink RB pair is con-
structed from 2 downlink RBs (RB bandwidthxslot) that are
continuous in a time domain. One downlink RB is con-
structed from 12 subcarriers in a frequency domain. Fur-
thermore, in the time domain, in a case where a normal
cyclic prefix is added, one downlink RB is configured from
7 OFDM symbols, and in a case where a cyclic prefix is
longer than usual is added, one downlink RB is configured
from 6 OFDM symbols. A region that is specified by one
subcarrier in the frequency domain and one OFDM symbol
in the time domain is referred to as a resource element (RE).
The Physical Downlink Control Channel is a physical chan-
nel over which downlink control information is transmitted
such as a terminal device identifier, scheduling information
on the Physical Downlink Shared Channel, scheduling infor-
mation on a Physical Uplink Shared Channel, a modulation
scheme, a coding rate, or a retransmission parameter. More-
over, here, a downlink subframe in one component carrier
(CC) is described, but the downlink subframe is specified for
every component carrier and the downlink subframe is
mostly synchronized between the CCs.

[0048] Moreover, although not illustrated here, a reference
signal (RS) may be mapped to the downlink subframe. As
the reference signals, there are a cell-specific reference
signal (Cell-Specific RS (CRS)) that is transmitted at the
same transmission port as the PDCCH, a channel state
information reference signal (CSIRS) that is used for mea-
surement of channel state information (CSI), a terminal-
specific reference signal (UE-specific RS (UERS)) that is
transmitted at the same transmission port as one portion of
the PDSCH, a demodulation reference signal (Demodulation
RS (DMRS)) that is transmitted at the same transmission
port as the EPDCCH, and the like. Furthermore, a carrier in
which the CRS is not mapped may be satisfactory. At this
time, the same signal (referred to as an enhanced synchro-
nization signal) as a signal that corresponds to one or several
transmission ports (for example, only a transmission port 0)
or all transmission ports for the CRS can be inserted, as a
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signal for tracking a time and/or a frequency, into one or
several subframes (for example, first and sixth subframes of
a radio frame).

[0049] FIG. 3 is a diagram illustrating one configuration
example of an uplink radio frame according to the present
embodiment. For uplink, an SC-FDMA scheme is used. For
uplink, the Physical Uplink Shared Channel (PUSCH), the
PUCCH, and the like are assigned. Furthermore, an uplink
reference signal is assigned to one portion of the PUSCH or
of'the PUCCH. The uplink radio frame is configured from an
uplink RB pair. The uplink RB pair is a unit of assignment
or the like of an uplink radio resource and is constructed
from a frequency bandwidth (RB bandwidth) with a pre-
scribed width and a time duration (two slots=1 subframe).
One uplink RB pair is configured from two uplink RBs (RB
bandwidthxslot) that are continuous in the time domain. One
uplink RB pair is configured from 12 subcarriers in the
frequency domain. In the time domain, in a case where a
normal cyclic prefix is added, one uplink RB pair is con-
figured from 7 SC-FDMA symbols, and in a case where a
cyclic prefix is longer than usual is added, one uplink RB
pair is configured from 6 SC-FDMA symbols. Moreover,
here, an uplink subframe is entered in one CC, but the uplink
subframe is specified for every CC.

[0050] FIG. 4 is a schematic diagram illustrating one
example of a block configuration of the base station 101
according to the present embodiment. The base station 101
has a codeword generation module 401, a downlink sub-
frame generation module 402, an OFDM signal transmission
module (a physical control information notification module)
404, a transmit antenna (a base station transmit antenna)
405, a receive antenna (a base station receive antenna) 406,
an SC-FDMA signal reception module (a response informa-
tion reception module) 407, an uplink subframe processing
module 408, and a higher layer (a higher layer control
information notification module) 410. The downlink sub-
frame generation module 402 has Physical Downlink Con-
trol Channel generation module 403. Furthermore, the
uplink subframe processing module 408 has a Physical
Uplink Control Channel extraction module 409.

[0051] FIG. 5 is a schematic diagram illustrating one
example of a block configuration of the terminal 102 accord-
ing to the present embodiment. The terminal 102 includes a
receive antenna (a terminal receive antenna) 501, an OFDM
signal reception module (a downlink reception module) 502,
a downlink subframe processing module 503, a codeword
extraction module (a data extraction module) 505, a higher
layer (a higher layer control information acquisition module)
506, a response information generation module 507, an
uplink subframe generation module 508, an SC-FDMA
signal transmission module (a response transmission mod-
ule) 510, and a transmit antenna (a terminal transmit
antenna) 511. The downlink subframe processing module
503 has a Physical Downlink Control Channel extraction
module (a downlink control channel detection module) 504.
Furthermore, the uplink subframe generation module 508
has a Physical Uplink Control Channel generation module
(an uplink control channel generation module) 509.

[0052] First, flows of downlink data for transmission and
reception are described referring to FIGS. 4 and 5. In the
codeword generation module 401 of the base station 101,
types of processing, such as error correction coding and rate
matching processing, are performed on transmission data
(also referred to as a transport block) that is delivered from
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the higher layer 410, and a codeword is generated. A
maximum of 2 codewords is transmitted at the same time in
one subframe in one cell. In the downlink subframe gen-
eration module 402, the downlink subframe is generated
according to an instruction of the higher layer 410. First,
modulation processing, such as Phase Shift Keying (PSK)
modulation or Quadrature Amplitude Modulation (QAM) is
performed on the codeword that is generated in the code-
word generation module 401, and thus the resulting code-
word is converted into a sequence of modulation symbols.
Furthermore, the sequence of modulation symbols is
mapped onto the REs within one or several RBs, and the
downlink subframe is generated for every antenna port by
performing precoding processing. Moreover, the RE for
downlink is specified as corresponding to each subcarrier on
each OFDM symbol. At this time, a sequence of transmis-
sion data that is provided from the higher layer 410 includes
dedicated (individual) control information (higher layer con-
trol information) for Radio Resource Control (RRC) signal-
ing. Furthermore, the EPDCCH is generated in the Physical
Downlink Control Channel generation module 403. At this
point, the control information (the downlink control infor-
mation, and a downlink grant) included in the EPDCCH
includes pieces of information, such as Modulation and
Coding Scheme (MCS) indicating the modulation scheme
and the like for downlink, downlink resource assignment
indicating the RB that is used for data transmission, control
information (a redundancy versionta HARQ process
numberea new data indicator) on a HARQ that is used for
HARQ control, and a PUCCH-Transmission Power Control
(TPC) command that is used for closed loop transmission
power control of the PUCCH. The downlink subframe
generation module 402 maps the EPDCCH to the REs
within the downlink subframe according to the instruction of
the higher layer 410. At this time, the DMRS for demodu-
lating the EPDCCH is also mapped to the REs within the
downlink subframe. At this point, the EPDCCH and the
DMRS are generated and are mapped using a related param-
eter that will be described below. The downlink subframe for
every antenna port, which is generated in the downlink
subframe generation module 402, is modulated into an
OFDM signal in the OFDM signal transmission module 404
and is transmitted through the transmit antenna 405. More-
over, the downlink subframe generation module 402 can
also have an ability to generate the PDCCH.

[0053] In the terminal 102, the OFDM signal is received
through the receive antenna 501 in the OFDM signal recep-
tion module 502 and OFDM demodulation processing is
implemented. The downlink subframe processing module
503 first detects the EPDCCH in the Physical Downlink
Control Channel extraction module 504. More specifically,
the EPDCCH is decoded as being transmitted in a domain to
which the EPDCCH can be assigned, and checks for a
Cyclic Redundancy Check bit that is added in advance
(blind decoding). That is, the Physical Downlink Control
Channel extraction module 504 monitors the EPDCCH. In a
case where the CRC bit is consistent with an ID (one
terminal-specific identifier that is assigned to one terminal,
such as a Cell-Radio Network Temporary Identifier
(C-RNTI), a Semi-persistent scheduling-C-RNTI (SPS-C-
RNTTI), or Temporaly C-RNTTI), that is allocated in advance
from the base station, the downlink subframe processing
module 503 recognizes that the EPDCCH can be detected
and extracts the PDSCH using the control information that
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is included in the detected EPDCCH. More specifically, RE
demapping processing and demodulation processing that
correspond to RE mapping processing and the modulation
processing, respectively, in the downlink subframe genera-
tion module 402 are implemented. The PDSCH that is
extracted from the received downlink subframe is delivered
to the codeword extraction module 505. In the codeword
extraction module 505, rate matching processing and error
correction decoding that correspond to the rate matching
processing and the error correction coding, respectively, in
the codeword generation module 401 are implemented, and
the transport block is extracted and is provided to the higher
layer 506. That is, in a case where the Physical Downlink
Control Channel extraction module 504 detects the PDCCH
or the EPDCCH, the codeword extraction module 505
extracts the transmission data in the PDSCH associated with
the detected PDCCH or EPDCCH, and delivers the
extracted transmission data to the higher layer 506. More-
over, the Physical Downlink Control Channel extraction
module 504 can also have an ability to monitor the PDCCH.

