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(54) TERMINAL DEVICE, BASE STATION DEVICE, AND COMMUNICATION METHOD

(57) A cell using an allocated frequency band, a
non-allocated frequency band, or a shared frequency
band is controlled efficiently. A higher layer processing
unit configured to configure a first configuration for mon-
itoring an Enhanced Physical Downlink Control CHannel
(EPDCCH) and a second configuration for measuring a
Discovery Signal (DS); a reception processing unit con-
figured to monitor a candidate of the EPDCCH, based

on the first configuration; and a detection unit configured
to detect the DS in a prescribed subframe to be deter-
mined, based on the second configuration are provided.
In a case that simultaneous transmissions on the EPD-
CCH and the DS occur in a Licensed Assisted Access
(LAA) cell, the EPDCCH is mapped onto a resource el-
ement different from a resource element corresponding
to the DS in the prescribed subframe.
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Description

Technical Field

[0001] Embodiments of the present invention relate to
a technology of a terminal device, a base station device,
and a communication method that enable efficient com-
munication.

Background Art

[0002] The 3rd Generation Partnership Project
(3GPP), which is a standardization project, standardized
the Evolved Universal Terrestrial Radio Access (herein-
after, referred to as E-UTRA), in which high-speed com-
munication is realized by adopting an Orthogonal Fre-
quency-Division Multiplexing (OFDM) communication
scheme and flexible scheduling using a unit of prescribed
frequency and time called resource block.
[0003] Moreover, the 3GPP discusses Advanced E-
UTRA, which realizes higher-speed data transmission
and has upper compatibility with E-UTRA. E-UTRA re-
lates to a communication system based on a network in
which base station devices have substantially the same
cell configuration (cell size); however, regarding Ad-
vanced E-UTRA, discussion is made on a communica-
tion system based on a network (different-type radio net-
work, Heterogeneous Network) in which base station de-
vices (cells) having different configurations coexist in the
same area. In this regard, E-UTRA is also referred to as
"LTE (Long Term Evolution)", and Advanced E-UTRA is
also referred to as "LTE-Advanced". Furthermore, LTE
may be a collective name including LTE-Advanced.
[0004] A Carrier Aggregation (CA) technique and a Du-
al Connectivity (DC) technique are specified, in which, in
a communication system where cells (macro cells) hav-
ing large cell radii and cells (small cells) having smaller
cell radii than those of the macro cells coexist as in a
heterogeneous network, a terminal device performs
communication by connecting to a macro cell and a small
cell simultaneously (NPL 1).
[0005] Meanwhile, NPL 2 studies Licensed-Assisted
Access (LAA). According to LAA, a non-allocated fre-
quency band (Unlicensed spectrum) used by a wireless
Local Area Network (LAN) is used as LTE. More specif-
ically, the non-allocated frequency band is configured as
a secondary cell (secondary component carrier). Con-
nection, communication, and/or a configuration of the
secondary cell(s) used as LAA are assisted by a primary
cell (primary component carrier) configured to an allocat-
ed frequency band (Licensed spectrum). LAA widens a
frequency band that is available for LTE, and thus wide
band transmission is enabled. In this regard, LAA is used
in a shared frequency band (shared spectrum) shared
between prescribed operators.
[0006] Furthermore, latency in radio communication is
one of substantial factors in a system which intends safe-
ty and security. Further reducing the latency is demanded

for LTE including the LTE which uses LAA and the LTE
which uses allocated frequency bands in the related art.

Citation List

Non Patent Literature

[0007]

NPL 1: 3rd Generation Partnership Project; Techni-
cal Specification Group Radio Access Network;
Evolved Universal Terrestrial Radio Access (E-
UTRA); Physical layer procedures (Release 12),
3GPP TS 36.213 V12.4.0 (2014-12).
NPL 2: RP-141664, Ericsson, Qualcomm, Huawei,
Alcatel-Lucent, "Study on Licensed-Assisted Access
using LTE," 3GPP TSG RAN Meeting #65, Septem-
ber 2014.

Summary of Invention

Technical Problem

[0008] According to LAA, in a case that the non-allo-
cated frequency band or the shared frequency band is
used, the frequency band is shared between other sys-
tems and/or other operators. However, LTE is designed
assuming use in an allocated frequency band or a non-
shared frequency band. Therefore, the LTE in the related
art may not be used in the non-allocated frequency band
or the shared frequency band. Furthermore, the LTE in-
cluding LTE which uses LAA and the LTE which uses an
allocated frequency band in the related art is demanded
to reduce latency in radio communication.
[0009] Some aspects of the present invention have
been made in view of the above-described circumstanc-
es, and an object is to provide a terminal device, a base
station device, and a communication method that can
efficiently control a cell using an allocated frequency
band, a non-allocated frequency band, or a shared fre-
quency band.

Solution to Problem

[0010]

(1) In order to accomplish the above-described ob-
ject, according to some aspects of the present in-
vention, the following measures are provided. Spe-
cifically, a terminal device, according to an aspect of
the present invention, for communicating with a base
station device includes: a higher layer processing
unit configured to configure a first configuration for
monitoring an Enhanced Physical Downlink Control
CHannel (EPDCCH) and a second configuration for
measuring a Discovery Signal (DS); a reception
processing unit configured to monitor a candidate of
the EPDCCH, based on the first configuration; and
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a detection unit configured to detect the DS in a pre-
scribed subframe to be determined, based on the
second configuration. In a case that simultaneous
transmissions on the EPDCCH and the DS occur in
a Licensed Assisted Access (LAA) cell, the EPDCCH
is mapped onto a resource element different from a
resource element corresponding to the DS in the pre-
scribed subframe.
(2) Moreover, a base station device, according to an
aspect of the present invention, for communicating
with a terminal device includes: a higher layer
processing unit configured to configure, for the ter-
minal device, a first configuration for monitoring an
Enhanced Physical Downlink Control CHannel (EP-
DCCH) and a second configuration for measuring a
Discovery Signal (DS); a control channel processing
unit configured to map the EPDCCH onto a candi-
date of the EPDCCH, based on the first configura-
tion; and a discovery signal processing unit config-
ured to map the DS in a prescribed subframe to be
determined, based on the second configuration. In
a case that simultaneous transmissions on the EP-
DCCH and the DS occur in a Licensed Assisted Ac-
cess (LAA) cell, the EPDCCH is mapped onto a re-
source element different from a resource element
corresponding to the DS in the prescribed subframe.
(3) Moreover, a communication method, according
to an aspect of the present invention, to be used by
a terminal device for communicating with a base sta-
tion device includes: configuring a first configuration
for monitoring an Enhanced Physical Downlink Con-
trol CHannel (EPDCCH) and a second configuration
for measuring a Discovery Signal (DS); monitoring
a candidate of the EPDCCH, based on the first con-
figuration; and detecting the DS in a prescribed sub-
frame to be determined, based on the second con-
figuration. In a case that simultaneous transmissions
on the EPDCCH and the DS occur in a Licensed
Assisted Access (LAA) cell, the EPDCCH is mapped
onto a resource element different from a resource
element corresponding to the DS in the prescribed
subframe.
(4) Moreover, a communication method, according
to an aspect of the present invention, to be used by
a base station device for communicating with a ter-
minal device includes: configuring, for the terminal
device, a first configuration for monitoring an En-
hanced Physical Downlink Control CHannel (EPD-
CCH) and a second configuration for measuring a
Discovery Signal (DS); mapping the EPDCCH onto
a candidate of the EPDCCH, based on the first con-
figuration; and mapping the DS in a prescribed sub-
frame to be determined, based on the second con-
figuration. In a case that simultaneous transmissions
on the EPDCCH and the DS occur in a Licensed
Assisted Access (LAA) cell, the EPDCCH is mapped
onto a resource element different from a resource
element corresponding to the DS in the prescribed

subframe.

Advantageous Effects of Invention

[0011] According to some aspects of the present in-
vention, in a radio communication system, in which a
base station device and a terminal device communicate,
transmission efficiency is improved.

Brief Description of Drawings

[0012]

FIG. 1 is a diagram illustrating an example of a down-
link radio frame configuration according to a present
embodiment.
FIG. 2 is a diagram illustrating an example of an up-
link radio frame configuration according to the
present embodiment.
FIG. 3 is a schematic diagram illustrating an example
of a block configuration of a base station device 2
according to the present embodiment.
FIG. 4 is a schematic diagram illustrating an example
of a block configuration of a terminal device 1 ac-
cording to the present embodiment.
FIG. 5 is a diagram illustrating an example of a com-
munication procedure in an LAA cell according to
the present embodiment.
FIG. 6 is a diagram illustrating an example of the
communication procedure in the LAA cell according
to the present embodiment.
FIG. 7 is a diagram illustrating an example of the
communication procedure in the LAA cell according
to the present embodiment.
FIG. 8 illustrates an example of an EREG configu-
ration of one RB pair.
FIG. 9A to FIG. 9E are diagrams illustrating config-
uration examples of DMRSs associated with second
EPDCCHs used in a first partial subframe.
FIG. 10A to FIG. 10E are diagrams illustrating con-
figuration examples of DMRSs associated with the
second EPDCCHs used in a second partial sub-
frame.

Description of Embodiments

First Embodiment

[0013] A first embodiment of the present invention will
be described below. A description will be given by using
a communication system (cellular system) in which a
base station device (base station, NodeB, or eNodeB
(eNB)) and a terminal device (terminal, mobile station, a
user device, or a User equipment (UE)) communicate in
a cell.
[0014] Note that a description on downlink in the de-
scription of the present embodiment includes descrip-
tions for downlink in normal cells and downlink in LAA
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cells. For example, a description on downlink subframes
includes descriptions for downlink subframes in the nor-
mal cells, full subframes in the LAA cells, and partial sub-
frames in the LAA cells.
[0015] A physical channel and a physical signal sub-
stantially used in EUTRA and Advanced EUTRA will be
described. The "channel" refers to a medium used to
transmit a signal, and the "physical channel" refers to a
physical medium used to transmit a signal. In the present
embodiment, the physical channel may be used synon-
ymously with "signal". In the future EUTRA and Advanced
EUTRA, the physical channel may be added or its con-
stitution and format type may be changed or added; how-
ever, the description of the present embodiment will not
be affected even if the channel is changed or added.
[0016] In EUTRA and Advanced EUTRA, scheduling
of a physical channel or a physical signal is managed by
using a radio frame. One radio frame is 10 ms in length,
and one radio frame is constituted of 10 subframes. In
addition, one subframe is constituted of two slots (i.e.,
one subframe is 1 ms in length, and one slot is 0.5 ms in
length). Moreover, scheduling is managed by using a re-
source block as a minimum unit of scheduling for allo-
cating a physical channel. The "resource block" is defined
by a given frequency domain constituted of a set of mul-
tiple subcarriers (e.g., 12 subcarriers) on a frequency axis
and a domain constituted of a specific transmission time
slot (one slot).
[0017] FIG. 1 is a diagram illustrating an example of a
downlink radio frame configuration according to the
present embodiment. In the downlink, an OFDM access
scheme is used. In the downlink, a PDCCH, an EPDCCH,
a Physical Downlink Shared CHannel (PDSCH), and the
like are allocated. A downlink radio frame is constituted
by a downlink Resource Block (RB) pair. This downlink
RB pair is a unit for allocation of a downlink radio resource
and the like and is based on the frequency band of a
predefined width (RB bandwidth) and a time duration (two
slots = 1 subframe). Each of the downlink RB pairs is
constituted of two downlink RBs (RB bandwidth 3 slot)
that are contiguous in time domain. Each of the downlink
RBs is constituted of 12 subcarriers in frequency domain.
In the time domain, the downlink RB is constituted of
seven OFDM symbols in a case that a normal cyclic prefix
is added, while the downlink RB is constituted of six
OFDM symbols in a case that a cyclic prefix that is longer
than the normal cyclic prefix is added. A region defined
by a single subcarrier in the frequency domain and a
single OFDM symbol in the time domain is referred to as
"Resource Element (RE)". A physical downlink control
channel is a physical channel on which downlink control
information such as a terminal device identifier, physical
downlink shared channel scheduling information, physi-
cal uplink shared channel scheduling information, and a
modulation scheme, coding rate, and retransmission pa-
rameter are transmitted. Note that although a downlink
subframe in a single Component Carrier (CC) is de-
scribed here, a downlink subframe is defined for each

CC and downlink subframes are approximately synchro-
nized between the CCs.
[0018] Although not illustrated here, Synchronization
Signals may be assigned, a physical broadcast informa-
tion channel may be allocated, and a downlink Reference
Signal (RS) may be assigned, to a downlink subframe.
Examples of a downlink reference signal are a Cell-spe-
cific Reference Signal (CRS: Cell-specific RS), which is
transmitted through the same transmission port as that
for a PDCCH, a Channel State Information Reference
Signal (CSI-RS), which is used to measure Channel
State Information (CSI), a User Equipment-specific Ref-
erence Signal (URS: UE-specific RS)), which is transmit-
ted through the same transmission port as that of one or
some PDSCHs, and a Demodulation Reference Signal
(DMRS), which is transmitted through the same trans-
mission port as that for an EPDCCH. Moreover, carriers
on which no CRS is mapped may be used. In this case,
a similar signal (referred to as "enhanced synchroniza-
tion signal") to a signal corresponding to one or some
transmission ports (e.g., only transmission port 0) or all
the transmission ports for the CRSs can be inserted into
one or some subframes (e.g., the first and sixth sub-
frames in the radio frame) as time and/or frequency track-
ing signals. The terminal-specific reference signals trans-
mitted at the same transmission port as part of PDSCHs
are also referred to as terminal-specific reference signals
or DMRSs associated with PDSCHs. The demodulation
reference signals transmitted at the same transmission
port as the EPDCCHs are also referred to as DMRSs
associated with the EPDCCHs.
[0019] Although not illustrated, Discovery Signals
(DSs) may be arranged in downlink subframes. A Dis-
covery signal Measurement Timing Configuration
(DMTC) is set up (configured) to the terminal based on
parameters configured via RRC signaling. A DMTC Oc-
casion is six milliseconds, and is constituted of contigu-
ous six subframes. This terminal assumes that a DS is
not transmitted to subframes outside the DMTC Occa-
sion.
[0020] In a certain cell, a DS (DS Occasion) is consti-
tuted of a time period (DS period) of a prescribed number
of contiguous subframes. The prescribed number is one
to five according to FDD (Frame structure type 1) and
two to five according to TDD (Frame structure type 2).
The prescribed number is configured by the RRC sign-
aling. Furthermore, the DS period or a configuration of
the DS period will also be referred to as a Discovery sig-
nals Measurement Timing Configuration (DMTC). The
terminal assumes that the DS is transmitted (is mapped
or occurs) per subframe configured by a parameter dmtc-
Periodicity configured by the RRC signaling. The terminal
assumes a presence of the DS configured to include fol-
lowing signals in downlink subframes.

(1) A CRS of antenna port 0 in a DwPTS of all down-
link subframes and all special subframes in the DS
period.
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(2) A PSS in a first subframe of the DS period ac-
cording to FDD. A PSS in the second subframe of
the DS period according to TDD.
(3) A SSS in the first subframe of the DS period.
(4) A non-zero power CSI-RS in a zero or more sub-
frames of the DS period. This non-zero power CSI-
RS is configured by the RSS signaling.

[0021] The terminal performs measurements based on
the configured DS. The measurements are performed by
using the CRS of the DS or the non-zero power CSI-RS
of the DS. The configuration related to the DS can con-
figure multiple non-zero power CSI-RSs.
[0022] The DS and the DMTC in the LAA cells can be
the same as the DS and the DMTC according to FDD.
For example, in the LAA cells, the DS period is any of
one to five as in FDD, and the PSS is present in the first
subframe of the DS period. Note that the DS in the LAA
cells may be configured differently from the DS in the
normal cells. For example, the DS in the LAA cells does
not include the CRS. The DS in the LAA cells includes
the PSS and the SSS which can be shifted in the fre-
quency direction.
[0023] In the LAA cells, a control signal and/or a control
channel including control information can be transmitted
in subframes in the DS Occasion or subframes in the
DMTC Occasion. The control information can include in-
formation of the LAA cells. For example, the control in-
formation is information regarding a frequency, a load,
degree of congestion, an interference, transmit power, a
channel occupation time and/or a buffer status for trans-
mission data in the LAA cells.
[0024] The control signal and/or control channel can
be demodulated or detected by the DMRS in the DS Oc-
casion. That is, the control signal and/or control channel
is transmitted from an antenna port used to transmit the
DMRS in the DS Occasion. More specifically, the DMRS
in the DS Occasion is a DMRS (demodulation reference
signal) to be associated with the control signal and/or
control channel, and can be configured similar to the
DMRS associated with the PDSCH or the EPDCCH.
[0025] A scramble sequence used for the DMRS as-
sociated with the control signal and/or control channel
may be generated differently from a scramble sequence
used for the DMRS associated with the PDSCH or the
EPDCCH. In this regard, the scramble sequence used
for the DMRS is generated as an initial value which is a
value calculated based on a slot number (subframe
number), a first parameter and a second parameter. For
example, in the scramble sequence used for the DMRS
associated with the PDSCH, the first parameter is a value
configured by a cell identifier (cell ID) or a higher layer,
and the second parameter is zero or one given by the
DCI. The second parameter is fixed to zero in a case that
the value is not given by the DCI. In the scramble se-
quence used for the DMRS associated with the EPD-
CCH, the first parameter takes a value configured by the
higher layer per EPDCCH set, and the second parameter

is fixed to two.
[0026] In the scramble sequence used for the DMRS
associated with the control signal and/or control channel,
the first parameter takes a value configured by the higher
layer, and is a cell identifier of a corresponding LAA cell
or a cell identifier associated with the non-zero power
CSI-RS in the DS Occasion. In the scramble sequence
used for the DMRS associated with the control signal
and/or control channel, the second parameter takes a
value fixed to a prescribed value or a value configured
by the higher layer. In a case that the second parameter
is fixed to the prescribed value, the second parameter
takes any value of zero, one and two as with the second
parameter used for the scramble sequence used for the
DMRS associated with the PDSCH or the EPDCCH, or
a value (e.g., 3) different from the second parameter used
for the scramble sequence used for the DMRS associat-
ed with the PDSCH or the EPDCCH. In a case that the
second parameter is configured by the higher layer, any
value can be configured to the second parameter, and
an operator-specific value can be configured to the sec-
ond parameter, for example.
[0027] The control signal and/or control channel can
be demodulated or detected by the CRS in the DS Oc-
casion. In other words, the control signal and/or control
channel are transmitted via the antenna port used to
transmit the CRS in the DS Occasion. Note that the
scramble sequence used for the CRS in the DS Occasion
can be generated based on the first parameter and/or
the second parameter described with reference to the
scramble sequence used for the DMRS associated with
the control signal and/or control channel.
[0028] FIG. 2 is a diagram illustrating an example of
an uplink radio frame configuration according to the
present embodiment. An SC-FDMA scheme is used in
the uplink. In the uplink, a Physical Uplink Shared CHan-
nel (PUSCH), a PUCCH, and the like are allocated. An
uplink reference signal is assigned to one or some of
PUSCHs and PUCCHs. An uplink radio frame is consti-
tuted of uplink RB pairs. This uplink RB pair is a unit for
allocation of uplink radio resources and the like and is
constituted by the frequency band of a predefined width
(RB bandwidth) and a predetermined time duration (two
slots = 1 subframe). Each of the uplink RB pairs is con-
stituted of two uplink RBs (RB bandwidth 3 slot) that are
contiguous in the time domain. Each of the uplink RB is
constituted of 12 subcarriers in the frequency domain. In
the time domain, the uplink RB is constituted of seven
SC-FDMA symbols in a case that a normal cyclic prefix
is added, while the uplink RB is constituted of six SC-
FDMA symbols in a case that a cyclic prefix that is longer
than the normal cyclic prefix is added. Note that although
an uplink subframe in a single CC is described here, an
uplink subframe is defined for each CC.
[0029] A synchronization signal is constituted by three
types of primary synchronization signals and secondary
synchronization signals constituted by 31 types of codes
that are interleaved in the frequency region. 504 patterns
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of cell identifiers (Physical Cell Identities; PCIs) for iden-
tifying base station devices, and frame timing for radio
synchronization are indicated by the combinations of the
primary synchronization signals and the secondary syn-
chronization signals. The terminal device identifies the
physical cell ID of a received synchronization signal by
cell search.
[0030] The Physical Broadcast CHannel (PBCH) is
transmitted for the notification (configuration) of a control
parameter (broadcast information i.e., system informa-
tion) commonly used among the terminal devices within
the cell. The radio resource in which broadcast informa-
tion is transmitted is announced on the physical downlink
control channel to the terminal devices in the cell. Broad-
cast information not announced on the physical broad-
cast information channel is transmitted, as a layer-3 mes-
sage (system information) for announcing the broadcast
information of the physical downlink shared channel, by
the announced radio resource.
[0031] Broadcast information to be notified includes,
for example, a Cell Global Identifier (CGI), which indi-
cates a cell-specific identifier, a Tracking Area Identifier
(TAI) for managing standby areas in paging, random ac-
cess configuration information (such as a transmission
timing timer), and shared radio resource configuration
information, neighboring cell information and uplink ac-
cess control information of the cell.
[0032] A downlink reference signal is classified into a
plurality of types according to its use. For example, cell-
specific RSs (Cell-specific reference signals) are pilot
signals transmitted with prescribed power from each cell
and are downlink reference signals periodically repeated
in the frequency domain and the time domain under a
prescribed rule. The terminal device receives the cell-
specific RS and thus measures the reception quality of
each cell. The terminal device also uses a cell-specific
RS as a reference signal for demodulation of a physical
downlink control channel or a physical downlink shared
channel transmitted at the same time as a cell-specific
RS. A sequence distinguishable among the cells can be
used for a sequence for a cell-specific RS.
[0033] The downlink reference signal is also used for
estimation of downlink channel fluctuation. A downlink
reference signal used for estimation of downlink channel
fluctuations is referred to as "Channel State Information
Reference Signal (CSI-RS)". A downlink reference signal
individually configured for the terminal device is referred
to as UE-specific Reference signal (URS), a Demodula-
tion Reference Signal (DMRS), or a Dedicated RS (DRS),
and is referred to for a channel compensation process
for demodulating an enhanced physical downlink control
channel or a physical downlink shared channel.
[0034] The Physical Downlink Control CHannel (PD-
CCH) occupying one or several OFDM symbols (e.g., 1
to 4 OFDM symbols) from the start of each subframe is
transmitted. The Enhanced Physical Downlink Control
CHannel (EPDCCH) is a physical downlink control chan-
nel allocated to the OFDM symbols to which the physical

downlink shared CHannel (PDSCH) is allocated. The PD-
CCH or EPDCCH is used for notifying each terminal de-
vice of radio resource allocation information according
to scheduling determined by the base station device and
information indicating an adjustment amount for an in-
crease or decrease in transmit power. In the following,
even in a case that the Physical Downlink Control CHan-
nel (PDCCH) alone is described, both physical channels
that is, the PDCCH and the EPDCCH, are included un-
less otherwise noted.
[0035] The terminal device needs to monitor a physical
downlink control channel addressed to the terminal de-
vice itself, and receive the physical downlink control
channel addressed to the terminal device itself, before
transmitting and/or receiving downlink data or a layer-2
message or layer-3 message, which is higher-layer con-
trol information (such as a paging or handover com-
mand), and thereby acquire, from the physical downlink
control channel, radio resource allocation information
called uplink grant in a case of transmission and downlink
grant (downlink assignment) in a case of reception. Note
that it is also possible to constitute the physical downlink
control channel so that the physical downlink control
channel is to be transmitted in the dedicated resource
block domain allocated to each terminal device by the
base station device, instead of transmission through
OFDM symbols described above.
[0036] The Physical Uplink Control CHannel (PUCCH)
is used for an acknowledgment in response to reception
of downlink data transmitted on the physical downlink
shared channel (HARQ-ACK; Hybrid Automatic Repeat
reQuest-Acknowledgment or ACK/NACK; Acknowledg-
ment/Negative Acknowledgment), downlink channel
(Channel State) Information (CSI), and uplink radio re-
source allocation request (radio resource request,
Scheduling Request (SR)).
[0037] CSI includes a Channel Quality Indicator (CQI),
a Precoding Matrix Indicator (PMI), a Precoding Type
Indicator (PTI), and a Rank Indicator (RI), which can be
used respectively for specifying (representing) a prefer-
able modulation scheme and coding rate, a preferable
precoding matrix, a preferable PMI type, and a preferable
rank. Indication may be used as a notation for each in-
dicator. Moreover, the CQI and the PMI are classified
into wideband CQI and PMI assuming transmission using
all the resource blocks in a single cell, and subband CQI
and PMI assuming transmission using some contiguous
resource blocks (subbands) in a single cell. Moreover,
PMI may include a type of PMI, which represents a single
preferable precoding matrix using two types of PMIs,
which are a first PMI and a second PMI, in addition to a
normal type of PMI, which represents a single preferable
precoding matrix using a single PMI.
[0038] The Physical Downlink Shared CHannel (PD-
SCH) is also used to notify the terminal device of broad-
cast information (system information) that is not notified
by paging or on the physical broadcast information chan-
nel, in addition to downlink data, as a layer-3 message.
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Radio resource allocation information of the physical
downlink shared channel is indicated by a physical down-
link control channel. The physical downlink shared chan-
nel is allocated to OFDM symbols other than the OFDM
symbols used to transmit a physical downlink control
channel and is transmitted. In other words, the physical
downlink shared channel and the physical downlink con-
trol channel are time division multiplexed in a single sub-
frame.
[0039] The Physical Uplink Shared CHannel (PUSCH)
mainly transmits uplink data and uplink control informa-
tion which may also include uplink control information
such as CSI and ACK/NACK. Moreover, the physical up-
link shared channel is also used such that the terminal
device notifies the base station device of uplink data as
well as a layer-2 message and a layer-3 message, which
are higher-layer control information. Radio resource al-
location information of the physical uplink shared channel
is provided by a physical downlink control channel, as in
a case of downlink.
[0040] An uplink reference signal (also referred to as
"uplink pilot signal" or "uplink pilot channel") includes a
Demodulation Reference Signal (DMRS) to be used by
the base station device to demodulate the physical uplink
control CHannel PUCCH and/or physical uplink shared
CHannel PUSCH, and a Sounding Reference Signal
(SRS) to be mainly used by the base station device to
estimate an uplink channel state. Moreover, sounding
reference signals are categorized into a periodic sound-
ing reference signal (Periodic SRS), which is transmitted
periodically, or an aperiodic sounding reference signal
(Aperiodic SRS), which is transmitted in a case that trans-
mission is instructed by the base station device.
[0041] A Physical Random Access CHannel (PRACH)
is a channel used for the notification (configuration) of a
preamble sequence and includes a guard time. The pre-
amble sequence is configured such that multiple se-
quences are sued for notifying information to the base
station device. For example, in a case that 64 sequences
are available, 6-bit information can be provided to the
base station device. A physical random access channel
is used by the terminal device as a means for accessing
the base station device.
[0042] The terminal device uses the physical random
access channel to request an uplink radio resource in a
case that no physical uplink control channel is configured
for an SR or to request the base station device for a trans-
mission timing adjustment information (also referred to
as Timing Advance (TA) command) necessary for match-
ing uplink transmission timing to a reception timing win-
dow of the base station device, for example. Moreover,
the base station device can request the terminal device
to start a random access procedure, by using a physical
downlink control channel.
[0043] A layer-3 message is a message exchanged
between the Radio Resource Control (RRC) layers of the
terminal device and the base station device and handled
in a protocol for a Control-plane (C-Plane), and may be

