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Description

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to
a technique of a terminal apparatus, a base station
apparatus, and communicationmethods that enable effi-
cient communication.

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
schemeand flexible scheduling using aunit 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 apparatuses have substantially the
same cell configuration (cell size); however, regarding
Advanced E-UTRA, discussion is made on a communi-
cation system based on a network (different-type radio
network, Heterogeneous Network) in which base station
apparatuses (cells) having different configurations coex-
ist in the same area. In this regard, E-UTRA is also
referred to as "LTE (Long Term Evolution)", and Ad-
vanced 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
DualConnectivity (DC) technique are specified, inwhich,
in a communication system where cells (macro cells)
having large cell radii and cells (small cells) having smal-
ler cell radii than those of the macro cells coexist as in a
heterogeneous network, a terminal apparatus performs
communication by connecting to amacro 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 speci-
fically, 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 allo-
cated 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] NPL 3 discloses the random access procedure
for NB-IoT and discusses related issues and proposals.

NPL 4 specifies the E-UTRA MAC protocol, in particular
the random access procedure.
[0007] In a case that a terminal apparatus transmits an
uplink signal in any non-allocated frequency, the terminal
apparatus is not able to use desired transmit power. This
may reduce transmission quality.
[0008] Earlier filed US provisional application US
62/259774, the priority of which is being claimed by EP
3 381 235 A1, describes that when additional resources
are reserved for the PRACH and the PRACH is trans-
mitted without contention, the access terminals may
randomly choose a starting symbol period for sending
their PRACH preamble. The document also describes
that the RA-RNTI may be defined as function of the
subframe index, the RB interlace, the starting symbol
period index of the PRACH and/or the DMRS sequence
used.

CITATION LIST

[Non Patent Document]

[0009]

[NON PATENT DOCUMENT 1] NPL 1: 3rd Genera-
tion Partnership Project; Technical 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).
[NON PATENT DOCUMENT 2] NPL 2: 3rd Genera-
tion Partnership Project; Technical Specification
Group Radio Access Network; Study on Licensed-
Assisted Access to Unlicensed Spectrum; (Release
13), 3GPP TR 36.889 V1.0.1 (2015‑6).
[NON PATENT DOCUMENT 3] NPL 3: 3GPP TSG-
RAN WG2 NB-IoT AH, Budapest, Hungary, Jan.
19‑21, 2016, R2‑160530, ZTE: "Random access
procedureandmessages forNB-IoT", XP51054816.
[NON PATENT DOCUMENT 4] NPL 4: 3rd Genera-
tion Partnership Project; Technical Specification
Group Radio Access Network; Evolved Universal
TerrestrialRadioAccess (E‑UTRA);MediumAccess
Control (MAC) protocol specification (Release 13),
3GPPTS36.321V13.0.0 (2015‑12), XP055403098.

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0010] However, for radio communication systems as
that described above, no concrete uplink communication
method has been sufficiently studied.
[0011] The present invention has beenmade in light of
the foregoing, and an object of the present invention is to
provide a terminal apparatus, a base station apparatus,
and communication methods which enable efficient up-
link communication.
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Means for Solving the Problems

[0012] The invention isdefinedby the subject-matter of
the independent claims. Particular embodiments of the
invention are set out in the dependent claims.

Effects of the Invention

[0013] The present invention can provide improved
transmission efficiency in a radio communication system
in which a base station apparatus and a terminal appa-
ratus communicate with each other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

FIG. 1 is a diagram illustrating an example of a
downlink radio frame configuration according to a
present embodiment.
FIG. 2 is a diagram illustrating an example of an
uplink radio frame configuration according to the
present embodiment.
FIG. 3 is a schematic diagram illustratinganexample
of a block configuration of a base station apparatus 2
according to the present embodiment.
FIG. 4 is a schematic diagram illustratinganexample
of a block configuration of a terminal apparatus 1
according to the present embodiment.
FIG. 5 is a diagram illustrating an example of a
downlink signal configuration according to the pre-
sent embodiment.
FIG. 6 is a diagram illustrating an example of a
procedure of CCA for a downlink transmission ac-
cording to the present embodiment.
FIGS. 7A to 7C are diagrams illustrating an example
of a relationship between an interval, between a
downlink transmission and an uplink transmission,
and types of CCA according to the present embodi-
ment.
FIG. 8 is a diagram illustrating an example of a
procedure of CCA for an uplink transmission accord-
ing to the present embodiment.
FIG. 9 is a diagram illustrating an example of a
procedure of CCA for an uplink transmission accord-
ing to the present embodiment.
FIG. 10 is a diagram illustrating an example of fre-
quency multiplexing of a physical uplink shared
channel according to the present embodiment.
FIG. 11 is a diagram illustrating an example of CCA
for an uplink transmission according to the present
embodiment.
FIG. 12 is a diagram illustrating an example of CCA
for an uplink transmission according to the present
embodiment.
FIG. 13 is a diagram illustrating an example of CCA
for an uplink transmission according to the present
embodiment.

FIG. 14 is a diagram illustrating an example of CCA
for an uplink transmission according to the present
embodiment.
FIG. 15 is a diagram illustrating an example of a
procedure of CCA for an uplink transmission accord-
ing to the present embodiment.
FIG. 16 is a diagram illustrating an example of a
PRACH configuration according to the present em-
bodiment.
FIG. 17 is a diagram illustrating an example of the
PRACH configuration according to the present em-
bodiment.
FIG. 18 is a diagram illustrating an example of a
second PRACH preamble transmission method of
the terminal apparatus according to the present em-
bodiment.
FIG. 19 is a table illustrating an example of corre-
spondence between PRACH mask indices and
PRACH resources according to the present embodi-
ment.
FIG. 20 is a diagram illustrating an example of a
random access response according to the present
embodiment.
FIG. 21 is a diagram illustrating an example of re-
servation resources configured for the terminal ap-
paratus according to the present embodiment.

Figures 5‑15 represent unclaimed aspects.

MODE FOR CARRYING OUT THE INVENTION

First Embodiment

[0015] A first embodiment of the present invention will
be described below. A descriptionwill be given by using a
communication system (cellular system) in which a base
station apparatus (base Station, NodeB, or eNodeB
(eNB)) and a terminal apparatus (terminal, mobile sta-
tion, a user device, or User equipment (UE)) communi-
cate in a cell.
[0016] 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 syno-
nymously with "signal." In the future EUTRA and Ad-
vanced EUTRA, the physical channel may be added or
its constitution and format type may be changed or
added; however, the description of the present embodi-
ment will not be affected even in a case where the
channel is changed or added.
[0017] In LTE, EUTRA, and Advanced EUTRA, sche-
duling of a physical channel or a physical signal is man-
aged by using radio frames. One radio frame is 10 ms in
time length, and one radio frame includes 10 subframes.
In addition, one subframe includes two slots. In other
words,onesubframe is1ms in time length, andoneslot is
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0.5 ms in time length. Moreover, scheduling is managed
by using a resource block as a minimum unit of schedul-
ing for allocating a physical channel. The resource block
is defined by a given frequency domain including a set of
multiple subcarriers (e.g., 12 subcarriers having subcar-
rier spacingsof 15kHz) ona frequencyaxis andadomain
including a given transmission time intervals (TTIs, slots,
symbols). Note that one subframe may be referred to as
one resource block pair. In LTE, one TTImay basically be
defined as one subframe (1ms). The TTImay be defined
as reception time intervals on a reception side.
TTI may be defined as a transmission unit or a reception
unit of a physical channel, a physical signal, and the like.
In other words, the time lengths of a physical channel, a
physical signal, and the likemay be defined based on the
length of the TTI.
[0018] In the EUTRA and Advanced EUTRA, a frame
structure type is defined. Frame structure type 1 is ap-
plicable to Frequency Division Duplex (FDD). Frame
structure type 2 is applicable to Time Division Duplex
(TDD).
[0019] FIG. 1 is a diagram illustrating an example of a
downlink radio frame configuration according to the pre-
sent embodiment. In the downlink, an OFDM access
scheme is used. Transmission of a downlink signal an-
d/or on a downlink physical channel in the downlink is
referred to as a downlink transmission. In the downlink, a
PDCCH, an EPDCCH, a Physical Downlink Shared
CHannel (PDSCH), and the like areallocated.Adownlink
radio frame is constituted by a downlink Resource Block
(RB) pair. This downlinkRBpair 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
downlinkRBpairs is constituted of two downlinkRBs (RB
bandwidth × slot) that are contiguous in time domain.
Each of the downlink RBs is constituted of 12 subcarriers
in frequencydomain. In the timedomain, thedownlinkRB
is constituted of seven OFDM symbols when a normal
cyclic prefix (CP) is added, while the downlink RB is
constituted of six OFDM symbols when 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 appara-
tus identifier, physical downlink shared channel schedul-
ing information, physical uplink shared channel schedul-
ing information, and a modulation scheme, coding rate,
and retransmission parameter are transmitted. Note that
although a downlink subframe in a single Component
Carrier (CC) is described here, a downlink subframe is
defined for each CC and downlink subframes are ap-
proximately synchronized between the CCs.
[0020] In the downlink, synchronization signals are
assigned. The synchronization signals are used to adjust
timings for downlink signals and/or channels mainly be-

tween a base station apparatus transmitting downlink
signals and/or channels and a terminal apparatus receiv-
ing downlink signals and/or channels. Specifically, at the
terminal apparatus, synchronization signal is used to
adjust timings of receiving radio frames or subframes,
or OFDM symbols. At the terminal apparatus, a synchro-
nization signal is alsoused todetect a center frequencyof
a component carrier. At the terminal apparatus, a syn-
chronization signal is also used to detect theCP length of
an OFDM symbol. At the terminal apparatus, a synchro-
nization signal is also used to identify the cell (base
station apparatus) fromwhich the synchronization signal
has been transmitted. In other words, at the terminal
apparatus, a synchronization signal is used to detect a
cell identity of the cell from which the synchronization
signal has been transmitted. Note that, at the terminal
apparatus, a synchronization signal may be used to per-
form Automatic Gain Control (AGC). Note that, at the
terminal apparatus, a synchronization signal may be
used to adjust a timing of processing symbol to be used
for Fast Fourier Transform (FFT). Note that, at the term-
inal apparatus, a synchronization signal may be used to
calculate Reference Signal Received Power (RSRP).
Note that a synchronization signalmay be used to secure
a channel on which the synchronization signal is to be
transmitted.
[0021] A primary synchronization signal (first primary
synchronizationsignal) andasecondary synchronization
signal (first secondary synchronization signal) are trans-
mitted on the downlink to promote cell searches. Cell
search is a procedure performed by the terminal appa-
ratus to acquire time and frequency synchronization with
the cell to detect a physical layer Cell ID of the cell. E-
UTRA cell search supports a flexible and general trans-
missionbandwidth corresponding tosixormore resource
blocks.
[0022] A specific example of assignment (arrange-
ment, mapping) of the primary synchronization signal
and the secondary synchronization signal will be de-
scribed. FIG. 9 illustrates mathematical expressions for
determining subcarriers and OFDM symbols to which a
synchronization signal is mapped. Assume that k is de-
fined as a frequency domain, and l is defined as an index
specifying a resource element in the time domain. A
primarysynchronizationsignal andasecondarysynchro-
nization signal are defined by Mathematical Expression
(0-a), Mathematical Expression (1-a), and Mathematical
Expression (2) in FIG. 9. Here, NRBDL denotes the num-
ber of resource blocks specified based on configuration
information about the downlink bandwidth, NscRB de-
notes a frequency domain uplink resource block size
corresponding to the number of subcarriers per resource
block, and NsymbDL denotes the number of OFDM sym-
bols per downlink slot. Here, ak, l denotes a symbol in a
resource element (k, l), d denotes a sequence, and n
takes a value from 0 to 2NM‑1. Moreover, mod denotes a
function representing a remainder, and Amod B denotes
a remainder in a case that A is divided by B. Here, for the
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primary synchronization signal and the secondary syn-
chronization signal, NM is 31. Here, for the primary syn-
chronization signal and the secondary synchronization
signal, h is 1.
[0023] The Primary Synchronization Signal (PSS) and
the Secondary Synchronization Signal (SSS) illustrated
in FIG. 1 are transmitted using 62 subcarriers (62 re-
source elements) around a center frequency regardless
of the downlink bandwidth (a system bandwidth of the
downlink, a downlink transmission bandwidth). A direct-
current subcarrier (DC subcarrier) corresponding to the
center of the subcarriers within the system bandwidth is
not used as the primary synchronization signal or the
secondary synchronization signal. Five subcarriers (five
resource elements) at each of opposite ends of each of
the primary synchronization signal and the secondary
synchronization signal are reserved and not used for
transmission of the primary synchronization signal or
the secondary synchronization signal. The resource ele-
ments including the five resourceelements at eachend in
addition to the above-described 62 resource elements
are referred to as the primary synchronization signal and
the secondary synchronization signal.
[0024] Although not illustrated here, a physical broad-
cast information channel may be allocated and a down-
link Reference Signal (RS) may be assigned, to a down-
link subframe. Examples of a downlink reference signal
are a Cell-specific RS (CRS), which is transmitted
through the same transmission port as that for aPDCCH,
a Channel State Information RS (CSI-RS, non-zero
power CSI-RS, NZP CSI-RS), which is used to measure
Channel State Information (CSI), a terminal-specific RS
(UE-specific RS (URS)), which is transmitted through the
same transmission port as that for oneor somePDSCHs,
and a Demodulation RS (DMRS), which is transmitted
through the same transmission 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 synchronization 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 subframes in the radio
frame) as time and/or frequency tracking signals. The
terminal-specific reference signals transmitted 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.
[0025] Although not illustrated here, in the downlink
subframe, Zero Power CSI-RS (ZPCSI-RS)mostly used
for rate matching of the PDSCH, which is transmitted
simultaneously with the downlink subframe, and CSI
InterferenceManagement (CSI-IM)mostly used for inter-
ference measurement of channel state information may
bemapped. The zero powerCSI-RS and theCSI-IMmay

be arranged on resource elements where the non-zero
power CSI-RS can be mapped. The CSI-IM may be
configured to overlap the non-zero CSI-RS.
[0026] Although not illustrated, Discovery Signals
(DSs) may be arranged in downlink subframes. In a
certain cell, a DS (DS Occasion) is constituted of a time
period (DS period) of a prescribed number of contiguous
subframes. The prescribed number is one to five accord-
ing to FDD (Frame structure type 1) and two to five
according to TDD (Frame structure type 2). The pre-
scribed number is configured by the RRC signaling.
The terminal apparatus is configured tohaveanoccasion
when theDSperiod ismeasured.Theconfigurationof the
occasionwhen theDSperiod ismeasured isalso referred
to as a Discovery signals measurement timing config-
uration (DMTC). The occasion (DMTC Occasion) when
the terminal apparatus measures the DS period is con-
figured by an occasion corresponding to 6 ms (six sub-
frames). The terminal assumes that theDS is transmitted
(is mapped or occurs) per subframe configured by a
parameter dmtc-Periodicity configured by the RRC sig-
naling. The terminal assumes a presence of the DS
configured to include following signals in downlink sub-
frames.