[0054] Next, a flow for transmission and reception of the
HARQ response information responding to downlink trans-
mission data is described. In the terminal 102, when it is
determined whether extraction of the transport block suc-
ceeds in the codeword extraction module 505, information
indicating the success or the failure is delivered to the
response information generation module 507. In the
response information generation module 507, the HARQ
response information is generated and is delivered to the
Physical Uplink Control Channel generation module 509
within the uplink subframe generation module 508. In the
Physical Uplink Control Channel generation module 509
within the uplink subframe generation module 508, based on
a parameter that is provided from the higher layer 506 and
on a resource in which the PDCCH or the EPDCCH is
arranged in the Physical Downlink Control Channel extrac-
tion module 504, the PUCCH including the HARQ response
information (uplink control information) is generated and
the generated PUCCH is mapped to the RBs within the
uplink subframe. That is, response information is mapped to
a PUCCH resource, and the PUCCH 1is generated. The
SC-FDMA signal transmission module 510 implements SC-
FDMA modulation on the uplink subframe and thus gener-
ates an SC-FDMA signal, and transmits the generated SC-
FDMA signal through the transmit antenna 511.

[0055] In the base station 101, the SC-FDMA signal is
received in the SC-FDMA signal reception module 407
through the receive antenna 406, and SC-FDMA demodu-
lation processing is implemented. In the uplink subframe
processing module 408, according to the instruction of the
higher layer 410, the RB to which the PUCCH is mapped is
extracted, and HARQ response control information that is
included in the PUCCH in the Physical Uplink Control
Channel extraction module 409 is extracted. The extracted
HARQ response control information is provided to the
higher layer 410. The HARQ response control information
is used for the HARQ control by the higher layer 410.

[0056] Next, the PUCCH resource in the uplink subframe
generation module 508 is described. The HARQ response
control information is spread onto an SC-FDMA sample
domain using a pseudo Constant-Amplitude Zero-Auto Cor-
relation (CAZAC) sequence that is cyclic-shifted, and is
spread onto 4 SC-FDMA symbols within a slot using an
orthogonal code OCC (Orthogonal Cover Code) of which a
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code length is 4. Furthermore, symbols that are spread using
2 codes are mapped to the 2 RBs that have different
frequencies. In this manner, the PUCCH resource is speci-
fied by 3 elements that are an amount of cyclic shift, an
orthogonal code, and an RB that is mapped. Moreover, the
cyclic shift in the SC-FDMA sample domain can be
expressed with an amount of phase rotation that increases
uniformly in the frequency domain.

[0057] FIG. 6 is a diagram illustrating a configuration of
a physical uplink resource block (an uplink control channel
physical resource) in an uplink control channel domain to
which the PUCCH is assigned. Each pair of RBs is config-
ured from 2 RBs that have frequencies that are different in
a first slot and a second slot. One PUCCH is arranged in a
pair of RBs, each of which is any of m=0, 1, 2, . . . .
[0058] FIG. 7 is a correspondence table illustrating an
uplink control channel logical resource. This is one example
of the PUCCH resource in a case where 3 orthogonal codes,
that is, OC0, OC1, and OC2, amounts of 6 cyclic shifts, that
is, CS0, CS2, CS4, CS6, CS8, and CS10, and m indicating
the frequency resource are assumed as elements that con-
struct the PUCCH. Combinations of an orthogonal code, an
amount of cyclic shift, and m are uniquely specified, corre-
sponding to N,z that is an index indicating the PUCCH
resource (an uplink control channel logical resource). More-
over, a correspondence between 1y, that is illustrated in
FIG. 7, and a combination of the orthogonal code, the
amount of cyclic shift, and the m is one example, and a
different correspondence may be satisfactory. For example,
a correspondence may be made in such a manner that
between contiguous Ny, S, the amount of cyclic shift
changes or the m changes. Furthermore, CS1, CS3, CS5,
CS7, CS9, and CS11 that are different in the amount of
cyclic shift from CSO, CS2, CS4, CS6, CS8, and CS10 may
be used. Furthermore, here, a case where a value of m is N,
or greater is illustrated. Frequency resources, m of which is
less than N, are N, frequency resources that are reserved
for the PUCCH transmission for feedback of the channel
state information.

[0059] Next, the PDCCH and the EPDCCH are described.
FIG. 8 is a diagram illustrating a physical resource block
RPB (Physical RB) in a PDCCH region and a PDSCH
region. The RB on an actual subframe is referred to as the
PRB. An N?%,, is the number of PRBs that are arranged in
the frequency direction within a downlink CC. A number
Npy5 is allocated to the PRB (or a PRB pair), and the npzz
is set to be 0, 1, 2, and so forth up to N?% -1 in order of
increasing frequency. Moreover, the number here can also be
expressed as an index.

[0060] The PDCCH is configured from multiple Control
Channel Elements (CCEs) within the PDCCH region. The
CCEs are configured from multiple downlink resource ele-
ments REs (each of which is a resource specified by one
OFDM symbol and one subcarrier). A number n... for
identifying the CCE is given to the CCE within the PDCCH
region. The numbering of the CCEs is performed based on
a prescribed rule. The PDCCH is constructed from an
aggregation (CCE aggregation) that is constructed from
multiple CCEs. The number of CCEs that constructs the
aggregation is referred to as a “CCE aggregation level.” The
CCE aggregation level that constructs the PDCCH is set in
the base station 101, in accordance with the coding rate that
is set to be in the PDCCH and the number of bits of
Downlink Control Information (DCI; the downlink control
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information) (the control information that is transmitted over
the PDCCH or the EPDCCH) that is included in the
PDCCH. Moreover, a combination of the CCE aggregation
levels that are able to be used for a terminal is determined
in advance. Furthermore, the aggregation that is constructed
from n CCEs is referred to “CCE aggregation level n.”

[0061] One REG (an RE group) is constructed from 4 REs
that are adjacent in the frequency domain. Additionally, one
CCE is constructed from 9 different REGs that are distrib-
uted in the frequency domain and the time domain within the
PDCCH region. Specifically, interleave is performed, in
units of REGs, on the entire downlink CC by using a block
interleaver with respect to all numbered REGs, and one CCE
is constructed from 9 REGs that are consecutively numbered
after interleaving.

[0062] A search space (SS) that is a space (a search space
or a retrieval space) from which the PDCCH is retrieved is
set to be in each terminal. The SS is configured from
multiple CCEs. A number is allocated in advance to the
CCE, and the SS is constructed from multiple CCEs that are
consecutively numbered. The number of CCEs that con-
struct a certain SS is determined in advance. The SS of the
each CCE aggregation level is constructed from a aggrega-
tion of candidates for multiple PDCCHs. The SS is catego-
rized into a cell-specific common search space CSS (cell-
specific SS, common SS) in which the number of the CCE
that has the smallest number, among the CCEs that construct
the SS, is common within the cell, and a terminal-specific
search space (UE-specific SS) in which the number of the
CCE that has the smallest number is specific to the terminal.
The PDCCH to (in) which the control information, such as
system information or information relating to paging, that
multiple terminals 102 read, is assigned (included), or the
PDCCH to (in) which a downlink/uplink grant indicating an
instruction for fallback to or random access to a low-level
transmission scheme, or for transmission power control is
assigned (included) can be arranged in the CSS. More
specifically, the PDCCH to which the CRC that is scrambled
by a system information identifier (System Information-
RNTI (SI-RNTI)), a paging identifier (Paging-RNTI
(P-RNTI)), a random access identifier (Random Access-
RNTI (RA-RNTTI)), or a transmission power control identi-
fier (TPC-RNTI) is added is arrangeable in the CSS. On the
other hand, the PDCCH to which the CRC that is scrambled
by one of these identifiers is added cannot be arranged in the
USS. Moreover, one of these identifiers is an identifier that
is assigned to one or more terminals (or multiple terminals),
and one or more terminals may perform reception process-
ing on the PDCCH to which the CRC that is scrambled by
one of these identifiers is added.

[0063] The base station 101 transmits the PDCCH using
one or more CCEs within the SS that are set in the terminal
102. The terminal 102 performs decoding of a received
signal using one or more CCEs within the SS, and performs
processing for detecting the PDCCH that is destined for the
terminal 102 itself. As described above, the processing is
referred to as the blind decoding. The terminal 102 sets the
SS that varies from one CCE aggregation level to another.
Thereafter, the terminal 102 performs the blind decoding
using a prescribed combination of the CCEs within the SS
that varies from one CCE aggregation level to another. In
other words, the terminal 102 performs the blind decoding
on the candidate for each PDCCH within the SS that varies
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from one CCE aggregation level to another. This sequence
of processing operations in the terminal 102 is referred to as
monitoring of the PDCCH.