used synonymly with RRC signaling or RRC message.
A protocol handling user data (uplink data and downlink
data) is referred to as "User-plane (UP (U-Plane))" in con-
trast to "control plane". Here, a transport block that is
transmission data in the physical layer includes C-Plane
messages and U-Plane data in higher layers. Detailed
descriptions of other physical channels are omitted.
[0044] A communicable range (communication area)
at each frequency controlled by a base station device is
regarded as a cell. Here, the communication area cov-
ered by the base station device may be different in size
and shape for each frequency. Moreover, the covered
area may be different for each frequency. A radio net-
work, in which cells having different types of base station
devices or different cell radii are located in a mixed man-
ner in the area with the same frequency and/or different
frequencies to form a single communication system, is
referred to as a heterogeneous network.
[0045] The terminal device operates by regarding the
inside of a cell as a communication area. In a case that
the terminal device moves from a cell to a different cell,
the terminal device moves to an appropriate different cell
through a cell reselection procedure at the time of having
no radio connection (during no communication) and
through a handover procedure at the time of having radio
connection (during communication). A suitable cell in
general indicates a cell that is determined that access
from the terminal device is not prohibited based on infor-
mation specified by the base station device, and that has
a downlink reception quality satisfying a predefined con-
dition.
[0046] Moreover, the terminal device and the base sta-
tion device may employ a technique for aggregating the
frequencies (component carriers or frequency band) of
a plurality of different frequency bands through Carrier
Aggregation and treating the resultant as a single fre-
quency (frequency band). A component carrier is cate-
gorized as an uplink component carrier corresponding to
the uplink and a downlink component carrier correspond-
ing to the downlink. In this specification, "frequency" and
"frequency band" may be used synonymously.
[0047] For example, in a case that each of five com-
ponent carriers having frequency bandwidths of 20 MHz
are aggregated through Carrier Aggregation, a terminal
device capable of performing Carrier Aggregation per-
forms transmission and/or reception by assuming that
the aggregated carriers have a frequency bandwidth of
100 MHz. Note that component carriers to be aggregated
may have contiguous frequencies or frequencies some
or all of which are discontiguous. For example, assuming
that available frequency bands include an 800 MHz band,
a 2 GHz band, and a 3.5 GHz band, a component carrier
may be transmitted in the 800 MHz band, another com-
ponent carrier may be transmitted in the 2 GHz band,
and yet another component carrier may be transmitted
in the 3.5 GHz band.
[0048] It is also possible to aggregate multiple contig-
uous or discontiguous component carriers of the same
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frequency bands. The frequency bandwidth of each com-
ponent carrier may be narrower (e.g., 5 MHz or 10 MHz)
than the receivable frequency bandwidth (e.g., 20 MHz)
of the terminal device, and the frequency bandwidth of
component carriers to be aggregated may be different
from each other. Each frequency bandwidth may be
equal to any of the frequency bandwidth of known cells
in consideration of backward compatibility, but may be a
frequency bandwidth different from any of the frequency
bands of the known cells.
[0049] Moreover, component carriers (carrier types)
without backward compatibility may be aggregated. Note
that the number of uplink component carriers to be allo-
cated to (configured for or added for) the terminal device
by the base station device may be the same as or may
be fewer than the number of downlink component carri-
ers.
[0050] A cell constituted of an uplink component carrier
in which an uplink control channel is configured for a radio
resource request and a downlink component carrier hav-
ing a cell-specific connection with the uplink component
carrier is referred to as "Primary cell (PCell)". A cell con-
stituted of component carriers other than those of the
primary cell is referred to as "Secondary cell (SCell)".
The terminal device receives a paging message, detects
update of broadcast information, carries out an initial ac-
cess procedure, configures security information, and the
like in a primary cell, and need not perform these oper-
ations in secondary cells.
[0051] Although a primary cell is not a target of activa-
tion and deactivation controls (in other words, considered
as being activated at any time), a secondary cell has
activated and deactivated states, the change of which is
explicitly specified by the base station device or is made
based on a timer configured for the terminal device for
each component carrier. The primary cell and secondary
cell are collectively referred to as "serving cell".
[0052] Carrier Aggregation achieves communication
using multiple component carriers (frequency bands) us-
ing multiple cells, and is also referred to as cell aggrega-
tion. The terminal device may have radio connection with
the base station device via a relay station device (or re-
peater) for each frequency. In other words, the base sta-
tion device of the present embodiment may be replaced
with a relay station device.
[0053] The base station device manages a cell, which
corresponds to an area where terminal devices can com-
municate with the base station device, for each frequen-
cy. A single base station device may manage multiple
cells. Cells are classified into multiple types of cells de-
pending on the size of the area (cell size) that allows for
communication with terminal devices. For example, cells
are classified into macro cells and small cells. Moreover,
small cells are classified into femto cells, pico cells, and
nano cells depending on the size of the area. In a case
that a terminal device can communicate with a certain
base station device, the cell configured so as to be used
for the communication with the terminal device is referred

to as "Serving cell" while the other cells not used for the
communication are referred to as "Neighboring cell",
among the cells of the base station device.
[0054] In other words, in Carrier Aggregation, a plural-
ity of serving cells thus configured include one primary
cell and one or a plurality of secondary cells.
[0055] A primary cell is a serving cell in which an initial
connection establishment procedure has been carried
out, a serving cell in which a connection re-establishment
procedure has been started, or a cell indicated as a pri-
mary cell during a handover procedure. The primary cell
operates at a primary frequency. At the point of time when
a connection is (re)established, or later, a secondary cell
may be configured. Each secondary cell operates at a
secondary frequency. The connection may be referred
to as an RRC connection. For the terminal device sup-
porting CA, a single primary cell and one or more sec-
ondary cells are aggregated.
[0056] In the present embodiment, Licensed Assisted
Access (LAA) is used. According to LAA, an allocated
frequency is configured to (used for) the primary cell, and
a non-allocated frequency is configured to at least one
of secondary cells. The secondary cell(s) to which the
non-allocated frequency is configured is assisted by the
primary cell or the secondary cell(s) to which the allocated
frequency is configured. For example, the primary cell(s)
or the secondary cell to which the allocated frequency is
configured performs the configuration and/or announces
control information by the RRC signaling, MAC signaling
and/or PDCCH signaling to the secondary cell(s) to which
the non-allocated frequency is configured. In the present
embodiment, a cell assisted by the primary cell or the
secondary cell(s) is also referred to as "LAA cell". The
LAA cell can be aggregated (assisted) with the primary
cell and/or the secondary cell(s) by carrier aggregation.
The primary cell or the secondary cell(s) which assists
the LAA cell is also referred to as "assist cell". A cell to
which the allocated frequency is configured is also re-
ferred to as "normal cell (typical cell)", and subframe in
the normal cell is also referred as "normal subframe (typ-
ical subframe)". The normal subframe includes the down-
link subframe, the uplink subframe, and the special sub-
frame. In the present embodiment, the normal subframe
will be distinguished from the subframes used for the LAA
cells, and described.
[0057] The LAA cell may be aggregated (assisted) by
the primary cell and/or the secondary cell(s) by dual con-
nectivity.
[0058] A basic configuration (architecture) of dual con-
nectivity will be described below. For example, the de-
scription will be given in a case that a terminal device 1
connects to multiple base stations 2 (for example, a base
station device 2-1 and a base station device 2-2) at the
same time. The base station device 2-1 is a base station
device constituting a macro cell, and the base station
device 2-2 is a base station device constituting a small
cell. The terminal device 1 connecting to the base station
devices 2 at the same time by using the plurality of cells
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belonging to the plurality of base station devices 2 as
described above is referred to as "dual connectivity". The
cells belonging to the respective base station devices 2
may be operated at the same frequency or different fre-
quencies.
[0059] Note that Carrier Aggregation is different from
dual connectivity in that a single one of the base station
devices 2 manages a plurality of cells and the frequencies
of the respective cells are different from each other. In
other words, Carrier Aggregation is a technique for con-
necting the single terminal device 1 and a single one of
the base station device 2 via a plurality of cells having
different frequencies, while dual connectivity is a tech-
nique for connecting the single terminal device 1 and the
plurality of base station devices 2 via a plurality of cells
having the same frequency or different frequencies.
[0060] The terminal device 1 and base station devices
2 can apply a technique used for Carrier Aggregation, to
dual connectivity. For example, the terminal device 1 and
base station devices 2 may apply a technique of alloca-
tion of a primary cell and secondary cells or activation/de-
activation, to cells connected through dual connectivity.
[0061] In dual connectivity, the base station device 2-1
or base station device 2-2 is connected to MME and SGW
via a backbone network. The MME is a host control sta-
tion device corresponding to a Mobility Management En-
tity (MME) and has the functions of managing mobility
and performing authentication control (security control)
for the terminal device 1, and configuring routes for user
data to the base station devices 2. The SGW is a host
control station device corresponding to a serving gate-
way (S-GW) and has the functions of transmitting user
data according to the route for user data to the terminal
device 1 configured by the MME.
[0062] Moreover, in dual connectivity, the connection
route between the base station device 2-1 or base station
device 2-2 and the SGW is referred to as an "SGW in-
terface". Moreover, the connection route between the
base station device 2-1 or base station device 2-2 and
the MME is referred to as "MME interface". Moreover,
the connection route between the base station device
2-1 and base station device 2-2 is referred to as "base
station interface". The SGW interface is also referred to
as an S1-U interface in EUTRA. Moreover, the MME in-
terface is also referred to as "Sl-MME interface" in EU-
TRA. Moreover, the base station interface is also referred
to as "X2 interface" in EUTRA.
[0063] An example of an architecture for enabling dual
connectivity will be described. In dual connectivity, the
base station device 2-1 and the MME are connected via
the MME interface. Moreover, the base station device
2-1 and the SGW are connected via the SGW interface.
Moreover, the base station device 2-1 provides, to the
base station device 2-2, the communication route to the
MME and/or SGW via the base station interface. In other
words, the base station device 2-2 is connected to the
MME and/or the SGW via the base station device 2-1.
[0064] Moreover, another example of another archi-

tecture for enabling dual connectivity will be described.
In dual connectivity, the base station device 2-1 and the
MME are connected via the MME interface. Moreover,
the base station device 2-1 and the SGW are connected
via the SGW interface. The base station device 2-1 pro-
vides, to the base station device 2-2, the communication
route to the MME via the base station interface. In other
words, the base station device 2-2 is connected to the
MME via the base station device 2-1. Moreover, the base
station device 2-2 is connected to the SGW via the SGW
interface.
[0065] Note that a constitution in which the base station
device 2-2 and the MME are directly connected via the
MME interface may be employed.
[0066] Based on description from a different point of
view, dual connectivity is an operation whereby a pre-
scribed terminal device consumes radio resources pro-
vided from at least two different network points (master
base station device (MeNB or Master eNB) and second-
ary base station device (SeNB or Secondary eNB)). In
other words, in dual connectivity, a terminal device is
configured to establish an RRC connection to at least
two network points. In dual connectivity, the terminal de-
vice may be connected via a non-ideal backhaul in RRC
connected (RRCCONNECTED) state.
[0067] In dual connectivity, a base station device that
is connected to at least the S1-MME and that acts as the
mobility anchor of the core network is referred to as "mas-
ter base station device". Additionally, a base station de-
vice that is not the master base station device and that
provides supplemental radio resources to the terminal
device is referred to as "secondary base station device".
A group of serving cells that is associated with the master
base station device may be referred to as "Master Cell
Group" (MCG), and a group of serving cells that is asso-
ciated with the secondary base station device may be
referred to as "Secondary Cell Group" (SCG). Note that
the cell groups may be serving cell groups.
[0068] In dual connectivity, the primary cell belongs to
the MCG. Moreover, in the SCG, the secondary cell cor-
responding to the primary cell is referred to as "Primary
Secondary Cell" (pSCell). Note that the pSCell may be
referred to as "special cell" or "Special Secondary Cell"
(Special SCell). Some of the functions (for example, func-
tions for transmitting and/or receiving a PUCCH) of the
PCell (the base station device constituting the PCell) may
be supported by the Special SCell (the base station de-
vice constituting the Special SCell). Additionally, some
of the functions of the PCell may be supported in the
pSCell. For example, the function for transmitting a PD-
CCH may be supported by the pSCell. Additionally, the
function for performing a PDCCH transmission may be
supported in the pSCell using a search space different
from a CSS or USS. For example, the search space dif-
ferent from a USS is a search space determined based
on a value defined in the specification, a search space
determined based on an RNTI different from a C-RNTI,
a search space determined based on a value configured
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by a higher layer that is different from the RNTI, or the
like. Moreover, the pSCell may constantly be in a starting
state. Moreover, the pSCell is a cell capable of receiving
the PUCCH.
[0069] In dual connectivity, the Data Radio Bearer
(DRB) may be individually allocated to the MeNB and the
SeNB. On the other hand, the Signalling Radio Bearer
(SRB) may be allocated only to the MeNB. In dual con-
nectivity, a duplex mode may be configured individually
for the MCG and the SCG or the PCell and the pSCell.
In dual connectivity, the MCG and the SCG or the PCell
and the pSCell need not necessarily be synchronized
with each other. In dual connectivity, a plurality of param-
eters for timing adjustment (TAG or Timing Advance
Group) may be configured for each of the MCG and the
SCG. In other words, the terminal device is capable of
performing uplink transmission at a plurality of different
timings in each CG.
[0070] In dual connectivity, the terminal device is al-
lowed to transmit UCI corresponding to the cells in the
MCG only to the MeNB (the PCell) and to transmit UCI
corresponding to the cells in the SCG to SeNB (the pS-
Cell) only. For example, the UCI is an SR, HARQ-ACK,
and/or CSI. Additionally, in each UCI transmission, a
transmission method using the PUCCH and/or the
PUSCH is applied to each cell group.
[0071] All signals can be transmitted and/or received
in the primary cell, but some signals may not be trans-
mitted and/or received in the secondary cell. For exam-
ple, a Physical Uplink Control CHannel (PUCCH) is trans-
mitted only in the primary cell. Additionally, unless a plu-
rality of Timing Advance Groups (TAGs) are configured
between the cells, a Physical Random Access CHannel
(PRACH) is transmitted only in the primary cell. Addition-
ally, a Physical Broadcast CHannel (PBCH) is transmit-
ted only in the primary cell. Additionally, a Master Infor-
mation Block (MIB) is transmitted only in the primary cell.
Signals that can be transmitted and/or received in the
primary cell are transmitted and/or received in the prima-
ry secondary cell. For example, the PUCCH may be
transmitted in the primary secondary cell. Additionally,
the PRACH may be transmitted in the primary secondary
cell, regardless of whether a plurality of TAGs are con-
figured. Additionally, the PBCH and the MIB may be
transmitted in the primary secondary cell.
[0072] In the primary cell, Radio Link Failure (RLF) is
detected. In the secondary cell, even if conditions for the
detection of RLF are in place, the detection of the RLF
is not recognized. However, in the primary secondary
cell, the RLF is detected if the conditions are in place. In
a case that an RLF is detected in the primary secondary
cell, the higher layer of the primary secondary cell an-
nounces, to the higher layer of the primary cell, that the
RLF has been detected. Semi-Persistent Scheduling
(SPS) or Discontinuous Reception (DRX) may be used
in the primary cell. The same DRX as in the primary cell
may be used in the secondary cell. Fundamentally, in the
secondary cell, the MAC configuration information/pa-

rameters are shared with the primary cell/primary sec-
ondary cell of the same call group. Some of the param-
eters (for example, sTAG-Id) may be configured for each
secondary cell. Some of the timers or counters may be
applied only to the primary cell and/or the primary sec-
ondary cell. A timer or counter to be applied may be con-
figured only to the secondary cell.
[0073] In an example where dual connectivity is ap-
plied to the LAA cell, the MCG (base station device 2-1)
is a base station device which constitutes the primary
cell. The SCG (base station device 2-2) is a base station
device which constitutes the LAA cell. In other words, the
LAA cell is configured as pSCell of the SCG.
[0074] In another example where dual connectivity is
applied to the LAA cell, the MCG is the base station de-
vice which constitutes the primary cell, and the SCG is
the base station device which constitutes the pSCell and
the LAA cell. In other words, the LAA cell is assisted by
the pSCell in the SCG. Note that in a case that the sec-
ondary cell is further configured to the SCG, the LAA cell
may be assisted by the secondary cell.
[0075] In still another example where dual connectivity
is applied to the LAA cell, the MCG is the base station
device which constitutes the primary cell and the LAA
cell, and the SCG is the base station device which con-
stitutes the pSCell. In other words, the LAA cell is assisted
by the primary cell in the MCG. Note that in a case that
the secondary cell is further configured to the MCG, the
LAA cell may be assisted by the secondary cell.
[0076] FIG. 3 is a schematic diagram illustrating an ex-
ample of a block configuration of a base station device
2 according to the present embodiment. The base station
device 2 includes a higher layer (higher-layer control in-
formation notification unit, higher layer processing unit)
501, a control unit (base station control unit) 502, a code-
word generation unit 503, a downlink subframe genera-
tion unit 504, an OFDM signal transmission unit (downlink
transmission unit) 506, a transmit antenna (base station
transmit antenna) 507, a receive antenna (base station
receive antenna) 508, an SC-FDMA signal reception unit
(CSI reception unit) 509, and an uplink subframe
processing unit 510. The downlink subframe generation
unit 504 includes a downlink reference signal generation
unit 505. Moreover, the uplink subframe processing unit
510 includes an uplink control information extraction unit
(CSI acquisition unit) 511. The downlink subframe gen-
eration unit 504 includes a control channel processing
unit which maps downlink control channel such as the
PDCCH and/or the EPDCCH, and a discovery signal
processing unit which maps discovery signal.
[0077] FIG. 4 is a schematic diagram illustrating an ex-
ample of a block configuration of a terminal device 1 ac-
cording to the present embodiment. The terminal device
1 includes a receive antenna (terminal receive antenna)
601, an OFDM signal reception unit (downlink reception
unit) 602, a downlink subframe processing unit 603, a
transport block extraction unit (data extraction unit) 605,
a control unit (terminal control unit) 606, a higher layer
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(higher-layer control information acquisition unit, higher
layer processing unit) 607, a channel state measurement
unit (CSI generation unit) 608, an uplink subframe gen-
eration unit 609, SC-FDMA signal transmission units
(UCI transmission units) 611 and 612, and transmit an-
tennas (terminal transmit antennas) 613 and 614. The
downlink subframe processing unit 603 includes a down-
link reference signal extraction unit 604. Moreover, the
uplink subframe generation unit 609 includes an uplink
control information generation unit (UCI generation unit)
610. The downlink subframe processing unit 603 in-
cludes a control channel processing unit which monitors
downlink control channels such as the PDCCH and/or
the EPDCCH, and a discovery signal processing unit
which detects (monitors) discovery signal.
[0078] First, a flow of downlink data transmission
and/or reception will be described with reference to FIG.
3 and FIG. 4. In the base station device 2, the control
unit 502 holds a Modulation and Coding Scheme (MCS)
indicating a modulation scheme, a coding rate, and the
like in the downlink, a downlink resource allocation indi-
cating RBs to be used for data transmission, and infor-
mation to be used for HARQ control (a redundancy ver-
sion, an HARQ process number, and a new data indica-
tor) and controls the codeword generation unit 503 and
the downlink subframe generation unit 504, based on
these elements. Downlink data (also referred to as a
downlink transport block) transmitted from the higher lay-
er 501 is processed through error correction coding, rate
matching, and the like in the codeword generation unit
503 under the control of the control unit 502 and then, a
codeword is generated. Two codewords at maximum are
transmitted at the same time in a single subframe of a
single cell. The control unit 502 instructs the downlink
subframe generation unit 504 to generate a downlink
subframe. First, a codeword generated in the codeword
generation unit 503 is converted into a modulation sym-
bol sequence through a modulation process, such as
Phase Shift Keying (PSK) modulation or Quadrature Am-
plitude Modulation (QAM). Moreover, a modulation sym-
bol sequence is mapped onto REs of some RBs, and a
downlink subframe for each antenna port is generated
through a precoding process. In this operation, the trans-
mission data sequence transmitted from the higher layer
501 includes higher-layer control information, which is
control information of the higher layer (e.g., dedicated
(individual) Radio Resource Control (RRC) signaling).
Moreover, the downlink reference signal generation unit
505 generates a downlink reference signal. The downlink
subframe generation unit 504 maps the downlink refer-
ence signal onto the REs in the downlink subframes in
accordance with an instruction from the control unit 502.
The OFDM signal transmission unit 506 modulates the
downlink subframe generated by the downlink subframe
generation unit 504 to an OFDM signal, and then trans-
mits the OFDM signal through the transmit antenna 507.
Although a configuration of including one OFDM signal
transmission unit 506 and one transmit antenna 507 is

illustrated as an example here, a configuration of includ-
ing multiple OFDM signal transmission units 506 and
multiple transmit antennas 507 may be employed for
transmitting downlink subframes through multiple anten-
na ports. Moreover, the downlink subframe generation
unit 504 may also have a capability of generating phys-
ical-layer downlink control channels, such as a PDCCH
and an EPDCCH to map the channels onto REs in down-
link subframes. Multiple base station devices (base sta-
tion device 2-1 and base station device 2-2) transmit sep-
arate downlink subframes.
[0079] In the terminal device 1, an OFDM signal is re-
ceived by the OFDM signal reception unit 602 through
the receive antenna 601, and an OFDM demodulation
process is performed on the signal. The downlink sub-
frame processing unit 603 first detects physical-layer
downlink control channels, such as a PDCCH and an
EPDCCH. More specifically, the downlink subframe
processing unit 603 decodes the signal by assuming that
a PDCCH and an EPDCCH have been transmitted in the
regions to which the PDCCH and the EPDCCH can be
allocated, and checks CRC bits added in advance (blind
decoding). In other words, the downlink subframe
processing unit 603 monitors a PDCCH and an EPD-
CCH. In a case that the CRC bits match an ID (a single
terminal-specific identifier assigned to a single terminal,
such as a Cell-Radio Network Temporary Identifier (C-
RNTI) or a Semi Persistent Scheduling-C-RNTI (SPS-C-
RNTI), or a Temporary C-RNTI) assigned by the base
station device beforehand, the downlink subframe
processing unit 603 recognizes that a PDCCH or an EP-
DCCH has been detected and extracts a PDSCH by us-
ing control information included in the detected PDCCH
or EPDCCH. The control unit 606 holds an MCS indicat-
ing a modulation scheme, a coding rate, and the like in
the downlink based on the control information, a downlink
resource allocation indicating RBs to be used for down-
link data transmission, and information to be used for
HARQ control, and controls the downlink subframe
processing unit 603, the transport block extraction unit
605, and the like, in accordance with these elements.
More specifically, the control unit 606 performs control
so as to carry out an RE mapping process in the downlink
subframe generation unit 504, an RE demapping process
and demodulation process corresponding to the modu-
lation process, and the like. The PDSCH extracted from
the received downlink subframe is transmitted to the
transport block extraction unit 605. Furthermore, the
downlink reference signal extraction unit 604 in the down-
link subframe processing unit 603 extracts the downlink
reference signal from the downlink subframe. The trans-
port block extraction unit 605 extracts a transport block
that has been subjected to a rate matching process, a
rate matching process corresponding to error correction
coding, error correction decoding, and the like in the
codeword generation unit 503, and transmits the extract-
ed transport block to the higher layer 607. The transport
block includes higher-layer control information, and the
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higher layer 607 notifies the control unit 606 of a neces-
sary physical-layer parameter, based on the higher-layer
control information. The plurality of base station devices
2 (base station device 2-1 and base station device 2-2)
transmit separate downlink subframes, and the terminal
device 1 receives the downlink subframes. Hence, the
above-described processes may be carried out for the
downlink subframe of each of the plurality of base station
devices 2. In this situation, the terminal device 1 may
recognize or may not necessarily recognize that multiple
downlink subframes have been transmitted from the mul-
tiple base station devices 2. In a case that the terminal
device 1 does not recognize the subframes, the terminal
device 1 may simply recognize that multiple downlinks
subframes have been transmitted in multiple cells. More-
over, the transport block extraction unit 605 determines
whether the transport block has been detected correctly,
and transmits a determination result to the control unit
606.
[0080] Next, a flow of uplink signal transmission and/or
reception will be described. In the terminal device 1, the
control unit 606 instructs a downlink reference signal ex-
tracted by the downlink reference signal extraction unit
604 to be transmitted to the channel state measurement
unit 608, and then instructs the channel state measure-
ment unit 608 to measure the channel state and/or inter-
ference, and further to calculate CSI based on the meas-
ured channel state and/or interference. The control unit
606 instructs the uplink control information generation
unit 610 to generate an HARQ-ACK (DTX (not transmit-
ted yet), ACK (detection success), or NACK (detection
failure)) and to map the HARQ-ACK onto a downlink sub-
frame, based on a determination result of whether the
transport block is correctly detected. The terminal device
1 performs these processes on the downlink subframe
of each of multiple cells. In the uplink control information
generation unit 610, a PUCCH including the calculated
CSI and/or HARQ-ACK is generated. In the uplink sub-
frame generation unit 609, the PUSCH including the up-
link data transmitted from the higher layer 607 and the
PUCCH generated by the uplink control information gen-
eration unit 610 are mapped onto RBs in an uplink sub-
frame, and an uplink subframe is generated. The uplink
subframe is subjected to the SC-FDMA modulation to
generate an SC-FDMA signal, and the SC-FDMA signal
is transmitted via the transmit antenna 613 by the SC-
FDMA signal transmission unit 611.
[0081] Details of the LAA cell will be described below.
[0082] The frequency used by the LAA cell is shared
with other communication systems and/or other LTE op-
erators. To share the frequency, the LAA cell needs fair-
ness with the other communication systems and/or the
other LTE operators. For example, a communication
method used by the LAA cell needs a fair frequency shar-
ing technique (method). In other words, the LAA cell is a
cell which performs a communication method (commu-
nication procedure) to which the fair frequency sharing
technique is applicable (used).

[0083] An example of the fair frequency sharing tech-
nique is Listen-Before-Talk (LBT). In LBT, before a cer-
tain base station or a certain terminal transmits a signal
by using a frequency (a component carrier or a cell), in-
terference power (an interference signal, receive power,
a receive signal, noise power and a noise signal) or the
like of such a frequency is measured to identify (detect,
assume or determine) whether the frequency is in an idle
state (a free state, a non-congested state, Absence, or
Clear) or a busy state (an occupied state, a congested
state, Presence, or Occupied). In a case that the frequen-
cy being in the idle state is identified based on LBT, the
LAA cell can transmit a signal at a prescribed timing of
the frequency. In a case that the frequency is identified
as the busy state, the LAA cell does not transmit a signal
at the prescribed timing of the frequency. LBT controls
and prevents an interference with signals to be transmit-
ted by other communication systems and/or other base
stations including other LTE operators and/or terminals.
[0084] An LBT procedure is defined as a mechanism
to which a CCA check is applied before a certain base
station or terminal uses the frequency (channel). The
CCA performs power detection or signal detection for
determining presence of absence of another signal in the
channel to identify whether the frequency is in the idle
state or the busy state. Note that in the present embod-
iment, a definition of CCA may be equivalent to a defini-
tion of LBT.
[0085] CCA can use various methods as a method for
determining the presence or absence of another signal.
For example, CCA makes the determination based on
whether the interference power at a certain frequency
exceeds a certain threshold. Moreover, for example,
CCA makes the determination based on whether the re-
ceive power of a prescribed signal or channel at a certain
frequency exceeds a certain threshold. The threshold
may be defined in advance. The threshold may be con-
figured by a base station or another terminal. The thresh-
old may be determined (configured) based on at least
another value (parameter) such as transmit power (max-
imum transmit power).
[0086] Note that CCA in the LAA cell does not need to
be recognized by the terminal connected with (configured
to) the LAA cell.
[0087] The LAA cell may be defined as a cell different
from a secondary cell which uses the allocated frequen-
cy. For example, the LAA cell is configured differently
from the configuration of the secondary cell which uses
the allocated frequency. Part of parameters configured
to the LAA cell is not configured to the secondary cell
which uses the allocated frequency. Part of the param-
eters configured to the secondary cell which uses the
allocated frequency is not configured to the LAA cell. In
the present embodiment, the LAA cell is described as a
cell different from the primary cell and the secondary
cell(s), but the LAA cell may be defined as one of the
secondary cells. Secondary cells of the related art are
also referred to as "first secondary cells", and the LAA

21 22 



EP 3 334 231 A1

13

5

10

15

20

25

30

35

40

45

50

55

cell is also referred to as "second secondary cell". A pri-
mary cell and secondary cell(s) of the related art are also
referred to as "first serving cells", and the LAA cell is also
referred to as "second serving cell".
[0088] The LAA cell may be different from a frame
structure type of the related art. For example, a first frame
structure type (FDD, frame structure type 1) or a second
frame structure type (TDD, frame structure type 2) are
used for (configured to) the serving cells in the related
art, and a third frame structure type (frame structure type
3) is used for (configured to) the LAA cell.
[0089] Here, the non-allocated frequency is a frequen-
cy different from the allocated frequency that is allocated
as a dedicated frequency to a prescribed operator. For
example, the non-allocated frequency is a frequency
used by a wireless LAN. For example, the non-allocated
frequency is a frequency which is not configured to the
LTE in the related art, and the allocated frequency is a
frequency which can be configured by the LTE in the
related art. In the present embodiment, the frequency
configured to the LAA cell is described as the non-allo-
cated frequency, but is not limited to this. In other words,
the non-allocated frequency can be replaced with a fre-
quency configured to the LAA cell. For example, the non-
allocated frequency is a frequency which cannot be con-
figured to the primary cell, and is a frequency which can
be configured only to the secondary cell(s). For example,
the non-allocated frequency includes a frequency shared
with multiple operators. For example, the non-allocated
frequency is a frequency which is configured only to a
cell configured, assumed and/or processed differently
from the primary cell or secondary cell(s) of the related
art.
[0090] The LAA cell may be a cell which uses a different
method from the method of the related art for structures
of radio frames, physical signals and/or physical chan-
nels according to LTE, and a communication procedure.
[0091] For example, in the LAA cell, prescribed signals
and/or channels configured (transmitted) by the primary
cell and/or the secondary cell(s) are not configured
(transmitted). The prescribed signals and/or channels in-
clude the CRS, the DS, the PDCCH, the EPDCCH, the
PDSCH, the PSS, the SSS, the PBCH, a PHICH, a PC-
FICH, the CSI-RS and/or an SIB, or the like. For example,
the signals and/or the channels that are not configured
in the LAA cell are as follows. In addition, the signals
and/or the channels described below may be used in
combination. Note that in the present embodiment, the
signals and/or the channels that are not configured in the
LAA cell may also be read as signals and/or channels
whose the transmissions from the LAA cell are not ex-
pected by the terminal.