(1) A CRS of antenna port 0 in a DwPTS of all
downlink subframes and all special subframes in
the DS period.
(2) A PSS in a first subframe of the DS period
according 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
subframes of the DS period. This non-zero power
CSI-RS is configured by the RRC signaling.

[0027] The terminal performsmeasurementsbasedon
the configuredDS. Themeasurements are performed by
using theCRSof theDSor thenon-zeropowerCSI-RSof
theDS. The configuration related to theDScan configure
multiple non-zero power CSI-RSs.
[0028] FIG. 2 is a diagram illustrating an example of an
uplink radio frame configuration according to the present
embodiment. AnSC-FDMAscheme is used in the uplink.
Transmission of an uplink signal and/or on an uplink
physical channel in the uplink is referred to as an uplink
transmission. That is, the uplink transmission can be
rephrased as transmission of a PUSCH. In the uplink,
a Physical Uplink Shared Channel (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 constituted of uplink RB pairs. This
uplink RB pair is a unit for allocation of uplink radio
resourcesand the like and is constitutedby the frequency
band of a predefined width (RB bandwidth) and a pre-
determined time duration (two slots = 1 subframe). Each
of the uplinkRBpairs is constituted of two uplinkRBs (RB
bandwidth× slot) that are contiguous in the time domain.
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Each of the uplink RB is constituted of 12 subcarriers in
the frequency domain. In the time domain, the uplink RB
is constitutedof sevenSC-FDMAsymbols inacase 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
eachCC.For compensationof propagationdelayand the
like, the beginning of the radio frame in the uplink (uplink
subframe) is adjusted to precede the beginning of the
radio frame in the downlink (downlink subframe), with
respect to the terminal apparatus.
[0029] A synchronization signal is constituted by three
kinds of primary synchronization signals and secondary
synchronization signals constituted by 31 kinds of codes
that are interleaved in the frequency region. 504 patterns
of cell identifiers (Physical Cell Identities; PCIs) for iden-
tifying base station apparatuses, and frame timing for
radio synchronization are indicated by the combinations
of the primary synchronization signals and the secondary
synchronization signals. The terminal apparatus identi-
fies 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 apparatuses
within the cell. The radio resource in which broadcast
information is transmitted is announced on the physical
downlink control channel to the terminal apparatuses in
the cell. Broadcast information not announced on the
physical broadcast information channel is transmitted,
as a layer‑3 message (system information) for announ-
cing 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
access configuration information (suchasa 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
multiple 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 apparatus receives the cell-
specific RS and thus measures the reception quality of
each cell. The terminal apparatus also uses a cell-spe-
cific 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
ReferenceSignal (CSI-RS)". Adownlink referencesignal
individually configured for the terminal apparatus is re-
ferred to as UE specific Reference Signal (URS), a
DemodulationReferenceSignal (DMRS), or aDedicated
RS (DRS), and is referred to for a channel compensation
process for demodulating an enhanced physical down-
link control channel or a physical downlink shared chan-
nel.
[0034] The Physical Downlink Control Channel
(PDCCH) occupying one or several OFDM symbols
(e.g., 1 to 4 OFDM symbols) from the start of each
subframe is transmitted. The Enhanced Physical Down-
link Control Channel (EPDCCH) is a physical downlink
control channel allocated to the OFDM symbols to which
the Physical Downlink Shared CHannel (PDSCH) is al-
located. The PDCCH or EPDCCH is used for notifying
each terminal apparatus of radio resource allocation
information according to scheduling determined by the
base station apparatus and information indicating an
adjustment amount for an increase or decrease in trans-
mit power. In the following, even in a case that the
Physical Downlink Control Channel (PDCCH) alone is
described, both physical channels that is, the PDCCH
and the EPDCCH, are included unless otherwise noted.
[0035] The terminal apparatus needs tomonitor a phy-
sical downlink control channel addressed to the terminal
apparatus itself, and receive the physical downlink con-
trol channel addressed to the terminal apparatus itself,
before transmitting and/or receiving downlink data or a
layer‑2 message or layer‑3 message, which is higher-
layer control information (such as a paging or handover
command), and thus acquire, from the physical downlink
control channel, radio resource allocation information
called uplink grant in a caseof transmission anddownlink
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 apparatus by the
base station apparatus, instead of transmission through
OFDM symbols described above. The uplink grant can
be rephrased as a DCI format used for scheduling the
PUSCH. The downlink grant can be rephrased as a DCI
format used for scheduling thePDSCH.Thesubframe for
which the PDSCH is scheduled is a subframe for which
the DCI format indicating reception of the PDSCH, has
been successfully decoded. The subframe for which the
PUSCH is scheduled is indicated in association with the
subframe for which the DCI format indicating transmis-
sion of the PUSCH has been successfully decoded. For
example, for FDD cells, the subframe for which the
PUSCH is scheduled is the fourth subframe following
the subframe for which the DCI format indicating trans-
mission of the PUSCH has been successfully decoded.
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In other words, each of the subframes for which the
PUSCH and the PDSCH are scheduled is associated
with the subframe for which the DCI format indicating the
transmission or reception of the channel has been suc-
cessfully decoded.
[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, Sche-
duling Request (SR)).
[0037] CSI includes a Channel Quality Indicator (CQI)
of the serving cell corresponding to the CSI, a Precoding
Matrix Indicator (PMI), a Precoding Type Indicator (PTI),
andaRank Indicator (RI),whichcanbeused respectively
for specifying (representing) a preferable 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 Indicator. Moreover,
theCQIand thePMIare classified intowidebandCQIand
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 pre-
coding 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] For example, the terminal apparatus 1 reports a
CQI index that satisfies a condition that an error prob-
ability of one PDSCH transport occupying a group of
downlink physical resource blocks and determined by
a combination of a modulation scheme and a transport
block size corresponding to the CQI index, does not
exceed a prescribed value (for example, 0.1).
[0039] Note that each of the downlink physical re-
source blocks used to calculate the CQI, the PMI, and/or
the RI is referred to as a CSI reference resource.
[0040] The terminal apparatus 1 reports the CSI to the
base station apparatus 2. The CSI reporting includes
periodic CSI reporting and aperiodic CSI reporting. In
the periodic CSI reporting, the terminal apparatus 1 re-
ports the CSI at a timing configured by a higher layer. In
the aperiodic CSI reporting, the terminal apparatus 1
reports the CSI at a timing based on CSI request infor-
mation included in the received uplink DCI format (uplink
grant) or a random access response grant.
[0041] The terminal apparatus1 reports theCQIand/or
the PMI and/or the RI. Note that the terminal apparatus 1
need not report the PMI and/or the RI depending on a
configuration made by a higher layer. The configuration
made by the higher layer includes, for example, a trans-
mission mode, a feedback mode, a reporting type, and a
parameter indicating whether to report the PMI/RI.

[0042] Moreover, the terminal apparatus 1 may be
configured to perform one or multiple CSI processes
for one serving cell. The CSI process is configured in
association with the CSI reporting. One CSI process is
associated with one CSI-RS resource and one CSI-IM
resource.
[0043] The Physical Downlink Shared Channel
(PDSCH) is also used to notify the terminal apparatus
of a response to random access (Random Access Re-
sponse (RAR)) and broadcast information (system infor-
mation) that is not notified by paging or on the physical
broadcast information channel, in addition to downlink
data, as a layer‑3 message. Radio resource allocation
information of the physical downlink shared channel is
indicated by a physical downlink control channel. The
physical downlink shared channel is allocated to OFDM
symbols other than theOFDMsymbolsused to transmit a
physical downlink control channel and is transmitted. In
other words, the physical downlink shared channel and
the physical downlink control channel are time division
multiplexed in a single subframe.
[0044] 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
uplink shared channel is also used such that the terminal
apparatus notifies the base station apparatus of uplink
data as well as a layer‑2 message and a layer‑3 mes-
sage, which are higher-layer control information. Radio
resource allocation information of the physical uplink
sharedchannel is providedbyaphysical downlink control
channel, as in a case of downlink.
[0045] 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 apparatus 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
apparatus to estimate an uplink channel state.Moreover,
sounding reference signals are categorized into a peri-
odicSoundingReferenceSignal (PeriodicSRS),which is
transmitted periodically, or an Aperiodic Sounding Re-
ference Signal (Aperiodic SRS), which is transmitted in a
case that transmission is instructed by the base station
apparatus.
[0046] A Physical Random Access Channel (PRACH)
is a channel used for the notification (configuration) of a
preamble sequence and includes a guard time. The
preamble sequence is configured such that multiple se-
quences are used for notifying information to the base
station apparatus. For example, in a case that 64 se-
quences are available, 6-bit information can be provided
to the base station apparatus. A physical random access
channel is used by the terminal apparatus as ameans for
accessing the base station apparatus.
[0047] The PRACH is used to transmit a random ac-
cess preamble (PRACH preamble). The PRACH is used
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for the initial connection establishment procedure, the
handover procedure, the connection re-establishment
procedure, synchronization (timing adjustment) for up-
link transmission, and the request for the PUSCH re-
source.
[0048] FIG. 16 is a diagram illustrating an example of a
configuration of a PRACH (or a PRACH preamble) (also
referred to as a first PRACH or a first PRACH preamble,
below) according to the present embodiment. The first
PRACH ismapped to a frequency band corresponding to
six RBs (1.08 MHz) and includes 839 subcarriers (sub-
carrier spacings of 1250 Hz) (region indicated by oblique
lines in FIG. 16). The PRACH preamble (random access
preamble sequence) transmitted on the first PRACH is
839 in length. 13 subcarriers and 12 subcarriers that are
outermost in the frequency direction of the first PRACH
are not used (also referred to as Guard bands or Guard
carriers). ACyclic Prefix (CP) ismapped to the beginning
of the first PRACH in the time direction, and an end
portion is a region that is not used (also referred to as
Guard Time or the like). Note that the configuration of the
first PRACHdefined in LTE is not limited to that illustrated
in FIG. 16. For the configuration of the first PRACH, a
parameter (also referred to as a first parameter below) is
determinedbasedonaPreamble format (randomaccess
preamble format) notified through higher layer signalling.
The first PRACHmay bemapped to the frequency band,
corresponding to six RBs (1.08 MHz) and includes 139
subcarriers (subcarrier spacings of 7500 Hz).
[0049] FIG. 17 is a diagram illustrating another exam-
ple of the configuration of the PRACH (also referred to as
a second PRACH, a second PRACH preamble, or
PRACH preamble format 5, below) according to the
present embodiment. The second PRACH is mapped
to a wider band than that for the first PRACH. The
example illustrated in FIG. 17 is a configuration in which
the second PRACH and Guard carriers are mapped to
the entire UL band. Note that Guard carriers do not need
to be mapped, and the second PRACHmay include 839
subcarriers or 139 subcarriers, or the number of sub-
carriers different from 839 and 139. The PRACH pre-
amble (random access preamble sequence) transmitted
on the second PRACH may be 839 or 139 in length or
may have a length different from 839 or 139. Further, a
channel (PUSCH, PUCCH, first PRACH, second
PRACH, and the like) other than the second PRACH
may be mapped to outer sides of the Guard carriers
instead of the second PRACH and Guard carriers being
mapped to the entire UL band. The second PRACH and
theGuard carriersmaybemapped topart of the entireUL
band. The PRACH and the Guard carriers may be
mapped to a band wider than 1.08 MHz (six RBs). In
other words, the product of the subcarrier spacing of the
second PRACH and the length of the PRACH preamble
transmitted on the second PRACH may be greater than
1.08MHz. Using the bandwider than 1.08MHz (six RBs)
(e.g., the entire UL band) increases the subcarrier spa-
cings of the second PRACH and hence reduces the time

to be used for the PRACH.
[0050] Asdescribed above, thePRACH (whichmaybe
a PRACH preamble or a random access preamble) may
include a CP and a sequence part (preamble sequence
part). Specifically, a different CP length and/or a different
sequence lengthmay be defined for each one or multiple
Preamble formats (e.g., Preamble formats 0, 1, 2, 3,
and/or 4) used as the first PRACH. A different CP length
and/or a different sequence length may be used for each
one or multiple Preamble formats (e.g., Preamble for-
mats 5 and/or 6) used as the second PRACH.
[0051] Here, the parameter (first parameter) asso-
ciated with the Preamble format may include the CP
length used to define the Preamble format. The first
parameter may include the sequence length used to
define the Preamble format. In other words, the first
parameter may include a parameter (parameter asso-
ciated with the PRACH) used to define the Preamble
format.
[0052] Here, as will be described below, the first para-
metermay be used based on a framestructure type (e.g.,
a first frame structure type (FS1), a second frame struc-
ture type (FS2), and/or a third frame structure type
(FS3)).
[0053] For example, Preamble formats 0, 1, 2, and/or 3
may be used for the first frame structure type (FS1).
Preamble formats 0, 1, 2, 3, and/or 4 may be used for
the second framestructure type (FS2).Preamble formats
0, 1, 2, 3, 4, 5, and/or 6 may be used for the third frame
structure type (FS3). Here, only Preamble formats 5
and/or 6 (i.e., only second PRACH) may be used for
the third frame structure type (FS3).
[0054] A time resource towhich thePRACH ismapped
is determined based at least on information (PRACH-
config) notified through higher layer signalling. The term-
inal apparatus determines mapping (time resource) of
the PRACH, based on the information notified through
the higher layer signalling and transmits the PRACH
preamble using the determinedmapping (time resource)
of the PRACH.
[0055] FIG. 18 is a diagram illustrating an example of a
method in which the terminal apparatus transmits the
second PRACH preamble. Each of the terminal appara-
tuses 1-A, B, and C transmits a PRACH preamble by
using a PRACH resource determined based on informa-
tion notified through the higher layer signalling. For ex-
ample, inacase that the terminal apparatus1-A transmits
the first PRACH preamble, the PRACH resource is oc-
cupied by the PRACH preamble transmitted by the term-
inal apparatus 1-A.Meanwhile, in a case that the terminal
apparatus 1-B transmits the second PRACH preamble,
part of the PRACH resource remains, and hence the
terminal apparatus 1-C is able to transmit the second
PRACH preamble in the same PRACH resource without
affecting the second PRACH preamble transmitted by
the terminal apparatus 1-A.
[0056] The second PRACH preamble transmitted by
the terminal apparatus 1 (the terminal apparatus 1 in-
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cludes the terminal apparatuses 1-A, B, and C) is shorter
than the period of the PRACH resource determined
through higher layer signalling. Hence, multiple terminal
apparatuses 1 can transmit the second PRACH pream-
ble at different timings by using one PRACH resource. In
otherwords, onePRACHresource isdivided intomultiple
sub-resources (sub-sections, PRACH slots, transmis-
sion time points, transmission timings, or the like), and
the terminal apparatuses 1 can transmit the second
PRACH preamble in the respective PRACH slots.
[0057] Note that the configuration of the PRACH re-
sources and PRACH slots is not limited to the above. For
example, the PRACH resource may correspond to one
OFDM symbol or one SC-FDMA symbol length or may
correspond to the subframe length or slot length.
[0058] The terminal apparatus according to the pre-
sent embodiment can use the first PRACH preamble or
the second PRACH preamble (is configured with first
PRACH preamble transmission or second PRACH pre-
amble transmission), based on higher layer signalling
and/or cell identification information, and/or other signal-
ling from theeNB,and/or the like. For example, thehigher
layer signalling includes information included in a MIB,
information included in a SIB, information specifying a
PRACH resource (e.g., PRACH-config, PRACH Config-
uration Index), and the like. For example, other signalling
by the eNB includes information included in the PDCCH
(e.g., information included in a PDCCH order or the like).
The higher layer signalling and/or cell identification in-
formation, and/or other signalling from the eNB, and/or
the like is also referred to as a second parameter below.
[0059] Note that for the PDCCH order, the Localized/-
Distributed Virtual Resource Block (VRB) assignment
flag field is configured at 0. In the PDCCH order, the
Resource block assignment field is all configured at 0.
ThePDCCHorder includes information (Preamble index)
specifying the PRACH preamble index to be used by the
terminal apparatus. In a case that the Preamble Index
included in the PDCCH order is 000000, the terminal
apparatus transmits a PRACH preamble by using the
PRACH preamble index determined by the terminal ap-
paratus.
[0060] The terminal apparatus 1 refers to a table (e.g.,
a table relating to random access configuration) to ac-
quire information on aPRACH resource and the like. The
terminal apparatus 1 may determine a table to refer to in
order to acquire the information on a PRACH resource
and the like, based onwhether the first PRACHpreamble
transmission is configured or the second PRACH pre-
amble transmission is configured. The table (also re-
ferred to as a first table below) to be referred to by the
terminal apparatus 1 to acquire information on a PRACH
resource and the like, based on the PRACH Configura-
tion Index, in a case that the first PRACH preamble
transmission is configured and the table (also referred
to as a second table below) to be referred to by the
terminal apparatus 1 in a case that the second PRACH
preamble transmission is configured may be different