[0064] Next, FIG. 9 is a diagram illustrating one example
of mapping of the EPDCCH in an EPDCCH region. With
this localized mapping scheme, one EPDCCH is mapped to
the RE on a local band. More specifically, 16 Enhanced
REGs are specified within one PRB pair. Within the PRB
pair, all REs except for the DMRS are numbered from 0 to
15 in alternating frequency and time directions, that is, first
in the frequency direction and then in the time direction.
This serves as an index for the 16 EREGs. As a result, in a
case of a normal cyclic prefix, each EREG is configured to
include 9 REs. With the localized mapping scheme, in a case
where at least an aggregation level is low (for example, in
a case where the aggregation level is 4 or below), one
EPDCCH is mapped to the EREG within one PRB pair.

[0065] Next, FIG. 10 is a diagram illustrating another
example of the mapping of the EPDCCH in the EPDCCH
region. With this distributed mapping scheme, one EPDCCH
is mapped to the RE on a band that is at a distance on a local
band frequency axis. More specifically, with the distributed
mapping scheme, in the case where the aggregation level is
low (for example, in a case where the aggregation level is 1
or 2), one EPDCCH is mapped across the EREGs in two or
more PRB pairs.

[0066] In this manner, one or several of (or all of) the PRB
pairs are configured as the EPDCCH region (a domain in
which the EPDCCH can be potentially arranged). Addition-
ally, with the mapping scheme that is indicated explicitly or
implicitly/suggestively, the EPDCCH is arranged in one or
several of (or all of) the PRB pairs in the EPDCCH region.
Here, the EPDCCH region can be defined as a set (an
Enhanced Physical Downlink Control Channel physical
resource block set: an EPDCCH-PRB set) of PRB pairs in
the frequency direction. On the other hand, the EPDCCH
region can be defined as the set (the Enhanced Physical
Downlink Control Channel physical resource block set: the
EPDCCH-PRB set) of PRB pairs in the frequency direction
and as the OFDM symbol in the time direction. At this time,
as the OFDM symbol in the time direction, a number of the
first OFDM symbol as a starting position within a subframe,
among OFDM symbols to which the EPDCCH is mapped,
may be set.

[0067] FIG. 11 is a diagram illustrating one example of a
constituent element within the EPDCCH region. The PRB
pairs which are set to be in the EPDCCH region and of
which the number is N*P<<H___ are extracted from the
PRB pairs of which the number is N°% ;. and an Enhanced
CCE (ECCE) that is a constituent element of the EPDCCH
is mapped to the RE that constructs the EREG within the
extracted domain. Here, it is preferable that the mapping
uses methods that are different such that there are a case
where the local mapping scheme is used and a case where
the distributed mapping scheme is used. A number ng - is
allocated to the ECCE that is a constituent element of the
EPDCCH. For example, 0, 1, 2, and so forth up to Nz, z-1
is established starting from a constituent element that has a
low frequency. To be more precise, in the frequency domain,
a set of PRBs of which the number is N**2<“?,, is
configured by high-level layer signaling (for example, sig-
naling that is dedicated to the terminal or signaling that is
common within the cell) for transmission of a potential
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EPDCCH, and constituent elements of the EPDCCH, of
which the number is Nz, are available for use.

[0068] FIG. 12 is a diagram illustrating an aggregation
level in the EPDCCH. One EPDCCH is transmitted and
received using one or more ECCE, indexes of which are
consecutive. The number of ECCEs that are used for trans-
mission and reception of one EPDCCH is the aggregation
level. Here, a case where the aggregation levels are 1, 2, 4,
and 8 is illustrated, but is not limited to this. In addition to
these, the aggregation level can take 16 or 32. Generally,
each of the ECCE is mapped to an individual EREG. For this
reason, the higher the aggregation level, the greater the
number of REs that are used for transmission and reception
of'one EPDCCH, and thus the transmission and reception at
a low coding rate is possible. The base station 101 selects a
suitable aggregation level in such a manner that an error rate
of EPDCCH reception in the terminal 102 is a prescribed
value or below. The terminal 102 sequentially attempts to
perform the blind decoding for possible aggregation levels.
[0069] FIG. 13 is a diagram illustrating one example of an
EPDCCH set. Here, a case where, as an EPDCCH set (an
EPDCCH-PRB set), three sets from a first set to a third set
are set is illustrated, but this is only one example. The
number of sets may be greater than 3. With the EPDCCH-
PRB set, a parameter can be set individually (indepen-
dently). As individual parameters, the following parameters
from (1) to (9) and the like can be used.

[0070] (1) The number of PRB pairs that are included in
the EPDCCH-PRB set

[0071] (2) Which PRB pair is included in the EPDCCH-
PRB set
[0072] (3) Whether the mapping scheme is the localized

mapping scheme or the distributed mapping scheme
[0073] (4) A starting position of the EPDCCH (a number
of the first OFDM symbol among the ODFM symbols to
which the EPDCCH is mapped)

[0074] (5) Information relating to a position of the CRS
that is considered when the EPDCCH is mapped to the RE
(the number of CRS ports, a position of the frequency
domain of the CRS, or a position of an MBSFN subframe)
[0075] (6) Information relating to a position of zero power
CSIRS (Zero Power-CSIRS (ZP-CSIRS)) that is considered
when the EPDCCH is mapped to the RE (a position of a
ZP-CSIRS subframe or a position of the RE of the ZP-
CSIRS within a subframe)

[0076] (7) Information relating to the RS or the synchro-
nization signal that can be regarded (is pseudo-collocated) as
being transmitted from the same transmission point as the
DMRS that is transmitted at the same transmission port as
the EPDCCH (for example, information indicating an index
of'a non-zero power CSIRS (Non Zero Power-CSIRS (NZP-
CSIRS)) resource or an enhanced synchronization signal, or
the like)

[0077] (8) An offset value of a starting position of the
PUCCH resource (a resource for PUCCH formats 1a and 1b)
for transmitting the HARQ response information on the
PDSCH that is given an assignment instruction with the
EPDCCH

[0078] (9) information relating to an initial value of a
pseudo random sequence in the DMRS that is transmitted at
the same transmission port as the EPDCCH

[0079] For this reason, the number of ECCEs that corre-
spond to the EPDCCH-PRB set is also an individual value
for every set. Here, the numbers of ECCEs that can be
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mapped to 3 sets from the first to the third set are set to be
N'ocem N2ooes, and N° o, respectively.

[0080] Furthermore, among multiple EPDCCH-PRB sets,
with at least one EPDCCH-PRB set (which is the first set
here), the terminal 102 can acquire the parameters described
above before RRC connection establishment (or before a
target cell is set to be a serving cell). On the other hand, with
the remaining EPDCCH-PRB sets (which are the second set
and later), the terminal 102 can acquire the parameters
described above through dedicated RRC signaling after the
RRC connection establishment (or after the target cell is set
to be the serving cell). Here, as examples of a method of
acquiring the parameters described above before the RRC
connection establishment, the following methods from (A)
to (C) and the like can be used.

[0081] (A) The base station 101 transmits prescribed
information over a physical broadcast channel. The terminal
102 receives the physical broadcast channel and then deter-
mines (calculates) a parameter based on prescribed infor-
mation. The determined parameter is set. Here, the pre-
scribed information may be information indicating the
parameter itself. Alternatively, although the prescribed infor-
mation is not the parameter itself, a method of uniquely
determining a parameter from the prescribed information
may be specified in advance.

[0082] (B) The base station 101 transmits a synchroniza-
tion signal that corresponds to a cell identifier (a physical
cell identifier). The terminal 102 receives the synchroniza-
tion signal and then determines (calculates) a parameter
based on the cell identifier. The determined parameter is set.
A method of uniquely determining a parameter from the cell
identifier may be specified in advance.

[0083] (C) A parameter that is common to the base station
101 and the terminal 102 is preset. In other words, a fixed
parameter is set according to system specifications.

[0084] Moreover, an individual method can be used for
every parameter.

[0085] As a desirable specific example of a method of
acquiring the parameter described above before the RRC
connection establishment, the following method from (D) to
(H) and the like can be used.

[0086] (D) The DMRS that is transmitted at the same
transmission port as the EPDCCH, and the CRS or the
enhanced synchronization signal in the serving cell are
regarded as being transmitted from the same transmission
point.

[0087] (E) In the DMRS that is transmitted at the same
transmission port as the EPDCCH, initialization of the
pseudo random sequence is based on the cell identifier in the
serving cell. Moreover, preferably, the synchronization sig-
nal is generated by the base station 101 based on the cell
identifier in the serving cell, and the terminal 102 acquires
the cell identifier in the serving cell based on the synchro-
nization signal.