(1) In the LAA cell, control information of a physical
layer is not transmitted on the PDCCH, but is trans-
mitted only on the EPDCCH.
(2) In the LAA cell, the CRS, the DMRS, the URS,
the PDCCH, the EPDCCH and/or the PDSCH are

not transmitted in subframes which are activated (on-
state) or all subframes, and the terminal does not
assume this transmission in all subframes.
(3) In the LAA cell, the terminal assumes transmis-
sion of the DRSs, the PSSs and/or the SSSs in sub-
frames which are activated (on-state).
(4) In the LAA cell, information of CRS mapping is
announced to the terminal for each subframe, and
the terminal assumes the CRS mapping based on
the information. For example, according to the as-
sumption of the CRS mapping, the CRS is not
mapped onto all resource elements of the corre-
sponding subframe, According to the assumption of
the CRS mapping, the CRS is not mapped onto part
of resource elements (e.g., all resource elements in
two head OFDM symbols) of the corresponding sub-
frame. According to the assumption of the CRS map-
ping, the CRSs are mapped onto all resource ele-
ments of the corresponding subframe. For example,
the information of the CRS mapping is announced
from the corresponding LAA cell or a cell different
from the corresponding LAA cell. The information of
the CRS mapping is included in the DCI and is an-
nounced on the PDCCH or the EPDCCH.

[0092] For example, in the LAA cell, the prescribed sig-
nals and/or channels which is not configured (transmit-
ted) by the primary cell and/or the secondary cell(s) is
configured (transmitted).
[0093] For example, in the LAA cell, only downlink
component carrier or subframe is defined, and only
downlink signal and/or channel are transmitted. In other
words, in the LAA cell, uplink component carrier or sub-
frame is not defined, and uplink signal and/or channel is
not transmitted.
[0094] For example, in the LAA cell, a Downlink Control
Information (DCI) format which can be supported is dif-
ferent from a DCI format which can support the primary
cell and/or the secondary cell(s). The DCI format which
supports only the LAA cell is defined. The DCI format
which supports the LAA cell includes control information
which is only valid for the LAA cell.
[0095] For example, in the LAA cell, the assumption of
the signals and/or channels is different from the second-
ary cells in the related art.
[0096] First, the assumption of the signals and/or chan-
nels in the secondary cells of the related art will be de-
scribed. A terminal that satisfies part or all of the following
conditions assumes that the PSS, the SSS, the PBCH,
the CRS, the PCFICH, the PDSCH, the PDCCH, the EP-
DCCH, the PHICH, the DMRS and/or the CSI-RS may
not be transmitted by the secondary cell except trans-
mission of the DS. The terminal assumes that the DS is
always transmitted by the secondary cell. The assump-
tion continues to a subframe in which an activation com-
mand (a command for activation) is received by the ter-
minal in the secondary cell at a certain carrier frequency.
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(1) The terminal supports a configuration (parame-
ter) associated with the DS.
(2) RRM measurements based on the DS is config-
ured to the terminal in the secondary cell.
(3) The secondary cell is deactivated (deactivated
state).
(4) Reception of the MBMS by a higher layer is not
configured to the terminal in the secondary cell.

[0097] Furthermore, in a case that the secondary cell
is activated (activated state), the terminal assumes that
the PSS, the SSS, the PBCH, the CRS, the PCFICH, the
PDSCH, the PDCCH, the EPDCCH, the PHICH, the
DMRS and/or the CSI-RS are transmitted by the second-
ary cell in a configured prescribed subframe or all sub-
frames.
[0098] Next, an example of the assumption of the sig-
nals and/or channels in the LAA cell will be described. A
terminal that satisfies part or all of the following conditions
assumes that the PSS, the SSS, the PBCH, the CRS,
the PCFICH, the PDSCH, the PDCCH, the EPDCCH,
the PHICH, the DMRS and/or the CSI-RS may not be
transmitted together with transmission of the DS by the
LAA cell. The assumption continues to a subframe in
which an activation command (a command for activation)
is received by the terminal in the secondary cell at a cer-
tain carrier frequency.

(1) The terminal supports a configuration (parame-
ter) associated with the DS.
(2) RRM measurements based on the DS is config-
ured to the terminal in the LAA cell.
(3) The LAA cell is deactivated (deactivated state).
(4) Reception of the MBMS by a higher layer is not
configured to the terminal in the LAA cell.

[0099] Furthermore, another example of the assump-
tion of the signals and/or channels in the LAA cell will be
described. In a case that the LAA cell is deactivated (de-
activated state), the assumption of the signals and/or
channels in the LAA cell is the same as the assumption
of the signals and/or channels in the secondary cells in
the related art. In a case that the LAA cell is activated
(activated state), the assumption of the signals and/or
channels in the LAA cell is different from the assumption
of the signals and/or channels in the secondary cells in
the related art. In a case that, for example, the LAA cell
is activated (activated state), the terminal assumes that
the LAA cell may not transmit the PSS, the SSS, the
PBCH, the CRS, the PCFICH, the PDSCH, the PDCCH,
the EPDCCH, the PHICH, the DMRS and/or the CSI-RS
except a prescribed subframe configured to the LAA cell.
Details will be described below.
[0100] Next, details of a communication procedure of
the LAA cell will be described. The LAA cell can initiate
transmission of the channels and/or the signals at a tim-
ing that does not depend on a Subframe boundary based
on LBT. Furthermore, the LAA cell can terminate the

transmission of the channels and/or the signals at a tim-
ing that does not depend on a Subframe boundary based
on LBT and a transmissible maximum burst length. In
other words, the channels and/or the signals can be
transmitted in partial subframe. The partial subframe can
be defined as follows, for example. In the present em-
bodiment, transmissible OFDM symbols indicated by the
partial subframes are defined such that the terminal as-
sumes transmission of each or all of the channels and/or
the signals.

(1) In a certain subframe, a region from an interme-
diate OFDM symbol of the subframe to a last OFDM
symbol (subframe boundary) of the subframe can be
transmitted. In the present embodiment, such partial
subframe is also referred to as "first partial sub-
frame".
(2) In a certain subframe, a region from a first OFDM
symbol (subframe boundary) of the subframe to an
intermediate OFDM symbol of the subframe can be
transmitted. In the present embodiment, such partial
subframe is also referred to as "second particle sub-
frame".
(3) In a certain subframe, a region from an interme-
diate OFDM symbol of th3 subframe to an interme-
diate OFDM symbol of the subframe can be trans-
mitted. In the present embodiment, such partial sub-
frame is also referred to as "third partial subframe".

[0101] Furthermore, intermediate OFDM symbols of
the subframe can be limited to a prescribed number in
the partial subframe. For example, the prescribed
number is two, three and/or four.
[0102] Furthermore, in a case that the prescribed
number is two, one slot or one subframe (two slots) can
be used. In other words, a time direction unit of second
EPDCCHs is one slot or one subframe. In a case that
the time direction unit of the second EPDCCH is one slot,
a time direction unit of the PDSCH scheduled by the sec-
ond EPDCCH can be also one slot. In other words, a
communication method (scheme) that uses one sub-
frame as a unit as in the LTE of the related art, and a
communication method that uses one slot, which is half
the LTE of the related art, as a unit are switched and
used. The one slot is used as a unit, so that it is possible
to reduce latency of radio communication. This configu-
ration enables a communication method that achieves
the same communication method as in the LTE in the
related art, and also enables the communication method
that reduces latency of radio communication. This con-
figuration is also applicable to not only the LAA cell but
also the LTE used in the allocated frequency band in the
related art. In other words, all methods and constitutions
described in the present embodiment are applicable not
only to the LAA cells but also to the LTE used in the
allocated frequency band in the related art.
[0103] For the LAA cell, a period in which the LAA cell
can perform transmission in a case that transmission of
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a channel and/or a signal becomes possible is defined
based on LBT. This period is also referred to as a "max-
imum burst length", and channels and/or signals trans-
mitted in this period are also referred to as "bursts". For
example, the maximum burst length is four milliseconds
(four subframe lengths). Hence, in each burst, a head
subframe of the burst is the first partial subframe, and a
last subframe of the burst is the second partial subframe.
In this regard, the partial subframe is also referred to as
a "floating subframe". Furthermore, the partial subframe
may be a subframe including symbols/subframe in which
the channels and/or signals described in the present em-
bodiment are not transmitted (cannot be transmitted).
[0104] Furthermore, in a certain subframe, a subframe
in which a region from the first OFDM symbol (subframe
boundary) of the subframe to the last OFDM symbol (sub-
frame boundary) of the subframe can be transmitted is
also referred to as "full subframe". The full subframe is
a subframe other than the partial subframe. In each burst,
the full subframe is a subframe other than the head sub-
frame of the burst or the last subframe of the burst. The
full subframe may be a subframe not including sym-
bols/subframe in which the channels and/or signals de-
scribed in the present embodiment are not transmitted
(cannot be transmitted). Furthermore, the full subframe
in the LAA cell may be a subframe that has the same
structure as the normal subframe in the normal cell and/or
performs the same processing as the normal subframe.
[0105] FIG. 5 is a diagram illustrating an example of a
communication procedure in a certain LAA cell. FIG. 5
illustrates 10 subframes indicated by subframes #0 to 9,
and 14 symbols (OFDM symbols) of symbols #0 to 13 in
subframe #3. In this example, the LAA cell can transmit
signals of four milliseconds at maximum (corresponding
to four subframes), and CCA is performed on symbol #5
in subframe #3. Furthermore, during this CCA, the LAA
cell identifies that the frequency is in the idle state, and
assumes a case where a signal can be transmitted from
a symbol immediately subsequent to the frequency. In
FIG. 5, the LAA cell transmits signals by using symbols
from symbol #6 in subframe #3 to a prescribed symbol
in subframe #6.
[0106] FIG. 5 illustrates that the LAA does not transmit
anything in symbols or subframes indicated by the sym-
bols/subframes in which the channels and/or signals are
not transmitted (cannot be transmitted). Furthermore,
FIG. 5 illustrates that, in symbols or subframes indicated
by the symbols/subframes in which the channels and/or
signals are transmitted (can be transmitted), the LAA
transmits at least the PDSCH and the terminal-specific
reference signal associated with the PDSCH. Further-
more, the PDSCH is mapped (scheduled) for each ter-
minal by using resource block pair as a unit. Information
of such mapping (scheduling) is announced on the PD-
CCH or the EPDCCH transmitted on each subframe. The
mapping information of the PDSCH in a certain subframe
may be announced by using the same subframe or may
be announced by using separate subframes.

[0107] In FIG. 5, in a case that the LAA cell transmits
the PDSCH by using symbols #6 to #13 in subframe #3,
the terminal that receives the PDSCH needs to recognize
that the PDSCH is mapped onto symbols #6 to #13 in
subframe #3.
[0108] In an example of a method for this recognizing,
a prescribed subframe (e.g., subframe #3) of the LAA
cell uses information for recognizing symbols in which
channels and/or signals are transmitted. For example,
this information is one of the following information or a
combination of these pieces of information.

(1) This information is information indicating a start
symbol of the symbol in which the channel and/or
signal is transmitted in the prescribed subframe. The
information indicating the start symbol indicates one
of 0 to 13, and each value indicates a symbol number
for the start symbol.
(2) This information is information indicating a start
symbol of the symbol in which the channel and/or
signal is transmitted in the prescribed subframe. The
information indicating the start symbol is index infor-
mation obtained by indexing a value defined in ad-
vance from the value of 0 to 13.
(3) This information is information of a bitmap indi-
cating the symbol in which the channel and/or signal
is transmitted in the prescribed subframe. The infor-
mation of the bitmap is constituted of 14 bits. The
information of the bitmap indicates the symbol in
which the channel and/or signal is transmitted in a
case that each bit is in one state (e.g., 1), and indi-
cates the symbol in which the channel and/or signal
are not transmitted in a case that each bit is in the
other state (e.g., 0).
(5) This information is information indicating a last
symbol of the symbols in which the channel and/or
signal is not transmitted in the prescribed subframe,
or is information indicating the number of symbols
symbols in which the channel and/or signal are not
transmitted. For example, the last symbol is one of
0 to 13, and each value indicates a symbol number
for the last symbol. For example, the information in-
dicating the number of symbols is one of 1 to 14, and
each value indicates the number of symbols.
(6) This information is information indicating the last
symbol of the symbols in which the channel and/or
signal is not transmitted in the prescribed subframe,
or information indicating the number of symbols in
which the channel and/or signal is not transmitted.
For example, the last symbol is index information
obtained by indexing a value defined in advance from
the value of 0 to 13. For example, the information
indicating the number of symbols is index information
obtained by indexing the value defined in advance
from the value of 1 to 14.

[0109] Furthermore, as a method for announcing infor-
mation for recognizing the symbol in which the channel
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and/or signal is transmitted, the following method is used,
for example.

(1) This information is announced as a parameter
configured (announced) to the LAA cell via the RRC
signaling or the MAC signaling. In a case that a cer-
tain serving cell is the LAA cell, in the certain sub-
frame, the channel and/or signal is not transmitted
in the configured symbols, and the channel and/or
signal is transmitted in other symbols. For example,
the symbols in which the channel and/or signal is not
transmitted are configured as symbols #0 and 1 in a
certain subframe. The symbols in which the channel
and/or signal is not transmitted are configured as
symbols #2 to 13 in a certain subframe. Furthermore,
this configuration may be different (independent) per
channel and/or signal. For example, in a certain sub-
frame, the terminal is configured such that the EP-
DCCHs are mapped onto symbols #2 to 13, and the
PDSCHs are mapped onto symbols #1 to 13. Fur-
thermore, for example, a range (available values) of
the start symbol of the PDSCH configured to the LAA
cell may be different from a range (1 to 4) of the start
symbol of the PDSCH, which can be configured to
the secondary cells in the related art. The range of
the start symbol of the PDSCH and/or the EPDCCH
configured to the LAA cell is 0 to 13.
(2) This information is announced by the PDCCH or
the EPDCCH transmitted from the corresponding
LAA cell or a serving cell (an assist cell, a primary
cell or secondary cell(s)) different from the LAA cell.
The DCI carried (transmitted) on the PDCCH or the
EPDCCH includes this information.
(3) This information is announced via a channel or
signal for announcing this information. The channel
or signal for announcing this information is transmit-
ted only to the LAA cell. The channel or the signal
for announcing this information is transmitted from
the corresponding LAA cell or the serving cell (the
assist cell, the primary cell or the secondary cell(s))
different from the LAA cell.
(4) Candidates of this information are configured (an-
nounced) to the LAA cell via the RRC signaling or
the MAC signaling. A candidate is selected from the
candidates of this information based on information
included in the DCI carried (transmitted) on the PD-
CCH or the EPDCCH. For example, information in-
dicating four start symbols is configured via the RRC
signaling or the MAC signaling, and 2-bit information
indicating one of these symbols is announced by PD-
CCH or EPDCCH signaling.
(5) This information is announced via the channel or
signal mapped onto prescribed resource elements
of a certain subframe. For example, the prescribed
resource elements are multiple resource elements
in the prescribed symbol. For example, the pre-
scribed symbol is a last symbol of the subframe. The
subframe in which the channel or signal for announc-

ing this information is mapped may be all subframes
in the LAA cell or may be a predetermined subframe
or a subframe configured by the RRC signaling.
(6) This information is defined in advance. In a case
that a certain serving cell is the LAA cell, in the certain
subframe, the channel and/or signal is not transmit-
ted in the prescribed symbols, and the channel
and/or signal is

transmitted in other symbols. For example, the symbols
in which the channel and/or signal is not transmitted are
symbols #0 and 1 in a certain subframe. The symbols in
which the channel and/or signal is not transmitted are
symbols #2 to 13 in a certain subframe. Furthermore, this
definition may be different (independent) per channel
and/or signal. For example, in a certain subframe, the
terminal assumes that the EPDCCHs are mapped onto
symbols #2 to 13, and the PDSCHs are mapped onto
symbols #1 to 13.
[0110] In another example of a method for this recog-
nizing, the terminal detects symbols in which the chan-
nels and/or signals are transmitted, in a prescribed sub-
frame (e.g., subframe #3) of the LAA cell. Furthermore,
the terminal may be configured with assist information
for performing the detection. For example, the following
methods are used as the detecting method.

(1) This detection is performed based on a pre-
scribed signal mapped onto the prescribed sub-
frame. The terminal detects symbols in which chan-
nels and/or signals are transmitted, based on wheth-
er a predetermined signal or a configured signal is
detected in the prescribed subframe. In a case that
the predetermined signal or the configured signal is
detected in a certain symbol of the prescribed sub-
frame, the terminal recognizes symbols subsequent
to the certain symbol as symbols in which the chan-
nels and/or signals are transmitted in the prescribed
subframe. For example, the predetermined signal or
the configured signal is the CRS, the DMRS and/or
the URS.
(2) This detection is performed based on a pre-
scribed channel mapped onto the prescribed sub-
frame. The terminal detects symbols in which chan-
nels and/or signals are transmitted, based on wheth-
er a predetermined channel or a configured channel
is detected in the prescribed subframe. In a case that
the predetermined channel or the configured chan-
nel is detected in a certain symbol of the prescribed
subframe, the terminal recognizes symbols subse-
quent to the certain symbol as symbols in which the
channels and/or signals are transmitted in the pre-
scribed subframe. For example, the predetermined
channel or the configured channel is the EPDCCH.
More specifically, the terminal assumes that EPD-
CCHs are mapped onto the symbols subsequent to
the certain symbol in the prescribed subframe to
monitor (perform detection processing or blind de-
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tection of) the EPDCCHs. In this regard, the terminal
may perform blind detection on the start symbol onto
which the EPDCCH is assumed to be mapped. Fur-
thermore, the start symbol or a start symbol candi-
date on which the EPDCCH is assumed to be
mapped may be defined in advance or configured.

[0111] Furthermore, a mapping method for the PD-
CCH, the EPDCCH and/or the PDSCH onto resource
elements in subframe #3 in FIG. 5 may be different from
mapping methods for other subframes.
[0112] For example, the following methods can be
used as the mapping method. Note that the following
mapping methods (mapping order) are also applicable
to other signals such as reference signals and synchro-
nization signals.

(1) According to the mapping method, the PDCCH,
the EPDCCH and/or the PDSCH are mapped from
the last symbol in the subframe. In other words, the
PDCCH, the EPDCCH and/or the PDSCH are
mapped onto resource elements (k, 1) which are al-
located physical resource blocks. In resource ele-
ments available for mapping, OFDM symbols are
mapped in order from an OFDM symbol (in other
words, a last symbol of a slot) whose OFDM symbol
number 1 is maximum. Furthermore, mapping is per-
formed in order from the last slot (second slot) of the
subframe. Furthermore, in each OFDM symbol,
these channels are mapped in order from a subcar-
rier whose subcarrier number k is minimum.

(2) According to the mapping method, the PDCCH,
the EPDCCH and/or the PDSCH are mapped onto
resource elements in symbols in which the channels
and/or signals are transmitted by skipping symbols
in which the channels and/or signals are not trans-
mitted. In other words, in the mapping of the PDCCH,
the EPDCCH and/or the PDSCH, rate matching is
performed onto the resource elements of the sym-
bols in which the channels and/or signals are not
transmitted.

(3) According to the mapping method, the PDCCH,
the EPDCCH and/or the PDSCH are mapped onto
resource elements in symbols in which the channels
and/or signals are transmitted without skipping sym-
bols in which the channels and/or signals are not
transmitted. In other words, the PDCCH, the EPD-
CCH and/or the PDSCH are mapped without distin-
guishing between the symbols in which the channels
and/or signals are transmitted, and the symbols in
which the channels and/or signals are not transmit-
ted. However, channels are not transmitted, the
channels being mapped onto the symbols in which
the channels and/or signals are not transmitted,
whereas channels are transmitted, the channels be-
ing mapped onto the symbols in which the channels

and/or the signals are transmitted. In other words, in
the mapping of the PDCCH, the EPDCCH and/or the
PDSCH, puncturing is performed on the resource
elements of the symbols in which the channels
and/or signals are not transmitted.

[0113] FIG. 6 is a diagram illustrating an example of a
communication procedure of a certain LAA cell. Differ-
ences from the contents described with reference to FIG.
5 will be described below. In this example, CCA is per-
formed on symbol #5 in subframe #3. Furthermore, dur-
ing this CCA, the LAA cell identifies that the frequency
is in the idle state, and assumes a case where a signal
can be transmitted from a symbol immediately subse-
quent to the frequency. The LAA cell transmits signals
by using symbols from symbol #5 in subframe #3 to a
prescribed symbol in subframe #6.
[0114] In the example in FIG. 6, symbols #6 and 7 in
subframe #3 are symbols in which reservation signals
are transmitted. The reservation signals are transmitted
immediately after the symbol (i.e., symbol #5) subjected
to CCA to a symbol (i.e., symbol #6) in which the channel
and/or signal are transmitted. The reservation signals
provide the following effect. As described with reference
to FIG. 5, even in a case that candidates of symbols in
which the channels and/or signals are transmitted are
defined in advance or configured, the LAA cell can flexibly
perform CCA without depending on the number of can-
didates.
[0115] The reservation signals may not be received
(recognized) by a terminal that receives the channels
and/or signals transmitted from the LAA cell. In other
words, in a case that the channel and/or signal cannot
be transmitted after CCA is performed, the LAA cell that
has performed CCA transmits the reservation signals to
secure (reserve) the frequency.
[0116] Channels and/or signals different from the
channels and/or signals transmitted in the symbols in
which the channels and signals are transmitted may be
mapped onto symbols in which the reservation signals
are transmitted. In other words, the channels and/or sig-
nals mapped onto the symbols in which the reservation
signals are transmitted are recognized (received) by the
terminal. For example, the terminal distinguishes the
symbols in which the channels and/or signals are trans-
mitted, based on the channels and/or signals mapped
onto the symbols in which the reservation signals are
transmitted. Furthermore, for example, the terminal syn-
chronizes (identifies) with the LAA cell by using the chan-
nels and/or signals mapped onto the symbols in which
the reservation signals are transmitted.
[0117] Furthermore, the reservation signal according
to the present embodiment will be also referred to as an
initial signal. The initial signal is a signal transmitted at a
head of burst, and can be distinguished from the PDSCH,
the EPDCCH, the PDCCH and/or the reference signal in
the burst. Furthermore, the initial signal can include con-
trol information of the burst, control information of the
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channel and/or signal in the burst, or control information
of a cell that transmits the burst.
[0118] FIG. 7 is a diagram illustrating an example of a
communication procedure of a certain LAA cell. Differ-
ences from the contents described with reference to FIG.
5 will be described below. Similar to the example in FIG.
5, in this example, CCA is performed on symbol #5 in
subframe #3. Furthermore, during this CCA, the LAA cell
identifies that the frequency is in the idle state, and as-
sumes a case where a signal can be transmitted from a
symbol immediately subsequent to the frequency. In FIG.
7, the LAA cell transmits signals by using symbols from
symbol #6 in subframe #3 to symbol #5 in subframe #7
which comes four milliseconds after.
[0119] In an example in FIG. 7, the LAA cell transmits
the reservation signals from a symbol immediately after
the symbol subjected to CCA to the last symbol in a sub-
frame including the symbol subjected to CCA. Further-
more, the LAA cell transmits the channels and/or signals
from the subframe next to the subframe including the
symbol subjected to CCA. Furthermore, reservation sig-
nals in FIG. 7 include the reservation signals described
with reference to FIG. 6.
[0120] For example, in FIG. 7, the terminal can assume
that the channels and/or signals are transmitted in sub-
frames subsequent to subframe #4. Thus, the terminal
assumes that the channels and/or signals are transmitted
from the first symbol of the subframe. Hence, the base
station including the LAA cell can use the same method
as the method of the related art for transmission of the
channels and/or signals and announce of control infor-
mation of the channels and/or signals to the terminal.
[0121] Further, in FIG. 7, the LAA cell can transmit the
channels and/or signals from the first symbol to symbol
#5 in subframe #7. For example, the LAA cell can transmit
to the terminal the PDSCH and/or the EPDCCH mapped
onto resources from a prescribed symbol to symbol #5
in subframe #7. Furthermore, the LAA cell can transmit
the PDCCH mapped onto resources from the first symbol
to a prescribed symbol in subframe #7. For example, the
prescribed symbol is information transmitted on the PC-
FICH, and is determined based on information of the
number of OFDM symbols used to transmit the PDCCH.
Furthermore, for example, the prescribed symbol is con-
trol information configured by the RRC signaling, and is
determined based on information indicating an OFDM
start symbol for the EPDCCH, the PDSCH scheduled by
the PDCCH, and the PDSCH scheduled by the EPDCCH.
[0122] Furthermore, in FIG. 7, the LAA cell can an-
nounce or configure the last symbol in which the channel
and/or signal is transmitted in subframe #7 to the termi-
nal. As information for the terminal to recognize the last
symbol in a certain subframe of the LAA cell, and a meth-
od for announcing the information, the method described
in the example in FIG. 5 can be used. The method de-
scribed in the example in FIG. 5 relates to the information
for recognizing symbols in which the channels and/or sig-
nals in FIG. 5 are transmitted, and the method for an-

nouncing the information. For example, the LAA cell in-
cludes information of the last symbol in the DCI an-
nounced on the PDCCH or EPDCCH transmitted in sub-
frame #7. Consequently, in a case that the LAA cell can
transmit the channels and/or signals in symbols up to
intermediate symbol of the subframe as in subframe #7
in FIG. 7, the LAA cell can efficiently use resources. Fur-
thermore, for example, the LAA cell includes the infor-
mation of the last symbol in the information configured
by the RRC signaling or the MAC signaling.
[0123] Furthermore, the method using the transmis-
sion method of subframe #3 and the transmission method
of subframe #7 in combination has been described with
reference to FIG. 7, but is not limited to this. The trans-
mission method of subframe #3 and the transmission
method of subframe #7 may be used independently. Fur-
thermore, part or all of each of methods described with
reference to FIGS. 5 to 7 may be used in combination.
[0124] Furthermore, a mapping for the PDCCH, the
EPDCCH and/or the PDSCH onto resource elements in
subframe #7 in FIG. 7 may be different from mapping for
other subframes.
[0125] Furthermore, the LAA cell may recognize, con-
figure or announce subframes (i.e., the subframes #4 to
6 in FIGS. 5 to 7) in which the channels and/or signals
can be transmitted in all OFDM symbols in one subframe
as subframes different from subframes (i.e., subframe
#3 in FIGS. 5 to 7 and subframe #7 in FIG. 7) in which
the channels and/or signals cannot be transmitted in part
of OFDM symbols in one subframe. For example, the
subframe in which the channels and/or signals can be
transmitted in all OFDM symbols in one subframe is same
as a subframe in the serving cell in the related art.
[0126] In the present embodiment, the subframe in
which the channels and/or signals cannot be transmitted
in all OFDM symbols in one subframe will be also referred
to as "first LAA subframe". The subframe in which the
channels and/or signals cannot be transmitted in part of
OFDM symbols in one subframe will be also referred to
as "second LAA subframe". The subframe in which the
channels and/or signals can be transmitted in all OFDM
symbols in one subframe will be also referred to as "third
LAA subframe". Furthermore, the second LAA subframe
will be also referred to as "partial subframe", and the third
LAA subframe will be also referred to as "full subframe".
In addition, the second LAA subframe include the first
partial subframe, the second partial subframe and/or the
third partial subframe.
[0127] Furthermore, as a method of the terminal for
recognizing the first LAA subframe, the second LAA sub-
frame and the third LAA subframe, the method described
in the present embodiment can be used. For example,
the method for recognizing the subframes uses informa-
tion for recognizing the symbol in which the channels
and/or signals are transmitted, and the method for an-
nouncing the information.
[0128] Furthermore, the method of the terminal for rec-
ognizing the first LAA subframe, the second LAA sub-