from each other. In other words, the terminal apparatus
1 may use different methods of determining a PRACH
resource in a case that the first PRACH preamble trans-
mission is configured anda case that the secondPRACH
preamble transmission is configured. In the case that the
first PRACH preamble transmission is configured, the
terminal apparatus 1 refers to the PRACH Configuration
Index to acquire information on a PRACH resource and
the like. In the case that the second PRACH preamble
transmission is configured, the terminal apparatus1does
not need to refer to the PRACH Configuration Index to
acquire information on a PRACH resource and the like.
[0061] For example, the terminal apparatus may refer
to the first table, based on the PRACH Configuration
Index, in frame structure type 1 while referring to the
second table, based on the PRACHConfiguration Index,
in frame structure type 3.
[0062] In other words, for PRACH (which may be
PRACH preamble or random access preamble) trans-
mission, time resource and/or frequency resource is
limited. Here, the above-described PRACH resource
may include time resource and/or a frequency resource
for the PRACH transmission. Here, the time resource to
beused for thePRACH transmissionmaybe indicatedby
using a subframe number in the radio frame. The time
resource to be used for the PRACH transmissionmay be
indicated by using a PRACH slot. The frequency re-
source to be used for the PRACH transmission may be
indicated by using a physical resource block (index of the
physical resource block).
[0063] Here, thePRACHslotmay be synonymouswith
symbols (slot) in the subframe. In other words, the
PRACH slot number may be synonymous with the num-
bers corresponding to the symbols (slot number) in the
subframe. ThePRACHslot numbermay be synonymous
with the number of the symbol (number of the slot) at
which the PRACH transmission is started in the sub-
frame. The frequency resource to beused for thePRACH
transmission may be indicated by using a physical re-
source block (index of the physical resource block).
[0064] The base station apparatus may indicate a ran-
dom access configuration by transmitting the second
parameter. Here, the random access configuration
may include a PRACH resource. Moreover, the random
access configuration may include a preamble format, a
system frame number, a subframe number, a PRACH
slot number, and/or a frequency offset (frequency offset
for a physical resource block). For example, the base
station apparatus may configure a preamble format, a
system frame number, a subframe number, a PRACH
slot number, and/or a frequency offset (frequency offset
for a physical resource block) by transmitting the second
parameter.
[0065] Here, the base station apparatus may transmit
at least the second parameter to configure (indicate) the
subframe number to be used for PRACH transmission.
As described above, for example, the second parameter
may include PRACH-config and/or PRACH Configura-
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tion Index.
[0066] Moreover, the base station apparatus may
transmit at least the third parameter to configure (indi-
cate) the PRACH slot number to be used for PRACH
transmission. For example, the third parameter may in-
clude PRACH-config_r14 and/or PRACH Configuration
Index 14.
[0067] In other words, the parameter (second para-
meter) for configuring the subframe number to be used
for PRACH transmission and the parameter (third para-
meter) for configuring thePRACHslot number to be used
for PRACH transmission may be defined individually.
Here, the slot number configured by using the third
parameter may be configured as a certain PRACH slot
number in a certain subframe (e.g., PRACH slot number
1 in subframe number 3). Here, the certain subframe
indicates a subframe in a certain radio frame.
[0068] The configuration based on the second para-
meter and/or the configuration based on the third para-
meter may be used based on the frame structure type
(e.g., the first frame structure type (FS1), the second
frame structure type (FS2), and/or the third frame struc-
ture type (FS3)).
[0069] For example, the configuration based on the
second parameter may be used for the first frame struc-
ture type (FS1).Moreover, the configuration basedon the
second parameter may be used for the second frame
structure type (FS2). Moreover, the configuration based
on the second parameter and/or the configuration based
on the third parameter may be used for the third frame
structure type (FS3).
[0070] As described above, the terminal apparatus 1
may determine the random access configuration in ac-
cordance with a configuration made by the base station
apparatus. For example, the terminal apparatus 1 for
which the first PRACH preamble transmission is config-
ured may adjust the start of the PRACH transmission to
the start of the corresponding uplink subframe (config-
ured uplink subframe). In other words, in a case that the
first PRACH preamble transmission is configured, the
start of the PRACH may be adjusted to the start of the
corresponding uplink subframe.
[0071] The terminal apparatus 1 for which the second
PRACH preamble transmission is configuredmay adjust
the start of the PRACH transmission to the start of the
correspondinguplink slot (configureduplink slot, PRACH
slot number). In other words, the start of the PRACHmay
be adjusted to the start of the corresponding uplink slot.
Specifically, in a case that the second PRACH preamble
transmission is configured, the start of the PRACH may
be adjusted to the start of the corresponding uplink slot.
[0072] Moreover, as described above, the terminal
apparatus 1may determine (acquire) the randomaccess
configuration (including information on a PRACH re-
source and the like) by referring to the first table and
the second table. Here, the terminal apparatus 1 for
which the second PRACHpreamble transmission is con-
figured may determine (acquire) the random access

configuration (including information on a PRACH re-
source and the like) by switching interpretation of the
first table. For example, the terminal apparatus 1 for
which the second PRACHpreamble transmission is con-
figured may determine the PRACH slot number (uplink
slot) to be used for thePRACH transmission by switching
interpretation of the first table. Here, the terminal appa-
ratus 1 for which the first PRACH preamble transmission
is configured may determine the subframe number (up-
link subframe) to be used for the PRACH transmission,
based on the first table.
[0073] In other words, the terminal apparatus 1 may
determine a different configuration for the PRACH trans-
mission by changing interpretation of a single table,
based on whether the first PRACH preamble transmis-
sion is configured or the second PRACHpreamble trans-
mission is configured. For example, the terminal appa-
ratus1may interpret (presume) thevalue (parameter) set
in a single table as a subframe at which the PRACH
transmission is started or a PRACH slot at which the
PRACH transmission is started.
[0074] In a case of a non-contention based random
access procedure, the base station apparatus can re-
quest the terminal apparatus to perform PRACH pream-
ble transmission. The frame (information) for requesting
PRACH preamble transmission can include a PRACH
Preamble Index or/and a PRACH Mask Index (e.g., the
PDCCH order based on DCI format 1A).
[0075] In a case that the base station apparatus has
requested PRACH preamble transmission, the terminal
apparatus determines a configuration of the PRACH
preamble and a PRACH resource to be used, based
on the notified information (information requesting
PRACH preamble transmission).
[0076] FIG. 19 is a table illustrating an example of
correspondence between PRACH mask indices and
PRACH resources. The terminal apparatus can deter-
mine a PRACH resource in which the second PRACH
preamble is transmitted, based onaPRACHMask Index.
The PRACH Mask Index corresponds to a PRACH Re-
source Index, and the number assigned to each PRACH
Resource Index indicates informationassociatedwith the
PRACH resource to be used by the terminal apparatus.
For example, in FDD, PRACH Resource Index 0 corre-
sponds to the PRACH resource indicated, based on the
number of PRACHs configured in one radio frame, by a
number associated with each of the PRACHs. For ex-
ample, in the case of TDD, PRACH Resource Index 0
corresponds to the PRACH resource indicated by a
number associated with each of the configured PRACHs
sequentially in the frequency direction.
[0077] The base station apparatus can indicate the
PRACH slot to be used by the terminal apparatus, using
a PRACH Mask Index. The terminal apparatus can con-
figure a subframe, a slot, a PRACH slot, and the like in
which the PRACH preamble is transmitted, based on a
PRACH Mask Index. The PRACH Resource Index may
correspond to a slot number, a PRACH slot number,
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or/and an OFDM symbol number, or the like.
[0078] The terminal apparatus canconfigureaPRACH
resource, based on the correspondence in the table
illustrated in FIG. 19 with the PRACH Mask Index re-
ceived in a case of transmitting the first PRACH and
configure a PRACH resource, a slot number, a PRACH
slot number or/and an OFDM symbol number by a meth-
od other than that using the correspondence based on
the table illustrated in FIG. 19 with the PRACH Mask
Index received in a case of transmitting the second
PRACHpreamble. Inotherwords, the terminal apparatus
uses a different method of interpreting a PRACH Mask
Index differently or/and selecting a PRACH resource,
depending on the PRACH preamble configuration.
[0079] The terminal apparatus uses the physical ran-
dom access channel to request an uplink radio resource
in a case that no physical uplink control channel is con-
figured for anSRor to request the base station apparatus
for a transmission timing adjustment information (also
referred toasTimingAdvance (TA) command)necessary
for matching uplink transmission timing to a reception
timing window of the base station apparatus, for exam-
ple. Moreover, the base station apparatus can request
the terminal apparatus to start a random access proce-
dure, by using a physical downlink control channel.
[0080] The random access response is response in-
formation from the base station apparatus for random
access by the terminal apparatus. The random access
response is included in the PDSCH scheduled based on
control information for the PDCCH having CRC
scrambled with a Random Access-Radio Network Tem-
porary Identifier (RA-RNTI), and the PDSCH is trans-
mitted from the base station apparatus. The random
access response includes transmission timing adjust-
ment information, the uplink grant (the uplink grant in-
cluded in the random access response is also referred to
as a random access response grant), and Temporary C-
RNTI information, which is a temporary identifier of the
terminal apparatus.
[0081] Operations relating to a method of acquiring a
random access response by the terminal apparatus will
be described. In a case that the terminal apparatus
transmits the first PRACH preamble, the base station
apparatus transmits a random access response to the
terminal apparatus. The terminal apparatus monitors the
PDCCHor/andEPDCCH (both can be referred to also as
PDCCHbelow unless otherwise stated) transmitted from
the base station apparatus in a case of transmitting the
firstPRACHpreamble.Avalueof theRA-RNTI tobeused
by the terminal apparatus to monitor the PDCCH is
calculated in accordance with a calculation expression
represented by 1 + t_id + 10 * f_id. Note that t_id denotes
avalueof thefirst subframenumber (or index, the indexof
the first subframe, or the like) in the time resource to be
used for the first PRACH preamble transmitted from the
terminal apparatus. Moreover, f_id denotes a value
based on the frequency resource to be used for the first
PRACH preamble transmitted from the terminal appara-