[0088] (F) As the position of the CRS that is considered
when the EPDCCH is mapped to the RE, a position of the
CRS in the serving cell (a position that is based on the CRS
which is transmitted together with the physical broadcast
channel in the serving cell) or a position of the enhanced
synchronization signal is used. Moreover, the position of the
enhanced synchronization signal also includes a position of
a subframe in which the enhanced synchronization signal is
inserted.
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[0089] (G) The distributed mapping scheme is always
used.
[0090] (H) Without the zero power CSIRS, the mapping of

the EPDCCH to the RE is performed. Alternatively, the
mapping is performed in such a manner that all the REs to
which the zero power CSIRS is mapped are avoided.
[0091] Accordingly, transmission and reception of impor-
tant information, such as paging information or a random
access response, is possible in the serving cell and/or the
subframe that is at least not in a poor communication state.
[0092] Moreover, the EPDCCH-PRB set with which the
parameter described above before the RRC connection
establishment can be acquired is referred to as a first
EPDCCH-PRB set, and an EPDCCH-PRB set other than the
first EPDCCH-PRB set is referred to as a second EPDCCH-
PRB set. Here, the SS within the first EPDCCH-PRB set can
be set to be the CSS in which the EPDCCH is arrangeable,
and the SS within the second EPDCCH-PRB set can be set
to be the USS in which the EPDCCH is arrangeable.
Alternatively, for distinction, the SS within the first EPD-
CCH-PRB set may be referred to as a primary USS, and the
SS within the second EPDCCH-PRB set may be referred to
as a secondary USS. The EPDCCH to (in) which the control
information, such as the system information or the informa-
tion relating the paging, that the multiple terminals 102 read
is assigned (included), or the EPDCCH to which the down-
link/uplink grant indicating an instruction for fallback to or
random access to the low-level transmission scheme is
assigned (included) can be arranged in the CSS to which the
EPDCCH is arrangeable or the primary USS. On the other
hand, these EPDCCHs are not arranged in a normal USS or
the secondary USS. More specifically, the EPDCCH to
which the CRC that is scrambled by the system information
identifier, the paging identifier, the random access identifier,
or the transmission power control identifier is added is
arrangeable in the CSS or the primary USS. On the other
hand, the EPDCCH to which the CRS that is scrambled by
one of these identifiers is added cannot be arranged in the
normal USS or the secondary USS. Moreover, one of these
identifiers is an identifier that is assigned to one or more
terminals (or multiple terminals), and one or more terminals
(or multiple terminals) may perform the reception process-
ing on the PDCCH to which the CRC that is scrambled by
one of these identifiers is added.

[0093] Next, a method of transmitting and receiving the
EPDCCH for transmitting and receiving the downlink grant
is described. FIG. 14 is a diagram illustrating one example
of the downlink grant and the CRS that is considered in rate
matching. When the downlink grant is detected with the SS
in the first set, the terminal 102 is set to perform rate
matching considering the RE for a prescribed CRS (the
PDSCH is set not to be mapped to the RE for the prescribed
CRS). Conversely, when the EPDCC including the downlink
grant is arranged in the first set, the base station 101
performs the rate matching considering the RE for the
prescribed CRS (the PDSCH is not mapped to the RE for the
predetermined CRS). As one example of the prescribed CRS
in the first set, a case where the position of the RE for the
CRS of the serving cell is used is described here. Although
the base station 101 does not notify the terminal 102 of the
position of the CRS of the serving cell via dedicated
signaling, the terminal 102 can know the position of the CRS
of the serving cell. On the other hand, when the downlink
grant is detected with the SS in the second set, the terminal
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102 is set to perform the rate matching considering the RE
for the CRS that is indicated from the base station 101 (the
PDSCH is set not to be mapped to the RE for the CRS that
is indicated from the base station 101). Conversely, when the
EPDCC including the downlink grant is arranged in the
second set, the base station 101 indicates the position of the
CRS that is to be considered in the rate matching, and
performs the rate matching considering the RE for the
indicated CRS (the PDSCH is not mapped to the RE for the
indicated CRS). As one example of the prescribed CRS in
the second set, a case where the position of the RE for the
CRS of the neighboring cell is used is described here. For the
indication of the position of the CRS, a method may be
satisfactory in which multiple candidates are configured
with individual RRC signaling from the base station 101 to
the terminal 102 and information for associating one among
the multiple candidates with EPDCCH transmission is fur-
ther configured with the individual RRC signaling. More-
over, the information relating to the position of the CRS may
be constructed from the number of CRS ports, the position
of the frequency domain of the CRS, and the position of the
MBSFN subframe. In this case, the position of the RE within
the subframe is uniquely determined from the number of
CRS ports and the position of the frequency domain of the
CRS. Furthermore, all the positions of the RE within the
subframe, which are determined from the number of CRS
ports and the position of the frequency domain of the CRS,
are considered in other than the MBSFN subframe, but in the
MBSEFN subframe, only the position of the RE in several
front ODFM symbols is considered among the positions of
the RE within the subframe, which are determined from the
number of CRS ports and the position of the frequency
domain of the CRS.

[0094] FIG. 15 is a diagram illustrating one example of the
downlink grant and a starting position of the EPDCCH.
When the downlink grant is detected with the SS in the first
set, the terminal 102 is set to perform the rate matching in
such a manner that the PDSCH is mapped from a prescribed
starting position. Conversely, when the EPDCCH including
the downlink grant is arranged in the first set, the base station
101 performs the rate matching in such a manner that the
PDSCH is mapped from the prescribed starting position. As
one example of the prescribed starting position in the first
set, a case of a front symbol in the subframe is described
here. Although the base station 101 does not notify the
terminal 102 of the front symbol in the subframe through
dedicate signaling, the terminal 102 can know the front
symbol in the subframe. On the other hand, when the
downlink grant is detected with the SS in the second set, the
terminal 102 is set to perform the rate matching in such a
manner that the PDSCH is mapped from a starting position
that is indicated by the base station 101. Conversely, when
the EPDCCH including the downlink grant is arranged in the
second set, the base station 101 indicates the starting posi-
tion that is to be considered in the rate matching and
performs the rate matching in such a manner that the
PDSCH is mapped from the indicated starting position. As
one example of the prescribed CRS in the second set, a case
where the starting position in the neighboring cell is used is
described here. A method of setting the starting position with
the individual RRC signaling from the base station 101 to
the terminal 102 may be satisfactory.

[0095] FIG. 16 is a diagram illustrating one example of the
downlink grant and the ZP-CSIRS that is considered in the
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rate matching. When the downlink grant is detected with the
SS in the first set, the terminal 102 is set to perform the rate
matching considering the RE for a prescribed ZP-CSIRS
(the PDSCH is set not to be mapped to the RE for the
prescribed ZP-CSIRS). Conversely, when the EPDCCH
including the downlink grant is arranged in the first set, the
base station 101 performs the rate matching considering the
RE for the prescribed ZP-CSIRS (the PDSCH is not mapped
to the RE for the predetermined ZP-CSIRS). As one example
of the prescribed ZP-CSIRS in the first set, a case where no
ZP-CSIRS is considered is described here. In the case where
no ZP-CSIRS is considered, there is no need for the base
station 101 to notify the terminal 102 via the dedicated
signaling. On the other hand, when the downlink grant is
detected with the SS in the second set, the terminal 102 is set
to perform the rate matching considering the RE for the
ZP-CSIRS that is indicated from the base station 101 (the
PDSCH is set not to be mapped to the RE for the ZP-CSIRS
that is indicated from the base station 101). Conversely,
when the EPDCCH including the downlink grant is arranged
in the second set, the base station 101 indicates the position
of the ZP-CSIRS that is to be considered in the rate
matching, and performs the rate matching considering the
RE for the indicated ZP-CSIRS (the PDSCH is not mapped
to the RE for the indicated ZP-CSIRS). As one example of
the prescribed ZP-CSIRS in the second set, a case where the
position of the RE for the ZP-CSIRS of the neighboring cell
is used is described here. For the indication of the position
of the ZP-CSIRS, a method may be satisfactory in which
multiple candidates are set with individual RRC signaling
from the base station 101 to the terminal 102 and informa-
tion for associating one among the multiple candidates with
EPDCCH transmission is further set with the individual
RRC signaling.

[0096] FIG. 17 is a diagram illustrating one example of the
downlink grant and DMRS pseudo collocation. When the
downlink grant is detected with the SS in the first set, the
terminal 102 sets the DMRS to be pseudo-collocated with a
prescribed signal (performs reception processing at the same
timing as with the prescribed signal). Conversely, when the
EPDCCH including the downlink grant is arranged in the
first set, the base station 101 transmits the DMRS in such a
manner that the DMRS is pseudo-collocated with the pre-
scribed signal (transmits the DMRS from the transmission
point in such a manner that the terminal 102 receives the
DMRS at the same timing as with the prescribed signal). As
one example of the prescribed signal in the first set, a
synchronization signal (for example, an enhanced synchro-
nization signal) is described here. Although the base station
101 does not notify the terminal 102 of a position of the
enhanced synchronization signal via dedicated signaling, the
terminal 102 can know the position thereof. On the other
hand, when the downlink grant is detected with the SS in the
second set, the terminal 102 sets the DMRS to be pseudo-
collocated with the NZP-CSIRS that is indicated from the
base station 101 (performs the reception processing at the
same timing as with the ZP-CSIRS that is indicated from the
base station 101). Conversely, when the EPDCCH including
the downlink grant is arranged in the second set, the base
station 101 indicates an index of the NZP-CSIRS and
transmits the DMRS in such a manner that the DMRS is
pseudo-collocated with the indicated NZP-CSIRS. As one
example of the prescribed ZP-CSIRS in the second set, a
case where the NZP-CSIRS in the neighboring cell is used
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is described here. For the indication of the index of the
NZP-CSIRS, the method may be satisfactory in which
multiple candidates are set with the individual RRC signal-
ing from the base station 101 to the terminal 102 and the
information for associating one among the multiple candi-
dates with EPDCCH transmission is further set with the
individual RRC signaling.