33 34 



EP 3 334 231 A1

19

5

10

15

20

25

30

35

40

45

50

55

frame and the third LAA subframe may be explicitly an-
nounced or configured by the PDCCH or RRC signaling.
[0129] Furthermore, the method of the terminal for rec-
ognizing the first LAA subframe, the second LAA sub-
frame and the third LAA subframe may be implicitly an-
nounced or configured based on the information (param-
eters) announced or configured by the PDCCH or RRC
signaling. For example, the terminal recognizes the first
LAA subframe, the second LAA subframe and the third
LAA subframe based on the information of mapping of
the CRS.
[0130] Furthermore, in a case that the terminal recog-
nizes a certain subframe as the second LAA subframe,
the terminal recognizes a prescribed number of sub-
frames including the subframe next to the certain sub-
frame and subsequent subframe(s) as the third LAA sub-
frames. Furthermore, the terminal recognizes, as the first
LAA subframes, a subframe next to the last subframe
recognized as the third LAA and subsequent sub-
frame(s), until any of the subframes is recognized as the
second LAA subframe. Furthermore, the prescribed
number (i.e., the number of subframes recognized as the
third LAA subframes) may be defined in advance. The
prescribed number may be configured by the LAA cell.
The prescribed number may be announced via the chan-
nel and/or signal mapped onto the second LAA subframe.
[0131] Furthermore, start symbols of the PDSCH
and/or EPDCCH are independently defined or configured
to the second LAA subframe and the third LAA subframe.
[0132] Furthermore, in FIGS. 5 to 7, CCA is performed
on one subframe, but a time (period) for performing CCA
is not limited to this. The period for performing CCA may
vary per LAA cell, per CCA timing, or per execution of
CCA. For example, CCA is performed at a time based
on a prescribed time slot (a time interval or a time do-
main). This prescribed time slot may be defined or con-
figured based on a time obtained by dividing one sub-
frame by the prescribed number. The prescribed time
slot may be determined or configured by the prescribed
number of subframes.
[0133] Furthermore, in the present embodiment, a field
size in the time domain such as a time (time slot) for
performing CCA or a time in which the channel and/or
signal are transmitted (can be transmitted) in a certain
subframe can be expressed by using a prescribed time
unit. For example, the field size in the time domain is
expressed by some time units Ts. Ts is 1/(15000 3 2048)
seconds. For example, one subframe time is 30720 3
Ts (one millisecond).
[0134] Furthermore, whether the LAA cell can transmit
the channel and/or signal (including the reservation sig-
nal) from an intermediate symbol in a certain subframe
as in subframe #3 in FIGS. 5 to 7 may be configured to
the terminal or the LAA cell. For example, information
indicating whether such transmission is possible in the
configuration on the LAA cell is configured to the terminal
by the RRC signaling. The terminal switches processing
associated with reception (monitoring, recognition and

decoding) at the LAA cell based on the information.
[0135] Furthermore, subframes in which symbols can
be transmitted from an intermediate symbol (also includ-
ing subframes in which symbols up to the intermediate
symbol can be transmitted) may be all subframes in LAA
cell. Furthermore, subframes in which symbols can be
transmitted from the intermediate symbol may be sub-
frames defined in advance for the LAA cell or configured
subframes.
[0136] Furthermore, subframes in which symbols can
be transmitted from the intermediate symbol (also includ-
ing subframes in which symbols up to the intermediate
symbol can be transmitted) can be configured, an-
nounced or determined based on an uplink/downlink con-
figuration (UL/DL configuration) according to TDD. For
example, such subframes are subframes announced
(designated) as special subframes by the UL/DL config-
uration. Each of the special subframes in the LAA cell is
a subframe including at least one of the three fields, a
Downlink Pilot Time Slot (DwPTS), a Guard Period (GP),
and an Uplink Pilot Time Slot (UpPTS). The configuration
on the special subframe in the LAA cell may be configured
or announced by the RRC signaling or PDCCH or EPD-
CCH signaling. This configuration configures a length in
time of at least one of the DwPTS, the GP and the UpPTS.
Furthermore, this configuration is index information indi-
cating candidates of the predetermined length in time.
Furthermore, for this configuration, the same length in
time as the DwPTS, the GP and the UpPTS used for the
special subframe configuration configured to the TDD
cells in the related art can be used. In other words, the
length in time in which transmission is possible in a cer-
tain subframe is determined based on one of the DwPTS,
the GP and the UpPTS.
[0137] Further, in the present embodiment, the reser-
vation signal may be a signal that can be received by a
LAA cell different from the LAA cell that transmits the
reservation signal. For example, the LAA cell different
from the LAA cell that transmits the reservation signal is
the LAA cell (neighboring LAA cell) neighboring to the
LAA cell that transmits the reservation signal. For exam-
ple, the reservation signal includes information of a trans-
mission state (use state) of a prescribed subframe and/or
symbol in the LAA cell. In a case that the LAA cell different
from the LAA cell that transmits a certain reservation sig-
nal receives the reservation signal, the LAA cell having
received the reservation signal recognizes the transmis-
sion state of the prescribed subframe and/or symbol,
based on the reservation signal, and performs scheduling
according to the state.
[0138] Furthermore, the LAA cell having received the
reservation signal may perform LBT before transmitting
a channel and/or signal. This LTB is performed based on
the received reservation signal. For example, during this
LBT, the channels and/or the signals transmitted (as-
sumed to be transmitted) from the LAA cell having trans-
mitted the reservation signal are taken into consideration,
scheduling including resource allocation and MCS selec-
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tion is performed.
[0139] Furthermore, in a case that the LAA cell having
received the reservation signal performs scheduling of
transmitting the channels and/or signals based on the
reservation signal, it is possible to announce information
of such scheduling to one or more LAA cells including
the LAA cell having transmitted this reservation signal
according to a prescribed method. For example, the pre-
scribed method is a method for transmitting the pre-
scribed channel and/or signal including the reservation
signal. Furthermore, for example, the prescribed method
is a method for performing announcement via a backhaul
such as an X2 interface.
[0140] Furthermore, according to carrier aggregation
and/or dual connectivity, a terminal of the related art can
configure up to five serving cells. However, the terminal
according to the present embodiment can extend a max-
imum number of serving cells that can be configured. In
other words, the terminal according to the present em-
bodiment can configure more than five serving cells. For
example, the terminal according to the present embodi-
ment can configure up to 16 or 32 serving cells. For ex-
ample, the more than five serving cells configured by the
terminal according to the present embodiment include
the LAA cell. Furthermore, all of the more than five serv-
ing cells configured by the terminal according to the
present embodiment may be the LAA cell.
[0141] Furthermore, in a case that the more than five
serving cells can be configured, a configuration on part
of the serving cells may be different from the configuration
of the serving cells in the related art (i.e., the secondary
cell(s) in the related art). For example, differences of this
configuration are as follows. The configurations de-
scribed below may be used in combination.

(1) To the terminal, up to five serving cells in the
related art are configured, and up to 11 or 27 serving
cells different from serving cells in the related art are
configured. In other words, to the terminal, in addition
to a primary cell of the related art, up to four second-
ary cells of the related art are configured, and up to
11 or 27 secondary cells different from the secondary
cells of the related art are configured.
(2) The configuration on the serving cells (secondary
cells) different from the serving cells of the related
art includes configurations on an LAA cell. For ex-
ample, to the terminal, in addition to the primary cell
in the related art, up to four secondary cells that do
not include the configuration on the LAA cell are con-
figured, and up to 11 or 27 secondary cells different
from the secondary cells in the related art are con-
figured.

[0142] Furthermore, in a case that the more than five
serving cells can be configured, the base station (includ-
ing the LAA cell) and/or the terminal can perform different
processing or assumption compared to the case that up
to five serving cells are configured. For example, differ-

ences of the processing and assumption are as follows.
The processing or the assumption described below may
be used in combination.

(1) Even in the case that the more than five serving
cells are configured, the terminal assumes that the
PDCCH, the EPDCCH and/or the PDSCH are simul-
taneously transmitted (received) from the five serv-
ing cells at maximum. Consequently, the terminal
can use the same method as the method of the re-
lated art, for reception of the PDCCH, the EPDCCH
and/or the PDSCH and transmission of HARQ-ACK
for the PDSCH.
(2) In the case that the more than five serving cells
are configured, a combination (group) of cells for
bundling of HARQ-ACKs for the PDSCHs in these
serving cells are configured to the terminal. For ex-
ample, all serving cells, all secondary cells, all LAA
cells or all secondary cells different from the second-
ary cells in the related art include information (con-
figuration) on bundling of HARQ-ACKs between the
serving cells. For example, the information of the
bundling of HARQ-ACKs between the serving cells
is an identifier (an index or an ID) for performing the
bundling. For example, the bundling is performed on
the HARQ-ACKs over cells having the same identi-
fier to be bundled. This bundling is performed ac-
cording to a logical AND operation for the target
HARQ-ACKs. Furthermore, the maximum number
of identifiers to be bundled can be five. Furthermore,
the maximum number of identifiers to be bundled
can be five including the number of cells that does
not perform bundling. In other words, the number of
groups to perform bundling over the serving cells
can be five at maximum. Consequently, the terminal
can use the same method as the method of the re-
lated art, for reception of the PDCCH, the EPDCCH
and/or the PDSCH and transmission of HARQ-ACK
for the PDSCH.
(3) In the case that the more than five serving cells
are configured, a combination (group) of cells for
multiplexing of HARQ-ACKs for the PDSCHs in
these serving cells are configured to the terminal. In
the case that the combination (group) of the cells for
multiplexing of the HARQ-ACKs for the PDSCHs is
configured, the multiplexed HARQ-ACKs are trans-
mitted on the PUCCH or the PUSCH based on the
group. The maximum number of serving cells to be
multiplexed is defined or configured for each group.
The maximum number is defined or configured
based on the maximum number of serving cells con-
figured to the terminal. For example, the maximum
number is the same as the maximum number of serv-
ing cells configured to the terminal, or half the max-
imum number of serving cells configured to the ter-
minal. Furthermore, the maximum number of
PUCCHs to be simultaneously transmitted is defined
or configured based on the maximum number of
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serving cells to be multiplexed in each group and the
maximum number of serving cells configured to the
terminal.

[0143] In other words, the number of configured first
serving cells (i.e., the primary cell and/or the secondary
cell(s)) is a prescribed number (i.e., five) or less. A total
of the configured first serving cells and second serving
cell (i.e., LAA cell) exceeds the prescribed number.
[0144] Next, terminal capability associated with LAA
will be described. The terminal announces (transmits)
information (terminal capability) on capability of the ter-
minal to the base station by the RRC signaling, based
on a command from the base station. The terminal ca-
pability of a certain function (feature) is announced
(transmitted) in a case that the function (feature) is sup-
ported, and is not announced (transmitted) in a case that
the function (feature) is not supported. Furthermore, the
terminal capability of the certain function (feature) may
be information indicating whether testing and/or mount-
ing this function (feature) has been finished. For example,
the terminal capability according to the present embod-
iment is as follows. The terminal capability described be-
low may be used in combination.

(1) The terminal capability associated with support
of the LAA cell, and the terminal capability associat-
ed with support of a configuration of more than five
serving cells are independently defined. For exam-
ple, the terminal that supports the LAA cell supports
the configuration of the more than five serving cells.
In other words, the terminal that does not support
the configuration of the more than five serving cells
does not support the LAA cell. In this case, the ter-
minal that supports the configuration of the more
than five serving cells may or may not support the
LAA cell.
(2) The terminal capability associated with support
of the LAA cell, and the terminal capability associat-
ed with support of a configuration of more than five
serving cells are independently defined. For exam-
ple, the terminal that supports the configuration of
the more than five serving cells supports the LAA
cell. In other words, the terminal that does not sup-
port the LAA cell does not support the configuration
of the more than five serving cells. In this case, the
terminal that supports the LAA cell may or may not
support the configuration of the more than five serv-
ing cells.
(3) The terminal capability associated with downlink
in the LAA cell, and the terminal capability associated
with uplink in the LAA cell are independently defined.
For example, the terminal that supports the uplink in
the LAA cell supports the downlink in the LAA cell.
In other words, the terminal that does not support
the downlink in the LAA cell does not support the
uplink in the LAA cell. In this case, the terminal that
supports the downlink in the LAA cell may or may

not support the uplink in the LAA cell.
(4) The terminal capability associated with support
of the LAA cell includes support of a transmission
mode configured only to the LAA cell.
(5) The terminal capability associated with the down-
link according to the configuration of the more than
five serving cells, and the terminal capability asso-
ciated with the uplink according to the configuration
of the more than five serving cells serving cells are
independently defined. For example, the terminal
that supports the uplink according to the configura-
tion of the more than five serving cells supports the
downlink according to the configuration of the more
than five serving cells. In other words, the terminal
that does not support the downlink according to the
configuration of the more than five serving cells does
not support the uplink according to the configuration
of the more than five serving cells. In this case, the
terminal that supports the downlink according to the
configuration of the more than five serving cells may
or may not support the uplink according to the con-
figuration of the more than five serving cells.
(6) Regarding the terminal capability according to
the configuration of the more than five serving cells,
terminal capability that supports a configuration of
16 downlink serving cells (component carriers) at
maximum, and terminal capability that supports a
configuration of 32 downlink serving cells at maxi-
mum are independently defined. Furthermore, the
terminal that supports the configuration of 16 down-
link serving cells at maximum supports the configu-
ration of at least one uplink serving cell. The terminal
that supports the configuration of 32 downlink serv-
ing cells at maximum supports the configuration of
at least two uplink serving cells. That is, the terminal
that supports the configuration of 16 downlink serv-
ing cells at maximum may not support the configu-
ration of two or more uplink serving cells.
(7) The terminal capability associated with the sup-
port of the LAA cell is announced based on a fre-
quency (band) used by the LAA cell. In a case that,
for example, the terminal announces a supported
frequency or a frequency combination, and the an-
nounced frequency or frequency combination in-
cludes at least one frequency used by the LAA cell,
the terminal implicitly announces that this terminal
supports the LAA cell. In other words, in a case that
the announced frequency or frequency combination
does not include the frequency used by the LAA cell
at all, the terminal implicitly announces that this ter-
minal does not support the LAA cell.

[0145] Next, terminal capability associated with the
second EPDCCH will be described. In an example of the
terminal capability according to the present embodiment,
a field of the terminal capability associated with the sec-
ond EPDCCH defines whether the terminal can receive
the USS of the second EPDCCH and/or the DCI of the
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CSS. In other words, in a case that the terminal can re-
ceive the USS of the second EPDCCH and/or the DCI
of the CSS, the terminal announces information indicat-
ing supported, by the field of the terminal capability as-
sociated with the second EPDCCH. Furthermore, in a
case that the terminal cannot receive the USS of the sec-
ond EPDCCH and/or the DCI of the CSS, the terminal
does not announce the field of the terminal capability
associated with the second EPDCCH.
[0146] Furthermore, in a case that the terminal can re-
ceive the USS of the second EPDCCH and/or the DCI
of the CSS, the terminal has capability for receiving the
DCI in the USS of the first EPDCCH. In other words, in
a case that the terminal announces the information indi-
cating supported, by the field of the terminal capability
associated with the second EPDCCH, the terminal an-
nounces information indicating supported, by the field of
the terminal capability associated with the first EPDCCH.
Furthermore, in a case that the terminal announces in-
formation indicating supported, by the field of the terminal
capability associated with the second EPDCCH, the ter-
minal may indicate that the terminal has the capability
for receiving the DCI in the USS of the first EPDCCH.
[0147] Furthermore, in a case that the terminal can re-
ceive the USS of the second EPDCCH and/or the DCI
of the CSS, the terminal also has capability (e.g., includ-
ing the capability described above) associated with the
LAA. In other words, in a case that the terminal announc-
es information indicating supported, by the field of the
terminal capability associated with the second EPDCCH,
the terminal announces information indicating supported,
by the field of the terminal capability associated with LAA.
Furthermore, in a case that the terminal announces in-
formation indicating supported, by the field of the terminal
capability associated with the second EPDCCH, the ter-
minal may indicate that the terminal also has the capa-
bility associated with the LAA.
[0148] Furthermore, the present embodiment has de-
scribed a case where the LAA cell transmits the PDCCH
or the EPDCCH for announcing the DCI for the PDSCH
transmitted from this LAA cell (i.e., a case of self sched-
uling), but is not limited to this. The method described in
the present embodiment is applicable also in a case that,
for example, a serving cell different from the LAA cell
transmits the PDCCH or the EPDCCH for announcing
the DCI for the PDSCH transmitted from the LAA cell
(i.e., a case of cross carrier scheduling).
[0149] Furthermore, in the present embodiment, the
information for recognizing the symbols in which the
channels and/or signals are transmitted may be based
on the symbols in which the channels and/or signals are
not transmitted. For example, this information is informa-
tion indicating the last symbol of the symbols in which
the channels and/or signals are not transmitted. Further-
more, the information for recognizing the symbols in
which the channels and/or signals are transmitted may
be determined based on other information or parameters.
[0150] Furthermore, in the present embodiment, the

symbols in which the channels and/or signals are trans-
mitted may be independently configured (announced or
defined) to the channels and/or signals. In other words,
the information for recognizing the symbols in which the
channels and/or signals are transmitted, and the an-
nouncement method of the information can be independ-
ently configured (announced or defined) to the channels
and/or signals. For example, the information for recog-
nizing the symbols in which the channels and/or signals
are transmitted, and the announcement method of the
information may be independently configured (an-
nounced or defined) for the PDSCH and the EPDCCH.
[0151] Furthermore, in the present embodiment, sym-
bols/subframes in which the channels and/or signals are
not transmitted (cannot be transmitted) may be sym-
bols/subframes in which the channels and/or signals are
not assumed to be transmitted (be able to be transmitted)
from a viewpoint of the terminal. That is, the terminal can
regard that the LAA cell does not transmit the channels
and/or signals in the symbols/subframes.
[0152] Furthermore, in the present embodiment, the
symbols/subframes in which the channels and/or signals
are transmitted (can be transmitted) may be sym-
bols/subframes in which the channels and/or signals may
be assumed to be transmitted from the viewpoint of the
terminal. In other words, the terminal can regard that the
LAA cell may or may not transmit the channels and/or
signals in the symbols/subframes.
[0153] Furthermore, in the present embodiment, the
symbols/subframes in which the channels and/or signals
are transmitted (can be transmitted) may be sym-
bols/subframes in which the channels and/or signals are
assumed to be surely transmitted from the viewpoint of
the terminal. That is, the terminal can regard that the LAA
cell surely transmits the channels and/or signals in the
symbols/subframes.
[0154] Furthermore, in the present embodiment, the
LAA cell may be a serving cell that uses a prescribed
frequency band.
[0155] Next, an Enhanced Physical Downlink Control
CHannel (EPDCCH) will be described. Note that the EP-
DCCH is transmitted and/or received by using Resource
Elements (REs) as in the PDSCH and other physical
channels. Each element (an element associated with one
subcarrier and one OFDM symbol) of a resource grid of
the antenna port P (signals to be transmitted are de-
scribed as a grid of subcarriers and OFDM symbols per
slot) is referred to as an "RE", and is uniquely identified
based on k (an index in ascending order in a frequency
axis direction, starting from 0) and 1 (an index in ascend-
ing order in a time axis direction, starting from 0), which
are an index pair in one slot.
[0156] The structures and/or processing of the EPD-
CCHs may be different from each other in the normal
subframe in the normal cell, the partial subframe in the
LAA cell and/or the full subframe in the LAA cell. For
example, the EPDCCH constituted of a smaller number
of OFDM symbols than the number of OFDM symbols of
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the EPDCCH used in the normal subframe and/or the full
subframe is used in the partial subframe. In the present
embodiment, the EPDCCH used in the normal subframe
is also referred to as "first EPDCCH", and the EPDCCH
used in the partial subframe is also referred to as "second
EPDCCH". Note that the first EPDCCH and/or the second
EPDCCH may be used in the full subframe.
[0157] FIG. 8 illustrates an example of an EREG con-
figuration of one RB pair. The Enhanced RE Group
(EREG) is used to define mapping of the EPDCCH onto
the REs. Each resource block pair includes 16 EREGs
assigned numbers 0 to 15. In one PRB pair, all REs,
except REs for carrying the DMRSs for antenna ports
107 and 108 for enhanced Cyclic Prefixes (CP) for an-
tenna ports 107, 108, 109 and 110 for normal CPs, are
cyclically assigned with numbers 0 to 15 in ascending
order such that the frequency comes first and the time
comes next. In FIG. 8, the diagonally shaded resource
elements are used to carry the DMRSs. All REs assigned
numbers i in the PRB pair constitute the EREG assigned
the number i. In this regard, the CP is a signal added to
a front of valid symbol section of downlink OFDM symbol
(SC-FDMA symbol in a case of the uplink), and is a signal
in which a part of the valid symbol section (generally a
last portion) is copied. The CP length include two types
of a normal CP with the normal length (e.g., 160 samples
or 144 samples for the valid symbol length, 2048 sam-
ples), and an enhanced CP longer than the normal CP
(e.g., 512 samples or 1024 samples for the valid symbol
length, 2048 samples).
[0158] Here, the EREG configurations can be identical
irrespectively of the first EPDCCH or the second EPD-
CCH. In other words, the EREGs of the first EPDCCH or
the second EPDCCH are defined for all REs except REs
which carry the DMRSs for the antenna ports 107 and
108 for the enhanced Cyclic Prefixes (CP), for the anten-
na ports 107, 108, 109 and 110 for the normal CPs per
resource block pair. Thus, even in a case that the DMRS
configurations are different from each other, REs for con-
stituting the EREGs are different, but the definitions for
constituting the EREGs are the same.
[0159] As illustrated in FIG. 8, one RB pair is consti-
tuted of two RBs. Each RB is constituted of seven OFDM
symbols in the time direction, and resource elements in-
dicated by 12 subcarriers in the frequency direction. In
FIG. 8, the DMRSs are mapped onto the diagonally shad-
ed resource elements. Furthermore, each DMRS is con-
stituted of orthogonal codes of two chips, and up to two
DMRSs can be code-division-multiplexed. The DMRSs
of the antenna ports 107 and 108 are mapped onto REs
of OFDM symbol numbers 5 and 6 in each slot and the
subcarrier numbers 0, 5 and 10. The DMRSs of the an-
tenna ports 109 and 110 are mapped onto REs of the
OFDM symbol numbers 5 and 6 in each slot and the
subcarrier numbers 1, 6 and 11. In this regard, the
DMRSs described with reference to FIG. 8 can be used
as the DMRSs associated with the first EPDCCHs.
[0160] The DMRSs described with reference to FIG. 8

can be used as an example of the DMRSs associated
with the second EPDCCHs. In other words, the DMRSs
associated with the second EPDCCHs can use the same
configuration as the DMRSs associated with the first EP-
DCCHs. However, in a case that OFDM symbols which
cannot be transmitted on the second EPDCCHs include
the DMRSs, these DMRSs are not transmitted. For ex-
ample, the DMRSs associated with the second EPD-
CCHs in the partial subframe of OFDM symbols #0 to 6
in slot 1 are mapped only onto OFDM symbols #5 and 6
in slot 1, and are not mapped only onto OFDM symbols
#5 and 6 in slot 0. Furthermore, in a case that one of the
two OFDM symbols onto which the orthogonal codes of
the two chips are mapped cannot be transmitted, it is
assumed that the DMRSs are not transmitted.
[0161] In another example, the DMRSs associated
with the second EPDCCHs are determined according to
OFDM symbols used to transmit the second EPDCCHs.
Specifically, according to the configurations of the OFDM
symbols used to transmit the second EPDCCHs, REs
onto which the DMRSs associated with the second EP-
DCCHs are mapped are defined. A prescribed number
of patterns of the configurations of the OFDM symbols
used to transmit the second EPDCCHs can be defined
in advance. In other words, the prescribed number of
patterns of the configurations of the DMRSs associated
with the second EPDCCHs can be defined in advance
likewise.
[0162] FIG. 9A to FIG. 9E are diagrams illustrating con-
figuration examples of the DMRSs associated with the
second EPDCCHs used for the first partial subframe. In
FIG. 9A to FIG. 9E, the diagonally shaded REs indicate
REs onto which the DMRSs associated with the second
EPDCCHs are mapped. The dotted REs indicate REs
(OFDM symbols) which are not used to transmit the sec-
ond EPDCCHs. In other words, in FIG. 9A, OFDM symbol
#0 of slot 0 is a start symbol of the second EPDCCH. In
FIG. 9B, OFDM symbol #3 of slot 0 is the start symbol
of the second EPDCCH. In FIG. 9C, OFDM symbol #0
of slot 1 is the start symbol of the second EPDCCH. In
FIG. 9D, OFDM symbol #0 of slot 1 is the start symbol
of the second EPDCCH. In FIG. 9E, OFDM symbol #3
of slot 1 is the start symbol of the second EPDCCH. As
illustrated in FIG. 9A to FIG. 9E, the configurations of the
DMRSs associated with the second EPDCCHs can be
defined according to the start symbols of the second EP-
DCCHs.
[0163] FIG. 10A to FIG. 10E are diagrams illustrating
configuration examples of the DMRSs associated with
the second EPDCCHs used in the second partial sub-
frame. In FIG. 10A to FIG. 10E, the diagonally shaded
REs indicate REs onto which the DMRSs associated with
the second EPDCCHs are mapped. The dotted REs in-
dicate REs (OFDM symbols) which are not used to trans-
mit the second EPDCCHs. In other words, in FIG. 10A,
OFDM symbol #6 of slot 1 is an end symbol of the second
EPDCCH. In FIG. 10B, OFDM symbol #3 of slot 1 is the
end symbol of the second EPDCCH. In FIG. 10C, OFDM
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symbol #1 of slot 1 is the end symbol of the second EP-
DCCH. In FIG. 10D, OFDM symbol #6 of slot 0 is the end
symbol of the second EPDCCH. In FIG. 10E, OFDM sym-
bol #4 of slot 0 is the end symbol of the second EPDCCH.
As illustrated in FIG. 10A to FIG. 10E, the configurations
of the DMRSs associated with the second EPDCCHs
can be defined according to the end symbols of the sec-
ond EPDCCHs. Furthermore, the configurations of the
DMRSs associated with the second EPDCCHs used for
the second partial subframe may be the same as the
configuration of the DMRSs used for the DwPTS.
[0164] The EPDCCH carries scheduling allocation.
One EPDCCH is transmitted by using an aggregation of
one or some contiguous Enhanced Control Channel El-
ements (ECCEs). In addition, each ECCE is constituted
of multiple EREGs. The number of ECCEs used for one
EPDCCH depends on a format of the EPDCCH, and the
number of EREGs of each ECCE. Both of localized trans-
mission and distributed transmission are supported. One
EPDCCH can be transmitted by using one of the localized
transmission and the distributed transmission which uses
different mapping onto the EREGs of the ECCEs and the
PRB pair.
[0165] Furthermore, one of the localized transmission
and the distributed transmission can be configured per
EPDCCH set via the RRC signaling for the first EPDCCH.
One of the localized transmission and the distributed
transmission can be defined in advance for all EPDCCH
sets for the second EPDCCH. For example, the distrib-
uted transmission can be defined in advance for all EP-
DCCH sets of the second EPDCCH.
[0166] The terminal device monitors multiple
EPDCCHs as described below. Installation of the one or
two PRB pairs in which EPDCCH transmission is
monitored by the terminal device can be configured. As
is configured by the higher layer, only the localized
transmission or only the distributed transmission is used
for all EPDCCH candidates of an EPDCCH set Xm. The
ECCEs available for the EPDCCH transmission among
the EPDCCH set Xm of the sub frame i are assigned
number 0 to NECCE, m, i-1. In this regard, NECCE, m, i is
the number of ECCEs available for EPDCCH
transmission in the EPDCCH set Xm of the subframe i.
The ECCE of the number n corresponds to, in a case of
localized mapping, an EREG assigned the number (n
mod NRB

ECCE)+jNRB
ECCE in a PRB, an index of which is

floor (n/NRB
ECCE), and corresponds to, in a case of

localized mapping, an EREG assigned the number, floor
(n/NXm

RB)+jNRB
ECCE among PRBs, index of which is (n+j

max(1, NXm
RB/NECCE

EREG)) mod NXm
RB. In this regard,

j = 0, 1, ..., NECCE
EREG-1, and NECCE

EREG is the number
of EREGs per ECCE. Furthermore, NRB

ECCE is equal to
16/NECCE

EREG, and is the number of ECCEs per PRB
pair. Furthermore, floor, mod, and max are a floor
function, a remainder function (mod function), and a
maximum value function (max function), respectively.
Not that, the PRB pairs which constitute the EPDCCH
sets Xm are assigned numbers in ascending order from

0 to NXm
RB-1.