tus. Note that t_id can take a value from 0 to 9, and f_id
can take a value from 0 to 5 (in a case of TDD). In the
present embodiment, the RA-RNTI in a case that the first
PRACH preamble is transmitted from the terminal appa-
ratus is also referred to as a first RA-RNTI, and the
calculation expression for the first RA-RNTI is also re-
ferred to as a first calculation expression.
[0082] In other words, the first calculation expression
may be used to calculate a RA-RNTI associated with the
PRACH in which the first PRACH preamble is trans-
mitted. Here, in the first calculation expression, the sub-
frame (first subframe number) at which transmission of
the first PRACH preamble is started may be used.
[0083] Next, a randomaccess responseprocedure in a
case that the terminal apparatus transmits the second
PRACH preamble will be described. In a case that the
terminal apparatus transmits the second PRACH pre-
amble, the base station apparatus can transmit a random
access response to the terminal apparatus. The resource
to be used for the random access response to be trans-
mitted from the base station apparatus to the terminal
apparatus can be indicated by using the PDCCH.
[0084] For example, the base station apparatus may
scramble the PDCCH, based on the RA-RNTI relating to
the first PRACH preamble. Specifically, CRC parity bits
scrambled with the first RA-RNTI may be attached to
downlink control information to be used for scheduling of
the PDSCH in which the random access response is
transmitted. Here, the downlink control information to
which CRC parity bits scrambled with the first RA-RNTI
is transmitted on the PDCCH.
[0085] Alternatively, the base station apparatus may
scramble the PDCCH, based on an RNTI (e.g., C-RNTI,
SPS-RNTI, TemporaryC-RNTI, or the like) other than the
RA-RNTI. The base station apparatus can also scramble
the PDCCH, based on the RA-RNTI calculated in accor-
dance with a new calculation expression. In the present
embodiment, the RA-RNTI in a case that the second
PRACH preamble is transmitted from the terminal appa-
ratus is also referred to as a second RA-RNTI, and the
calculation expression for the second RA-RNTI is also
referred to as a second calculation expression.
[0086] Specifically, CRC parity bits attached to the
downlink control information to be used for scheduling
of the PDSCH in which the random access response is
transmitted may be scrambled with the RA-RNTI calcu-
latedbyusing the secondcalculationexpression. In other
words, the second calculation expressionmaybeused to
calculate a RA-RNTI associated with the PRACH in
which the second PRACH preamble is transmitted.
[0087] For example, in the second calculation expres-
sion, a PRACH slot number (Index, number, or the like)
may be used. For example, in the second calculation
expression, thePRACHslot (first PRACHslot number) at
which transmission of the second PRACH preamble is
started may be used. Moreover, according to the second
calculation expression, calculation can be performed
based at least on the PRACH slot number and other
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information.
[0088] For example, the second calculation expression
can be represented as RA-RNTI = 1 + t_id + 10 * f_id +
slot_id (PRACH slot number) + 61 * ceil (slot_id/N_id).
Here, slot_idmaybeavaluebasedon thefirstPRACHslot
number (or index, the indexof thefirst slot, or the like) in the
time resource tobeused for the secondPRACHpreamble
transmitted from the terminal apparatus. Moreover, f_id
maydenoteavaluebasedon the frequency resource tobe
used for the second PRACH preamble transmitted from
the terminal apparatus. Here, ceil (*) denotes the smallest
integer greater than *, and N_id denotes the total number
of PRACH slots. Note that the second calculation expres-
sion is not limited to the above.
[0089] The second calculation expression may be de-
termined based on the symbol length of the second
PRACH preamble. For example, as t_id in the second
calculation expression, the length of the PRACH slot
(length of the symbols) used for the transmission of the
second PRACH preamble may be used.
[0090] The terminal apparatus performs a descram-
bling process on the PDCCH, based on the RA-RNTI (or
another RNTI) to detect DCI (or a DCI format) from the
PDCCH in which no error is detected (CRC match).
Information indicating a resource to be used for the
PDSCH including the random access response is con-
tained in the PDCCHdetected by the terminal apparatus,
and the terminal apparatus can receive the PDSCH
destined for the terminal apparatus itself.
[0091] The random access response includes an up-
link grant field to which an uplink grant is mapped and a
Temporary C-RNTI field to which information for indicat-
ing a Temporary C-RNTI is mapped. The uplink grant
included in the random access response is also referred
to as a random access response grant.
[0092] FIG. 20 is a diagram illustrating an example of
the random access response according to the present
embodiment.
[0093] In the downlink, one MAC Protocol Data Unit
(PDU) is allowed to include multiple random access
responses. In FIG. 20, the MAC Random Access Re-
sponse (RAR) indicates a random access response. The
MAC PDU in FIG. 20 includes one MAC header, n ran-
dom access responses, and padding. In FIG. 20, the one
MACheader includesnE/T/RAPIDsubheaders (E/T/RA-
PID fields).
[0094] EachE/T/RAPID subheader includes anExten-
sion field (E field), a Type field (T field), and a Random
Access Preamble IDentifier field (RAPID field). The E
field is a flag indicatingwhethermore fields are present in
theMACheader. TheE field is set to "1" to indicate that at
least another set of E/T/RAPID field follows. TheE field is
set to "0" to indicate that either a MAC RAR or padding
starts at the next byte.
[0095] The T field is a flag indicating whether the MAC
subheader containsaRAPIDfieldandaBackoff Indicator
field. The T field is set to "1" to indicate the presence of a
RAPID field in the MAC subheader.

[0096] The RAPID field identifies the transmitted ran-
dom access preamble. In a case that the random access
preamble transmitted from the terminal apparatus corre-
sponds to the RAPID field, the terminal apparatus deter-
mines that the reception of the random access response
has succeeded and performs processing on the corre-
sponding MAC RAR.
[0097] The MAC RAR includes an R field, a timing
advance command field, an uplink grant field, and a
Temporary C-RNTI field. The R field is a reserved bit
set to 0. The timing advance command field indicates an
index value TA used to control the amount of timing
adjustment for PUSCH/SRS transmission.
[0098] The uplink grant field indicates PUSCH re-
sources used in the uplink. The uplink grant field has
an uplink grant mapped thereto. The Temporary C-RNTI
field indicates the Temporary C-RNTI used by the term-
inal apparatus in the contention based random access
procedure.
[0099] The base station apparatus can include infor-
mation on the PRACH slot in the random access re-
sponse corresponding to the second PRACH. The term-
inal apparatus can detect the information on the PRACH
slot in the random access response. For example, the
information on the PRACH slot may be included in the R
field, may be included in the Timing Advance Command
field, may be included in the UL Grant field, or may be
included in the Temporary C-RNTI field. Moreover, a new
field including the information on the PRACH slot may be
included in the randomaccess response.OneMACPDU
may includea randomaccess responsecorresponding to
the first PRACH and a random access response corre-
sponding to the second PRACH.
[0100] Note that the R field may be information identi-
fying an LAA cell or information identifying a licensed/un-
licensed band.
[0101] The first PRACH preamble and the second
PRACH preamble can be generated by an uplink sub-
frame generation unit.
[0102] A first PRACH transmission bandwidth W1 is
configured at 6 PRB or 1.08 MHz. A second PPRACH
transmission bandwidth W2 differs based on the band-
widthW (W=15, 25, 50, 75, or 100PRB, or 3, 5, 10, 15, or
20MHz, for example) of the serving cell. For example, the
second PRACH transmission bandwidth W2 is equal to
the bandwidth W of the serving cell or represented by a
constant multiple X of the serving cell (W2 = X * W).
Alternatively, the second PRACH transmission band-
widthW2 is represented by a value obtained by subtract-
ing a fixed bandwidth Y from the bandwidth W of the
serving cell (W2 = W - Y). Alternatively, the second
PRACH transmission bandwidthW2 is configured based
on a value in a table associated with the bandwidth of the
serving cell. The fixed bandwidth Y may correspond to a
PUCCH resource.
[0103] The first PRACH preamble includes 139 sub-
carriers or 839 subcarriers. The second PRACH pream-
ble may include subcarriers other than 139 or 839 sub-
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carriers.
[0104] The symbol length of the second PRACH pre-
amble may correspond to the OFDM symbol or SC-
FDMA symbol length. For example, the symbol length
of the second PRACH preamble may be equal to the
number of OFDM symbols indicated by any value from 1
to 14.
[0105] The symbol length of the first PRACHpreamble
varies depending on the preamble format, and the sym-
bol length of the second PRACH preamble may be de-
termined based on the information included in signalling
(RRC signaling, PDCCH, or the like) from the base sta-
tion apparatus.
[0106] A layer‑3 message is a message exchanged
between theRadioResourceControl (RRC) layers of the
terminal apparatus and the base station apparatus and
handled in a protocol for a Control-plane (CP (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 contrast 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.
[0107] A communicable range (communication area)
at each frequency controlled by a base station apparatus
is regarded as a cell. Here, the communication area
covered by the base station apparatus may be different
in size and shape for each frequency. Moreover, the
coveredareamaybedifferent for each frequency. A radio
network, in which cells having different types of base
station apparatuses or different cell radii are located in
a mixed manner in the area with the same frequency
and/or different frequencies to form a single communica-
tion system, is referred to as a heterogeneous network.
[0108] The terminal apparatus operates by regarding
the insideofa cell asacommunicationarea. Inacase that
the terminal apparatus moves from a cell to a different
cell, the terminal apparatus moves to an appropriate
different cell through a cell reselection procedure at the
time of having no radio connection (during no commu-
nication) and throughahandover procedure at the timeof
having radio connection (during communication). A sui-
table cell in general indicatesa cell that is determined that
access from the terminal apparatus is not prohibited
based on information specified by the base station ap-
paratus, and that has a downlink reception quality satis-
fying a predefined condition.
[0109] Moreover, the terminal apparatus and the base
station apparatus may employ a technique for aggregat-
ing the frequencies (component carriers or frequency
band) of multiple different frequency bands through Car-
rier Aggregation and treating the resultant as a single
frequency (frequency band). A component carrier is ca-
tegorized as an uplink component carrier corresponding
to the uplink and a downlink component carrier corre-
sponding to the downlink. In this specification, "fre-

quency" and "frequency band" may be used synony-
mously.
[0110] For example, in a case that each of five compo-
nent carriers having frequency bandwidths of 20MHzare
aggregated through Carrier Aggregation, a terminal ap-
paratus capable of performing Carrier Aggregation per-
forms transmission and/or reception by assuming that
the aggregated carriers have a frequency bandwidth of
100MHz.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 frequencybands includean800MHzband,
a 2 GHz band, and a 3.5 GHz band, a component carrier
may be transmitted in the 800 MHz band, another com-
ponent carriermay be transmitted in the 2GHzband, and
yet another component carrier may be transmitted in the
3.5 GHz band.
[0111] It is also possible to aggregate multiple contig-
uous or discontiguous component carriers of the same
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 apparatus, 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.
[0112] Moreover, component carriers (carrier types)
without backward compatibilitymay be aggregated. Note
that the number of uplink component carriers to be allo-
cated to (configured for or added for) the terminal appa-
ratus by the base station apparatus may be the same as
ormay be fewer than the number of downlink component
carriers.
[0113] Acell constituted of anuplink component carrier
inwhichanuplink 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
constituted of component carriers other than those of
the primary cell is referred to as "Secondary cell (SCell)."
The terminal apparatus receives a paging message,
detects update of broadcast information, carries out an
initial access procedure, configures security information,
and the like in a primary cell, and need not perform these
operations in secondary cells.
[0114] Although a primary cell is not a target of Activa-
tion and Deactivation controls (in other words, consid-
ered 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 apparatus or is
made based on a timer configured for the terminal appa-
ratus for each component carrier. The primary cell and
secondary cell are collectively referred to as "serving
cell".
[0115] Carrier Aggregation achieves communication
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using multiple component carriers (frequency bands)
using multiple cells, and is also referred to as cell ag-
gregation. The terminal apparatus may have radio con-
nectionwith the base station apparatus via a relay station
device (or repeater) for each frequency. In other words,
the base station apparatus of the present embodiment
may be replaced with a relay station device.
[0116] The base station apparatus manages a cell,
which corresponds to an area where terminal appara-
tuses can communicate with the base station apparatus,
for each frequency. A single base station apparatus may
manage multiple cells. Cells are classified into multiple
types of cells depending on the size of the area (cell size)
that allows for communicationwith terminal apparatuses.
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 apparatus can com-
municate with a certain base station apparatus, the cell
configured so as to be used for the communication with
the terminal apparatus 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 apparatus.
[0117] In other words, in carrier-aggregation (also re-
ferred to as "carrier aggregation"), multiple serving cells
thus configured include a single primary cell and one or
multiple secondary cells.
[0118] 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
primary 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 second-
ary cellmaybe configured. Each secondary cell operates
at a secondary frequency. The connection may be re-
ferred to as an RRC connection. For the terminal appa-
ratus supporting CA, a single primary cell and one or
more secondary cells are aggregated.
[0119] 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 pri-
mary cell or the secondary cell(s) to which the allocated
frequency is configured. For example, the primary cell or
the secondary cell(s) to which the allocated frequency is
configured performs the configuration and/or announces
control information by the RRC signaling, MAC signaling
and/orPDCCHsignaling to thesecondary cell(s) towhich
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.
Theprimarycell or thesecondarycell(s)whichassists the

LAA cell is also referred to as "assist cell".
[0120] The LAA cell may be aggregated (assisted) by
the primary cell and/or the secondary cell(s) by dual
connectivity.
[0121] A basic configuration (architecture) of dual con-
nectivity will be described below. For example, the de-
scriptionwill begiven inacase thata terminal apparatus1
connects tomultiple base stations 2 (for example, a base
station apparatus 2‑1 and a base station apparatus 2‑2)
at the same time. The base station apparatus 2‑1 is a
base station apparatus constituting a macro cell, and the
base station apparatus 2‑2 is a base station apparatus
constituting a small cell. The terminal apparatus 1 con-
necting to the base station apparatuses 2 at the same
time by using the multiple cells belonging to the multiple
base station apparatuses 2 as described above is re-
ferred to as "dual connectivity". The cells belonging to the
respective base station apparatuses 2 may be operated
at the same frequency or different frequencies.
[0122] Note that Carrier Aggregation is different from
dual connectivity in that a single one of the base station
apparatuses 2 manages multiple cells and the frequen-
cies of the respective cells are different from each other.
In other words, Carrier Aggregation is a technique for
connecting the single terminal apparatus 1 and a single
one of the base station apparatus 2 via multiple cells
having different frequencies, while dual connectivity is a
technique for connecting the single terminal apparatus 1
and the multiple base station apparatuses 2 via multiple
cells having the same frequency or different frequencies.
[0123] The terminal apparatus 1 and base station ap-
paratuses 2 can apply a technique used for Carrier
Aggregation, to dual connectivity. For example, the term-
inal apparatus 1 and base station apparatuses 2 may
apply a technique of allocation of a primary cell and
secondary cells or activation/deactivation, to cells con-
nected through dual connectivity.
[0124] FIG. 3 is a schematic diagram illustrating an
example of a block configuration of a base station appa-
ratus 2 according to the present embodiment. The base
station apparatus 2 includes a higher layer (higher-layer
control information notification unit, higher layer proces-
sing unit) 301, a control unit (base station control unit)
302, a codeword generation unit 303, a downlink sub-
frame generation unit 304, anOFDMsignal transmission
unit (downlink transmission unit) 306, a transmit antenna
(base station transmit antenna) 307, a receive antenna
(base station receive antenna) 308, an SC-FDMA signal
reception unit (CSI reception unit) 309, and an uplink
subframe processing unit 310. The downlink subframe
generation unit 304 includes a downlink reference signal
generation unit 305. Moreover, the uplink subframe pro-
cessing unit 310 includes an uplink control information
extraction unit (CSI acquisition unit) 311.
[0125] FIG. 4 is a schematic diagram illustrating an
example of a block configuration of a terminal apparatus
1 according to the present embodiment. The terminal
apparatus 1 includes a receive antenna (terminal receive
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antenna) 401, an OFDM signal reception unit (downlink
reception unit) 402, a downlink subframe processing unit
403, a transport block extraction unit (data extraction
unit) 405, a control unit (terminal control unit) 406, a
higher layer (higher-layer control information acquisition
unit, higher layer processing unit) 407, a channel state
measurement unit (CSI generation unit) 408, an uplink
subframegeneration unit 409, anSC-FDMAsignal trans-
mission unit (UCI transmission unit) 411, and a transmit
antenna (terminal transmit antenna) 412. The downlink
subframe processing unit 403 includes a downlink refer-
ence signal extraction unit 404. Moreover, the uplink
subframe generation unit 409 includes an uplink control
information generation unit (UCI generation unit) 410.
[0126] First, a flow of downlink data transmission an-
d/or reception will be described with reference to FIG. 3
and FIG. 4. In the base station apparatus 2, the control
unit 302 holds a Modulation and Coding Scheme (MCS)
indicating a modulation scheme, a coding rate, and the
like in the downlink, a downlink resource allocation in-
dicating RBs to be used for data transmission, and in-
formation to be used for HARQ control (a redundancy
version, an HARQ process number, and a new data
indicator) and controls the codeword generation unit
303 and the downlink subframe generation unit 304,
based on these elements. Downlink data (also referred
to as a downlink transport block) transmitted from the
higher layer 301 is processed through error correction
coding, rate matching, and the like in the codeword
generation unit 303 under the control of the control unit
302 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 302 instructs
the downlink subframe generation unit 304 to generate a
downlink subframe. First, a codeword generated in the
codeword generation unit 303 is converted into a mod-
ulation symbol sequence through a modulation process,
such as Phase Shift Keying (PSK) modulation or Quad-
rature Amplitude Modulation (QAM). Moreover, a mod-
ulation symbol sequence is mapped onto REs of some
RBs, and a downlink subframe for each antenna port is
generated through a precoding process. In this opera-
tion, the transmission data sequence transmitted from
the higher layer 301 includes higher-layer control infor-
mation, which is control information about the higher
layer (e.g., dedicated (individual) Radio Resource Con-
trol (RRC) signaling). Furthermore, the downlink refer-
ence signal generation unit 305 generates a downlink
reference signal. The downlink subframe generation unit
304maps the downlink reference signal to the REs in the
downlink subframes in accordance with an instruction
from the control unit 302. TheOFDM signal transmission
unit 306 modulates the downlink subframe generated by
the downlink subframe generation unit 304 to an OFDM
signal, and then transmits the OFDM signal through the
transmit antenna 307. Although a configuration of includ-
ing one OFDM signal transmission unit 306 and one
transmit antenna 307 is illustrated as an example here,