[0097] FIG. 18 is a diagram illustrating one example of the
downlink grant and a DMRS scrambling sequence. When
the downlink grant is detected with the SS in the first set, the
terminal 102 sets the DMRS to be based on a prescribed
scrambling sequence. Conversely, when the EPDCCH
including the downlink grant is arranged in the first set, the
base station 101 generates the DMRS based on the pre-
scribed scrambling sequence. As one example of the pre-
scribed scrambling sequence in the first set, a pseudo ran-
dom sequence that is initialized using the cell identifier of
the serving cell is described here. Although the base station
101 does not notify the terminal 102 of the cell identifier via
dedicated signaling, the terminal 102 can know a value
thereof. On the other hand, when the downlink grant is
detected with the SS in the second set, the terminal 102 sets
the DMRS to be based on the scrambling sequence that is
indicated from the base station 101 (The pseudo random
sequence is set to be initialized with a parameter that is
indicated by the base station 101). Conversely, when the
EPDCCH including the downlink grant is arranged in the
second set, the base station 101 indicates a scrambling
sequence initialization parameter and generates the DMRS
based on the indicated scrambling sequence initialization
parameter. As one example of the scrambling sequence
initialization parameter in the second set, a case where the
cell identifier of the neighboring cell is used is described
here. For the indication of the scrambling sequence initial-
ization parameter, a method of setting the scrambling
sequence initialization parameter with the individual RRC
signaling from the base station 101 to the terminal 102 may
be satisfactory.

[0098] Next, assignment of the downlink grant and the
PUCCH resource is described. FIG. 19 is a diagram illus-
trating one example of the assignment of the downlink grant
and the PUCCH resource. When the downlink grant is
detected with the SS in the first set, the terminal 102 reports
the HARQ response information on the downlink transmis-
sion data (the PDSCH) corresponding to the downlink grant,
using the PUCCH resource in accordance with the ECCE
number of the ECCE that has the smallest ECCE number,
among the ECCEs that construct the EPDCCH including the
downlink grant. Conversely, when the EPDCCH including
the downlink grant is arranged in the first set, the base station
101 sets the EPDCCH to be arranged in the ECCE that
corresponds to the PUCCH resource with which the terminal
102 reports the HARQ response information on the down-
link transmission data (the PDSCH) that corresponds to the
downlink grant. Furthermore, the base station 101 receives
the HARQ response information that corresponds to the
PDSCH that is transmitted to the terminal 102, through the
PUCCH that is scheduled in advance. More specifically, as
illustrated in FI1G. 19, the PUCCH resource that has an index
Npy ey that is consistent with a value that results from
adding N (which can be expressed as N®V) that is a
starting position offset which is configured for the first set,
to the ECCE number ng. of the first ECCE, among the
ECCE:s that construct the EPDCCH including the downlink
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grant, is the PUCCH resource that is assigned to the HARQ
response information on the downlink transmission data that
corresponds to the downlink grant.

[0099] On the other hand, when the downlink grant is
detected with the SS in the second set, the terminal 102
reports the HARQ response information on the downlink
transmission data (the PDSCH) corresponding to the down-
link grant, using the PUCCH resource in accordance with
the ECCE number of the ECCE that has the smallest ECCE
number, among the ECCEs that construct the EPDCCH
including the downlink grant. Conversely, when the EPD-
CCH including the downlink grant is arranged in the second
set, the base station 102 is set to arrange the EPDCCH in the
ECCE that corresponds to the PUCCH resource with which
the terminal 102 reports the HARQ response information on
the downlink transmission data (the PDSCH) which corre-
sponds to the downlink grant. Furthermore, the base station
101 receives the HARQ response information that corre-
sponds to the PDSCH that is transmitted to the terminal 102,
through the PUCCH that is scheduled in advance. More
specifically, as illustrated in FIG. 14, the PUCCH resource
that has the indeX np; . that is consistent with a value that
results from adding an offset value A, that is indicated
dynamically in a HARQ-ACK Resource Offset (ARO) field
in the EPDCCH, and N®", that is the starting position offset
which is configured for the second set, to the ECCE number
Nz Of the first ECCE, among the ECCEs that construct
the EPDCCH including the downlink grant, is the PUCCH
resource that is assigned to the HARQ response information
on the downlink transmission data that corresponds to the
downlink grant. Moreover, although not described here, in a
case where the EPDCCH is transmitted and is received in a
(k+1)-th set (a third set or later), in the same manner, N,
that is the starting position offset that is set for the (k+1)-th
set may be used.

[0100] As illustrated in FIG. 14, in a case where the
EPDCCH is transmitted and received in a first EPDCCH-
PRB set, the offset value in the ARO field is not used for
calculation of the PUCCH resource, and in a case where the
EPDCCH is transmitted and received in a second EPDCCH-
PRB set, the offset value in the ARO field can be used for
the calculation of the PUCCH resource. Accordingly, sched-
uling of the PUCCH resource that corresponds to the EPD-
CCH in the first EPDCCH-PRB set can be simplified. At this
time, the EPDCCH that is transmitted and received in the
first EPDCCH-PRB set also can be set to have a configu-
ration that does not include the ARO field, and the ARO field
in the EPDCCH that is transmitted and received in the first
EPDCCH-PRB set also can be set to always have a fixed bit
(for example, all fields are set to have a zero).

[0101] Alternatively, even in a case where the EPDCCH is
transmitted and received in the first EPDCCH-PRB set, in
the same manner as with the case where the EPDCCH is
transmitted and received in the second EPDCCH-PRB set,
the offset value in the ARO field can be used for the
calculation of the PUCCH resource. Accordingly, the
PUCCH resource that corresponds to the EPDCCH in the
first EPDCCH-PRB set can be scheduled with high degree
of freedom.

[0102] Furthermore, for example, there can be a case
where multiple PUCCH resources are necessary correspond-
ing to one EPDCCH, such as a case where because the
downlink transmission data that corresponds to the down-
link grant includes two or more codewords, two pieces of
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HARQ response information themselves are present or a
case where one piece of response information is diversity-
transmitted using multiple PUCCH resources. At this time,
in addition to a PUCCH resource in accordance with the
ECCE number of the ECCE that has the smallest ECCE
number, among the ECCEs that construct the EPDCCH
including the downlink grant, the PUCCH resource that is
greater by one index than the PUCCH resource can be used.
[0103] FIG. 20 is a diagram illustrating one example of a
flow for downlink data transmission between the base sta-
tion 101 and the terminal 102 and for a response procedure
for the downlink data transmission. The base station 101
broadcasts the system information including N that cor-
responds to the first set, using a broadcast channel, and the
terminal 102 acquires the system information (Step S2001).
N indicates an amount of common shift that is set to be
common to all the terminals. Furthermore, the system infor-
mation may include a parameter relating to the first EPD-
CCH-PRB set described above. Moreover, here, an example
in which the base station 101 broadcasts N or the param-
eter relating to the first EPDCCH-PRB set is described, but
this does not impose any limitation. Even when N® is sent
through individual signaling (RRC signaling) that is
intended for each terminal 102, the same effect can be
obtained.

[0104] Next, the base station 101 transmits the downlink
grant to the terminal 102, using the EPDCCH that is
arranged in the SS within the first set, and transmits the
downlink transmission data that corresponds to the down-
link grant, to the terminal 102, and the terminal 102 receives
the downlink grant and the downlink transmission data (Step
S2002). Furthermore, the terminal 102 that receives the
downlink transmission data generates the HARQ response
information. At this time, the base station 101 transmits the
EPDCCH using the parameter relating to the first EPDCCH-
PRB set that is included in the system information, and the
terminal 102 receives the EPDCCH using the parameter
relating to the first EPDCCH-PRB set that is included in the
system information.

[0105] The terminal 102 determines the PUCCH resource
based on N that is acquired in Step S2001 and on infor-
mation on the EPDCCH resource that is detected in Step
S2002, and reports the HARQ response information using
the determined PUCCH resource (Step S2003).

[0106] On the other hand, before transmitting and receiv-
ing the EPDCCH in the second set, the base station 101
notifies the terminal 102 of the control information for
indicating (configuring or notifying of) N®" | corresponding
to the second set, using the individual RRC signaling, and
the terminal 102 sets N*, based on the control information
(Step $2004). NV indicates an amount of individual shift
that is configured individually for every terminal 102. Fur-
thermore, in Step S2004, the base station 101 notifies the
terminal 102 of the control information for indicating (con-
figuring or notifying of) a parameter relating to the second
EPDCCH-PRB set, and the terminal 102 can set these
parameters based on the control information.