[0167] NECCE
EREG of the first EPDCCH is determined

based on a CP and a subframe type. More specifically,
in a case of a normal CP and a normal subframe (normal
downlink subframe) or in a case of the normal CP and a
special subframe with special subframe configuration 3,
4 or 8, NECCE

EREG is 4. In a case of the normal CP and
a special subframe with special subframe configuration
1, 2, 6, 7 or 9 (i.e., a special subframe in which DwPTS
is constituted of six or more and 10 or less OFDM sym-
bols, in a case of an extended CP and the normal sub-
frame, or in a case of the extended CP and a special
subframe with special subframe configuration is 1, 2, 3,
5, or 6 (i.e., a special subframe in which DwPTS is con-
stituted of six or more and 10 or less OFDM symbols),
NECCE

EREG is 8. Note that details of the special subframe
configuration will be described below.
[0168] In an example of NECCE

EREG of the second
EPDCCH, NECCE

EREG is a value defined in advance. For
example, NECCE

EREG of the second EPDCCH is the
same as a case of the normal CP and a special subframe
with special subframe configuration 1, 2, 6, 7 or 9 in the
first EPDCCH, and is 8. Furthermore, for example,
NECCE

EREG of the second EPDCCH has the same
number as the number of EREGs constituted of one
resource block pair, and is 16.
[0169] In another example of NECCE

EREG of the second
EPDCCH, NECCE

EREG is determined depending on
nEPDCCH (described below) of the second EPDCCH to
be detected (assumed or monitored). Specifically, in a
case that nEPDCCH of the second EPDCCH is a
prescribed number or more, NECCE

EREG is 4 (or 8). In a
case that nEPDCCH is smaller than the prescribed number,
NECCE

EREG is 8 (or 16). The prescribed number may be
determined in advance, or may be configured in a cell-
specific or terminal-specific manner via the RRC
signaling. For example, the prescribed number is the
same as a prescribed number used for the first EPDCCH,
and is 104. Furthermore, for example, the prescribed
number may be different from the prescribed number
used for the first EPDCCH.
[0170] Furthermore, multiple prescribed numbers for
nEPDCCH may be defined or configured. More specifically,
in a case that nEPDCCH of the second EPDCCH is a first
prescribed number, NECCE

EREG is 4. In a case that
nEPDCCH is a second prescribed number or more and is
smaller than the first prescribed number, NECCE

EREG is
8. In a case that nEPDCCH is smaller than the second
prescribed number, NECCE

EREG is 16. For example, the
first prescribed number is the same as a prescribed
number used for the first EPDCCH, and is 104. The
second prescribed number is a value smaller than the
first prescribed number.
[0171] In another example of NECCE

EREG of the second
EPDCCH, NECCE

EREG is determined depending on the
number of OFDM symbols of the second EPDCCH to be
detected (assumed or monitored). Specifically, in a case
that the number of OFDM symbols of the second EPD-
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CCH is the prescribed number or more, NECCE
EREG is 4

(or 8). In a case that the number of OFDM symbols is
smaller than the prescribed number, NECCE

EREG is 8 (or
16). The prescribed number may be determined in ad-
vance or may be configured in a cell-specific or terminal-
specific manner via the RRC signaling.
[0172] Furthermore, multiple prescribed numbers of
OFDM symbols may be defined or configured. Specifi-
cally, in a case that the number of OFDM symbols of the
second EPDCCH is a first prescribed number or more,
NECCE

EREG is 4. In a case that the number of OFDM
symbols is a second prescribed number or more and is
smaller than the first prescribed number, NECCE

EREG is
8. In a case that the number of OFDM symbols is smaller
than the second prescribed number, NECCE

EREG is 16.
For example, the second prescribed number is a value
smaller than the first prescribed number.
[0173] Similar to the first EPDCCH, another example
of NECCE

EREG of the second EPDCCHs is determined
based on types of a CP and a subframe. However,
NECCE

EREG is a value which is twice as the first EPDCCH.
More specifically, in a case of a normal CP and a normal
subframe (normal downlink subframe) or in a case of the
normal CP and a special subframe with special subframe
configuration 3, 4 or 8, NECCE

EREG is 8. In a case of the
normal CP and a special subframe with special subframe
configuration 1, 2, 6, 7 or 9 (i.e., a special subframe in
which DwPTS is constituted of six or more and 10 or less
OFDM symbols, in a case of an extended CP and the
normal subframe, or in a case of the extended CP and a
special subframe with special subframe configuration is
1, 2, 3, 5, or 6 (i.e., a special subframe in which DwPTS
is constituted of six or more and 10 or less OFDM
symbols), NECCE

EREG is 16.
[0174] An association between the EPDCCH format
and the number of ECCEs (aggregation level) per EPD-
CCH can be defined. Furthermore, this association can
be defined differently for the first EPDCCH and the sec-
ond EPDCCH.
[0175] Multiple cases of a case A and a case B of the
association between the EPDCCH format and the
number of ECCEs (aggregation level) per EPDCCH in
the first EPDCCH can be defined. The case A is used in
a case that conditions associated with the case 1 de-
scribed below are satisfied. The case B is used in the
other cases. The aggregation level in the case A is 2, 4,
8, and 16 in the case of the localized transmission, and
is 2, 4, 8, 16, and 32 in the case of the distributed trans-
mission. The aggregation level in the case B is 1, 2, 4,
and 8 in the case of the localized transmission, and is 1,
2, 4, 8, and 16 in distributed transmission. In other words,
the aggregation level of the case A is higher than the
aggregation level of the case B. Thus, even in a case
that the number of REs used for each EREG of the EP-
DCCH is small, it is possible to obtain prescribed recep-
tion performance for the EPDCCH by increasing the ag-
gregation level.
[0176] In cells other than the LAA cell, nEPDCCH which

is a quantity of a specific terminal device is defined as
the number of downlink REs satisfying all or part of fol-
lowing references (a1) to (a4) in one PRB pair configured
for EPDCCH transmission of the EPDCCH set X0 (the
first EPDCCH set of the two EPDCCH sets).

(a1) Part of one of the 16 EREGs of the PRB pair.
(a2) It is assumed not to be used as the CRS by the
terminal device. In this regard, as long as the number
of CRS antenna ports and frequency shift parame-
ters take other values, these parameters of the serv-
ing cell (the number of antenna ports of the same
antenna port configuration as the PBCHs, and the
frequency shift obtained based on a physical cell
identifier) give a CRS position. In contrast, in a case
that re-MappingQCL-ConfigID-r11 which is a higher
layer parameter configures a parameter set to the
terminal device, this parameter is used to determine
the CRS position.
(a3) It is assumed not to be used as the CSIRS by
the terminal device. Here, a configuration of the zero
power CSIRS in the serving cell (in a case that the
configuration for the zero power CSIRS does not
take another value), and the configuration of the non-
zero power CSIRS give the CSIRS position. On the
other hand, in a case that re-MappingQCL-ConfigID-
r11 which is the higher layer parameter configures
the zero power CSIRS to the terminal device, this
parameter is used to determine the CSIRS position.
(a4) It is satisfied that the indices l in the first slot in
the subframe are lEPDCCHStart or more. In other
words, indices l are mapped onto REs on the OFDM
symbols subsequent to lEPDCCHStart in one subframe.
In this regard, l represents indices assigned to OFDM
symbols in the slot, and is assigned from zero in as-
cending order in the time direction from the head of
OFDM symbol in the slot. lEPDCCHStart will be de-
scribed below.

[0177] In the LAA cells, nEPDCCH which is the quantity
for the specific terminal device is defined as the number
of downlink REs satisfying all or part of following refer-
ences (a5) and (a6) in addition to above (a1) to (a4) in
one PRB pair configured for EPDCCH transmission of a
prescribed EPDCCH set (e.g., the first EPDCCH set of
multiple EPDCCH sets). Furthermore, in the LAA cell,
nEPDCCH which is the quantity for the specific terminal
device may be individually defined in each EPDCCH set.
Details will be described below.

(a5) It is assumed not to be used for a Discovery
Signal (DS) by the terminal device.
(a6) It is assumed not to be used for Discovery Signal
(DS) candidates by the terminal device.

[0178] An example of the association between the EP-
DCCH format and the number of ECCEs (aggregation
level) per EPDCCH of the second EPDCCH is the same
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as that of the first EPDCCH.
[0179] As another example of the association between
the EPDCCH format and the number of ECCEs (aggre-
gation levels) per EPDCCH of the second EPDCCH, one
case is defined in advance. For example, the case A of
the association between the EPDCCH format and the
number of ECCEs (aggregation level) per EPDCCH of
the second EPDCCH is defined in advance.
[0180] Multiple cases of the case A, the case B and
the case C of another example of the association be-
tween the EPDCCH format and the number of ECCEs
(aggregation level) per EPDCCH of the second EPD-
CCHs can be defined. The aggregation level of the case
A and the aggregation level of the case B are the same
as that of the first EPDCCH. The aggregation level of the
case C can be made higher than the aggregation level
of the case A. For example, the aggregation level of the
case C is 4, 8, 16 and 32 in the case of the localized
transmission, and is 4, 8, 16 and 32 in the case of the
distributed transmission.
[0181] Furthermore, in an example of nEPDCCH which
is the quantity for the specific terminal device, nEPDCCH
is independent between the first EPDCCH and the
second EPDCCH. In the first EPDCCH, nEPDCCH is
defined as the number of downlink REs satisfying all of
the above references (a1) to (a4) in one PRB pair
configured for EPDCCH transmission of the EPDCCH
set X0 (the first EPDCCH set among up to two EPDCCH
sets) in the first EPDCCH. Furthermore, in the second
EPDCCH, nEPDCCH is defined as the number of downlink
REs satisfying all or part of the above references (a1) to
(a4) in one PRB pair configured for EPDCCH
transmission of the EPDCCH set X0 (the first EPDCCH
set of one or more EPDCCH sets) in the second
EPDCCH.
[0182] Furthermore, in an example of nEPDCCH which
is the quantity for the specific terminal device, nEPDCCH
is common between the first EPDCCH and the second
EPDCCH. Specifically, nEPDCCH of the second EPDCCH
is the same as nEPDCCH of the first EPDCCH. That is, in
the second EPDCCH, nEPDCCH is defined as the number
of downlink REs satisfying all of the above references
(a1) to (a4) in one PRB pair configured for EPDCCH
transmission of the EPDCCH set X0 (the first EPDCCH
set among up to two EPDCCH sets) in the first EPDCCH.
[0183] b(0), ..., b (Mbit-1) which is a block of bits trans-
mitted on one EPDCCH in one subframe is scrambled
based on h(i) = (b(i) + c(i))mod 2, and serves as a block
of bits scrambled as h(0), ..., h(Mbit-1) as a result. In this
regard, Mbit is the number of bits transmitted on one EP-
DCCH, and c(i) is a terminal device-specific scrambling
sequence initialized by parameter cinit. In a scrambling
sequence generator, cinit = floor(ns/2)29 + nEPDCCH

ID, m.
[0184] m represents an EPDCCH set number. ns is a
slot number of a slot in a radio frame. nEPDCCH

ID, m is a
DMRS scrambling initialization parameter which can be
configured per EPDCCH set by higher layer signaling,
and can take one value of 0 to 503.

[0185] h(0), ..., h(Mbit-1) which is a block of scrambled
bits is modulated, and serves as a block of complex value
modulation symbol blocks, d(0), ..., d(Msymb-1), as a re-
sult. In this regard, Msymb represents the number of mod-
ulation symbols transmitted on one EPDCCH. An EPD-
CCH modulation method is Quadrature Phase. Shift Key-
ing (QPSK). The block of the complex value modulation
symbols is mapped onto a single layer and precoded
based on a relational equation y(i) = d(i). In this regard,
i = 0, .... Msymb-1 is true, and y represents a precoded
modulation symbol.
[0186] In cells other than the LAA cell, y(0), ...,
y(Msymb-1) which is the block of complex value symbols
is mapped in order from y(0) onto REs (REs at positions
determined based on k and 1) on associated antenna
ports satisfying all of following references (m1) to (m4).

(m1) Part of EREGs allocated for EPDCCH trans-
mission.
(m2) It is assumed not to be used as a CRS by the
terminal device. In this regard, as long as the number
of CRS antenna ports and frequency shift parame-
ters take other values, these parameters of the serv-
ing cell (the number of antenna ports of the same
antenna port configuration as the PBCHs, and the
frequency shift obtained based on a physical cell
identifier) give a CRS position. In contrast, in a case
that re-MappingQCL-ConfigID-r11 which is a higher
layer parameter configures a parameter set to the
terminal device, this parameter is used to determine
the CRS position.
(m3) It is assumed not to be used as the CSIRS by
the terminal device. Here, a configuration of the zero
power CSIRS in the serving cell (in a case that the
configuration for the zero power CSIRS does not
take another value), and the configuration of the non-
zero power CSIRS give the CSIRS position. On the
other hand, in a case that re-MappingQCL-ConfigID-
r11 which is the higher layer parameter configures
the zero power CSIRS to the terminal device, this
parameter is used to determine the CSIRS position.
(m4) It is satisfied that the indices l in the first slot in
the subframe are lEPDCCHStart or more. In other
words, indices l are mapped onto REs on the OFDM
symbols subsequent to lEPDCCHStart in one subframe.
In this regard, l represents indices assigned to OFDM
symbols in the slot, and is assigned from zero in as-
cending order in the time direction from the head of
OFDM symbol in the slot. lEPDCCHStart will be de-
scribed below.

[0187] In the LAA cells, y(0), ..., y(Msymb-1) which is
the block of the complex value symbols is mapped in
order from y(0) onto REs (REs at positions determined
based on k and l) on associated antenna ports satisfying
all or part of following references (m5) and (m6) in addi-
tion to above (m1) to (m4). Details will be described be-
low.

49 50 



EP 3 334 231 A1

27

5

10

15

20

25

30

35

40

45

50

55

(m5) It is assumed not to be used for the discovery
signal (DS) by the terminal device.
(m6) It is assumed not to be used for discovery signal
(DS) candidates by the terminal device.

[0188] As for the mapping onto the REs (the REs at
the positions determined based on k and l) satisfying the
above references at the antenna port P, the index K is
mapped first and then the index l is mapped in ascending
order (a direction in which k and l increase). This mapping
starts from the first slot in the subframe and ends at the
second slot.
[0189] The antenna port P serves as a logical antenna
port. One antenna port may be associated with one phys-
ical antenna, and a signal for one antenna port may be
actually transmitted from multiple physical antennas. Al-
ternatively, signals for multiple antenna port may be ac-
tually transmitted from the same physical antenna. Using
the same antenna port achieves the same channel per-
formance. In this regard, antenna ports 0 to 3 are antenna
ports associated with (used for) CRS transmission. An-
tenna port 4 is an antenna port associated with (used for)
Multimedia Broadcast multicast service Single Frequen-
cy Network (MBSFN) reference signal transmission. An-
tenna ports 5 and 7 to 14 are antenna ports associated
with (used for) terminal device-specific reference signal
transmission associated with the PDSCH. Antenna ports
107 to 110 are antenna ports associated with (used for)
demodulation reference signal transmission associated
with the EPDCCH. Antenna port 6 is an antenna port
associated with (used for) positioning reference signal
transmission. Antenna ports 15 to 22 are antenna ports
associated with (used for) CSIRS transmission.
[0190] According to the localized transmission, the sin-
gle antenna port P to be used is given by n’ calculated
based on n’ = nECCE, low mod NRB

ECCE + NRNTI mod
min(NEPDCCH

ECCE, NRB
ECCE), and following (n1) to (n4).

In this regard, nECCE, low is a minimum ECCE index used
for this EPDCCH transmission of the EPDCCH set, and
nRNTI is equal to Cell-RNTI (C-RNTI) which is one of Ra-
dio Network Temporary Identifiers (RNTIs). Furthermore,
NEPDCCH

ECCE is the number of ECCEs used for this EP-
DCCH. Furthermore, min represents a maximum value
function (max function).

(n1) In a case of the normal CP, and a normal sub-
frame or a special subframe with special subframe
configuration 3, 4. or 8, n’ = 0 is associated with P =
107. In a case of the normal CP and a special sub-
frame with special subframe configuration 1, 2, 6, 7,
or 9, n’ = 0 is associated with P = 107. In a case of
the extended CP, for any subframe type, n’ = 0 is
associated with P = 107.
(n2) In a case of the normal CP, and the normal sub-
frame or a special subframe with special subframe
configuration 3, 4, or 8, n’ = 1 is associated with P =
108. In a case of the normal CP and a special sub-
frame with special subframe configuration 1, 2, 6, 7,

or 9, n’ = 1 is associated with P = 109. In a case of
the extended CP, for any subframe type, n’ = 1 is
associated with P = 108.
(n3) In a case of the normal CP, and the normal sub-
frame or a special subframe with special subframe
configuration 3, 4, or 8, n’ = 2 is associated with P =
110.
(n4) In a case of the normal CP, and the normal sub-
frame or a special subframe with special subframe
configuration 3, 4, or 8, n’ = 3 is associated with P =
110.

[0191] According to the distributed transmission, each
RE of one EREG is associated with one of the two an-
tenna ports in order from the antenna port 107 according
to a rule of alternate transmission. In this regard, in the
case of the normal CP, the two antenna ports are the
antenna port 107 and the antenna port 109. In the case
of the extended CP, the two antenna ports are the an-
tenna port 107 and the antenna port 108.
[0192] In each serving cell, the base station apparatus
can configure one or two EPDCCH-PRB sets (a set of
PRB pairs in which EPDCCHs can be arranged and
which is also referred to as an EPDCCH set) for EPDCCH
monitoring to each UE by the higher layer signaling. In
addition, multiple PRB pairs (the number of PRB pairs
associated with one EPDCCH-PRB set, and which PRB
pair this EPDCCH-PRB set is associated with) associat-
ed with one EPDCCH-PRB set are also indicated by the
higher layer signaling. Each EPDCCH-PRB set is con-
stituted of a set of ECCEs assigned 0 to NECCE, p, k-1. In
this regard, NECCE, p, k-1 represents the number of EC-
CEs in an EPDCCH-PRB set p in the subframe k (a p+1-
th EPDCCH-PRB set where p is 0 or 1). One of the lo-
calized EPDCCH transmission and the distributed EPD-
CCH transmission can be configured to each EPDCCH-
PRB set. In other words, in a case of the EPDCCH-PRB
set to which the localized EPDCCH transmission is con-
figured, one EPDCCH is relatively locally arranged in the
frequency direction. In a case of the EPDCCH-PRB set
to which the distributed EPDCCH transmission is config-
ured, one EPDCCH is arranged in the frequency direction
in a relatively distributed manner.
[0193] The EPDCCH set can be independently config-
ured for the first EPDCCH and the second EPDCCH. For
example, an EPDCCH set for the first EPDCCH, and an
EPDCCH set for the second EPDCCH can be configured
by using different parameters.
[0194] Furthermore, the EPDCCH set for the first EP-
DCCH and the EPDCCH set for the second EPDCCH
may not be simultaneously configured to the terminal in
a certain serving cell. For example, the EPDCCH set for
the first EPDCCH is configured to serving cells which use
the LTE in the related art. The EPDCCH set for the sec-
ond EPDCCH is configured to the LAA cells. Further-
more, in a case that, for example, in this serving cell, a
method (mode) whose one subframe is the time direction
unit is configured to the terminal similar to the LTE in the
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related art, the EPDCCH set for the first EPDCCH is con-
figured. In a case that a method (mode) whose one slot
is the time direction unit, the EPDCCH set for the second
EPDCCH is configured.
[0195] Furthermore, the EPDCCH set for the first EP-
DCCH and the EPDCCH set for the second EPDCCH
may be simultaneously configured to the terminal in a
certain serving cell. For example, the LAA cell monitors
the first EPDCCH in partial subframes based on the EP-
DCCH set for the first EPDCCH, and monitors the second
EPDCCH in full subframes based on the EPDCCH set
for the second EPDCCH.
[0196] An example where the EPDCCH set for the first
EPDCCH and the EPDCCH set for the second EPDCCH
are configured by using the different parameters relates
to the number of configurable PRB pairs associated with
one EPDCCH set. For example, the number of config-
urable PRB pairs associated with one EPDCCH set in
the EPDCCH set for the first EPDCCH is 2, 4, or 8. The
number of configurable PRB pairs associated with one
EPDCCH set in the EPDCCH set for the second EPD-
CCH is 4, 8 or 16 which is twice as the EPDCCH set for
the first EPDCCH. Furthermore, the number of PRB pairs
associated with one EPDCCH set may be defined to be
determined according to a start symbol or an end symbol
of the assumed second EPDCCH in the EPDCCH set for
the second EPDCCH. For example, as the number of
OFDM symbols used to transmit the second EPDCCH
becomes smaller, the number of PRB pairs associated
with one EPDCCH set is defined to become larger.
[0197] An example where the EPDCCH set for the first
EPDCCH and the EPDCCH set for the second EPDCCH
are configured by the different parameters relates to pa-
rameters associated with the partial subframes. For ex-
ample, the parameters include the start symbol and/or
the end symbol of the second EPDCCH or a parameter
indicating the start symbol and/or end symbol candi-
dates.
[0198] Furthermore, an example of the start symbol of
the second EPDCCH is independently or commonly con-
figured per EPDCCH set via the RRC signaling. For ex-
ample, one of OFDM symbols #0 to 6 of slot 0 and OFDM
symbols #0 to 6 of slot 1 is configured as the start symbol
of the second EPDCCH. Furthermore, a prescribed
number of OFDM symbols #0 to 6 of slot 0 and OFDM
symbols #0 to 6 of slot 1 are defined as candidates in
advance for the start symbol of the second EPDCCH,
and one of these candidates is configured. Furthermore,
for example, one of OFDM symbol #0 of slot 0 and OFDM
symbol #0 of slot 1 is configured as the start symbol of
the second EPDCCH. Furthermore, for example, the start
symbol of the second EPDCCH is determined based on
an OFDM symbol from which an initial signal is detected.
Specifically, the start symbol of the second EPDCCH is
the OFDM symbol from which the initial signal is detected
or an OFDM symbol which is a prescribed number of
symbols after the OFDM symbol from which the initial
signal is detected. Furthermore, the start symbol of the

second EPDCCH is an OFDM symbol for which multiple
candidates are defined or configured, and an immediate
OFDM symbol which is subsequent to the OFDM symbol
from which the initial signal is detected.
[0199] Furthermore, an example of the end symbol of
the second EPDCCH is independently or commonly con-
figured per EPDCCH set via the RRC signaling. For ex-
ample, one of OFDM symbols #0 to 6 of slot 0 and OFDM
symbols #0 to 6 of slot 1 is configured as the end symbol
of the second EPDCCH. Furthermore, a prescribed
number of OFDM symbols #0 to 6 of slot 0 and OFDM
symbols #0 to 6 of slot 1 are defined as candidates in
advance for the end symbol of the second EPDCCH, and
one of these candidates is configured. Furthermore, for
example, one of OFDM symbol #6 of slot 0 and OFDM
symbol #6 of slot 1 is configured as the end symbol of
the second EPDCCH. Furthermore, for example, the end
symbol of the second EPDCCH is determined based on
the start symbol of the second EPDCCH of the burst.
Furthermore, the end symbol of the second EPDCCH is
determined based on the start symbol of the second EP-
DCCHs of the burst and a maximum length of the burst.
Furthermore, for example, the end symbol of the second
EPDCCH is determined based on control information in-
cluded in the initial signal of the burst. Specifically, the
control information includes information indicating the
end symbol of the second EPDCCH. Furthermore, for
example, the end symbol of the second EPDCCH is de-
termined based on the control information included in a
prescribed channel and/or signal transmitted in the partial
subframe.
[0200] The terminal device monitors an EPDCCH can-
didate set in one or more valid serving cells to configure
control information due to the higher layer signaling. In
this regard, the monitoring (to monitor) implicitly means
to try to decode each EPDCCH of the EPDCCH candi-
date set according to a DCI format to be monitored. UE-
specific Search Space (USS) of the EPDCCH defines
the EPDCCH candidate set to be monitored. The USS
is a logical region configured specifically to terminal de-
vice, and a region used to transmit downlink control in-
formation. The monitoring is also referred to as blind de-
tection.
[0201] Furthermore, the start symbols of the second
EPDCCH and/or the end symbol of the second EPDCCH
may be blind-detected (monitored) by a terminal from the
multiple OFDM symbol candidates. For example, multi-
ple candidates are defined or configured to the start sym-
bol of the second EPDCCH and/or the end symbol of the
second EPDCCH, and the terminal monitors the second
EPDCCH assumed to be transmitted based on these
candidate OFDM symbols. In other words, each of the
second EPDCCH of the second EPDCCH candidate set,
the assumed start symbol and/or end symbol may be
independent (different) from each other.
[0202] Subframes whose EPDCCH USS are moni-
tored by the UE are configured to each serving cell by
the higher layer. More specifically, during an active time
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(a period which is not a non-activation timer activation
period during discontinuous reception, a period which is
not a non-reception period and a total time in which the
terminal device is activated), and in the subframe which
is not a subframe requested to perform uplink transmis-
sion for FDD half duplex terminal devices, and which is
not part of a measurement gap, the higher layer config-
ures the EPDCCH monitoring. In this regard, discontin-
uous reception is an operation during which the terminal
devices do not need to be in active (activated state) (may
be deactivated) except in part of a period for battery con-
sumption optimization of the terminal devices. The Fre-
quency Division Duplex (FDD) half duplex terminal de-
vices are terminal devices which do not have a function
of performing uplink transmission and downlink reception
simultaneously (in the same subframe) in an FDD band.
Furthermore, the measurement gap is a period for stop-
ping transmission and/or reception in the serving cells to
measure mobility (handover) (measure reception power
of cells other than the serving cells). A measurement gap
pattern is configured by the RRC.
[0203] The terminal device does not monitor the EPD-
CCH in the following cases (e1) to (e4).

(e1) A special subframe with special subframe con-
figuration 0 and 5 (a special subframe in which the
number of OFDM symbols in the DwPTS is smaller
than six) in a case of TDD and the normal downlink
CP.
(e2) A special subframe with special subframe con-
figuration 0, 4 and 7 (a special subframe in which
the number of OFDM symbols in the DwPTS is small-
er than six) in a case of TDD and an extended down-
link CP.
(e3) A subframe for which decoding of a Physical
Multicast CHannel (PMCH) has been instructed by
a higher layer.
(e4) A downlink subframe of the secondary cell, in
which TDD and different UL/DL configurations in the
primary cell and the secondary cell(s) are configured,
the same subframe in the primary cell being a special
subframe, and the terminal device not having capa-
bility for performing simultaneous transmission
and/or reception in the primary cell and the second-
ary cell(s).