a configuration of including multiple OFDM signal trans-
mission units 306 and multiple transmit antennas 307
may be employed for transmitting downlink subframes
through multiple antenna ports. Furthermore, the down-
link subframe generation unit 304 may also have a cap-
ability of generating physical-layer downlink control
channels, such as a PDCCH and an EPDCCH to map
the channels to REs in downlink subframes. Multiple
base station apparatuses (base station apparatus 2‑1
and base station apparatus 2‑2) transmit separate down-
link subframes. Note that the base station apparatus 2
that operates in the LAA cell is configured to include a
CCA check unit 312 configured to determine whether the
channel is idle or busy. The CCA check unit 312 is
implemented with a method for determination using
power received through the receive antenna 308, a
method for a determination depending on whether a
specific signal from the uplink subframe processing unit
310 has been detected, and the like. A determination
result from the CCA check unit 312 is transmitted to the
control unit 302 and used to control the transmission.
[0127] In the terminal apparatus 1, an OFDM signal is
received by the OFDM signal reception unit 402 through
the receive antenna 401, and an OFDM demodulation
process is performed on the signal. The downlink sub-
frame processing unit 403 first detects physical-layer
downlink control channels, such as a PDCCH and an
EPDCCH. More specifically, the downlink subframe pro-
cessing unit 403 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 Cyclic Redundancy Check (CRC)
bits added in advance (blind decoding). In other words,
the downlink subframe processing unit 403 monitors a
PDCCH and an EPDCCH. In a case that the CRC bits
matchan ID (asingle terminal-specific identifier assigned
to a single terminal, such as a Cell-Radio Network Tem-
porary Identifier (C-RNTI) or a Semi Persistent Schedul-
ing-C-RNTI (SPS-C-RNTI), or a Temporary C-RNTI) as-
signed by the base station apparatus beforehand, the
downlink subframeprocessing unit 403 recognizes that a
PDCCH or an EPDCCH has been detected and extracts
a PDSCH by using control information included in the
detectedPDCCHorEPDCCH.Thecontrol unit 406holds
an MCS indicating a modulation scheme, a coding rate,
and the like in the downlink based on the control informa-
tion, a downlink resource allocation indicating RBs to be
used for downlink data transmission, and information to
be used for HARQ control, and controls the downlink
subframe processing unit 403, the transport block ex-
traction unit 405, and the like, in accordance with these
elements.More specifically, the control unit 406 performs
control so as to carry out an RE mapping process in the
downlink subframe generation unit 304, an RE demap-
ping process and demodulation process corresponding
to the modulation process, and the like. The PDSCH
extracted from the received downlink subframe is trans-
mitted to the transport block extraction unit 405. Further-
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more, the downlink reference signal extraction unit 404 in
the downlink subframe processing unit 403 extracts the
downlink reference signal from the downlink subframe.
The transport block extraction unit 405 extracts a trans-
port 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 303, and transmits the
extracted transport block to the higher layer 407. The
transport block includes higher-layer control information,
and the higher layer 407 notifies the control unit 406 of a
necessary physical-layer parameter, based on the high-
er-layer control information. The multiple base station
apparatuses 2 (base station apparatus 2‑1 and base
station apparatus 2‑2) transmit separate downlink sub-
frames, and the terminal apparatus 1 receives the down-
link subframes. Hence, the above-described processes
may be carried out for the downlink subframe of each of
the multiple base station apparatuses 2. In this situation,
the terminal apparatus 1 may recognize or may not
necessarily recognize that multiple downlink subframes
have been transmitted from the multiple base station
apparatuses 2. In a case that the terminal apparatus 1
does not recognize the subframes, the terminal appara-
tus 1 may simply recognize that multiple downlinks sub-
frameshavebeen transmitted inmultiple cells.Moreover,
the transport block extraction unit 405 determines
whether the transport block has been detected correctly,
and transmits a determination result to the control unit
406. Note that the terminal apparatus 1 that operates in
theLAAcell is configured to includeaCCAcheckunit 413
configured to determine whether the channel is idle or
busy. The CCA check unit 413 is implemented with a
method for determination using power received through
the receive antenna 401, a method for determination
depending onwhether a specific signal from thedownlink
subframe processing unit 403 has been detected, and
the like. A determination result from the CCA check unit
413 is transmitted to the control unit 406 and used to
control the transmission.
[0128] Next, a flowof uplink signal transmission and/or
reception will be described. In the terminal apparatus 1,
the control unit 406 instructs a downlink reference signal
extracted by the downlink reference signal extraction unit
404 to be transmitted to the channel state measurement
unit 408, and then instructs the channel state measure-
ment unit 408 to measure the channel state and/or inter-
ference, and further to calculate CSI, based on the mea-
sured channel state and/or interference. The control unit
406 instructs the uplink control information generation
unit 410 to generate an HARQ-ACK (DTX (not trans-
mittedyet),ACK(detectionsuccess), orNACK(detection
failure)) and to map the HARQ-ACK to a downlink sub-
frame, based on a determination result of whether the
transport block is correctly detected. The terminal appa-
ratus 1 performs these processes on the downlink sub-
frame of each of multiple cells. In the uplink control
information generation unit 410, a PUCCH including

the calculated CSI and/or HARQ-ACK is generated. In
the uplink subframe generation unit 409, the PUSCH
including theuplink data transmitted from thehigher layer
407 and the PUCCH generated by the uplink control
information generation unit 410 are mapped to RBs in
anuplink subframe,andanuplink subframe isgenerated.
The uplink subframe is subjected to the SC-FDMAmod-
ulation in the SC-FDMA signal transmission unit 411 to
generate an SC-FDMA signal, and the SC-FDMA signal
transmission unit 411 transmits the SC-FDMA signal via
the transmit antenna 412.
[0129] Here, the terminal apparatus 1 performs (de-
rives) channel measurement for calculating the value of
the CQI, based on the CRS or the CSI-RS (non-zero
power CSI-RS). Whether the terminal apparatus 1 de-
rives the channelmeasurement, basedon theCRSor the
CSI-RS, is determined according to higher layer signal-
ling. Specifically, in a transmission mode configured with
theCSI-RS, the terminal apparatus 1 derives the channel
measurement for calculating the CQI, based only on the
CSI-RS. Specifically, in a transmission mode not config-
ured with the CSI-RS, the terminal apparatus 1 derives
the channel measurement for calculating the CQI, based
on the CRS. The RS used for the channel measurement
for calculating the CSI is also referred to as a first RS.
[0130] Here, the terminal apparatus 1 performs (de-
rives) interference measurement for calculating the CQI,
based on CSI-IM or a second RS, in a case that this is
configured by the higher layer. Specifically, in a transmis-
sion mode configured with the CSI-IM, the terminal ap-
paratus 1 derives the interference measurement for cal-
culating theCQI, based on theCSI-IM. Specifically, in the
transmissionmode configured with the CSI-IM, the term-
inal apparatus 1 derives the interference measurement
for calculating the value of the CQI corresponding to the
CSI process, based only on the CSI-IM resource asso-
ciated with the CSI process. The RS or IM used for the
channel measurement for calculating the CSI is also
referred to as a second RS.
[0131] Note that the terminal apparatus 1may perform
(may derive) the interference measurement for calculat-
ing theCQI, basedon theCRS.For example, the terminal
apparatus 1 may derive the interference measurement
for calculating the CQI, based on the CRS, in a case that
the CSI-IM is not configured.
[0132] Note that the channel and/or interference used
to calculate the CQI may similarly be used as a channel
and/or interference for calculating the PMI or RI.
[0133] Details of the LAA cell will be described below.
[0134] The frequency used by the LAA cell is shared
with other communication systems and/or other LTE
operators. To share the frequency, the LAA cell needs
fairness 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
sharing technique (method). In other words, the LAA cell
is a cell which performs a communication method (com-
munication procedure) to which the fair frequency shar-
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ing technique is applicable (used).
[0135] An example of the fair frequency sharing tech-
nique is Listen-Before-Talk (LBT). Before a certain base
station or a certain terminal transmits a signal by using a
frequency (a component carrier, a carrier, a cell, a chan-
nel, or a medium), LBT measures (detects) interference
power (an interference signal, receive power, a receive
signal, noise power and a noise signal) or the like of the
frequency, 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 Oc-
cupied). Inacase that the frequencybeing 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. LBTcontrols and prevents an interference
with signals to be transmitted by other communication
systems and/or other base stations including other LTE
operators and/or terminals. Note that LBT performed by
the base station apparatus before a downlink transmis-
sion is referred to as downlink LBT and that LBT per-
formed by the terminal apparatus before an uplink trans-
mission is referred to as uplink LBT. Furthermore, LBT
performed by the terminal apparatus for sidelink trans-
missions may be referred to as sidelink LBT.
[0136] AnLBTprocedure is definedasamechanism to
which Clear Channel Assessment (CCA) check is ap-
plied before a certain base station or terminal uses the
frequency (channel). TheCCAperforms power detection
or signal detection for determining presence or 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 embodiment, a definition of CCA may be
equivalent to a definition of LBT. Note that, in the present
embodiment, CCA is also referred to as carrier sense.
Note that the carrier sense may indicate a different me-
chanism than that of a carrier sense the performance of
which is defined in systems (wireless LAN and the like)
other than the LAA used in the non-allocated frequency
band. For example, the carrier sense in the wireless LAN
is associated with an operation of the terminal apparatus
conforming to the wireless LAN standards to detect a
radio signal conforming to the wireless LAN standards.
Specifically, the carrier sense applied to LAA may be an
operation of detecting a radio signal of a system other
thanLAA(ora radio signal conforming tostandards),may
be an operation of detecting a transmit signal of an LAA
cell, ormaybe anoperation of simply detecting the power
(or power strength, power density, reception strength,
receivesignal power, receivesignal level, reception level,
or the like) in the radio space.
[0137] 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
receive 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 configured by a base station or another terminal.
The threshold may be determined (configured) based on
at least another value (parameter) such as transmit
power (maximum transmit power). Moreover, for exam-
ple, CCA makes the determination, based on whether a
prescribed channel at a certain frequency has been
decoded.
[0138] The LBT procedure includes Initial CCA (ICCA,
single sensing, LBTcategory 2, Frame-basedEquipment
(FBE)) allowing a signal to be transmitted after a CCA
check is performed once, and Extended CCA (ECCA,
multiple sensing, LBT category 3/4, Load-based Equip-
ment (LBE)) allowing a signal to be transmitted after the
CCA check is performed a prescribed number of times. A
period in which the CCA check is performed by ICCA is
referred to as an ICCA period or an ICCA slot length, and
lasts, for example, 34 microseconds. Furthermore, a
period in which the CCA check is performed by ECCA
is referred to as an ECCA period or an ECCA slot length,
and lasts, for example, 9 microseconds. Note that the
prescribednumberof times isalso referred toasabackoff
counter (counter, random number counter, ECCA coun-
ter). Furthermore, a period in which the CCA check is
performed after the frequency changes from the busy
state to the idle state is referred to as a defer period or an
ECCA defer period, and lasts, for example, 34 microse-
conds.
[0139] FIG. 6 illustrates an example of an LBT (LBT
category 4, LBE) procedure for a downlink transmission.
In a case that the need arises to transmit, to the terminal
apparatus, certain information (data, a buffer, load, traf-
fic) in the downlink while the channel is in the idle state
(S601) of waiting for a downlink transmission, the base
station apparatus determines whether the transmission
is needed (S602) and proceeds to initial CCA (S603). In
the initial CCA, the base station apparatus performs the
CCA check during an initial CCAperiod to sensewhether
the channel is idle or busy (S6031). In a case of deter-
mining that the channel is idle as a result of the initial CCA
(S603), the base station apparatus acquires the right to
access the channel and proceeds to a transmission
operation. Then, the base station apparatus determines
whether to actually perform a downlink transmission at
that timing (S604), and in a case of determining to per-
form the downlink transmission, the base station appa-
ratus performs the downlink transmission (S605). After
performing the downlink transmission, the base station
apparatus determines whether any information that
needs another downlink transmission is still present (re-
mains) (S606). In a case that no information that needs
another downlink transmission has been generated yet
(remains), thechannel returns to the idle state (S601).On
the other hand, in a case that the initial CCA (S603)
results in the determination that the channel is busy or
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that the determination of whether any information that
needs another downlink transmission is still present (re-
mains)(S606) results in the determination that informa-
tion that needs another downlink transmission is still
present (remains), the base station apparatus proceeds
to the extended CCA (S607). In the extended CCA, first,
thebasestationapparatus randomlygeneratesacounter
valueNwithin the range from0 to q - 1 (S6071). The base
stationapparatus thensenseswhether thechannel is idle
or busy in the ECCA defer occasion (S6072). In a case of
determining that the channel is busy in the ECCA defer
occasion, the base station apparatus senses again
whether the channel is idle or busy in the ECCA defer
occasion (6072). On the other hand, in a case of deter-
mining that the channel is idle in the ECCA defer occa-
sion, then the base station apparatus senses the channel
(medium) during one ECCA slot duration (S6073) to
determine whether the channel is idle or busy (6074).
The base station apparatus decrements the counter
value N by one (S6075) in a case of determining that
the channel is idle, and returns to the process of sensing
the channel in theECCAdefer occasion (S6072) again in
a case of determining that the channel is busy. The base
station apparatus then determines whether the counter
value is 0 (S6076), and in a case that the counter value is
0, proceeds to a transmission process (S604, S605). On
the other hand, in a case that the counter value is not 0,
the base station apparatus senses the channel (medium)
during one ECCA slot duration again (S6073). Note that,
in a case that the counter value N is generated, a value in
a collision window q is updated to a value from X to Y
according to a channel state (S6077).
[0140] The value in the collision window q is deter-
mined, for example, based on the HARQ-ACK response
in the PDSCH transmitted by the base station apparatus,
a power value obtained by sensing of the channel by the
base station apparatus, reporting of RSRP, RSRQ, an-
d/or RSSI, or the like. The value in the collision window q
is, by way of example, exponentially increased. Further-
more, the maximum value X and the minimum value Y
used to determine the value in the collision window q are
parameters configured by the higher layer.
[0141] In the LBT procedure in FIG. 6, the extended
CCA may not be performed. Specifically, in a case of
determining that the channel is busy as a result of the
initial CCA (S603), the base station apparatusmay return
to the idle state (S601) instead of proceeding to the
extended CCA process (S607). Furthermore, even in a
case that, after a downlink transmission, information that
needs another downlink transmission is still present
(S606), the base station apparatus may return to the idle
state (S601) instead of proceeding to the extended CCA
process (S607). LBT involving such a process is also
referred to as LBT category 2. LBT involving such a
process may be applied as LBT for a DS transmission,
a PDSCH transmission with a time length of 1 ms or
shorter, or a transmission only of the PDCCH, for exam-
ple.