[0107] Next, the base station 101 transmits the downlink
grant to the terminal 102 and transmits the downlink trans-
mission data corresponding to the downlink grant to the
terminal 102, using the EPDCCH that is arranged in the SS
within the second set, and the terminal 102 receives the
downlink grant and the downlink transmission data (Step
S2005). At this time, the terminal 102 acquires the offset
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value that is indicated by the ARO field within the EPD-
CCH. Furthermore, the terminal 102 that receives the down-
link transmission data generates the HARQ response infor-
mation. At this time, the base station 101 transmits the
EPDCCH using the parameter relating to the second EPD-
CCH-PRB set that is configured using individual RRC
signaling, and the terminal 102 receives the EPDCCH using
the parameter relating to the second EPDCCH-PRB set that
is configured using the individual RRC signaling.

[0108] The terminal 102 determines the PUCCH resource
based on N®V, that is acquired in Step $S2004, the informa-
tion on the EPDCCH resource that is detected in Step S2005,
and the offset value that is acquired in Step S2005, and
reports the HARQ response information using the deter-
mined PUCCH resource (Step S2006). Moreover, one
example of a correspondence between the ARO field and the
offset value that is indicated in the ARO field is illustrated
in FIG. 21.

[0109] FIG. 22 is a diagram illustrating another example
of the flow for downlink data transmission between the base
station 101 and the terminal 102 and for the response
procedure for the downlink data transmission. The base
station 101 transmits the synchronization signal and/or the
system information (Step S2201). The terminal 102 receives
the synchronization signal and/or the system information,
and acquires N based on the cell identifier and/or the
system information that correspond to the synchronization
signal (Step S2202). N indicates an amount of common
shift that is set to be common to all the terminals. Further-
more, the terminal 102 can acquire the parameter relating to
the first EPDCCH-PRB set describe above, based on the cell
identifier and/or the system information that correspond to
the synchronization signal. Moreover, the system informa-
tion is normally transmitted and received through the broad-
cast channel, but even when the system information is
notified through the individual signaling (the RRC signal-
ing) that is destined for each terminal 102, the same effect
can be obtained. Furthermore, the cell identifier is normally
acquired in the terminal 102 based on the synchronization
signal, but even when the cell identifier is notified through
the individual signaling (the RRC signaling) that is intended
for each terminal 102, the same effect can be obtained.

[0110] Next, the base station 101 transmits the downlink
grant to the terminal 102 and transmits the downlink trans-
mission data corresponding to the downlink grant to the
terminal 102, using the EPDCCH that is arranged in the SS
within the first set, and the terminal 102 receives the
downlink grant and the downlink transmission data (Step
S2203). Furthermore, the terminal 102 that receives the
downlink transmission data generates the HARQ response
information. At this time, the base station 101 transmits the
EPDCCH using the parameter relating to the first EPDCCH-
PRB set based on the cell identifier and/or the system
information that correspond to the synchronization signal,
and the terminal 102 receives the EPDCCH using the
parameter relating to the first EPDCCH-PRB set based on
the cell identifier and/or the system information that corre-
spond to the synchronization signal.

[0111] The terminal 102 determines the PUCCH resource
based on N that is acquired in Step $2202 and on infor-
mation on the EPDCCH resource that is detected in Step
S2203, and reports the HARQ response information using
the determined PUCCH resource (Step S2204).
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[0112] On the other hand, before transmitting and receiv-
ing the EPDCCH in the second set, the base station 101
notifies the terminal 102 of the control information for
indicating (configuring or notifying of) N®" | corresponding
to the second set, using the individual RRC signaling, and
terminal 102 sets N®" based on the control information
(Step $2205). N©Y | indicates an amount of individual shift
that is configured individually for every terminal 102. Fur-
thermore, in Step S2205, the base station 101 notifies the
terminal 102 of the control information for indicating (con-
figuring or notifying of) the parameter relating to the second
EPDCCH-PRB set, using the individual RRC signaling, and
the terminal 102 can set these parameters based on the
control information.

[0113] Next, the base station 101 transmits the downlink
grant to the terminal 102 and transmits the downlink trans-
mission data corresponding to the downlink grant to the
terminal 102, using the EPDCCH that is arranged in the SS
within the second set, and the terminal 102 receives the
downlink grant and the downlink transmission data (Step
S2206). At this time, the terminal 102 acquires the offset
value that is indicated by the ARO field within the EPD-
CCH. Furthermore, the terminal 102 that receives the down-
link transmission data generates the HARQ response infor-
mation. At this time, the base station 101 transmits the
EPDCCH using the parameter relating to the second EPD-
CCH-PRB set that is set using the individual RRC signaling,
and the terminal 102 receives the EPDCCH using the
parameter relating to the second EPDCCH-PRB set that is
set using the individual RRC signaling.

[0114] The terminal 102 determines the PUCCH resource
based on N®V| that is acquired in Step $2205, the informa-
tion on the EPDCCH resource that is detected in Step S2206,
and the offset value that is acquired in Step S2206, and
reports the HARQ response information using the deter-
mined PUCCH resource (Step S2207).

[0115] As described above, when downlink transmission
data relating to the downlink grant in the SS within the first
EPDCCH-PRB set is transmitted, considering a prescribed
offset, the base station 101 assigns the downlink grant to a
resource for the SS within the first EPDCCH-PRB set that
corresponds to an uplink control channel resource which is
used for reporting the HARQ response information corre-
sponding to the downlink transmission data. Desirably, a
prescribed offset is added to an index in an element that has
the smallest index, among clements that construct the
resource in the SS within the first EPDCCH-PRB set. The
PUCCH resource that has an index that is equal to a value
that results from the addition is a PUCCH resource that
corresponds to the resource for the downlink grant. Further-
more, the base station 101 monitors the uplink control
channel resource, and extracts the HARQ response infor-
mation. Here, the terminal 102 can acquire the prescribed
offset before the RRC connection establishment (or before
the target cell is set to be the serving cell).

[0116] On the other hand, when the downlink transmission
data relating to the downlink grant in the SS within the
second EPDCCH-PRB set is transmitted, considering an
offset that is individually signaled, the base station 101
assigns the downlink grant to a resource for the SS within
the second EPDCCH-PRB set that corresponds to an uplink
control channel resource which is used for reporting the
HARQ response information corresponding to the downlink
transmission data. Desirably, a prescribed offset is added to
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an index in an element that has the smallest index, among
elements that construct the resource in the SS within the
second EPDCCH-PRB set. The PUCCH resource that has an
index that is equal to a value that results from the addition
is a PUCCH resource that corresponds to the resource for the
downlink grant. Furthermore, the base station 101 monitors
the uplink control channel resource, and extracts the HARQ
response information. Here, after the RRC connection estab-
lishment (or after the target cell is set to be the serving cell),
the offset is transmitted and received through dedicated RRC
signaling.

[0117] Furthermore, in a case where the downlink grant is
detected in the SS within the first EPDCCH-PRB set,
considering a prescribed offset, the terminal 102 reports the
HARQ response information responding to the downlink
grant transmission data associated with the downlink grant,
using the PUCCH resource corresponding to the EPDCCH
resource in which the downlink grant is detected. On the
other hand, in a case where the downlink grant is detected
in the SS within the second EPDCCH-PRB set, considering
the offset that is individually signaled, the terminal 102
reports the HARQ response information responding to the
downlink transmission data associated with the downlink
grant, using the PUCCH resource corresponding to EPD-
CCH resource in which the downlink grant is detected.

[0118] In other words, the base station 101 arranges the
EPDCCH in the SS within the first EPDCCH-PRB set or the
SS within the second EPDCCH-PRB set, and notifies the
terminal 102 of the result. In a case where the EPDCCH that
is arranged in the SS within the first EPDCCH-PRB set and
the EPDCCH that is arranged in the SS within the second
EPDCCH-PRB set are monitored and the downlink grant is
detected, the terminal 102 extracts the transmission data in
the PDSCH associated with the detected downlink grant,
generates the response information responding to the
extracted transmission data, maps the response information
to the PUCCH resource that corresponds to the resource in
which the downlink grant is detected, generates the PUCCH,
and reports the result to the base station 101. Here, when the
response information is mapped to the PUCCH resource,
depending on whether the EPDCCH is received in the SS
within the first EPDCCH-PRB set, or the EPDCCH is
received in the SS within the second EPDCCH-PRB set, a
corresponding prescribed offset value or an offset value that
is individually signaled is accordingly used. The base station
101 extracts the PUCCH to which the response information
responding to the transmission data in the PDSCH associ-
ated with the downlink grant is mapped, in the PUCCH
resource that corresponds to the resource in which the
downlink grant is arranged.