[0204] In this regard, the special subframe is a sub-
frame including three regions in order of a region
(DwPTS) for performing downlink transmission in one
subframe, a guard period (GP) and a region (UpPTS) for
performing uplink transmission. Durations of the DwPTS,
the GP and the UpPTS are uniquely determined based
on the special subframe configuration and the CP length.
The PMCH is a channel for providing Multimedia Broad-
cast/Multicast Service (MBMS) service, and can be ar-
ranged only in MBSFN subframes.
[0205] Note that any one of the following 10 configu-
rations is configured as the special subframe configura-

tion.
[0206] In special subframe configuration 0, the DwPTS
corresponds to 6592 samples in a normal downlink CP,
and the UpPTS corresponds to 2192 samples in a normal
uplink CP while corresponding to 2560 samples in an
extended uplink CP. In contrast, the DwPTS corresponds
to 7680 samples in an extended downlink CP, and the
UpPTS corresponds to 2192 samples in a normal uplink
CP while corresponding to 2560 samples in an extended
uplink CP. The DwPTS is constituted of three OFDM sym-
bols, and the UpPTS is constituted of one SC-FDMA sym-
bol.
[0207] In special subframe configuration 1, the DwPTS
corresponds to 19760 samples in a normal downlink CP,
and the UpPTS corresponds to 2192 samples in a normal
uplink CP while corresponding to 2560 samples in an
extended uplink CP. In contrast, the DwPTS corresponds
to 20480 samples in an extended downlink CP, and the
UpPTS corresponds to 2192 samples in a normal uplink
CP while corresponding to 2560 samples in an extended
uplink CP. The DwPTS is constituted of nine OFDM sym-
bols in a case of a normal downlink CP while being con-
stituted of eight OFDM symbols in a case of an extended
downlink CP, and the UpPTS is constituted of one SC-
FDMA symbol.
[0208] In special subframe configuration 2, the DwPTS
corresponds to 21952 samples in a normal downlink CP,
and the UpPTS corresponds to 2192 samples in a normal
uplink CP while corresponding to 2560 samples in an
extended uplink CP. In contrast, the DwPTS corresponds
to 23040 samples in an extended downlink CP, and the
UpPTS corresponds to 2192 samples in a normal uplink
CP while corresponding to 2560 samples in an extended
uplink CP. The DwPTS is constituted of 10 OFDM sym-
bols in a case of a normal downlink CP while being con-
stituted of nine OFDM symbols in a case of an extended
downlink CP, and the UpPTS is constituted of one SC-
FDMA symbol.
[0209] In special subframe configuration 3, the DwPTS
corresponds to 24144 samples in a normal downlink CP,
and the UpPTS corresponds to 2192 samples in a normal
uplink CP while corresponding to 2560 samples in an
extended uplink CP. In contrast, the DwPTS corresponds
to 25600 samples in an extended downlink CP, and the
UpPTS corresponds to 2192 samples in a normal uplink
CP while corresponding to 2560 samples in an extended
uplink CP. The DwPTS is constituted of 11 OFDM sym-
bols in a case of a normal downlink CP while being con-
stituted of 10 OFDM symbols in a case of an extended
downlink CP, and the UpPTS is constituted of one SC-
FDMA symbol.
[0210] In special subframe configuration 4, the DwPTS
corresponds to 26336 samples in a normal downlink CP,
and the UpPTS corresponds to 2192 samples in a normal
uplink CP while corresponding to 2560 samples in an
extended uplink CP. In contrast, the DwPTS corresponds
to 7680 samples in an extended downlink CP, and the
UpPTS corresponds to 4384 samples in a normal uplink
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CP while corresponding to 5120 samples in an extended
uplink CP. The DwPTS is constituted of 12 OFDM sym-
bols in a case of a normal downlink CP while being con-
stituted of three OFDM symbols in a case of an extended
downlink CP, and the UpPTS is constituted of one SC-
FDMA symbol in a case of a normal downlink CP while
being constituted of two SC-FDMA symbols in a case of
an extended downlink CP.
[0211] In special subframe configuration 5, the DwPTS
corresponds to 6592 samples in a normal downlink CP,
and the UpPTS corresponds to 4384 samples in a normal
uplink CP while corresponding to 5120 samples in an
extended uplink CP. In contrast, the DwPTS corresponds
to 20480 samples in an extended downlink CP, and the
UpPTS corresponds to 4384 samples in a normal uplink
CP while corresponding to 5120 samples in an extended
uplink CP. The DwPTS is constituted of three OFDM sym-
bols in a case of a normal downlink CP while being con-
stituted of eight OFDM symbols in a case of an extended
downlink CP, and the UpPTS is constituted of two SC-
FDMA symbols.
[0212] In special subframe configuration 6, the DwPTS
corresponds to 19760 samples in a normal downlink CP,
and the UpPTS corresponds to 4384 samples in a normal
uplink CP while corresponding to 5120 samples in an
extended uplink CP. In contrast, the DwPTS corresponds
to 23040 samples in an extended downlink CP, and the
UpPTS corresponds to 4384 samples in a normal uplink
CP while corresponding to 5120 samples in an extended
uplink CP. The DwPTS is constituted of nine OFDM sym-
bols, and the UpPTS is constituted of two SC-FDMA sym-
bols.
[0213] In special subframe configuration 7, the DwPTS
corresponds to 21952 samples in a normal downlink CP,
and the UpPTS corresponds to 4384 samples in a normal
uplink CP while corresponding to 5120 samples in an
extended uplink CP. In contrast, the DwPTS corresponds
to 12800 samples in an extended downlink CP, and the
UpPTS corresponds to 4384 samples in a normal uplink
CP while corresponding to 5120 samples in an extended
uplink CP. The DwPTS is constituted of 10 OFDM sym-
bols in a case of a normal downlink CP while being con-
stituted of five OFDM symbols in a case of an extended
downlink CP, and the UpPTS is constituted of two SC-
FDMA symbols.
[0214] In special subframe configuration 8, the DwPTS
corresponds to 24144 samples in a normal downlink CP,
and the UpPTS corresponds to 4384 samples in a normal
uplink CP while corresponding to 5120 samples in an
extended uplink CP. The DwPTS is constituted of 11
OFDM symbols in a case of a normal downlink CP, and
the UpPTS is constituted of two SC-FDMA symbols.
[0215] In special subframe configuration 9, the DwPTS
corresponds to 13168 samples in a normal downlink CP,
and the UpPTS corresponds to 4384 samples in a normal
uplink CP while corresponding to 5120 samples in an
extended uplink CP. The DwPTS is constituted of six
OFDM symbols in a case of a normal downlink CP, and

the UpPTS is constituted of two SC-FDMA symbols.
[0216] Here, in a case that the UpPTS is constituted
of one SC-FDMA symbol, the terminal device can trans-
mit a Sounding Reference Signal (SRS), which is a ref-
erence signal for uplink sounding, by using the one SC-
FRMA symbol in response to a request from the base
station device. In a case that the UpPTS is constituted
of two SC-FDMA symbols, the terminal device can trans-
mit an SRS by using at least one of the two SC-FRMA
symbols in response to a request from the base station
device.
[0217] Here, in a normal CP, a normal downlink sub-
frame is constituted of 14 OFDM symbols, and a normal
uplink subframe is constituted of 14 SC-FDMA symbols.
In addition, in an extended CP, a normal downlink sub-
frame is constituted of 12 OFDM symbols, and a normal
uplink subframe is constituted of 12 SC-FDMA symbols.
[0218] Note that any one of the following seven con-
figurations is configured as the UL/DL configuration.
[0219] In UL/DL configuration 0, subframe 0 to sub-
frame 9 in one radio frame (10 subframes) are a downlink
subframe, a special subframe, an uplink subframe, an
uplink subframe, an uplink subframe, a downlink sub-
frame, a special subframe, an uplink subframe, an uplink
subframe, and an uplink subframe in this order. The cycle
of a transition point from downlink to uplink corresponds
to five subframes (five milliseconds).
[0220] In UL/DL configuration 1, subframe 0 to sub-
frame 9 in one radio frame are a downlink subframe, a
special subframe, an uplink subframe, an uplink sub-
frame, a downlink subframe, a downlink subframe, a spe-
cial subframe, an uplink subframe, an uplink subframe,
and a downlink subframe in this order. The cycle of a
transition point from downlink to uplink corresponds to
five subframes.
[0221] In UL/DL configuration 2, subframe 0 to sub-
frame 9 in one radio frame are a downlink subframe, a
special subframe, an uplink subframe, a downlink sub-
frame, a downlink subframe, a downlink subframe, a spe-
cial subframe, an uplink subframe, a downlink subframe,
and a downlink subframe in this order. The cycle of a
transition point from downlink to uplink corresponds to
five subframes.
[0222] In UL/DL configuration 3, subframe 0 to sub-
frame 9 in one radio frame are a downlink subframe, a
special subframe, an uplink subframe, an uplink sub-
frame, an uplink subframe, a downlink subframe, a down-
link subframe, a downlink subframe, a downlink sub-
frame, and a downlink subframe in this order. The cycle
of a transition point from downlink to uplink corresponds
to 10 subframes (10 milliseconds).
[0223] In UL/DL configuration 4, subframe 0 to sub-
frame 9 in one radio frame are a downlink subframe, a
special subframe, an uplink subframe, an uplink sub-
frame, a downlink subframe, a downlink subframe, a
downlink subframe, a downlink subframe, a downlink
subframe, and a downlink subframe in this order. The
cycle of a transition point from downlink to uplink corre-
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sponds to 10 subframes.
[0224] In UL/DL configuration 5, subframe 0 to sub-
frame 9 in one radio frame are a downlink subframe, a
special subframe, an uplink subframe, a downlink sub-
frame, a downlink subframe, a downlink subframe, a
downlink subframe, a downlink subframe, a downlink
subframe, and a downlink subframe in this order. The
cycle of a transition point from downlink to uplink corre-
sponds to 10 subframes.
[0225] In UL/DL configuration 6, subframe 0 to sub-
frame 9 in one radio frame are a downlink subframe, a
special subframe, an uplink subframe, an uplink sub-
frame, an uplink subframe, a downlink subframe, a spe-
cial subframe, an uplink subframe, an uplink subframe,
and a downlink subframe in this order. The cycle of a
transition point from downlink to uplink corresponds to
five subframes.
[0226] In this regard, in a case that the UL/DL config-
uration of at least one serving cell is UL/DL configuration
5, more than two serving cells are not configured.
[0227] ES(L)

k which is the USS of the EPDCCH at an
aggregation level L is defined by the EPDCCH candidate
set. Here, L represents one of 1, 2, 4, 8, 16 and 32. An
ECCE associated with an EPDCCH candidate m of a
search space ES(L)

k for one EPDCCH-PRB set p is given
by L((Yp,k + floor(mNECCE,p,k/(LM(L)

p)) + b) mod
(floor(NECCE,p,k/L))) + i. Here, i = 0, ... and L-1. Further-
more, in a case that Carrier Indicator Field (CIF) is con-
figured to serving cell in which EPDCCHs are monitored,
b represents a CIF value, and b = 0 in other cases. Fur-
thermore, m = 0, 1, ..., and M(L)

p-1. In a case that the CIF
is not configured to the serving cell in which EPDCCHs
are monitored, M(L)

p represents the number of EPDCCHs
to be monitored at the aggregation level L in the EPD-
CCH-PRB set p in the serving cell in which EPDCCHs
are monitored. In the other cases, M(L)

p represents the
number of EPDCCHs to be monitored at the aggregation
level L in the EPDCCH-PRB set p in the serving cell in-
dicated by the CIF value. In this regard, the CIF is a field
in the DCI format. The CIF value is used to determine
which one of PDSCH transmission, PUSCH transmission
and random access procedure of the serving cell the DCI
format supports, and takes the same value as a serving
cell index associated with one of the primary cell or the
secondary cell(s).
[0228] In a case that an ECCE associated with a certain
EPDCCH candidate is mapped onto a PRB pair which
overlaps transmission of one of the PBCH, a primary syn-
chronization signal and a secondary synchronization sig-
nal in the frequency domain in the same subframe, the
terminal device does not monitor this EPDCCH candi-
date.
[0229] In a case that the same value nEPDCCH

ID, i is
configured to the two EPDCCH-PRB sets in the terminal
device, the terminal receives the EPDCCH candidate of
the DCI payload size which is associated with the one
EPDCCH-PRB set and which is mapped onto a certain
RE set, and the terminal device is configured to monitor

the EPDCCH candidates of the same DCI payload size
which are associated with the other EPDCCH-PRB set
and are mapped onto the same RE set, and in a case
that the first ECCE number of the received EPDCCH is
used to determined PUCCH resources for HARQ-ACK
transmission, the first ECCE number is determined
based on the EPDCCH PRB set of p = 0. In this regard,
nEPDCCH

ID, i is a parameter used to initialize pseudo-ran-
dom sequence generation of a Demodulation Reference
Signal (DMRS) associated with the EPDCCHs, and is
configured by the higher layer. Note that i takes a value
of 0 or 1, and indicates which EPDCCH set the EPDCCHs
associated with the DMRSs belong to. That is, i is sub-
stantially a synonym of p.
[0230] Yp, k is defined by Yp, k = (ApYp, k-1) mod D. In
this regard, Yp, -1 is a value of the RNTI which is an iden-
tifier configured to the terminal device in the physical lay-
er. A0 is 39827. A1 is 39829. D is 65537. k = floor (ns/2).
In other words, each subframe is constituted of two slots.
Therefore, k indicates a subframe number in a radio
frame.
[0231] Furthermore, it is possible to define an associ-
ation between the number of PRBs included in the EP-
DCCH-PRB set, the aggregation level and the number
of EPDCCH candidates to be monitored. The aggrega-
tion level which defines the search space and the number
of EPDCCH candidates to be monitored is given as fol-
lows. In this regard NXp

RB represents the number of PRB
pairs which constitutes the EPDCCH-PRB set p.
[0232] In this regard, the aggregation level which de-
fines the search space and the number of EPDCCH can-
didates to be monitored can be independently defined
(1) in a case that only one EPDCCH-PRB for the distrib-
uted transmission is configured to the terminal device,
(2) in a case that only one EPDCCH-PRB for the localized
transmission is configured to the terminal device, (3) in
a case that two EPDCCH-PRBs for the distributed trans-
mission are configured to the terminal device, (4) in a
case that two EPDCCH-PRBs for the localized transmis-
sion are configured to the terminal device, and (5) in a
case that one EPDCCH-PRB for the distributed trans-
mission and one EPDCCH-PRB for the localized trans-
mission are configured to the terminal device.
[0233] Note that in the present embodiment, p1 repre-
sents a symbol for identifying a localized EPDCCH-PRB
set. p1 represents a symbol for identifying a localized
EPDCCH-PRB set. p2 represents a symbol for identifying
a distributed EPDCCH-PRB set. In other words, NXp1

RB
represents the number of PRB pairs which constitute the
localized EPDCCH-PRB set. NXP2

RB represents the
number of PRB pairs which constitute the distributed EP-
DCCH PRB set. Furthermore, M(L)

p1 represents the
number of EPDCCHs to be monitored at the aggregation
level L in the localized EPDCCH PRB set. M(L)

p2 repre-
sents the number of EPDCCHs to be monitored at the
aggregation level L in the distributed EPDCCH-PRB set.
[0234] Case 1 is applied in a case of following (c1) to
(c4), case 2 is applied in a case of following (c5) to (c7)
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and case 3 is applied in a case of (c8) to the association
between the number of PRBs included in the EPDCCH-
PRB sets, the aggregation level and the number of EP-
DCCH candidates to be monitored.

(c1) In a case of a normal subframe and a normal
downlink CP, one of DCI formats 2, 2A, 2B, 2C and
2D is monitored, and MDL

RB is 25 or more. In other
words, the number of REs which can be used for
EPDCCH transmission in one PRB pair is relatively
large, and the payload size of the DCI format is very
large.
(c2) In a case of a special subframe with special sub-
frame configuration 3, 4, or 8, and the normal down-
link CP (i.e., a special subframe constituted of OFDM
symbols including 11 or more DwPTSs), one of DCI
formats 2, 2A, 2B, 2C and 2D is monitored, and
MDL

RB is 25 or more. In other words, the number of
REs which can be used for EPDCCH transmission
in one PRB pair is relatively large, and the payload
size of the DCI format is very large.
(c3) In a case of a normal subframe and a normal
downlink CP, one of DCI formats 1A, 1B, 1D, 1, 2,
2A, 2B, 2C, 2D, 0 and 4 is monitored, and nEPDCCH
is smaller than 104. In other words, the number of
REs which can be used for EPDCCH transmission
in one PRB pair is relatively very small.
(c4) In a case of the special subframe with special
subframe configuration 3, 4, or 8, and the normal
downlink CP (i.e., a special subframe constituted of
OFDM symbols including 11 or more DwPTSs), one
of DCI formats 1A, 1B, 1D, 1, 2, 2A, 2B, 2C, 2D, 0
and 4 is monitored, and nEPDCCH is smaller than 104.
In other words, the number of REs which can be
used for EPDCCH transmission in one PRB pair is
relatively very small.
(c5) In a case of a normal subframe and an extended
downlink CP, one of DCI formats 1A, 1B, 1D, 1, 2,
2A, 2B, 2C, 2D, 0 and 4 is monitored. In other words,
the number of REs which can be used for EPDCCH
transmission in one PRB pair is relatively small.
(c6) In a case of the special subframe with special
subframe configuration 1, 2, 6. 7, or 9, and the normal
downlink CP (i.e., a special subframe constituted of
OFDM symbols including 6 or more and 10 or less
DwPTSs), and one of DCI formats 1A, 1B, 1D, 1, 2,
2A, 2B, 2C, 2D, 0 and 4 is monitored. In other words,
the number of REs which can be used for EPDCCH
transmission in one PRB pair is relatively small.
(c7) In a case of the special subframe with special
subframe configuration 1, 2, 3. 5, or 6, and an ex-
tended downlink CP (i.e., a special subframe consti-
tuted of OFDM symbols including six or more and
10 or less DwPTSs), one of DCI formats 1A, 1B, 1D,
1, 2, 2A, 2B, 2C, 2D, 0 and 4 is monitored. In other
words, the number of REs which can be used for
EPDCCH transmission in one PRB pair is relatively
small.

(c8) None of above (c1) to (c7) applies. In other
words, the number of REs which can be used for
EPDCCH transmission in one PRB pair is relatively
large, and the payload size of the DCI format is not
so large.

[0235] In this regard, in a case that the CIFs are not
configured to the terminal device in the serving cells in
which EPDCCHs are monitored, MDL

RB is NDL
RB of the

serving cells in which EPDCCHs are monitored. In a case
that the CIFs are configured to the terminal device in the
serving cells in which EPDCCHs are monitored, MDL

RB
is NDL

RB of the serving cells indicated by the CIF values.
NDL

RB represents a downlink bandwidth configuration,
and is expressed in a multiple unit of resource block sizes
in the frequency direction. In other words, NDL

RB repre-
sents the total number of resource blocks in the frequency
direction in downlink component carriers in the serving
cells. Furthermore, DCI formats 1A, 1B, 2D and 1 are
DCI formats used for a transmission mode which can
transmit one transport block by using one PDSCH, and
are used for PDSCH transmission methods such as
transmission diversity, closed loop spatial multiplexing
which uses a single port, a multi-user Multiple Input Mul-
tiple Output (MIMO) and single antenna port transmis-
sion. Furthermore, DCI formats 2, 2A, 2B, 2C and 2D are
DCI formats used for a transmission mode which can
transmit up to two transport blocks by using one PDSCH,
and are used for PDSCH transmission methods such as
closed loop spatial multiplexing, large delay Cyclic Delay
Diversity (CDD), two-layer transmission, eight-layer or
less transmission, eight-layer or less transmission. Fur-
thermore, DCI formats 2, and 2A are also used for the
PDSCH transmission method such as the transmission
diversity. And DCI formats 2B, 2C and 2D are also used
for the PDSCH transmission method such as the single
antenna port. Furthermore, DCI formats 0 and 4 are DCI
formats used for a transmission mode which can transmit
one and up to two transport blocks by using one PUSCH,
and are used for the PDSCH transmission methods such
as single antenna port transmission and closed loop spa-
tial multiplexing.
[0236] Furthermore, the transmission mode is a mode
semi-statically configured to the terminal device to re-
ceive PDSCH data transmission signaled via the PDCCH
or the EPDCCH via the higher layer signaling. One of
following transmission mode 1 to transmission mode 10
is configured to the transmission mode.
[0237] Transmission mode 1 uses the single antenna
port transmission (transmission using antenna port 0) as
the PDSCH transmission method, and uses DCI format
1 or 1A.
[0238] Transmission mode 2 uses the transmission di-
versity as the PDSCH transmission method, and uses
DCI format 1 or 1A.
[0239] Transmission mode 3 uses the large delay CDD
or the transmission diversity as the PDSCH transmission
method, and uses DCI format 1 or 2A.
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[0240] Transmission mode 4 uses the closed loop spa-
tial multiplexing or the transmission diversity as the PD-
SCH transmission method, and uses DCI format 1 or 2.
[0241] Transmission mode 5 uses the multi-user MI-
MO or the transmission diversity as the PDSCH trans-
mission method, and uses DCI format 1 or 1D.
[0242] Transmission mode 6 uses the closed loop spa-
tial multiplexing which uses a single port or the transmis-
sion diversity as the PDSCH transmission method, and
uses DCI format 1 or 1B.
[0243] Transmission mode 7 uses the single antenna
port transmission (transmission using antenna port 5),
the transmission diversity or the single antenna port
transmission (transmission using antenna port 0) as the
PDSCH transmission method, and uses DCI format 1 or
1.
[0244] Transmission mode 8 uses the two-layer trans-
mission (the transmission using antenna port 7 and an-
tenna port 8), the transmission diversity or the single an-
tenna port transmission (transmission using antenna port
0) as the PDSCH transmission method, and uses DCI
format 1 or 2B.
[0245] Transmission mode 9 uses one of the eight-lay-
er or less transmission (transmission using antenna port
7 to antenna port 14), the transmission diversity and the
single antenna port transmission (transmission using an-
tenna port 0) (in this regard, the single antenna port trans-
mission using antenna port 7 in a case of MBSFN sub-
frames) as the PDSCH transmission method, and uses
DCI format 1 or 2C.
[0246] Transmission mode 10 uses one of the eight-
layer or less transmission (transmission using antenna
port 7 to antenna port 14), the transmission diversity and
the single antenna port transmission (transmission using
antenna port 0) (in this regard, the single antenna port
transmission using antenna port 7 in a case of MBSFN
subframes) as the PDSCH transmission method, and us-
es DCI format 1 or 2C.
[0247] Note that the other transmission modes (e.g.,
transmission mode 11 defined in the same way as the
transmission modes 9 and 10) may be used. For exam-
ple, transmission mode 11 uses a DCI format used in the
LAA cell. Transmission mode 11 uses a processing meth-
od, a coding method, a transmission method and/or a
reception method of the LAA cell described in the present
embodiment.
[0248] In a case that the CIF is not configured to the
terminal device, the terminal device monitors the USS of
one EPDCCH at each aggregation level given by corre-
spondence tables in FIGS. X1 to X10 in each activated
serving cell configured to monitor the EPDCCH. In a case
that the terminal device is configured to monitor the EP-
DCCH and the CIF is configured to the terminal device,
as is configured by the higher layer signaling, the terminal
device monitors the USSs of one or more EPDCCHs at
each aggregation level given by the correspondence ta-
bles in FIGS. 1X to X10 in the one or more activated
serving cells. The terminal device to which the CIF as-

sociated with monitoring of the EPDCCH in a serving cell
c is configured, monitors the EPDCCH to which CIF is
configured and the CRC scrambled by the C-RNTI is add-
ed, in the USS of the EPDCCH of the serving cell c. The
terminal device to which the CIF associated with moni-
toring of the EPDCCH in a primary cell is configured,
monitors the EPDCCH to which CIF is configured and
the CRC scrambled with the Semi Persistent Scheduling-
RNTI (SPS-RNTI) is added, in the USS of the EPDCCH
of the primary cell. In this regard, the C-RNTI is RNTI
used for EPDCCH transmission associated with dynamic
PDSCH transmission or PUSCH transmission. The SPS-
RNTI is RNTI used for EPDCCH transmission associated
with semi-static PDSCH transmission or PUSCH trans-
mission.
[0249] In a case that the CIF is not configured to the
terminal device in the serving cell in which the EPDCCH
is monitored, the terminal device monitors the USS of
the EPDCCH for the EPDCCH which do not include the
CIF. In a case that the CIF is configured to the terminal
device, the terminal device monitors the USS of the EP-
DCCH for the EPDCCH including the CIF. In other words,
whether to decode the EPDCCH assuming that the EP-
DCCH include the CIF or decode the EPDCCH assuming
that the EPDCCH do not include the CIF is determined
according to whether the CIF are configured. In a case
that the terminal device is configured to monitor the EP-
DCCH including the CIF associated with the secondary
cell(s) in the other serving cells, the terminal device does
not monitor the EPDCCH in the secondary cell(s). In the
serving cell in which the EPDCCH is monitored, the ter-
minal device monitors the EPDCCH candidate for at least
the same serving cell.
[0250] The terminal device configured to monitor the
EPDCCH candidates which have a certain DCI format
size including the CIF and to which CRC scrambled by
the C-RNTI are added on a certain serving cell assumes
that the EPDCCH candidates of the DCI format size may
be transmitted on the serving cell in the USSs of all EP-
DCCHs associated with all values which the CIF can take
in the DCI format size.
[0251] In a case that a transmission occasion of a po-
sitioning reference signal is configured only in MBSFN
subframes for the serving cells in which the EPDCCH is
monitored, and a CP length used by subframe 0 is a
normal CP, the terminal device is not requested to mon-
itor the EPDCCH in the subframe configured by the high-
er layer as part of the transmission occasion of the posi-
tioning reference signal.
[0252] While monitoring the EPDCCH candidates as-
sociated with one of antenna port 107 and 108, the ter-
minal device assumes that a value of same cinit is used
for antenna ports 107 and 108. While monitoring the EP-
DCCH candidates associated with one of antenna ports
109 and 110, the terminal device assumes that the value
of same cinit is used for antenna ports 109 and 110.
[0253] In a case that the terminal device is configured
to receive PDSCH data transmission associated with
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transmission modes 1 to 9 by the higher layer signaling
in a certain serving cell, the terminal device follows (s1)
and (s2) below.

(s1) In a case that epdcch-StartSymbol-r11 which is
a higher layer parameter is configured to the terminal
device, a start OFDM symbol which is given by
lEPDCCHStart which is an index in the first slot in one
subframe and is used for the EPDCCHs (a first
OFDM symbol onto which EPDCCH in one subframe
is mapped and is also referred to as an EPDCCH
start position) is determined based on this higher
layer parameter. In this regard, epdcch-
StartSymbol-r11 which is the higher layer parameter
is a parameter which can be individually configured
per EPDCCH set, and is a parameter for indicating
the start OFDM symbol of the EPDCCH (information
indicating the start OFDM symbol). epdcch-
StartSymbol-r11 which is the higher layer parameter
is configured by using an RRC message.
(s2) In the other cases, the start OFDM symbol which
is given by lEPDCCHStart which is the index in the first
slot in one subframe and is used for the EPDCCH is
given by a Control Format Indicator (CFI) value in
the subframe of the serving cell in a case that NDL

RB
is larger than 10, and is given by adding 1 to the CFI
value in this subframe of the serving cell in a case
that NDL

RB is 10 or less. In this regard, the CFI rep-
resents the parameter which takes one of 1, 2 and
3 as a value, and is control information transmitted
and/or received via the Physical CFI CHannel (PC-
FICH). The CFI is information of the number of
OFDM symbols used to transmit the PDCCHs in one
subframe.

[0254] In a case that the terminal device is configured
to receive PDSCH data transmission associated with
transmission mode 10 via the higher layer signaling in a
certain serving cell, the start OFDM symbol for EPDCCH
monitoring in the subframe k for each EPDCCH^PRB set
follows pdsch-Start-r11 which is a higher layer parameter
as in following (s3) to (s6). In this regard, pdsch-Start-
r11 which is the higher layer parameter is a parameter
which can be individually configured for four types of pa-
rameter set for the PDSCHs, and is a parameter for in-
dicating the start OFDM symbol of the PDSCHs (infor-
mation indicating the start OFDM symbol). pdsch-Start-
r11 which is the higher layer parameter is configured by
using the RRC message.