[0142] Note that CCA in the LAA cell does not need to
be recognizedby the terminal connectedwith (configured
to) the LAA cell.
[0143] In a case that the terminal apparatus 1 can
detect a transmission after CCA is completed in the
LAA cell, the terminal apparatus 1 may assume that
consecutive transmissions are performed for several
subframes after detection of the first transmission. Sev-
eral subframes for consecutive transmissions are also
referred to as a transmission burst. In particular, several
subframes for consecutive PDSCH transmissions are
referred to as a PDSCH transmission burst. The PDSCH
transmission burst may include a channel other than the
PDSCH and/or a signal. For example, the PDSCH trans-
mission burstmay include thePDSCHand theDSandbe
transmitted. Moreover, in particular, several subframes
for which only the DS is transmitted are referred to as a
DS transmission burst. The number of subframes for
consecutive transmissions through the transmission
burst may be configured for the terminal apparatus 1
by using an RRC message. In the present embodiment,
the transmissionburst of thedownlink signal or channel is
also referred to as a downlink transmission, and the
transmission burst of the uplink signal or channel is also
referred to as an uplink transmission.
[0144] In a case of detecting a reservation signal in-
cluded in the beginning of the transmission burst, the
terminal apparatus can sense the transmission burst.
The terminal apparatus regards several subframes fol-
lowing the subframe in which the reservation signal has
been detected, as a transmission burst. In a case that a
first synchronization signal, a second synchronization
signal, or a third synchronization signal described below
is detected, instead of the reservation signal, the terminal
apparatus can determine the following several sub-
frames as a transmission burst.
[0145] Furthermore, the terminal apparatus can sense
a transmission burst in a case of decoding information
included in theDCI and relating toasubframe indicatinga
transmission burst. The DCI is included in the PDCCH or
EPDCCH allocated in the CSS for notification. Alterna-
tively, the DCI may be included in the PDCCH or
EPDCCH allocated in the USS for notification.
[0146] The LAA cell may be defined as a cell different
from a secondary cell which uses the allocated fre-
quency. For example, the LAA cell is configured differ-
ently from the configuration of the secondary cell which
uses the allocated frequency. Part of parameters config-
ured to theLAAcell is not configured to the secondary cell
which uses the allocated frequency. Part of the para-
meters 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 theLAAcell
is also referred to as "second secondary cell". A primary
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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".
[0147] The LAA cell may be different from a frame
structure type of the related art. For example, a first frame
structure type (FS1, FDD, frame structure type 1) or a
second frame structure type (FS2, TDD, frame structure
type 2) are used for (configured to) the serving cells in the
related art, and a third frame structure type (frame struc-
ture type 3, FS3) is used for (configured to) the LAA cell.
Note that either an LAA cell of the first frame structure
type or an LAA cell of the second frame structure type
may be used (may be configured).
[0148] The first frame structure type is applied to the
FrequencyDivision Duplex (FDD). In other words, FS1 is
applied to a cell operation supporting the FDD. FS1 is
applicable toboth theFullDuplex-FDD(FD-FDD)and the
Half Duplex-FDD (HD-FDD). In the FDD, 10 subframes
can be used for each of downlink transmission and uplink
transmission. In the FDD, the downlink transmission and
the uplink transmission are separated in the frequency
domain. In other words, different carrier frequencies are
used for the downlink transmission and the uplink trans-
mission. In anHD-FDDoperation, the terminal apparatus
cannot perform transmission and reception at the same
time, but in an FD-FDDoperation, the terminal apparatus
canperform transmissionand receptionat thesame time.
[0149] Moreover, HD-FDD has two types: for a type A
HD-FDD operation, a guard period is created by a term-
inal apparatus by not receiving the last part (last symbol)
of a downlink subframe immediately before an uplink
subframe from the same terminal apparatus; and for a
type B HD-FDD operation, guard periods, each referred
to as an HD guard subframe, are created by a terminal
apparatus by not receiving a downlink subframe imme-
diately before an uplink subframe from the same terminal
apparatus, and by not receiving a downlink subframe
immediately after an uplink subframe from the same
terminal apparatus. That is, in the HD-FDD operation,
a guard period is created by the terminal apparatus
controlling a reception processof the downlink subframe.
The symbols may include either OFDM symbols or SC-
FDMA symbols.
[0150] The second frame structure type is applied to
Time Division Duplex (TDD). In other words, FS2 is
applied to a cell operation supporting the TDD. Each
radio frame includes two half-frames. Each half-frame
includes five subframes. The UL-DL configuration in a
certain cell may be changed for each radio frame. The
subframe in uplink or downlink transmission may be
controlled in the latest radio frame. The terminal appa-
ratus can acquire the UL-DL configuration in the latest
radio frame via a PDCCH or higher layer signalling. Note
that theUL-DLconfiguration indicatesaconstitution of an
uplink subframe, a downlink subframe, and a special
subframe, in TDD. The special subframe includes a
Downlink Pilot Time Slot (DwPTS) enabling downlink
transmission, a guard period (GP), and an Uplink Pilot

Time Slot (UpPTS) in which uplink transmission is pos-
sible. The configurations of theDwPTSand theUpPTS in
the special subframe are managed in a table, so that the
terminal apparatuscanacquire theconstitutionviahigher
layer signalling.Note that the special subframe serves as
a switch point from downlink to uplink. Specifically, at the
switching point, the terminal apparatus changes from
reception to transmission, and the base station appara-
tus changes from transmission to reception. The switch-
ing point may have a 5 ms cycle and a 10 ms cycle. In a
case that a switching point has a 5 ms cycle, the special
subframe exists in both half frames. In a case that a
switching point has a 10 ms cycle, the special subframe
exists only in a first half frame.
[0151] The Normal Cyclic Prefix (NCP) and the Ex-
tended Cyclic Prefix (ECP) are applied to FS1 and FS2.
[0152] The third frame structure type is applied to a
Licensed Assisted Access (LAA) secondary cell opera-
tion. Alternatively, only the NCP may be applied to FS3.
10 subframes included in the radio frame are used for
downlink transmission. The terminal apparatus performs
processing on a subframe as an empty subframewithout
assuming that a signal exists in the subframe, unless
otherwise specified or as long as downlink transmission
is not detected in the subframe. Downlink transmission
exclusively uses one or multiple consecutive subframes.
The consecutive subframes include the first subframe
and the last subframe. The first subframe starts from any
symbol or slot (e.g., OFDM symbol #0 or #7) of the
subframe. In the last subframe, the full subframe or the
number of symbols based on one DwPTS duration is
exclusively used. Note that whether the certain subframe
in the consecutive subframes is the last subframe is
indicated to the terminal apparatus by using a certain
field included in the DCI format. The field may further
indicate the subframe in which the field has been de-
tected or the number of OFDM symbols used in the next
subframe. In the FS3, the base station apparatus per-
forms a channel access procedure associated with the
LBT before downlink transmission.
[0153] The terminal apparatus and the base station
apparatus supporting the FS3 may perform communica-
tion in a frequency band requiring no license.
[0154] The operating band corresponding to the LAA
or FS3 cell may be managed together with a table of the
EUTRA operating band. For example, the indices for the
EUTRA operating band are managed using 1 to 44, and
the index for the operating band corresponding to the
LAA (or LAA frequency) is managed using 46. For ex-
ample, in the case of index 46, only the downlink fre-
quency band may be defined. In the case of some of the
indices, the uplink frequency band may be reserved in
advance as is reserved or will be defined later. Moreover,
corresponding duplex mode may be a duplex mode
different from FDD or TDD or may be FDD or TDD.
The frequency in which the LAA operation is possible
is preferably 5 GHz or higher but may be 5 GHz or lower.
In other words, as the operating band corresponding to
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the LAA, LAA operation communication may be per-
formed in the associated frequency.
[0155] Moreover, the third frame structure typemay be
preferably a frame structure type corresponding to aTDD
cell that can perform transmissions at the same fre-
quencyboth in theuplinkand in thedownlinkwhilehaving
characteristics of an FDD cell. For example, the third
frame structure type may have uplink subframes, down-
link subframes, and special subframesbutmaybesimilar
to theFDDcell in termsof an interval from reception of the
uplink grant until a transmissionof thePUSCHscheduled
in the uplink grant or an interval from reception of the
PDSCH to HARQ feedback to the PDSCH.
[0156] Furthermore, the third frame structure typemay
be preferably a frame structure type independent of a
TDD uplink/downlink (TDD UL/DL) configuration in the
related art. For example, the uplink subframes, the down-
link subframes, and the special subframes may be aper-
iodically configured for the radio frame. For example, the
uplink subframes, the downlink subframes, and the spe-
cial subframesmay be determined based on the PDCCH
or the EPDCCH.
[0157] Here, the non-allocated frequency is a fre-
quency different from the allocated frequency that is
allocated as a dedicated frequency to a prescribed op-
erator. 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-allocated frequency, but is not limited to this. In other
words, the non-allocated frequency can be replaced with
a frequency configured to the LAA cell. For example, the
non-allocated frequency is a frequency which cannot be
configured 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 fre-
quency 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.
[0158] TheLAAcellmaybeacellwhichusesadifferent
method from themethodof the relatedart for structuresof
radio frames, physical signals and/or physical channels
according to LTE, and a communication procedure.
[0159] 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
include the CRS, the DS, the PDCCH, the EPDCCH,
the PDSCH, the PSS, the SSS, the PBCH, a PHICH, a
PCFICH, 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 embodi-
ment, the signals and/or the channels that are not con-
figured in the LAA cell may also be read as signals and/or
channels whose the transmissions from the LAA cell are
not expected 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 LAAcell, theCRS, theDMRS, theURS, 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 DSs, 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 ele-
ments in two head OFDM symbols) of the corre-
sponding subframe. According to the assumption
of the CRS mapping, the CRSs are mapped onto
all resource elements of the corresponding sub-
frame. 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 theDCI and is announced on thePDCCH
or the EPDCCH.

[0160] For example, in the LAA cell, the prescribed
signals and/or channels which is not configured (trans-
mitted) by the primary cell and/or the secondary cell(s) is
configured (transmitted).
[0161] 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.
[0162] Forexample, in theLAAcell, aDownlinkControl
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.
[0163] The terminal apparatus can recognize the LAA
cell, based on a parameter provided by the higher layer.
For example, the terminal apparatus can recognize a cell
(band) in the relatedart or theLAAcell (LAAband), based
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on a parameter indicative of the center frequency of the
component carrier. In this case, information about the
center frequency is associated with the type of the cell
(band).
[0164] 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.
[0165] First, theassumptionof thesignals and/or chan-
nels in the secondary cells of the related art 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-RSmay not be transmitted by the secondary cell
except transmission of the DS. The terminal assumes
that the DS is always transmitted by the secondary cell.
The assumption continues to a subframe in which an
activation command (a command for activation) is re-
ceived by the terminal in the secondary cell at a certain
carrier frequency.

(1) The terminal supports a configuration (para-
meter) 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.

[0166] Furthermore, ina case that thesecondarycell 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 sec-
ondary cell in a configured prescribed subframe or all
subframes.
[0167] Next, an example of the assumption of the
signals and/or channels in the LAA cell will be described.
A terminal that satisfies part or all of the following condi-
tions 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
sub frame in which an activation command (a command
for activation) is receivedby the terminal in the secondary
cell at a certain carrier frequency.

(1) The terminal supports a configuration (para-
meter) 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.

[0168] 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
(deactivated state), the assumption of the signals and/or
channels in the LAAcell is the sameas 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 (acti-
vated state), the assumption of the signals and/or chan-
nels 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.
[0169] Furthermore, the description has been given of
a case that CCA is performed on one sub frame, but a
time (period) for performingCCA 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 domain). This prescribed time slot
may be defined or configured based on a time obtained
by dividing one subframe by the prescribed number. The
prescribed time slot may be determined or configured by
the prescribed number of subframes.
[0170] 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× 2048)
seconds. For example, one subframe time is 30720× Ts
(one millisecond). For example, one ICCA slot length or
defer period is 1044 × Ts (approximately 33.98 micro-
seconds) or 1045 × Ts (approximately 34.02 microse-
conds). For example, one ECCA slot length is 276 × Ts
(approximately 8.984 microseconds) or 277 × Ts (ap-
proximately 9.017 microseconds). For example, one
ECCA slot length is 307 × Ts (approximately 9.993
microseconds) or 308× Ts (approximately 10.03 micro-
seconds).
[0171] 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
may be configured for the terminal or the LAA cell. For
example, information indicating whether such transmis-
sion 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.
[0172] 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
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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.
[0173] 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
configuration (UL/DL configuration) according to TDD.
For example, such subframesare subframesannounced
(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 con-
figuration on the special subframe in the LAA cell may be
configured or announced by the RRC signaling or
PDCCH or EPDCCH signaling. This configuration con-
figures a length in time of at least one of the DwPTS, the
GP and the UpPTS. Furthermore, this configuration is
index information indicating candidates of the predeter-
mined 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 con-
figured 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 certain subframe is determined based on
one of the DwPTS, the GP and the UpPTS.
[0174] 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 subframeand/or
symbol in theLAAcell. In a case that theLAAcell different
from the LAA cell that transmits a certain reservation
signal receives the reservation signal, the LAA cell hav-
ing received the reservation signal recognizes the trans-
mission state of the prescribed subframe and/or symbol,
based on the reservation signal, and performs schedul-
ing according to the state.
[0175] Furthermore, the LAA cell having received the
reservation signalmayperformLBTbefore 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 reservationsignal are taken into consideration,
and scheduling including resource allocation and MCS
selection is performed.
[0176] 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 ormore LAA cells including the
LAA cell having transmitted this reservation signal ac-
cording 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 prescribedmethod
is amethod for performing announcement via a backhaul
such as an X2 interface.
[0177] 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 amax-
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
example, 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 serving cells configured by the terminal according to
the present embodiment may be the LAA cell.
[0178] 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. Inotherwords, to the terminal, in addition
to a primary cell of the related art, up to four second-
ary cells of the relatedart are configured, andup to11
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 LAAcell. For example,
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 config-
ured, and up to 11 or 27 secondary cells different
from the secondary cells in the related art are con-
figured.