[0119] Moreover, in other words, in the cell, the base
station sends the terminal the Enhanced Physical Downlink
Control Channel arranging the Enhanced Physical Downlink
Control Channel in a first Enhanced Physical Downlink
Control Channel-Physical Resource Block set or a second
Enhanced Physical Downlink Control Channel-Physical
Resource Block set. The terminal monitors the Enhanced
Physical Downlink Control Channel in the first Enhanced
Physical Downlink Control Channel-Physical Resource
Block set and the second Enhanced Physical Downlink
Control Channel-Physical Resource Block set. In a case
where the Physical Downlink Control Channel is detected,
the terminal extracts the transmission data in the Physical
Downlink Shared Channel associated with the detected
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Physical Downlink Control Channel, and generates the
response information responding to the extracted transmis-
sion data. In a case where the Physical Downlink Control
Channel is detected in the first Enhanced Physical Downlink
Control Channel-Physical Resource Block set, the terminal
maps the corresponding response information to a Physical
Uplink Control Channel resource that is determined in
accordance with an index of an element that constructs a
Physical Downlink Control Channel resource in which at
least the Physical Downlink Control Channel is detected and
with a prescribed offset, generates the Physical Uplink
Control Channel, and transmits a signal that includes the
Physical Uplink Control Channel. In a case where the
Physical Downlink Control Channel is detected in the sec-
ond Enhanced Physical Downlink Control Channel-Physical
Resource Block set, the terminal maps the corresponding
response information to the Physical Uplink Control Chan-
nel resource that is determined in accordance with the index
of the element that constructs the Physical Downlink Con-
trol Channel resource in which at least the Physical Down-
link Control Channel is detected, and with an offset that is
individually configured for every terminal, generates the
Physical Uplink Control Channel, and transmits the signal
that includes the Physical Uplink Control Channel. More-
over, in a case where the Enhanced Physical Downlink
Control Channel is notified being arranged in the first
Enhanced Physical Downlink Control Channel-Physical
Resource Block set, the base station extracts the Physical
Uplink Control Channel to which the response information
responding to the transmission data in the Physical Down-
link Shared Channel associated with the corresponding
Physical Downlink Control Channel is mapped, in the
Physical Uplink Control Channel resource that is determined
in accordance with the index of the element that constructs
an Enhanced Physical Downlink Control Channel resource
in which at least the Enhanced Physical Downlink Control
Channel is arranged, and with the prescribed offset. In a case
where the Enhanced Physical Downlink Control Channel is
notified being arranged in the second Enhanced Physical
Downlink Control Channel-Physical Resource Block set, the
base station extracts the Physical Uplink Control Channel to
which the response information responding to the transmis-
sion data in the Physical Downlink Shared Channel associ-
ated with the corresponding Physical Downlink Control
Channel is mapped, in the Physical Uplink Control Channel
resource that is determined in accordance with the index of
the element that constructs the Enhanced Physical Downlink
Control Channel resource in which at least the Enhanced
Physical Downlink Control Channel is arranged, and with
the offset that is individually configured for every terminal.

[0120] Accordingly, even in a case where the EPDCCH is
transmitted and received being arranged in the SS within the
first EPDCCH-PRB set or in the SS within the second
EPDCCH-PRB set, an uplink control channel can be
dynamically assigned to the terminal. For this reason, it is
possible to efficiently use the uplink control channel. Fur-
thermore, because the PUCCH resource that corresponds to
the SS within the first EPDCCH-PRB set does not depend on
a parameter that is specific to the terminal, the PUCCH
resource can be used before the RRC connection establish-
ment (or before the target cell is set to be the serving cell).

[0121] Moreover, according to the embodiments described
above, the PUCCH resource that is used for transmission is
changed depending on whether the terminal detects the
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EPDCCH in the CSS or detects the EPDCCH in the USS.
Furthermore, the PUCCH resource that is received is
changed depending on whether the base station transmits the
PDCCH or the EPDCCH in a state of being arranged in the
first EPDCCH-PRB set or transmits the PDCCH or the
EPDCCH in a state of being arranged in the second EPD-
CCH-PRB set. However, instead of the EPDCCH-PRB set,
even if the change is made in accordance with a DCI format,
an effect similar to that according to each of the embodi-
ments described above can be obtained. More specifically,
the PUCCH resource that is used for transmission is changed
depending on whether the terminal detects the DCI format
that is transmissible in the SS within the first EPDCCH-PRB
set, as the EPDCCH, or detects the DCI format that is
transmissible only in the SS within the second EPDCCH-
PRB set, as the EPDCCH. Furthermore, the PUCCH
resource that is received is changed depending on whether
the base station transmits the DCI format that is transmis-
sible in the SS within the first EPDCCH-PRB set, as the
EPDCCH or transmits the DCI format that is transmissible
only in the SS within the second EPDCCH-PRB set, as the
EPDCCH.

[0122] Moreover, according to each of the embodiments,
the resource element or the resource block is described
above as being used as a unit for mapping the data channel,
the control channel, the PDSCH, the PDCCH, and the
reference signal, and the subframe or the radio frame is
described as being used as a unit of transmission in a time
direction, but this does not impose any limitation. Even if,
instead of these, space and time units are used that are
configured from an arbitrary frequency and time, respec-
tively, the same effect can be obtained.

[0123] Furthermore, the system information according to
the embodiments described above is information that is
broadcast using a master information block or a system
information block. Normally, these pieces of information are
broadcast using the physical broadcast channel or the Physi-
cal Downlink Shared Channel that is indicated with the
downlink grant for the system information (these channels
may be referred to as broadcast channels). However, this
does not impose any limitation. In a case where handover is
performed between cells, dedicated RRC signaling in a cell
that is a handover source is used and thus system informa-
tion of a cell that is a handover destination can be set to be
in the terminal.

[0124] Furthermore, according to each of the embodi-
ments, the Enhanced Physical Downlink Control Channel
103 that is arranged in the PDSCH region is described as
being referred to as the EPDCCH and being definitely
distinguished from the Physical Downlink Control Channel
(PDCCH) in the related art, but this does not impose any
limitation. Even if the EPDCCH and the PDCCH are
referred to as the PDCCH, when different operations are
performed in the Enhanced Physical Downlink Control
channel that is arranged in the PDSCH region and in the
Physical Downlink Control Channel in the related art that is
arranged in the PDCCH region, respectively, such different
operations are substantially the same as in the embodiments
described above in each of which the EPDCCH and the
PDCCH are distinguished from each other. Furthermore, any
Enhanced Physical Downlink Control Channel 103 that is
arranged in the SS within the first EPDCCH-PRB set and the
SS within the second EPDCCH-PRB set is referred to as the
EPDCCH, but this does not impose any limitation. These
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may be referred to in a distinguished manner. For example,
the Enhanced Physical Downlink Control Channel 103 that
is arranged in the SS within the first EPDCCH-PRB set may
be referred to as Further-Enhanced PDCCH (FPDCCH), and
the Enhanced Physical Downlink Control Channel 103 that
is arranged in the SS within the second EPDCCH-PRB set
may be referred to as the EPDCCH.

[0125] Moreover, when the terminal starts to communi-
cate with the base station, the terminal notifies the base
station of information (information on the ability of the
terminal, or functional group information) indicating
whether or not the function that is described according to
each of the embodiments is usable with respect to the base
station. Thus, the base station can determine whether or not
the function that is described according to each of the
embodiments is usable. More specifically, in a case where
the function that is described according to each of the
embodiments is usable, information to that effect may be
included in the information on the ability of the terminal,
and in a case where the function that is described according
to each of the embodiments is not usable, information
relating to that function may not be included in the infor-
mation on the ability of the terminal. Alternatively, in a case
where the function that is described according to each of the
embodiments is usable, a value of 1 may be entered into a
predetermined bit field for the functional group information,
and in a case where the function that is described according
to each of the embodiments is not usable, a value of 0 may
be entered into the predetermined bit field for the functional
group information.

[0126] A program running on the base station and the
terminal according to the present invention is a program (a
program for causing a computer to operate) that controls a
CPU and the like in such a manner as to realize the function
according to the embodiments of the present invention.
Then, pieces of information that are handled in these devices
are temporarily stored in a RAM while being processed.
Thereafter, the pieces of information are stored in various
ROMs or HDDs, and whenever necessary, is read by the
CPU to be modified or written. As a recording medium on
which to store the program, among a semiconductor medium
(for example, a ROM, a nonvolatile memory card, and the
like), an optical storage medium (for example, a DVD, a
MO, a MD, a CD, a BD, and the like), a magnetic storage
medium (for example, a magnetic tape, a flexible disk, and
the like), and the like, any one may be possible. Further-
more, in some cases, the functions according to the embodi-
ments described above are realized by running the loaded
program, and in addition, the functions according to the
present invention are realized by performing processing in
conjunction with an operating system or other application
programs, based on an instruction from the program.