(s3) In a case that the value of pdsch-Start-r11 be-
longs to a set of one, two, three or four (the value is
one of 1, 2, 3 and 4), l’EPDCCHStart is given by pdsch-
Start-r11.
(s4) In the other cases (a case that the value of pd-
sch-Start-r11 does not belong to the set of 1, 2, 3
and 4), l’EPDCCHStart is given by the CFI value in the
subframe k of the serving cell in a case that NDL

RB

is larger than 10, and l’EPDCCHStart is given by adding
1 to the CFI value in the subframe k of this serving
cell in a case that NDL

RB is 10 or less.
(s5) In a case that the subframe k is a subframe
indicated by mbsfn-SubframeConfigList-r11 which is
the higher layer parameter or the subframe k is the
subframe 1 or 6 in a TDD subframe configuration,
lEPDCCHStart is given by lEPDCCHStart = min(2,
l’EPDCCHStart).
(s6) In the other cases (a case that the subframe k
is not a subframe indicated by mbsfn-
SubframeConfigList-r11 which is the higher layer
parameter or the subframe k is not the subframe 1
or 6 in the TDD subframe configuration), lEPDCCHStart
is given by lEPDCCHStart = l’EPDCCHStart.

[0255] In a case that the terminal device is configured
to receive PDSCH data transmission associated with
transmission modes 1 to 9 by the higher layer signaling
in a certain serving cell, and is configured to monitor the
EPDCCH, the terminal assumes that antenna ports 0 to
3 and 107 to 110 in serving cell are pseudo-collocated
relative to Doppler shift, Doppler spread, average delay
and delay spread (receives the data transmission assum-
ing the transmission from the same transmission point
or assuming that the data is not transmitted from different
transmission points).
[0256] In a case that the terminal device is configured
to receive PDSCH data transmission associated with
transmission mode 10 via the higher layer signaling in a
certain serving cell, and is configured to monitor the EP-
DCCH, following (q1) and (q1) are applied to each EP-
DCCH-PRB set.

(q1) In a case that the terminal device is configured
to decode the PDSCH based on pseudo collocation
type A by the higher layer, the terminal device as-
sumes that antenna ports 0 to 3 and 107 to 110 in
the serving cell are pseudo-collocated relative to
Doppler shift, Doppler spread, average delay and
delay spread.
(q2) In a case that the terminal device is configured
to decode the PDSCH based on pseudo collocation
type B by the higher layer, the terminal device as-
sumes that antenna ports 15 to 22 associated with
qcl-CSI-RS-ConfigNZPId-r11 which is the higher
layer parameter, and antenna ports 107 to 110 are
pseudo-collocated relative to Doppler shift, Doppler
spread, average delay and delay spread. In this re-
gard, qcl-CSI-RS-ConfigNZPId-r11, which is a high-
er layer parameter, is a parameter to be individually
configured to four types of parameter sets for PD-
SCH, and is a parameter for indicating the PDSCH
pseudo collocation (information indicating which
CSIRS a terminal-specific reference signal associ-
ated with the PDSCH is pseudo-collocated with). qcl-
CSI-RS-ConfigNZPId-r11 which is the higher layer
parameter is configured by using the RRC message.
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In this regard, pseudo collocation type A and pseudo
collocation type B are parameters one of which is
configured to the terminal device to which transmis-
sion mode 10 is configured per serving cell. Type A
indicates that antenna ports 7 to 14 are pseudo-col-
located with CRS antenna ports 0 to 3 of the serving
cell. Type B indicates that antenna ports 7 to 14 are
pseudo-collocated with one of CSIRS antenna ports
15 to 22. In other words, in the case that type B is
configured, the CSIRS is not necessarily transmitted
from the base station device associated with this
serving cell, and may be transmitted from another
base station device. In this case, the EPDCCH and
the PDSCH pseudo-collocated with the CSIRS are
generally transmitted from the same transmission
point (e.g., a protruding antenna device or another
base station device at a remote place connected to
the base station device via a backhaul) as the
CSIRS.

[0257] In a case that the terminal device is configured
to receive PDSCH data transmission associated with
transmission mode 10 via the higher layer signaling in a
certain serving cell, and is configured to monitor the EP-
DCCH, the terminal device uses the parameter indicated
by MappingQCL-ConfigId-r11 which is the higher layer
parameter to determine EPDCCH mapping onto REs and
antenna port pseudo collocation for each EPDCCH-PRB
set. A parameter set includes following parameters (Q1)
and (Q6) for determining the EPDCCH mapping onto the
REs and the antenna port pseudo collocation.

(Q1) crs-PortsCount-r11. crs-PortsCount-r11 is a
parameter indicating the number of CRS ports used
to map the PDSCH or the EPDCCH onto the REs.
(Q2) crs-FreqShift-r11. crs-FreqShift-r11 is a param-
eter indicating a frequency shift of the CRS used to
map the PDSCH or the EPDCCH onto the REs.
(Q3) mbsdn-SubframeConfigList-r11. mbsdn-Sub-
frameConfigList-r11 is a parameter indicating a po-
sition of the MBSFN subframe used to map the PD-
SCH and the EPDCCH onto the REs. In subframes
configured as the MBSFN subframes by this param-
eter, it is assumed that there are the CRS only in the
OFDM symbols in which the PDCCH can be ar-
ranged (there are no CRS in the OFDM symbols in
which the PDCCH is not arranged), and the PDSCH
and the EPDCCH are mapped.
(Q4) csi-RS-ConfigZPId-r11. csi-RS-ConfigZPId-
r11 is a parameter indicating a position of the zero
power CSIRS used to map the PDSCH and the EP-
DCCH onto the REs.
(Q5) pdsch-Start-r11. pdsch-Start-r11 is a parame-
ter indicating a start OFDM symbol used to map the
PDSCH and the EPDCCH onto the REs.
(Q6) qcl-CSI-RS-ConfigNZPId-r11. qcl-CSI-RS-
ConfigNZPId-r11 is a parameter indicating which
CSIRS a reference signal for demodulating the PD-

SCH and the EPDCCH is collocated with. This pa-
rameter can indicate one of IDs of one or more con-
figured CRIRSs. The reference signal for demodu-
lating the PDSCH and the EPDCCH is pseudo-col-
located with the CSIRS whose ID is indicated.

[0258] Next, the PDSCH scheduled by the second EP-
DCCH will be described. An example of the PDSCH
scheduled by the second EPDCCH is only PDSCH
mapped onto subframes in which the second EPDCCH
is detected (mapped).
[0259] Another example of the PDSCH scheduled by
the second EPDCCH includes PDSCH mapped onto one
of subframes in a burst including subframes from which
the second EPDCCH are detected (mapped). Informa-
tion (configuration) on the subframes onto which the PD-
SCH is mapped may be configured by the RRC or may
be announced via the DCI transmitted in the second EP-
DCCH. Furthermore, the PDSCH scheduled by the sec-
ond EPDCCH may be one subframe or multiple sub-
frames.
[0260] Next, a start symbol and/or an end symbol of a
PDSCH in a case that the PDSCH scheduled by the sec-
ond EPDCCH is mapped onto a partial subframe will be
described. For example, the start symbol and/or the end
symbol of the PDSCH are determined based on control
information included in the DCI of the second EPDCCH
to be scheduled. Furthermore, for example, the start sym-
bol and/or the end symbol of the PDSCH are determined
based on the start symbol and/or the end symbol of the
second EPDCCH to be scheduled. Furthermore, for ex-
ample, the start symbol and/or the end symbol of the
PDSCH are the same as the start symbol and/or the end
symbol of the second EPDCCH to be scheduled. Fur-
thermore, for example, the start symbol and/or the end
symbol of the PDSCH are OFDM symbols calculated
from the start symbol and/or the end symbol of the second
EPDCCH to be scheduled. Furthermore, for example,
the start symbol and/or the end symbol of the PDSCH
are configured by the RRC signaling independently from
the start symbol and/or the end symbol of the second
EPDCCH to be scheduled. Furthermore, for example,
the start symbol and/or the end symbol of the PDSCH
are determined based on control information included in
a physical channel or a physical signal mapped onto the
subframe. Furthermore, a determination method or an
announcement method of the start symbol and/or the end
symbol of the PDSCH may be different from each other.
[0261] Furthermore, a configuration on the subframes
in which first EPDCCH of the first EPDCCH set is mon-
itored, and a configuration on subframes in which second
EPDCCH of the second EPDCCH set is monitored may
be different from each other. For example, the subframes
in which the first EPDCCH is monitored are commonly
configured in all first EPDCCH sets, and whether each
subframe is monitored is configured by information in a
bitmap format. An example of the configuration on the
subframe in which the second EPDCCH is monitored is
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the same as the configuration on the subframes in which
the first EPDCCH is monitored, but is independently con-
figured. In another example of the configuration on the
subframes in which the second EPDCCH is monitored,
the terminal monitors the second EPDCCHs in sub-
frames in which burst (downlink burst transmission) in
the LAA cell is detected.
[0262] Part of the above-described embodiment can
be rephrased as follows.
[0263] A terminal device in the present embodiment
includes: a higher layer processing unit configured to
configure a first EPDCCH set for monitoring a first EPD-
CCH, in a first serving cell, and a second EPDCCH set
for monitoring a second EPDCCH, in a second serving
cell; and a reception unit configured to monitor the first
EPDCCH and the second EPDCCH. The start symbol of
the first EPDCCH and the start symbol of the second
EPDCCH in a certain subframe are determined inde-
pendently.
[0264] The base station device according to the
present embodiment includes: a higher layer processing
unit configured to configure, for a terminal device, a first
EPDCCH set for monitoring a first EPDCCH, in a first
serving cell, and a second EPDCCH set for monitoring
a second EPDCCH, in a second serving cell; and a trans-
mission unit configured to transmit the first EPDCCH and
the second EPDCCH. The start symbol of the first EPD-
CCH and the start symbol of the second EPDCCH in a
certain subframe are determined independently.
[0265] The maximum value that can be configured to
the start symbol of the second EPDCCH is larger than
the maximum value that can be configured to the start
symbol of the first EPDCCH. For example, a value that
can be configured to the start symbol of the first EPDCCH
is 1, 2, 3, or 4. Values that can be configured to the start
symbol of the second EPDCCH include values different
from the values that can be configured to the start symbol
of the first EPDCCH.
[0266] The start symbol of the first EPDCCH is config-
ured based on a higher layer parameter. The start symbol
of the second EPDCCH is determined based on a symbol
on which an initial signal has been detected. For example,
the start symbol of the second EPDCCH is the same as
the symbol on which the initial signal has been detected.
[0267] The end symbol of the first EPDCCH is the last
symbol of a certain subframe.
[0268] The end symbol of the second EPDCCH is con-
figured based on a higher layer parameter.
[0269] The start symbol and/or the end symbol of a
PDSCH scheduled by the second EPDCCH is deter-
mined based on the start symbol and/or the end symbol
of the second EPDCCH.
[0270] The start symbol and/or the end symbol of a
PDSCH scheduled by the second EPDCCH is deter-
mined based on a DCI in the second EPDCCH.
[0271] A terminal device in the present embodiment
includes: a higher layer processing unit configured to
configure a first EPDCCH set for monitoring a first EPD-

CCH, in a first serving cell, and a second EPDCCH set
for monitoring a second EPDCCH, in a second serving
cell; and a reception unit configured to monitor the first
EPDCCH and the second EPDCCH. For each physical
resource block pair, EREGs used for defining mapping
of the first EPDCCH and the second EPDCCH onto re-
source elements are in common to the first EPDCCH and
the second EPDCCH. The number of EREGs constituting
each of the ECCEs to be used for transmission of the
first EPDCCH and the number of EREGs constituting
each of the ECCEs to be used for the first EPDCCH are
determined independently of each other.
[0272] The base station device according to the
present embodiment includes: a higher layer processing
unit configured to configure, for a terminal device, a first
EPDCCH set for monitoring a first EPDCCH, in a first
serving cell, and a second EPDCCH set for monitoring
a second EPDCCH, in a second serving cell; and a trans-
mission unit configured to transmit the first EPDCCH and
the second EPDCCH. For each physical resource block
pair, EREGs used for defining mapping of the first EPD-
CCH and the second EPDCCH onto resource elements
are in common to the first EPDCCH and the second EP-
DCCH. The number of EREGs constituting each of the
ECCEs to be used for transmission of the first EPDCCH
and the number of EREGs constituting each of the EC-
CEs to be used for the first EPDCCH are determined
independently of each other.
[0273] The maximum value of the numbers of EREGs
constituting each of the ECCEs to be used for transmis-
sion of the second EPDCCH is larger than the maximum
value of the numbers of the EREGs constituting each of
the ECCEs to be used for transmission of the first EPD-
CCH. For example, the numbers of EREGs constituting
each of the ECCEs to be used for transmission of the
first EPDCCH include 4 and 8. The numbers of EREGs
constituting each of the ECCEs to be used for transmis-
sion of the second EPDCCH include numbers different
from the numbers of the EREGs constituting each of the
ECCEs to be used for transmission of the first EPDCCH.
The numbers of EREGs constituting each of the ECCEs
to be used for transmission of the second EPDCCH in-
clude 4, 8, and 16.
[0274] Resource elements onto which a demodulation
reference signal associated with the second EPDCCH is
to be mapped, is determined based on the start symbol
and/or the end symbol of the second EPDCCH.
[0275] The maximum value of the numbers of physical
resource block pairs used for the second EPDCCH set
is larger than the maximum value of the numbers of phys-
ical resource block pairs used for the first EPDCCH set.
For example, the numbers of physical resource block
pairs used for the first EPDCCH set include 2, 4, and 8.
The numbers of the physical resource block pairs used
for the second EPDCCH set include numbers different
from the numbers of physical resource block pairs used
for the first EPDCCH set. The numbers include 2, 4, 8,
and 16.
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[0276] References for defining nEPDCCH, which is a
quantity for a specific terminal device, and references for
mapping y(0), ... and (Msymb-1), which serves as a block
of complex value symbols in the LAA cell, will be de-
scribed below in detail. Particularly, the above-described
references (a5), (a6), (m5) and (m6) will be described in
detail.
[0277] Furthermore, in the following description, the
DS can include the CRS (part or all of antenna ports 0
to 3), a first synchronization signal (primary synchroni-
zation signal), a second synchronization signal (second-
ary synchronization signal), a third synchronization sig-
nal, a non-zero-power CSI-RS, a zero power CSI-RS, a
control signal, a control channel and/or a demodulation
signal associated with a control channel. Furthermore,
the control signal and/or the control channel can include
information (e.g., Public Land Mobile Network (PLMN))
for identifying an operator, information of a transmission
burst, and/or information of the LAA cell. Furthermore,
sequences can be generated for the third synchroniza-
tion signal by the same method as the second synchro-
nization signal, but can be generated as a signal for per-
forming resource mapping different from the second syn-
chronization signal. Furthermore, the third synchroniza-
tion signal may be constituted of multiple sequences gen-
erated by the same method as the second synchroniza-
tion signal. In this regard, in the following description, the
downlink subframe include the DwPTS in the special sub-
frame.
[0278] As already described, the EPDCCH is arranged
on prescribed resources (the REs, the EREGs and the
ECCEs) meeting the prescribed references. Further-
more, according to prescribed processing, determination
or an arithmetic operation, the EPDCCH is assumed to
be arranged on prescribed resources meeting the pre-
scribed references.
[0279] According to the above references (a5), (a6),
(m5), and (m6), the EPDCCH is not arranged on the REs
assumed by the terminal device to be used for the DSs
or the DS candidates. An example of mapping (arrange-
ment) of the EPDCCH by the terminal device or an ex-
ample of presumption (assumption) of mapping in a case
that the DS and the EPDCCH are arranged in a certain
subframe will be described below.
[0280] An example of the presumption of EPDCCH
mapping in the subframe including DS transmission tim-
ing candidates will be described. In this example, the
terminal device assumes transmission of the DSs in all
downlink subframes in a DMTC duration configured by
the base station device. Furthermore, the base station
device can transmit the DSs in one of all downlink sub-
frames in the DMTC duration configured to the terminal
device. Furthermore, the DMTC duration is also referred
to as a discovery signal measurement timing configura-
tion or a DMTC Occasion. The DMTC duration is deter-
mined based on the first parameter included in discovery
signal configuration information which is the higher layer
signaling. The first parameter is information for measur-

ing a discovery signal as described above, and includes,
for example, dmtc-Offset and dmtc-Perioditicy.
[0281] For example, the DSs are likely to be transmit-
ted in all downlink subframes in the DMTC duration. Even
in a case that the DS is transmitted in only one downlink
subframe, the base station device does not map the EP-
DCCH onto the REs, on which the DSs may be arranged
in all downlink subframes in the DMTC duration. Further-
more, the DSs are likely to be transmitted in all downlink
subframes in the DMTC duration. Even in a case that the
DS is transmitted in only one downlink subframe, the ter-
minal device assumes not to map the EPDCCH onto the
REs, on which the DSs may be arranged by the base
station device in all downlink subframes in the DMTC
duration. For example, the terminal device decodes the
EPDCCHs assuming that the EPDCCH are not arranged
on all REs, on which DS signals are likely to be arranged
in all downlink subframes in this DMTC duration.
[0282] In a case that, for example, the DS configuration
in the LAA cell is configured, the EPDCCH is not arranged
on resource elements assumed by the terminal device
to be used to transmit following signals included in the
DSs.

(1) The CRSs of antenna port 0 in the DwPTSs of
all downlink subframes and/or all special subframes
in this DMTC duration.
(2) The first synchronization signals in the DwPTSs
in all downlink subframes and/or all special sub-
frames in this DMTC duration.
(3) The second synchronization signals in the
DwPTSs of all downlink subframes and/or all special
subframes in this DMTC duration.
(4) The non-zero-power CSI-RSs in zero or more
subframes in this DMTC duration. The non-zero-
power CSI-RSs which are part of the DSs are con-
figured by the DS configuration.

[0283] In this regard, the EPDCCH may not be ar-
ranged on the resource elements used for transmission
from a CRS antenna port other than CRS antenna port
0 (i.e., the antenna port 1, 2 or 3) in the DwPTSs in all
downlink subframes and all special subframes in this
DMTC duration. Whether the EPDCCH is arranged on
the resource elements is configured by a higher layer
(DC configuration). In a case that, for example, meas-
urement which uses resources associated with antenna
ports other than CRS antenna port 0 or the number of
CRS antenna ports (e.g. two or more antenna ports) is
configured, the EPDCCH resources may not be arranged
on resources of the associated antenna ports. That is, in
a case that use of multiple antennas for the CRS is indi-
cated, the terminal device does not expect an arrange-
ment of the EPDCCHs on the resources associated with
the respective antenna ports.
[0284] Note that the EPDCCH may not be arranged on
a resource element used to transmit the third synchroni-
zation signal in the DwPTSs of all downlink subframes
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and all special subframes within the DMTC duration.
Whether the EPDCCH is arranged on the resource ele-
ments is configured by a higher layer (DC configuration).
In a case that the DS configuration includes configuration
on the third synchronization signal or in a case that the
DS is defined to include the third synchronization signal,
the terminal device does not expect the arrangement of
the EPDCCH on the resources on which the third syn-
chronization signal is arranged.
[0285] Another example of the presumption of EPD-
CCH mapping in the subframe including DS transmission
timing candidates will be described. In this example, the
terminal device assumes transmission of the DSs in pre-
scribed downlink subframes in the DMTC duration con-
figured by the base station device. The prescribed down-
link subframes are configured from the base station de-
vice to the terminal device via the higher layer signaling.
Furthermore, the base station device can transmit the
DSs in one of prescribed downlink subframes in the
DMTC duration configured to the terminal device. Fur-
thermore, the parameter for configuring the prescribed
downlink subframes will be also referred to as a second
parameter.
[0286] For example, the DSs are likely to be transmit-
ted in the prescribed downlink subframes configured by
the higher layer in the DMTC duration. Even in a case
that the DS is transmitted in only one of the prescribed
downlink subframes, the base station device does not
map the EPDCCH onto the REs on which the DSs may
be arranged in the prescribed downlink subframes con-
figured by the higher layer in the DMTC duration. Fur-
thermore, the DSs are likely to be transmitted in the pre-
scribed downlink subframes in the DMTC duration. Even
in a case that the DS is transmitted in only one downlink
subframe, the terminal device assumes not to map the
EPDCCH onto the REs on which the DSs may be ar-
ranged by the base station device in the prescribed down-
link subframes in the DMTC duration. For example, the
terminal device decodes the EPDCCH assuming that the
EPDCCH is not arranged on all REs on which DS signals
are likely to be arranged in the prescribed downlink sub-
frames configured by the higher layer in the DMTC du-
ration.
[0287] For example, information of the higher layer
which indicates (configures) the downlink subframes in
which the DSs are likely to be transmitted may be a bit-
map (bit sequence). For example, the length of the bitmap
may be six bits (i.e., the same number of bits as the
number of subframes in the DMTC duration) or five bits
(i.e., the same number of bits as the maximum number
of subframes of DS occasion). Furthermore, information
indicated by each bit of the bit map may be associated
with each subframe in the DMTC. In a case that, for ex-
ample, a bit value is set to "1", the DS is likely to be
transmitted in the associated subframe. In a case that a
bit value is set to "0", there is no possibility for the DS to
be transmitted in the associated subframe. The terminal
device determines a timing to receive the DS, and the

downlink subframe based on the bit information.
[0288] For example, the information of the higher layer
for indicating the downlink subframes in which the DSs
are likely to be transmitted may be zero or one as a min-
imum value, and may be five or six as a maximum value.
The downlink subframes in which the DSs are likely to
be transmitted are determined based on the value. Spe-
cifically, the downlink subframes in which the DSs are
likely to be transmitted are subframes from a head sub-
frame in the DMTC duration to a subframe indicated by
the value.
[0289] In a case that, for example, the DS configuration
in the LAA cell is configured, the EPDCCH is not arranged
on resource elements assumed by the terminal device
to be used to transmit following signals included in the
DSs. The prescribed downlink subframes and the pre-
scribed special subframes are indicated by the higher
layer.

(1) The CRSs of antenna port 0 in the DwPTSs in
the prescribed downlink subframes and the pre-
scribed special subframes in this DMTC period.

(2) The first synchronization signals in the DwPTSs
in the prescribed downlink subframes and the pre-
scribed special subframes in this DMTC duration.

(3) The second synchronization signals in the
DwPTSs in the prescribed downlink subframes and
the prescribed special subframes in this DMTC du-
ration.

(4) The non-zero-power CSI-RSs in zero or more
subframes in this DMTC duration. The non-zero-
power CSI-RSs which are part of the DSs are con-
figured by the DS configuration.

[0290] Note that the EPDCCH may not be necessarily
arranged on the resource elements used for transmission
from a CRS antenna port other than CRS antenna port
0 (i.e., the antenna port 1, 2 or 3) in the DwPTSs in the
prescribed downlink subframes and the prescribed spe-
cial subframes in this DMTC duration. Whether the EP-
DCCH is arranged on the resource elements is config-
ured by a higher layer (DC configuration).
[0291] Note that the EPDCCH may not be necessarily
arranged on the resource elements used to transmit the
third synchronization signal in the DwPTSs of the pre-
scribed downlink subframes and the prescribed special
subframes within the DMTC duration. Whether the EP-
DCCH is arranged on the resource elements is config-
ured by a higher layer (DC configuration).
[0292] Note that the prescribed downlink subframes
and the prescribed special subframes may be defined in
advance. For example, the prescribed downlink sub-
frames may be defined in advance as the subframes 0,
3, 5 and 8.
[0293] Another example of the presumption of EPD-
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CCH mapping in the subframe including DS transmission
timing candidates will be described. The terminal device
can identify whether the DS is transmitted at each of the
DS transmission timing candidates, based on the infor-
mation included in the DCI of the PDCCH or another EP-
DCCH. For example, PDCCH and/or EPDCCH signaling
in the primary cell or cells other than the LAA cell indicates
to the terminal device whether the DS signals are ar-
ranged in prescribed subframes in the LAA cell. The ter-
minal device monitors the EPDCCH based on the DCI.
[0294] For example, information of whether the DS is
transmitted is 1-bit information. In a case that the infor-
mation of whether the DS is transmitted is 1 (True, Ena-
ble), the DS is assumed to be transmitted in this sub-
frame. In a case that the information of whether the DS
is transmitted is 0 (False, Disable), the DS is assumed
not to be transmitted in this subframe. In a case that a
state that the DS is not transmitted in the subframe is
announced and the EPDCCH is monitored in the sub-
frame, the EPDCCH is assumed to be arranged on the
REs on which the DSs are likely to be arranged. Alter-
natively, in a case that multiple DS transmission timing
candidates or multiple DS configurations are configured
or the like, the information of whether the DS is transmit-
ted may be expressed by multiple bits. Note that the in-
formation of whether the DS is transmitted may be the
same as information of whether a transmission burst is
transmitted.
[0295] The PDCCH and/or the EPDCCH are arranged
on the USS. Note that the PDCCH may be arranged on
the CSS.
[0296] In other words, the DS configuration in the LAA
cell is configured, the EPDCCH is not arranged on re-
source elements assumed by the terminal device to be
used to transmit following signals included in the DSs.
The prescribed downlink subframes and the prescribed
special subframes are subframes indicated by the DCI.

(1) The CRSs of antenna port 0 in the DwPTSs in
the prescribed downlink subframes and the pre-
scribed special subframes in this DMTC period.
(2) The first synchronization signals in the DwPTSs
in the prescribed downlink subframes and the pre-
scribed special subframes in this DMTC duration.
(3) The second synchronization signals in the
DwPTSs in the prescribed downlink subframes and
the prescribed special subframes in this DMTC du-
ration.
(4) The non-zero-power CSI-RSs in zero or more
subframes in this DMTC duration. The non-zero-
power CSI-RSs which are part of the DSs are con-
figured by the DS configuration.

[0297] Note that the EPDCCH may not be necessarily
arranged on the resource elements used for transmission
from a CRS antenna port other than CRS antenna port
0 (i.e., the antenna port 1, 2 or 3) in the DwPTSs in the
prescribed downlink subframes and the prescribed spe-

cial subframes in this DMTC duration. Whether the EP-
DCCH is arranged on the resource elements is config-
ured by a higher layer (DC configuration).
[0298] Note that the EPDCCH may not be necessarily
arranged on the resource elements used to transmit the
third synchronization signal in the DwPTSs of the pre-
scribed downlink subframes and the prescribed special
subframes within the DMTC duration. Whether the EP-
DCCH is arranged on the resource elements is config-
ured by a higher layer (DC configuration).
[0299] An example of the presumption of EPDCCH
mapping in the subframe including DS transmission tim-
ing candidates will be described. In a case that a meas-
urement section configured by the DMTC and a trans-
mission burst overlap, the DSs can be transmitted without
using LBT for the DS transmission. Therefore, it is not
necessary to increase a transmission probability by using
multiple transmission timing candidates. In other words,
in a case that the terminal device can recognize the trans-
mission burst, and this transmission burst and at least
one DS transmission timing candidate overlap in the time
domain, the DSs are transmitted at the prescribed DS
transmission timing candidates configured or defined in
advance. Alternatively, in a case that the terminal device
recognizes a certain transmission burst, and this trans-
mission burst and the prescribed DS transmission timing
candidate overlap, the terminal device presumes that the
DS is transmitted at the prescribed DS transmission tim-
ing candidate, and presumes that the DSs are not trans-
mitted at the other DS transmission timing candidates.
[0300] The prescribed DS transmission timing candi-
date is, for example, a first DS transmission timing can-
didate among DS transmission timing candidates which
overlap the transmission burst among all DS transmis-
sion timing candidates. Furthermore, the prescribed DS
transmission timing candidate is, for example, the DS
transmission timing candidate indicated by the higher lay-
er among the DS transmission timing candidates which
overlaps the transmission burst.
[0301] Note that even in a case that the transmission
burst cannot be detected, and in a case that the DS can
be detected, it may be presumed that the DSs are not
transmitted at the DS transmission timing candidates af-
ter the DS.
[0302] In other words, in a case that the DS configu-
ration in the LAA cell is configured, the EPDCCH is not
arranged on resource elements assumed by the terminal
device to be used to transmit the following signals includ-
ed in the DSs. The prescribed downlink subframes and
the prescribed special subframes are the first subframes
among subframes which are indicated by the higher layer
and overlap the transmission burst.

(1) The CRSs of antenna port 0 in the DwPTSs in
the prescribed downlink subframes and the pre-
scribed special subframes in this DMTC period.

(2) The first synchronization signals in the DwPTSs
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in the prescribed downlink subframes and the pre-
scribed special subframes in this DMTC duration.

(3) The second synchronization signals in the
DwPTSs in the prescribed downlink subframes and
the prescribed special subframes in this DMTC du-
ration.