[0179] 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 performdifferent
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
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cells are configured, the terminal assumes that the
PDCCH, theEPDCCHand/or the PDSCHare simul-
taneously transmitted (received) from the five ser-
ving cells at maximum. Consequently, the terminal
can use the same method as the method of the
related 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
bundlingofHARQ-ACKsbetween theservingcells 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,
themaximumnumberof identifiers tobebundledcan
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
related 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
transmitted 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 config-
ured based on themaximum number of serving cells
configured to the terminal. For example, the max-
imum number is the same as the maximum number
of serving cells configured to the terminal, or half the
maximum number of serving cells configured to the
terminal. Furthermore, the maximum number of
PUCCHs to be simultaneously transmitted is defined
or configured based on the maximum number of
serving cells to be multiplexed in each group and
the maximum number of serving cells configured to
the terminal.

[0180] 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.
[0181] Next, terminal capability associated with LAA
will be described. The terminal announces (transmits)
information (terminal capability) on capability of the term-
inal to the base station by the RRC signaling, based on a
command from the base station. The terminal capability
of a certain function (feature) is announced (transmitted)
in a case that the function (feature) is supported, 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 infor-
mation indicating whether testing and/or mounting this
function (feature) has been finished. For example, the
terminal capability according to the present embodiment
is as follows. The terminal capability described below
may be used in combination.

(1) The terminal capability associatedwith support of
the LAA cell, and the terminal capability associated
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 otherwords, the terminal that does not support the
configuration of themore than five serving cells does
not support the LAA cell. In this case, the terminal
that supports the configuration of the more than five
serving cells may or may not support the LAA cell.
(2) The terminal capability associatedwith support of
the LAA cell, and the terminal capability associated
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 ser-
ving cells.
(3) The terminal capability associated with downlink
in the LAA cell, and the terminal capability asso-
ciated 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 theLAAcell does not support
the uplink in the LAA cell. In this case, the terminal
that supports thedownlink in theLAAcellmayormay
not support the uplink in the LAA cell.
(4) The terminal capability associatedwith support of
theLAAcell includes support of a transmissionmode
configured only to the LAA cell.
(5) The terminal capability associatedwith the down-
link according to the configuration of the more than
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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 themore 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 max-
imum are independently defined. Furthermore, the
terminal that supports the configuration of 16 down-
link serving cells at maximum supports the config-
uration of at least one uplink serving cell. The term-
inal that supports the configuration of 32 downlink
serving cells at maximum supports the configuration
of at least two uplink serving cells. That is, the
terminal that supports the configuration of 16 down-
link serving cells at maximum may not support the
configuration 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
terminal does not support the LAA cell.
(8) The terminal capability associated with uplink in
the LAA cell and the terminal capability associated
with second PRACH preamble transmission are in-
dependently defined. For example, in a case that the
terminal apparatus supports secondPRACHpream-
ble transmission, the terminal apparatus supports
uplink transmission. In other words, the terminal
apparatus not supporting uplink transmission does
not support second PRACH preamble transmission.
In this case, the terminal apparatus supportinguplink
transmission may support but need not support sec-
ond PRACH preamble transmission.

[0182] 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 schedul-
ing), but is not limited to this. Themethod described in the
present embodiment is applicable also in a case that, for
example, a serving cell different from the LAA cell trans-
mits the PDCCHor the EPDCCH for announcing the DCI
for the PDSCH transmitted from the LAA cell (i.e., a case
of cross carrier scheduling).
[0183] 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
bedeterminedbasedonother informationorparameters.
[0184] 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 indepen-
dently configured (announcedor 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.
[0185] Furthermore, in the present embodiment, sym-
bols/subframes in which the channels and/or signals are
not transmitted (cannot be transmitted)maybesymbols/-
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.
[0186] Furthermore, in the present embodiment, the
symbols/subframes in which the channels and/or signals
are transmitted (can be transmitted) may be symbols/-
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 ormay not transmit the channels and/or
signals in the symbols/subframes.
[0187] Furthermore, in the present embodiment, the
symbols/subframes in which the channels and/or signals
are transmitted (can be transmitted) may be symbols/-
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.
[0188] Next, an example of a configuration of a down-
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link reference signal in the LAA cell will be described.
[0189] FIG. 5 is adiagram illustrating anexample of the
configuration of the downlink reference signal. By way of
example, the CRSs can be mapped to REs R0 to R3. R0
denotes examples of the REs on which the CRS of
antenna port 0 is mapped, R1 denotes examples of the
REs on which the CRS of antenna port 1 is mapped, R2
denotes examples of the REs on which the CRS of
antenna port 2 is mapped, and R3 denotes examples
of theREsonwhich theCRSofantennaport 3 ismapped.
Note that the CRSs may be shifted, for mapping, in the
frequency direction according to a parameter associated
with the cell identity. Specifically, an index k for which the
RE specifies mapping is increased based on a value of
NcellIDmod6. Here, NcellID denotes the value of the phy-
sical cell identity. The DMRSs can bemapped to REs D1
and D2. D1 denotes examples of the REs on which the
DMRSsof antenna ports 7, 8, 11, 13 aremapped, andD2
denotes examples of the REs on which the DMRSs of
antenna ports 9, 10, 12, 14 are mapped. The CSI-RSs
canbemapped toREsC1 toC4.C0denotes examples of
theREsonwhich theCSI-RSsofantennaports15,16are
mapped, C1 denotes examples of the REs on which the
CSI-RSs of antenna ports 17, 18 are mapped, C2 de-
notes examples of the REs on which the CSI-RSs of
antenna ports 19, 20 are mapped, and C3 denotes ex-
amplesof theREsonwhich theCSI-RSsofantennaports
21, 22 are mapped. Note that the CSI-RS may be
mapped to the RE at OFDM symbol #5 or #6 in slot 0
and to theREatOFDMsymbol #1, #2, or #3 in slot 1. The
REs onwhich theCSI-RS ismapped are indicated based
on a parameter provided by the higher layer.
[0190] Next, the relationship between a downlink
transmission, an uplink transmission, and LBT will be
described.
[0191] FIG. 7 illustrates an example of the relationship
between the interval between a downlink transmission
and an uplink transmission and types of LBTon the time
axis according to the present embodiment. In (a) of FIG.
7, a casewhere the downlink transmission and the uplink
transmission are sufficiently distant from each other on
the time axis is illustrated. In the casewhere the downlink
transmission and the uplink transmission are sufficiently
distant fromeachother, for example, the interval between
the downlink transmission and the uplink transmission is
at least one subframe (1 millisecond). In such a case,
there is no channel state (channel sensing result) corre-
lation between the downlink transmission and the uplink
transmission, thus leading to the need to perform LBT
involving sufficient carrier sensing on each transmission.
Here,LBTperformedbefore theuplink transmission in (a)
of FIG. 7 is referred to as first uplink LBT. In (b) of FIG. 7, a
case where the downlink transmission and the uplink
transmission are slightly distant from each other on the
time axis is illustrated. In the case where the downlink
transmission and the uplink transmission are slightly
distant fromeachother, for example, the interval between
the downlink transmission and the uplink transmission

corresponds to several symbols (several tens of micro-
seconds to several hundred microseconds). In such a
case, CCA performed before the downlink transmission
may be considered to allow the channel state (channel
sensing result) to be also maintained before the uplink
transmission. Thus, the terminal apparatus may perform
simplifiedCCAbefore transmittinganuplink signal.Here,
LBT performed before the uplink transmission in (b) of
FIG. 7 is referred to as second uplink LBT. In (c) of FIG. 7,
a case where the downlink transmission and the uplink
transmissionarenot substantially distant fromeachother
on the time axis is illustrated. In the case where the
downlink transmission and the uplink transmission are
not substantially distant fromeachother, for example, the
interval between the downlink transmission and the up-
link transmission is severalmicroseconds to several tens
of microseconds, such as 34 microseconds or 40 micro-
seconds. In such a case, a channel is reserved for the
uplink transmission by the downlink transmission, and
thus, the downlink transmission and the uplink transmis-
sion may be regarded as one transmission burst. Thus,
the terminal apparatus may perform an uplink transmis-
sion without performing CCA. As in these examples, the
uplink signal and/or channel canbeefficiently transmitted
also in the LAA cell by changing the LBT procedure to be
performed, according to the interval between the down-
link transmission and the uplink transmission.
[0192] Theuplink transmission and thedownlink trans-
mission in FIG. 7maybe interchangedwith eachother. In
other words, downlink LBTmay be omitted in a case that
the uplink transmission and the downlink transmission
are not substantially distant from each other on the time
axis.
[0193] A procedure for uplink LBT relating to PRACH
preamble transmission will be described below.
[0194] The base station apparatus can reserve in ad-
vance one or multiple PRACH resources for the terminal
apparatus. The PRACH resource that the base station
apparatus reserves for the terminal apparatus is referred
to also as a reservation resource below. The base station
apparatus may reserve the same PRACH resource for
the terminal apparatuses in a cell ormay reserve different
PRACH resources in a terminal apparatus group con-
stituted by one or multiple terminal apparatuses. The
base station apparatus can notify the terminal apparatus
of information on the reservation resource by including
the reservation resource in PDCCH, RRC signaling,
PDSCH, PBCH, MIB, SIB, or the like.
[0195] The terminal apparatus can perform uplink LBT
in part of or all the resources reserved for PRACH, based
on the reservation resource notified by the base station
apparatus. Inacase that the terminal apparatusperforms
PRACH preamble transmission by using the PRACH
resource (the PRACH resource may be a term including
the reservation resource, in the present embodiment),
the PRACH preamble transmission may be performed
based on uplink LBT.
[0196] In a case that the terminal apparatus performs
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PRACH preamble transmission by using the PRACH
resource, the PRACH preamble transmission may be
performed without being based on uplink LBT. In parti-
cular, in a case that the terminal apparatus performs
PRACH preamble transmission by using the reservation
resource, the PRACH preamble transmission may be
performed without being based on uplink LBT.
[0197] FIG. 21 is a diagram illustrating an example of
reservation resources configured for terminal appara-
tuses.
[0198] In the example illustrated inFIG. 21, the first slot
(indicated in a grid pattern) of themultiplePRACHslots in
the PRACH resource is allocated to a terminal apparatus
1-A (allocated to a reservation resource 1-A), the third
PRACHslot (indicatedbyoblique lines) is allocated to the
terminal apparatus 1-B (allocated to a reservation re-
source 1-B), the fourth PRACH slot (indicated by vertical
lines) is allocated to a terminal apparatus 1-C (allocated
to a reservation resource 1-C). For example, in a case
that the terminal apparatus 1-C performs CCA, the term-
inal apparatus 1-C can perform CCA in part of the re-
servation resource for the terminal apparatus 1-B (period
for performing the fourth CCA in FIG. 21 (fourth CAA
period)) or/and part of the reservation resource for the
terminal apparatus 1-C (period for performing the fifth
CCA inFIG. 21 (fifthCAAperiod)). Note that in a case that
a reservation resource is reserved by the base station
apparatus (for example, a case that a reservation re-
source is reserved in advance through CCA by the base
station apparatus), the terminal apparatus 1 can transmit
thePRACHpreamblewithout performingCCA.Thebase
station apparatus may transmit, to the terminal appara-
tus, information indicating whether a reservation re-
source is reserved by the base station apparatus. The
information indicating whether the reservation resource
is reserved by the base station apparatus may be in-
cluded in the information notified through higher layer
signallingor information included in thePDCCH(PDCCH
order). The terminal apparatusmaydeterminewhether to
perform uplink LBT corresponding to PRACH preamble
transmission, based on the information indicating
whether a reservation resource is reserved by the base
station apparatus.
[0199] Note that in a case that the terminal apparatus
1-C performs CCA in the period for performing the fourth
CCA, it is preferable that the PRACH preamble trans-
mitted by the terminal apparatus 1-B by using the reser-
vation resource 1-B be shorter than the period of the
reservation resource 1-B and that the transmission of the
PRACH preamble be completed before the period for
performing the fourth CCA.
[0200] In a case that the terminal apparatus 1-C per-
forms PRACH preamble transmission in the reservation
resource 1-C, the terminal apparatus 1-C can perform
CCA in the period for performing the sixth CCA or the
seventh CCA. The period for performing the sixth CCA is
a period configured immediately before the PRACH re-
source, and the terminal apparatus 1-C performs CCA in