[0127] Furthermore, in a case where programs are distrib-
uted on the market, the programs, each of which is stored on
a portable recording medium, can be distributed, or the
program can be transmitted to a server computer that is
connected through a network such as the Internet. In this
case, a storage device of the server computer is also included
in the present invention. Furthermore, some or all of the
portions of the base station and the terminal according to the
embodiments described above may be realized as L.SI that is
a typical integrated circuit. Each functional block of the base
station and the terminal may be individually built into a chip,
and some or all functional blocks may be integrated into a
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chip. Furthermore, a technique of the integrated circuit is not
limited to the LSI, and an integrated circuit may be realized
with a dedicated circuit or a general-purpose processor.
Furthermore, if with advances in a semiconductor technol-
ogy, a circuit integration technology with which an LSI is
replaced appears, it is also possible to use an integrated
circuit to which such a technology is applied.

[0128] The embodiments of the present invention are
described in detail above referring to the drawings, but the
specific configuration is not limited to the embodiments and
includes an amendment to a design that falls within the
scope that does not depart from the gist of the present
invention. Furthermore, various modifications are possible
within the scope of the present invention defined by claims,
and embodiments that are made by suitably combining
technical means disclosed according to the different embodi-
ments are also included in the technical scope of the present
invention. Furthermore, a configuration in which a constitu-
ent element that achieves the same effect is substituted for
the one that is described according to each of the embodi-
ments is also included in the technical scope of the present
invention.

INDUSTRIAL APPLICABILITY

[0129] The present invention is suitable for use in a
wireless base station device, a wireless terminal device, a
wireless communication system, or a wireless communica-
tion method.

REFERENCE SIGNS LIST

[0130] 101 BASE STATION
[0131] 102 TERMINAL
[0132] 103 ENHANCED PHYSICAL DOWNLINK

CONTROL CHANNEL

[0133] 104 DOWNLNK TRANSMISSION DATA
[0134] 105 PHYSICAL UPLINK CONTROL CHANNEL
[0135] 401 CODEWORD GENERATION MODULE
[0136] 402 DOWNLINK SUBFRAME GENERATION
MODULE

[0137] 403 PHYSICAL DOWNLINK CONTROL

CHANNEL GENERATION MODULE

[0138] 404 OFDM SIGNAL TRANSMISSIN MODULE
[0139] 405, 511 TRANSMIT ANTENNA

[0140] 406, 501 RECEIVE ANTENNA

[0141] 407 SC-FDMA SIGNAL RECEPTION MODULE
[0142] 408 UPLINK SUBFRAME PROCESSING MOD-
ULE

[0143] 409 PHYSICAL UPLINK CONTROL CHANNEL

EXTRACTION MODULE

[0144] 410, 506 HIGHER LAYER

[0145] 502 OFDM SIGNAL RECEPTION MODULE
[0146] 503 DOWNLINK SUBFRAME PROCESSING
MODULE

[0147] 504 PHYSICAL DOWNLINK CONTROL

CHANNEL EXTRACTION MODULE

[0148] 505 CODEWORD EXTRACTION MODULE
[0149] 507 RESPONSE INFORMATION GENERATION
MODULE

[0150] 508 UPLINK SUBFRAME GENERATION
MODULE

[0151] 509 PHYSICAL UPLINK CONTROL CHANNEL

GENERATION MODULE
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[0152] 510 SC-FDMA GENERATION TRANSMISSION
MODULE

[0153] 2301 BASE STATION

[0154] 2302 TERMINAL

[0155] 2303 PHYSICAL DOWNLINK CONTROL
CHANNEL

[0156] 2304 DOWNLINK TRANSMISSION DATA
[0157] 2305 PHYSICAL UPLINK CONTROL CHAN-
NEL

1. A user equipment (UE) which communicates with a
base station in a cell, the UE comprising:

reception circuitry that receives a cell-specific reference
signal, a first demodulation reference signal, and a
second demodulation reference signal; and

extraction circuitry that monitors a first physical control
channel and a second physical control channel,

wherein, the first demodulation reference signal and the
first physical control channel are transmitted on a same
antenna port(s),

the second demodulation reference signal and the second
physical control channel are transmitted on a same
antenna port(s),

the first physical control channel is a physical control
channel with CRC scrambled by P-RNTI which is an
identifier for paging,

the second physical control channel is a physical control
channel with CRC corresponding to C-RNTI which is
an identifier specific to the UE,

the first demodulation reference signal is generated using
a sequence which is initialized based on a cell identity
of the cell, and

the second demodulation reference signal is generated
using a sequence which is initialized based on a value
configured via dedicated RRC signalling.

2. The UE according to claim 1,

wherein the reception circuitry further receives a third
demodulation reference signal,

the extraction circuitry further monitors a third physical
control channel,

the third demodulation reference signal and the third
physical control channel are transmitted on a same
antenna port(s),

the third physical control channel is a physical control
channel with CRC scrambled by RA-RNTI which is an
identifier for random access procedure, and

the third demodulation reference signal is generated using
a sequence which is initialized based on the cell iden-
tity.

3. The UE according to claim 1,

wherein the first physical control channel is mapped based
on the cell-specific reference signal and the first
demodulation reference signal, and

the second physical control channel is mapped based on
the cell-specific reference signal and the second
demodulation reference signal.

4. The UE according to claim 1,

wherein the first physical control channel is a physical
control channel which is allocated in common search
space, and

the second physical control channel is a physical control
channel which is allocated in UE-specific search space.

5. A base station which communicates with a user equip-

ment (UE) in a cell, the base station comprising:
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generating circuitry that generates a cell-specific refer-
ence signal, a first demodulation reference signal, and
a second demodulation reference signal; and

transmission circuitry that transmits, to the UE, a first
physical control channel and a second physical control
channel,

wherein, the transmission circuitry transmits the first
demodulation reference signal and the first physical
control channel on a same antenna port(s),

the transmission circuitry transmits the second demodu-
lation reference signal and the second physical control
channel on a same antenna port(s),

the first physical control channel is a physical control
channel with CRC scrambled by P-RNTI which is an
identifier for paging,

the second physical control channel is a physical control
channel with CRC corresponding to C-RNTI which is
an identifier specific to the UE,

the generating circuitry generates the first demodulation
reference signal using a sequence which is initialized
based on a cell identity of the cell, and

the generating circuitry generates the second demodula-
tion reference signal using a sequence which is initial-
ized based on a value configured via dedicated RRC
signaling.

6. The base station according to claim 5,

wherein the generating circuitry further generates a third
demodulation reference signal,

the transmission circuitry further transmits a third physi-
cal control channel,

the transmission circuitry transmits the third demodula-
tion reference signal and the third physical control
channel on a same antenna port(s),

the third physical control channel is a physical control
channel with CRC scrambled by RA-RNTI which is an
identifier for random access procedure, and

the generating circuitry generates the third demodulation
reference signal using a sequence which is initialized
based on the cell identity.

7. The base station according to claim 5,

wherein the first physical control channel is mapped based
on the cell-specific reference signal and the first
demodulation reference signal, and

the second physical control channel is mapped based on
the cell-specific reference signal and the second
demodulation reference signal.

8. The base station according to claim 5,

wherein the first physical control channel is a physical
control channel which is allocated in common search
space, and

the second physical control channel is a physical control
channel which is allocated in UE-specific search space.

9. A communication method for use in a user equipment

(UE) which communicates with a base station in a cell, the
communication method comprising:

receiving a cell-specific reference signal;

receiving a first demodulation reference signal;

receiving a second demodulation reference signal;

monitoring a first physical control channel; and

monitoring a second physical control channel,

wherein, the first demodulation reference signal and the
first physical control channel are transmitted on a same
antenna port(s),



US 2017/0237537 Al

the second demodulation reference signal and the second
physical control channel are transmitted on a same
antenna port(s),

the first physical control channel is a physical control

channel with CRC scrambled by P-RNTI which is an
identifier for paging,

the second physical control channel is a physical control

channel with CRC corresponding to C-RNTI which is
an identifier specific to the UE,

the first demodulation reference signal is generated using

a sequence which is initialized based on a cell identity
of the cell, and

the second demodulation reference signal is generated

using a sequence which is initialized based on a value
configured via dedicated RRC signalling.

10. A communication method for use in a base station
which communicates with a user equipment (UE) in a cell,
the communication method comprising:

generating a cell-specific reference signal;

generating a first demodulation reference signal;

generating a second demodulation reference signal;

transmitting, to the UE, a first physical control channel;
and
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transmitting, to the UE, a second physical control chan-
nel;

wherein, the first demodulation reference signal and the
first physical control channel are transmitted on a same
antenna port(s),

the second demodulation reference signal and the second
physical control channel are transmitted on a same
antenna port(s),

the first physical control channel is a physical control
channel with CRC scrambled by P-RNTI which is an
identifier for paging,

the second physical control channel is a physical control
channel with CRC corresponding to C-RNTI which is
an identifier specific to the UE,

the first demodulation reference signal is generated using
a sequence which is initialized based on a cell identity
of the cell, and

the second demodulation reference signal is generated
using a sequence which is initialized based on a value
configured via dedicated RRC signalling.
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