(4) The non-zero-power CSI-RSs in zero or more
subframes in this DMTC duration. The non-zero-
power CSI-RSs which are part of the DSs are con-
figured by the DS configuration.

[0303] Note that the EPDCCH may not be necessarily
arranged on the resource elements used for transmission
from a CRS antenna port other than CRS antenna port
0 (i.e:, the antenna port 1, 2 or 3) in the DwPTSs in the
prescribed downlink subframes and the prescribed spe-
cial subframes in this DMTC duration. Whether the EP-
DCCH is arranged on the resource elements is config-
ured by a higher layer (DC configuration).
[0304] Note that the EPDCCH may not be necessarily
arranged on the resource elements used to transmit the
third synchronization signal in the DwPTSs of the pre-
scribed downlink subframes and the prescribed special
subframes within the DMTC duration. Whether the EP-
DCCH is arranged on the resource elements is config-
ured by a higher layer (DC configuration).
[0305] An example of the presumption of EPDCCH
mapping in the subframe including DS transmission tim-
ing candidates will be described. Whether the EPDCCH
and the DS are multiplexed can be indicated by using
field information of information (EPDCCH RE Mapping
and Quasi-Co-Location indicator) which is one of fields
in the DCI format and indicates an RE allocation for the
EPDCCHs and a quasi-identity. Specifically, in a case
that the field information is "00", it is recognized that the
EPDCCH and the DS are not multiplexed, and the EPD-
CCH is decoded. In a case that the field information is
"01", it is recognized that the EPDCCH and the DS con-
figured by the first parameter set are multiplexed, and
the EPDCCH is decoded. In a case that the field infor-
mation is "10", it is recognized that the EPDCCH and the
DS configured by the second parameter set are multi-
plexed, and the EPDCCH is decoded. In a case that the
field information is "11", it is recognized that the EPDCCH
and the DS configured by the third parameter set are
multiplexed, and the EPDCCH is decoded. The param-
eter set includes information of the number of CRS ports,
information of a zero power CSI-RS, information of a syn-
chronization signal arrangement, and the like.
[0306] According to the above example, the terminal
device can efficiently and simultaneously receive the DS
and the EPDCCH in the prescribed subframes in the LAA
cell.
[0307] In this regard, depending on an arrangement of
synchronization signals, the synchronization signal and
specific PDSCH and/or EPDCCH may not be simultane-

ously arranged in a prescribed resource block of a pre-
scribed subframe. In this case, the terminal device does
not expect reception of the specific PDSCH and/or EP-
DCCH. In this case, the base station device does not
transmit the specific PDSCH and/or the EPDCCH. A case
that the synchronization signal and the specific PDSCH
and/or the EPDCCH cannot be simultaneously arranged
will be described below.
[0308] A primary synchronization signal and a second-
ary synchronization signal are arranged on an OFDM
symbol (i.e., the sixth or seventh OFDM symbol) on which
the URS or the DMRS is arranged. Therefore, the primary
synchronization signal and the secondary synchroniza-
tion signal, and the URS or the DMRS cannot be arranged
overlapping on the same position. Furthermore, specific
PDSCH for performing reception processing by using the
URS cannot be arranged, either. Furthermore, the EPD-
CCH for performing reception processing by using the
DMRS cannot be arranged, either.
[0309] In other words, in a case that even one of two
PRBs overlaps transmission of the primary synchroniza-
tion signal or the secondary synchronization signal in the
frequency domain in the prescribed subframe, the termi-
nal device does not expect reception of the PDSCH re-
source block transmitted from antenna port 5, 7, 8, 9, 10,
11, 12, 13 or 14 in the PRB on which a virtual resource
block (VRB) pair is arranged. Furthermore, in a case that
the PRB pair on which the ECCE associated with the
EPDCCH candidate is arranged overlaps the transmis-
sion of the primary synchronization signal or the second-
ary synchronization signal in the frequency domain in the
prescribed subframe, the terminal device does not expect
to monitor the EPDCCH candidates.
[0310] Similarly, in a case that the first or second syn-
chronization signal is arranged on an OFDM symbol on
which the URS or the DMRS is arranged, the first or sec-
ond synchronization signal and the URS or the DMRS
cannot be arranged overlapping on the same position.
Furthermore, specific PDSCH for performing reception
processing by using the URS cannot be arranged, either.
Furthermore, the EPDCCH for performing reception
processing by using the DMRS cannot be arranged, ei-
ther.
[0311] In other words, in a case that the second DS is
configured to the serving cell (the second DS configura-
tion is made at the same frequency (a frequency asso-
ciated with the serving cell) as the serving cell to which
the EPDCCH is configured), the first synchronization sig-
nal or the second synchronization signal is arranged on
the sixth or seventh OFDM symbol, and even one of the
two PRBs overlaps the transmission of the first synchro-
nization signal or the second synchronization signal in
the frequency domain in the prescribed subframe, the
terminal device does not expect reception of the PDSCH
resource block transmitted from antenna port 5, 7, 8, 9,
10, 11, 12, 13 or 14 in the PRB on which the virtual re-
source block (VRB) pair is arranged. Furthermore, in a
case that the PRB pair on which the ECCE associated
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with the EPDCCH candidate is arranged overlaps the
transmission of the first synchronization signal or the sec-
ond synchronization signal in the frequency domain in
the prescribed subframe, the terminal device does not
expect to monitor the EPDCCH candidates.
[0312] Similarly, in a case that the third synchronization
signal is arranged on an OFDM symbol on which the URS
or the DMRS is arranged, the third synchronization signal
and the URS or the DMRS cannot be arranged overlap-
ping on the same position. Furthermore, specific PDSCH
for performing reception processing by using the URS
cannot be arranged, either. Furthermore, the EPDCCH
for performing reception processing by using the DMRS
cannot be arranged, either.
[0313] In other words, in a case that the second DS
configuration is configured to the serving cell, the third
synchronization signal is arranged on the sixth or seventh
OFDM symbol, and even one of the two PRBs overlaps
the transmission of the third synchronization signal in the
frequency domain in the prescribed subframe, the termi-
nal device does not expect reception of the PDSCH re-
source block transmitted from antenna port 5, 7, 8, 9, 10,
11, 12, 13 or 14 in the PRB on which the virtual resource
block (VRB) pair is arranged. Furthermore, in a case that
the PRB pair on which the ECCE associated with the
EPDCCH candidate is arranged overlaps the transmis-
sion of the third synchronization signal in the frequency
domain in the prescribed subframe, the terminal device
does not expect to monitor the EPDCCH candidates.
[0314] In addition, in a case that one or more configu-
rations (LAA-Config) which are necessary for LAA com-
munication for prescribed serving cell are configured to
the terminal device 1, the prescribed serving cell may be
regarded as the LAA cell. The configurations which are
necessary for the LAA communication are, for example,
a parameter associated with a reservation signal, a pa-
rameter associated with RSSI measurement and a pa-
rameter associated with the second DS configuration.
[0315] In this regard, in a case that information (EAR-
FCN value) on a center frequency associated with an
LAA band for prescribed serving cell is configured to the
terminal device 1, the cell of the frequency may be re-
garded as the LAA cell. The LAA bands (LAA operating
band) refer to, for example, bands meeting one or more
features of bands whose band numbers are 252 to 255,
bands which are neither a TDD band nor an FDD band,
bands which are defined by a 5 GHz band, and bands
which are defined only by a 20 MHz bandwidth.
[0316] Note that the prescribed frequency may be pref-
erably a frequency used by the LAA cell. The prescribed
frequency may be preferably a frequency of cells which
transmit the DSs based on LBT. The prescribed frequen-
cy may be preferably a frequency of cells operated in an
unlicensed band. The prescribed frequency may be pref-
erably a frequency of an operating band associated with
a prescribed index of the operating band. The prescribed
frequency may be preferably a frequency of an operating
band associated with an index of the operating band for

LAA. The prescribed frequency may be preferably an op-
erating band associated with a prescribed index of the
operating band (E-UTRA operating band). For example,
the operating bands may be preferably managed by a
table. An associated index is given to each operating
band managed by the table. The index is linked to an
associated uplink operating band, downlink operating
band and a duplex mode. Note that the uplink operating
band is an operating band used for reception at the base
station device and transmission at the terminal device.
The downlink operating band is an operating band used
for transmission at the base station device and reception
at the terminal device. Each of the uplink operating band
and the downlink operating band may be preferably given
by a lower limit frequency and an upper limit frequency
(associated frequency band). The duplex mode may be
preferably given by TDD or FDD. The duplex mode in
the LAA cell may be other than TDD and FDD. For ex-
ample, the duplex mode in the LAA cell may be a trans-
mission burst to be described below (optionally including
at least a downlink burst or an uplink burst).
[0317] In a case that, for example, the operating bands
are managed by the table, operating bands associated
with an index "1" to an index "44" may be preferably li-
censed bands (bands which are not LAA), and operating
bands associated with an index "252" to an index "255"
may be preferably unlicensed bands (LAA bands). Note
that the uplink operating band may not be preferably ap-
plied to the index "252" (n/a, not applicable). The 5150
MHz to 5250 MHz may be preferably applied to the down-
link operating band. FDD may be preferably applied to
the duplex mode. Furthermore, for the index "253", the
uplink operating band may be preferably reserved (re-
served to be used in future), and the downlink operating
band may be preferably reserved. FDD may be prefera-
bly applied to the duplex mode. Furthermore, for the index
"254", the uplink operating band may be preferably re-
served (reserved to be used in future), and the downlink
operating band may be preferably reserved. FDD may
be preferably applied to the duplex mode. Note that the
uplink operating band may not be preferably applied to
the index "255" (n/a, not applicable). The 5725 MHz to
5850 MHz may be preferably applied to the downlink op-
erating band. FDD may be preferably applied to the du-
plex mode. Note that 5150 MHz to 5250 MHz and 5725
MHz to 5850 MHz may be preferably unlicensed bands
(LAA bands). In other words, the prescribed frequencies
described above may be preferably operating bands as-
sociated with the index "252" to the index "255".
[0318] Part of the content described in the present em-
bodiment is rephrased as follows.
[0319] A terminal device for communicating with a
base station device includes: a higher layer processing
unit configured to configure an EPDCCH set for monitor-
ing an enhanced physical downlink control channel and
discovery signal configuration information for measuring
a discovery signal; a control channel processing unit con-
figured to monitor a candidate of the enhanced physical
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downlink control channel, based on the EPDCCH set;
and a discovery signal processing unit configured to de-
tect a discovery signal from the candidate of the discovery
signal in a prescribed subframe to be determined, based
on the discovery signal configuration information. The
enhanced physical downlink control channel is mapped
onto a resource element different from a resource ele-
ment corresponding to the candidate of the discovery
signal in the prescribed subframe.
[0320] A terminal device for communicating with a
base station device includes: a higher layer processing
unit configured to configure an EPDCCH set for monitor-
ing an enhanced physical downlink control channel and
discovery signal configuration information for measuring
a discovery signal; a control channel processing unit con-
figured to monitor a candidate of the enhanced physical
downlink control channel, based on the EPDCCH set;
and a discovery signal processing unit configured to de-
tect a discovery signal from the candidate of the discovery
signal in a prescribed subframe to be determined, based
on the discovery signal configuration information. The
number of candidates of the enhanced physical downlink
control channel is determined at least based on a pre-
scribed value. The prescribed value is defined as the
number of downlink resource elements in a physical re-
source block pair configured for EPDCCH transmission
of the EPDCCH set. The downlink resource elements
includes a resource element different from the resource
element corresponding to the candidate of the discovery
signal at least in the prescribed subframe.
[0321] The prescribed subframe includes subframes
indicated by a discovery signal measurement timing con-
figuration determined by a first parameter included in the
discovery signal configuration information.
[0322] The prescribed subframe includes a subframe
corresponding to a discovery signal period determined
by a second parameter included in the discovery signal
configuration information, among the subframes indicat-
ed by a discovery signal measurement timing configura-
tion determined by a first parameter included in the dis-
covery signal configuration information.
[0323] A base station device for communicating with a
terminal device includes: a higher layer processing unit
configured to configure, for the terminal device, an EP-
DCCH set for monitoring an enhanced physical downlink
control channel and discovery signal configuration infor-
mation for measuring a discovery signal; a control chan-
nel processing unit configured to map the enhanced
physical downlink control channel onto a candidate of
the enhanced physical downlink control channel, based
on the EPDCCH set; and a discovery signal processing
unit configured to map the discovery signal onto the can-
didate of the discovery signal in a prescribed subframe
to be determined, based on the discovery signal config-
uration information. The enhanced physical downlink
control channel is mapped onto a resource element dif-
ferent from a resource element corresponding to the can-
didate of the discovery signal in the prescribed subframe.

[0324] A base station device for communicating with a
terminal device includes: a higher layer processing unit
configured to configure, for the terminal device, an EP-
DCCH set for monitoring an enhanced physical downlink
control channel and discovery signal configuration infor-
mation for measuring a discovery signal; a control chan-
nel processing unit configured to map the enhanced
physical downlink control channel onto a candidate of
the enhanced physical downlink control channel, based
on the EPDCCH set; and a discovery signal processing
unit configured to map the discovery signal onto the can-
didate of the discovery signal in a prescribed subframe
to be determined, based on the discovery signal config-
uration information. The number of candidates of the en-
hanced physical downlink control channel is determined
at least based on a prescribed value. The prescribed val-
ue is defined as the number of downlink resource ele-
ments in a physical resource block pair configured for
EPDCCH transmission of the EPDCCH set. The down-
link resource elements includes a resource element dif-
ferent from the resource element corresponding to the
candidate of the discovery signal at least in the prescribed
subframe.
[0325] The prescribed subframe(s) correspond to all
subframes indicated by a discovery signal measurement
timing configuration determined by a first parameter in-
cluded in the discovery signal configuration information.
[0326] The prescribed subframe(s) correspond to a
subframe(s) corresponding to a discovery signal period
determined by a second parameter included in the dis-
covery signal configuration information, among the sub-
frames indicated by a discovery signal measurement tim-
ing configuration determined by a first parameter includ-
ed in the discovery signal configuration information.
[0327] A transmission unit configured to transmit the
enhanced physical downlink control channel and/or the
discovery signal is included. The transmission unit per-
forms the transmission, based on clear channel evalua-
tion based on prescribed receive power.
[0328] A communication method to be used by a ter-
minal device for communicating with a base station de-
vice, the communication method including: configuring
an EPDCCH set for monitoring an enhanced physical
downlink control channel and discovery signal configu-
ration information for measuring a discovery signal; mon-
itoring a candidate of the enhanced physical downlink
control channel, based on the EPDCCH set; and detect-
ing a discovery signal from the candidate of the discovery
signal in a prescribed subframe to be determined based
on the discovery signal configuration information. The
enhanced physical downlink control channel is mapped
onto a resource element different from a resource ele-
ment corresponding to the candidate of the discovery
signal in the prescribed subframe.
[0329] A communication method to be used by a ter-
minal device for communicating with a base station de-
vice, the communication method including: configuring
an EPDCCH set for monitoring an enhanced physical
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downlink control channel and discovery signal configu-
ration information for measuring a discovery signal; mon-
itoring a candidate of the enhanced physical downlink
control channel, based on the EPDCCH set; and detect-
ing a discovery signal from the candidate of the discovery
signal in a prescribed subframe to be determined based
on the discovery signal configuration information. The
number of candidates of the enhanced physical downlink
control channel is determined at least based on a pre-
scribed value. The prescribed value is defined as the
number of downlink resource elements in a physical re-
source block pair configured for EPDCCH transmission
of the EPDCCH set. The downlink resource elements
includes a resource element different from the resource
element corresponding to the candidate of the discovery
signal at least in the prescribed subframe.
[0330] A communication method to be used by a base
station device for communicating with a terminal device
includes: configuring, for the terminal device, an EPD-
CCH set for monitoring an enhanced physical downlink
control channel and discovery signal configuration infor-
mation for measuring a discovery signal; mapping the
enhanced physical downlink control channel onto a can-
didate of the enhanced physical downlink control chan-
nel, based on the EPDCCH set; and mapping a discovery
signal onto the candidate of the discovery signal in a pre-
scribed subframe to be determined, based on the dis-
covery signal configuration information. The enhanced
physical downlink control channel is mapped onto a re-
source element different from a resource element corre-
sponding to the candidate of the discovery signal in the
prescribed subframe.
[0331] A communication method to be used by a base
station device for communicating with a terminal device
includes: configuring, for the terminal device, an EPD-
CCH set for monitoring an enhanced physical downlink
control channel and discovery signal configuration infor-
mation for measuring a discovery signal; mapping the
enhanced physical downlink control channel onto a can-
didate of the enhanced physical downlink control chan-
nel, based on the EPDCCH set; and mapping a discovery
signal onto the candidate of the discovery signal in a pre-
scribed subframe to be determined, based on the dis-
covery signal configuration information. The number of
candidates of the enhanced physical downlink control
channel is determined at least based on a prescribed
value. The prescribed value is defined as the number of
downlink resource elements in a physical resource block
pair configured for EPDCCH transmission of the EPD-
CCH set. The downlink resource elements includes a
resource element different from the resource element
corresponding to the candidate of the discovery signal
at least in the prescribed subframe.
[0332] Moreover, although the description has been
given in each of the above-described embodiments by
using the terms "primary cell" and "PS cell", these terms
may not be necessarily used. For example, "primary cell"
in each of the above-described embodiments may be

referred to as "master cell", and "PS cell" in each of the
above-described embodiments may be referred to as
"primary cell".
[0333] A program running on each of the base station
device 2 and the terminal device 1 according to the
present invention may be a program (a program for caus-
ing a computer to operate) that controls a Central
Processing Unit (CPU) and the like in such a manner as
to realize the functions according to the above-described
embodiments of the present invention. The information
handled in these devices is temporarily stored in a Ran-
dom Access Memory (RAM) while being processed.
Then, the information is stored in various types of Read
Only Memory (ROM) such as a Flash ROM and a Hard
Disk Drive (HDD) and is read out by the CPU to be mod-
ified or rewritten, when necessary.
[0334] Moreover, the terminal device 1 and the base
station device 2-1 or the base station device 2-2 accord-
ing to the above-described embodiments may be partially
realized by the computer. This configuration may be
achieved by recording a program for enabling such con-
trol functionalities on a computer-readable recording me-
dium and causing a computer system to read the program
recorded on the recording medium for execution.
[0335] Moreover, the "computer system" here is de-
fined as a computer system built into the terminal device
1 or the base station device 2-1 or the base station device
2-2, and the computer system includes an OS and hard-
ware components such as peripheral devices. Further-
more, "computer-readable recording medium" refers to
a portable medium, such as a flexible disk, a magneto-
optical disk, a ROM, and a CD-ROM, and a storage de-
vice, for example, a hard disk built into the computer sys-
tem.
[0336] Moreover, the "computer-readable recording
medium" may include a medium that dynamically retains
the program for a short period of time, such as a com-
munication line that is used to transmit the program over
a network such as the Internet or over a communication
circuit such as a telephone circuit, and a medium that
retains, in that case, the program for a fixed period of
time, such as a volatile memory within the computer sys-
tem that functions as a server or a client. Furthermore,
the program may be configured to enable some of the
functionalities described above, and also may be config-
ured to enable the functionalities described above in
combination with a program already recorded in the com-
puter system.
[0337] Furthermore, the base station device 2-1 or
base station device 2-2 according to the above-described
embodiments can be realized as an aggregation (a de-
vice group) constituted of a plurality of devices. Devices
constituting the device group may be each equipped with
some or all portions of each function or each functional
block of the base station device 2-1 or base station device
2-2 according to the above-described embodiments. It is
only required that the device group itself include general
functions or general functional blocks of the base station
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device 2-1 or base station device 2-2. Furthermore, the
terminal device 1 according to the above-described em-
bodiment is capable of communicating with the base sta-
tion device as the aggregation.
[0338] Furthermore, the base station device 2-1 or
base station device 2-2 according to the above-described
embodiments may be an Evolved Universal Terrestrial
Radio Access Network (E-UTRAN). Furthermore, the
base station device 2-1 or base station device 2-2 ac-
cording to the above-described embodiments may have
some or all portions of a function of a higher node for an
eNodeB.
[0339] Furthermore, some or all portions of each of the
terminal device 1 and the base station device 2-1 or base
station device 2-2 according to the above-described em-
bodiments may be typically achieved as a Large-Scale
Integration (LSI) that is an integrated circuit or may be
realized as a chip set. The functional blocks of each of
the terminal device 1 and the base station device 2-1 or
base station device 2-2 may be individually realized as
a chip, or some or all of the functional blocks may be
integrated into a chip. Furthermore, the circuit integration
technique is not limited to the LSI, and the integrated
circuit may be achieved with a dedicated circuit or a gen-
eral-purpose processor. Furthermore, according to ad-
vances in semiconductor technologies, a circuit integra-
tion technology that can replace LSI appears, it is also
possible to use an integrated circuit based on the tech-
nology.
[0340] Furthermore, according to the above-described
embodiments, the cellular mobile station device is de-
scribed as one example of a terminal device or a com-
munication device, but the present invention is not limited
to this, and can be applied to a fixed-type electronic ap-
paratus installed indoors or outdoors, or a stationary-type
electronic apparatus, for example, a terminal device or
a communication device, such as an Audio-Video (AV)
apparatus, a kitchen apparatus, a cleaning or washing
machine, an air-conditioning apparatus, office equip-
ment, a vending machine, and other household appara-
tuses.
[0341] Heretofore, the embodiments of the present in-
vention have been described in detail with reference to
the drawings, but the specific configuration is not limited
to the embodiments, and includes, for example, design
variations that fall within the scope that does not depart
from the gist of the present invention. Furthermore, var-
ious modifications are possible within the scope defined
by claims, and embodiments that are made by suitably
combining technical measures disclosed in the different
embodiments are also included in the technical scope of
the present invention. Furthermore, another configura-
tion is also included such that constituent elements, each
of which has been described in the above embodiments
and achieve the same advantage, can be replaceable
with each other.

Supplement

[0342]

(1) A terminal device, according to an aspect of the
present invention, for communicating with a base
station device, includes: a higher layer processing
unit configured to configure a first configuration for
monitoring an Enhanced Physical Downlink Control
CHannel (EPDCCH) and a second configuration for
measuring a Discovery Signal (DS); a reception
processing unit configured to monitor a candidate of
the EPDCCH, based on the first configuration; and
a detection unit configured to detect the DS in a pre-
scribed subframe to be determined, based on the
second configuration. In a case that simultaneous
transmissions on the EPDCCH and the DS occur in
a Licensed Assisted Access (LAA) cell, the EPDCCH
is mapped onto a resource element different from a
resource element corresponding to the DS in the pre-
scribed subframe.
(2) Moreover, a base station device, according to an
aspect of the present invention, for communicating
with a terminal device includes: a higher layer
processing unit configured to configure, for the ter-
minal device, a first configuration for monitoring an
Enhanced Physical Downlink Control CHannel (EP-
DCCH) and a second configuration for measuring a
Discovery Signal (DS); a control channel processing
unit configured to map the EPDCCH onto a candi-
date of the EPDCCH, based on the first configura-
tion; and a discovery signal processing unit config-
ured to map the DS in a prescribed subframe to be
determined, based on the second configuration. In
a case that simultaneous transmissions on the EP-
DCCH and the DS occur in a Licensed Assisted Ac-
cess (LAA) cell, the EPDCCH is mapped onto a re-
source element different from a resource element
corresponding to the DS in the prescribed subframe.
(3) Moreover, a communication method, according
to an aspect of the present invention, to be used by
a terminal device for communicating with a base sta-
tion device includes: configuring a first configuration
for monitoring an Enhanced Physical Downlink Con-
trol CHannel (EPDCCH) and a second configuration
for measuring a Discovery Signal (DS); monitoring
a candidate of the EPDCCH, based on the first con-
figuration; and detecting the DS in a prescribed sub-
frame to be determined, based on the second con-
figuration. In a case that simultaneous transmissions
on the EPDCCH and the DS occur in a Licensed
Assisted Access (LAA) cell, the EPDCCH is mapped
onto a resource element different from a resource
element corresponding to the DS in the prescribed
subframe.
(4) Moreover, a communication method, according
to an aspect of the present invention, to be used by
a base station device for communicating with a ter-
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minal device includes: configuring, for the terminal
device, a first configuration for monitoring an En-
hanced Physical Downlink Control CHannel (EPD-
CCH) and a second configuration for measuring a
Discovery Signal (DS); mapping the EPDCCH onto
a candidate of the EPDCCH, based on the first con-
figuration; and mapping the DS in a prescribed sub-
frame to be determined, based on the second con-
figuration. In a case that simultaneous transmissions
on the EPDCCH and the DS occur in a Licensed
Assisted Access (LAA) cell, the EPDCCH is mapped
onto a resource element different from a resource
element corresponding to the DS in the prescribed
subframe.

Cross-Reference to Related Application

[0343] The present application claims benefit of priority
to JP 2015-154654 filed on August 5, 2015, the entire
content of which is incorporated herein by reference.

Reference Signs List

[0344]

501 Higher layer
502 Control unit
503 Codeword generation unit
504 Downlink subframe generation unit
505 Downlink reference signal generation unit
506 OFDM signal transmission unit
507 Transmit antenna
508 Receive antenna
509 SC-FDMA signal reception unit
510 Uplink subframe processing unit
511 Uplink control information extraction unit
601 Receive antenna
602 OFDM signal reception unit
603 Downlink subframe processing unit
604 Downlink reference signal extraction unit
605 Transport block extraction unit
606, 1006 Control unit
607, 1007 Higher layer
608 Channel state measurement unit
609, 1009 Uplink subframe generation unit
610 Uplink control information generation unit
611, 612, 1011 SC-FDMA signal transmission unit
613, 614, 1013 Transmit antenna

Claims

1. A terminal device for communicating with a base sta-
tion device, the terminal device comprising:

a higher layer processing unit configured to con-
figure a first configuration for monitoring an En-
hanced Physical Downlink Control CHannel

(EPDCCH) and a second configuration for
measuring a Discovery Signal (DS);
a reception processing unit configured to mon-
itor a candidate of the EPDCCH, based on the
first configuration; and
a detection unit configured to detect the DS in a
prescribed subframe to be determined, based
on the second configuration, wherein
in a case that simultaneous transmissions on
the EPDCCH and the DS occur in a Licensed
Assisted Access (LAA) cell, the EPDCCH is
mapped onto a resource element different from
a resource element corresponding to the DS in
the prescribed subframe.

2. A base station device for communicating with a ter-
minal device, the base station device comprising:

a higher layer processing unit configured to con-
figure, for the terminal device, a first configura-
tion for monitoring an Enhanced Physical Down-
link Control CHannel (EPDCCH) and a second
configuration for measuring a Discovery Signal
(DS);
a control channel processing unit configured to
map the EPDCCH onto a candidate of the EP-
DCCH, based on the first configuration; and
a discovery signal processing unit configured to
map the DS in a prescribed subframe to be de-
termined, based on the second configuration,
wherein
in a case that simultaneous transmissions on
the EPDCCH and the DS occur in a Licensed
Assisted Access (LAA) cell, the EPDCCH is
mapped onto a resource element different from
a resource element corresponding to the DS in
the prescribed subframe.

3. A communication method to be used by a terminal
device for communicating with a base station device,
the communication method comprising:

configuring a first configuration for monitoring
an Enhanced Physical Downlink Control CHan-
nel (EPDCCH) and a second configuration for
measuring a Discovery Signal (DS);
monitoring a candidate of the EPDCCH, based
on the first configuration; and
detecting the DS in a prescribed subframe to be
determined, based on the second configuration,
wherein
in a case that simultaneous transmissions on
the EPDCCH and the DS occur in a Licensed
Assisted Access (LAA) cell, the EPDCCH is
mapped onto a resource element different from
a resource element corresponding to the DS in
the prescribed subframe.
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4. A communication method to be used by a base sta-
tion device for communicating with a terminal device,
the communication method comprising:

configuring, for the terminal device, a first con-
figuration for monitoring an Enhanced Physical
Downlink Control CHannel (EPDCCH) and a
second configuration for measuring a Discovery
Signal (DS);
mapping the EPDCCH to a candidate of the EP-
DCCH, based on the first configuration; and
mapping the DS in a prescribed subframe to be
determined, based on the second configuration,
wherein
in a case that simultaneous transmissions on
the EPDCCH and the DS occur in a Licensed
Assisted Access (LAA) cell, the EPDCCH is
mapped onto a resource element different from
a resource element corresponding to the DS in
the prescribed subframe.
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