the period for performing the sixth CCA to thereby as-
sume that the PRACH resource is reserved. The period
for performing the seventh CCA is in a first portion of the
PRACH resource, and the terminal apparatus 1-C per-
forms CCA in the period for performing the seventh CCA
to thereby assume that a resource for a later portion than
the period for performing the seventhCCA in the PRACH
resource is reserved. Note that the period for performing
the seventh CCA may be configured by including partial
periods of the reservation resource 1-A, the reservation
resource 1-B, the reservation resource 1-C, and the
reservation resource 1-X. For example, the period for
performing the seventh CCA may be configured as a
period including part of the reservation resource 1-A from
the time point of PRACH resource start.
[0201] Note that the period for performing the sixth
CCA and the period for performing the seventh CCA
may be CCA periods configured in order for the terminal
apparatus 1-A or the terminal apparatus 1-B to transmit
the PRACH preamble. Moreover, the period for perform-
ing the fourth CCAmay be configured as a partial period
of the reservation resource for a terminal apparatus
different from the terminal apparatus 1, configuredbefore
the reservation resource configured in order for the term-
inal apparatus 1 to transmit the PRACH preamble. More-
over, the period for performing the fifth CCA may be
configured as a partial period of the reservation resource
configured in order for the terminal apparatus 1 to trans-
mit the PRACH preamble.
[0202] The terminal apparatus 1may performCCA in a
period including part of or all the period for performing the
fourth CCA, the period for performing the fifth CCA, the
period for performing the sixth CCA, and the period for
performing the seventh CCA.
[0203] Note that the method of configuring reservation
resources is not limited to the example in FIG. 21, and the
same reservation resource canbe configured formultiple
terminal apparatuses or a group of terminal apparatuses
instead of a terminal apparatus.
[0204] The fourth CCA period may correspond to an
ICCA period or may correspond to an ECCA period. The
fifth CCA period may correspond to an ICCA period or
may correspond to an ECCA period.
[0205] In a case that the terminal apparatus 1-C per-
formsCCA to transmit the PRACHpreamble in the fourth
CCA period, the period for the PRACH preamble trans-
mitted from the terminal apparatus 1-B is preferably in
part of the PRACH slot instead of the entire PRACH slot.
In other words, a prescribed interval may be provided
between the reservation resource reserved by the term-
inal apparatus1-Band the reservation resource reserved
by the terminal apparatus 1-C. Alternatively, a guard time
may be included in the PRACH preamble transmitted by
the terminal apparatus 1-B. The terminal apparatus 1-C
may configure a period within the guard time included in
the PRACH preamble configured for the terminal appa-
ratus 1-B, as the fourth CCA period. In consideration of
error in time synchronization and the like of the terminal
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apparatus 1-B, a period offset with a prescribed period
from the beginning of the guard time included in the
PRACH preamble configured for the terminal apparatus
1-B may be configured as the fourth CCA period. Note
that the end of the fourth CCA period in this case may be
configured earlier so as to match the beginning of the
reservation resource configured for the terminal appara-
tus 1-C.
[0206] Details of uplink LBT will be described below.
[0207] "Before performing an uplink transmission" or
"before transmitting the uplink" means before an indi-
cated timing (subframe) for the uplink transmission.
[0208] In the first uplink LBT, the CCA check is per-
formed multiple times using the backoff counter before
the indicated timing for the uplink transmission. The
terminal apparatus attempts the CCA check the number
of times equal to a value in the backoff counter. In a case
that all the CCA checks result in the determination that
thechannel is idle, the terminal apparatuscanacquire the
right to access the channel to transmit the uplink.
[0209] FIG. 8 illustrates an example of a procedure of
the first uplink LBT. In a case of detecting the uplink grant
(S802) in the idle state (S801), the terminal apparatus
performs first CCA (S803). In the first CCA, first, the
terminal apparatus randomly generates a counter value
N within the range from 0 to q - 1 (S8031). Note that, in a
case that a numerical value associated with the counter
value N is indicated by the base station apparatus using
the uplink grant, the terminal apparatus uses the counter
value N based on the numerical value instead of gener-
atingacounter value.Note that, ina case that the last LBT
has not set the counter value to 0, with a value remaining
in the counter, the terminal apparatus may use the re-
maining counter value N instead of generating a counter
value N. Then, the terminal apparatus starts CCA at a
prescribed timing (S8032). The terminal apparatus
senses the channel (medium) during one CCA slot dura-
tion (S8033) to determine whether the channel is idle or
busy (S8034). The terminal apparatus decrements the
counter value N by one (S8035) in a case of determining
that thechannel is idle, and returns to the idle state (S801)
instead of performing the uplink transmission indicated
by the uplink grant in a case of determining that the
channel is busy. The terminal apparatus then determines
whether the counter value is 0 (S8036), and in a case that
the counter value is 0, acquires the right to access the
channel andproceeds toa transmissionoperation (S804,
S805).On theother hand, in a case that the counter value
is not 0, the terminal apparatus senses the channel
(medium) during one CCA slot duration again (S8033).
Note that, in a case that the counter valueN is generated,
the value in the collision window q is updated to a value
from X to Y according to the channel state (S8037). In a
transmission process, the terminal apparatus deter-
mineswhether to actually performan uplink transmission
at that timing (S804), and in a case of determining to
perform the uplink transmission, performs the uplink
transmission (S805). In a case of determining not to

perform the uplink transmission, the terminal apparatus
returns to the idle state (S801) instead of performing the
uplink transmission indicated by the uplink grant.
[0210] The period of the first CCA may be preferably
the same as the ECCA period in the downlink LBT.
[0211] Note that the ICCAmaybeperformedbefore the
first CCA as is the case with the downlink LBT. However,
even in a case that the ICCA results in the determination
that the channel is idle, the uplink is not transmitted and
the procedure proceeds to the first CCA operation.
[0212] In the second uplink LBT, the CCA check is
performed only once before the instructed timing for
the uplink transmission. The terminal apparatus attempts
the CCA check once. In a case of determining that the
channel is idle as a result of the CCA check, the terminal
apparatus can acquire the right to access the channel to
transmit the uplink.
[0213] FIG. 9 illustrates an example of a procedure of
the second uplink LBT. In a case of detecting the uplink
grant (S902) in the idle state (S901), the terminal appa-
ratus performs second CCA (S903). In the second CCA,
the terminal apparatus starts CCA at a prescribed timing
(S9031). The terminal apparatus performs the CCA
check during aCCAperiod to sensewhether the channel
is idle or busy (S9032). In a case of determining that the
channel is idle as a result of the second CCA (S903), the
base station apparatus acquires the right to access the
channel and proceeds to a transmission operation. On
the other hand, in a case of determining that the channel
is busyasa result of the secondCCA (S903), the terminal
apparatus returns to the idle state (S901) instead of
performing the uplink transmission indicated by the up-
linkgrant.After proceeding to the transmissionoperation,
the terminal apparatus determines whether to actually
perform an uplink transmission at that timing (S904), and
in a case of determining to perform the uplink transmis-
sion, the terminal apparatus performs the uplink trans-
mission (S905). In a case of determining not to perform
the uplink transmission, the terminal apparatus returns to
the idle state (S901) instead of performing the uplink
transmission indicated by the uplink grant.
[0214] The period of the second CCA may be prefer-
ably the same as the ICCA period in the downlink LBT.
[0215] The terminal apparatus may switch the first
PRACH preamble transmission and the second PRACH
preamble transmission, based on higher layer signalling.
For example, the higher layer signalling is RRC signaling
in the RRC layer. The terminal apparatus may switch the
first and the second PRACH preamble transmissions,
based on the value of a prescribed field included in the
RRC signaling. The prescribed field refers to, for exam-
ple, 1-bit information specifying the configuration of the
PRACH preamble configuration for the terminal appara-
tus. In a case that the prescribed 1 bit is indicative of 0
(false, invalid, impossible, first state), the terminal appa-
ratus transmits the first or second PRACHpreamble. In a
case that the prescribed 1 bit is indicative of 1 (true, valid,
possible, second state), the terminal apparatus transmits
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the second or first PRACH preamble.
[0216] The terminal apparatus switches the first and
second PRACH preambles, based on the configuration
of the PRACH resource configured by higher layers. For
example, in a case that the configuration of the PRACH
resource includes a PRACH slot, the terminal apparatus
transmits thesecondPRACHpreamble; inacase that the
configuration of the PRACH resource does not include a
PRACH slot, the terminal apparatus transmits the first
PRACH preamble.
[0217] The terminal apparatus switches the first and
second PRACH preambles, based on the information on
signalling of the base station apparatus (e.g., PDCCH
order). The terminal apparatus may switch the first and
the second PRACH preamble transmissions, based on
the value of a prescribed field included in the PDCCH
order. The prescribed field refers to, for example, 1-bit
information specifying the configuration of the PRACH
preamble for the terminal apparatus. In a case that the
prescribed 1 bit is indicative of 0 (false, invalid, impos-
sible, first state), the terminal apparatusmay transmit the
first or second PRACH preamble. In a case that the
prescribed 1 bit is indicative of 1 (true, valid, possible,
second state), the terminal apparatus may transmit the
second or first PRACH preamble. Specifically, in a case
that the base station apparatus indicates start of a ran-
dom access process to a mobile station apparatus, the
base station apparatus may transmit downlink control
information on a specific format using prescribed code
points (e.g., the flag indicating the format type is set at "1",
the flag indicating the radio resource allocationmethod is
set at "0", and the information indicating radio resource
allocation is all set at "1") for particular regions, and a
downlink control channel including aC-RNTI assigned to
the mobile station apparatus to which the start of the
random access process is indicated. The regions other
than the particular regions in the downlink control chan-
nel indicating the start of the random access process
includes information indicating a signature number and
information indicating random access channel radio re-
sources towhich themobile stationapparatusmaymapa
preamble in the random access channel radio resources
to which downlink carrier elements correspond.
[0218] The terminal apparatus may transmit the first
PRACH preamble in a case that the PDCCH order is
detected in the first secondary cell and transmit the
second PRACH preamble in a case that the PDCCH
order is detected in the secondary cell.
[0219] The terminal apparatusmay switch the first and
second PRACH preambles, based on the information on
the PRACH resource notified by the base station appa-
ratus. For example, in a case that the information on the
PRACH resource (PRACH Mask Index or the like) is
notified through signalling by the base station apparatus
(e.g., PRCCH order) and transmission of the PRACH
preamble in the PRACH slot is configured, the terminal
apparatusmay transmit the secondPRACHpreamble. In
contrast, in a case that the information on the PRACH

resource (PRACH Mask Index or the like) is notified
through signalling by the base station apparatus (e.g.,
PRCCHorder) and transmissionof thePRACHpreamble
in a PRACH resource that is not the PRACH slot is
configured, the terminal apparatus may transmit the
second PRACH preamble.
[0220] The terminal apparatusmay switch the first and
the second PRACH preambles, based on the type of the
serving cell including thePRACH resource. For example,
in a case that the PRACH resource is included in a first
serving cell, the terminal apparatus transmits the first
PRACH preamble; in a case that the PRACH resource
is included a second serving cell, the terminal apparatus
transmits the second PRACH preamble.
[0221] For example, the second PRACH is transmitted
only in the LAA Scell or/and, the LAA Pscell (band 46,
frame structure type 3) or/and the second secondary cell,
while the first PRACH is transmitted only in the first
secondary cell.
[0222] In a case that the terminal apparatus has trans-
mitted, to the base station apparatus, capability informa-
tion indicating that the function of transmitting the second
PRACH preamble is provided, the terminal apparatus
may transmit the second PRACH preamble. In a case
that the terminal apparatus has transmitted, to the base
station apparatus, capability information indicating that
the function of transmitting the secondPRACHpreamble
is not provided, the terminal apparatus may transmit the
first PRACH preamble. In a case that the terminal appa-
ratus does not have the function of transmitting, to the
base station apparatus, capability information on the
function of transmitting the second PRACH preamble,
the terminal apparatus may transmit the first PRACH
preamble.
[0223] The terminal apparatus may transmit the first
PRACH preamble in a case that the information indicat-
ing the component carrier to which the PDSCH is allo-
cated (Carrier Indicator Field (CIF) or the like) included in
the detected PDCCH order indicates the first secondary
cell and may transmit the second PRACH preamble in a
case that the information indicates the second secondary
cell.
[0224] Differences between the downlink LBTand the
uplink LBT will be detailed below.
[0225] In the downlink LBT, the base station apparatus
performs theCCA check. On the other hand, in the uplink
LBT, the terminal apparatus performs the CCA check.
[0226] In the downlink LBT, LBT processing is started
in a case that information (data, buffer, load, traffic) that
needs to be transmitted has occurred.On the other hand,
for theuplink LBT, LBTprocessing is started ina case that
an uplink transmission is indicated by the base station
apparatus.
[0227] Note that the ICCA period of the downlink LBT
may be preferably the same as the period of the second
CCA.Note that theECCAperiodof thedownlinkLBTmay
be preferably the same as the period of the first ICCA.
[0228] Next, specific examples are provided regarding
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switching between a case of transmitting the uplink fol-
lowing the first uplink LBTand a case of transmitting the
uplink following the second uplink LBTor transmitting the
uplink with no uplink LBT.
[0229] By way of example, the procedure of the uplink
LBT is switched based on a prescribed field included in
the uplink grant (DCI format 0 or 4) indicating an uplink
transmission.
[0230] The prescribed field refers to, for example, 1-bit
information specifying the uplink LBT for the terminal
apparatus. In other words, the prescribed field refers to
1-bit information indicatingwhether thechannel hasbeen
successfully reserved (provided) in the subframe imme-
diately before the subframe indicated by the uplink grant.
In a case that a prescribed 1 bit is indicative of 0 (false,
invalid, impossible, first state), the terminal apparatus
performs the first uplink LBT before the uplink transmis-
sion.On the other hand, in a case that the prescribed 1bit
is indicative of 1 (true, valid, possible, second state), the
terminal apparatus performs the second uplink LBT be-
fore the uplink transmission or performs no uplink LBT.
[0231] Alternatively, the prescribed field refers to, for
example, informationassociatedwith thecounter valueN
used in the first uplink LBT. In a case that the prescribed
field is 0 (invalid, impossible), the terminal apparatus
performs the second uplink LBT before the uplink trans-
missionor performsnouplinkLBT.On theotherhand, ina
case that the prescribed field contains a numerical value
other than 0 (invalid, impossible), the terminal apparatus
generates a counter value N, based on the numerical
value to perform the first uplink LBT.
[0232] The information associated with the counter
valueN is, for example, the counter valueN. The terminal
apparatus sets the value of the prescribed field at the
counter value N instead of generating a counter value N
by itself.
[0233] Moreover, the information associated with the
counter value N is, for example, index information indi-
cative of the configured counter value N. In a case that
multiple candidates for the counter value N are config-
ured for the terminal apparatus by dedicated RRC and
that the value in the prescribed field has been acquired,
the configured counter value N corresponding to the
information in the field is used.
[0234] Moreover, the information associated with the
counter value N is, for example, information associated
with the collision window q. Multiple candidates for the
collision window q are configured for the terminal appa-
ratus by the dedicated RRC. In a case of acquiring the
value in the prescribed field, the terminal apparatus
generates a counter value N by using the configured
value of the collision window q corresponding to the
information in the field. Note that the information asso-
ciated with the collision window qmay be the value of the
collision window q.
[0235] Note that the above-described examples may
include switching between a case of transmitting the
uplink following the second uplink LBT and a case of

transmitting the uplink with no uplink LBT. Specifically, in
a case that the prescribed 1 bit is indicative of 0 (false,
invalid, impossible, first state), the terminal apparatus
performs the second uplink LBT before the uplink trans-
mission. On the other hand, in a case that the prescribed
1 bit is indicative of 1 (true, valid, possible, second state),
the terminal apparatus performsnouplink LBTbefore the
uplink transmission.
[0236] The information in the prescribed field may be
information indicating whether to generate a gap where
LBT is to beperformed. For example, in a case that 1 bit in
the prescribed field is 1, the terminal apparatus transmits
the PUSCH with a gap of prescribed SC-FDMA symbols
before the transmission. In a case that the 1 bit in the
prescribed field is 0, the terminal apparatus transmits the
PUSCH with no gap of prescribed SC-FDMA symbols
before the transmission. The prescribed SC-FDMA sym-
bols are, for example, several SC-FDMA symbols at the
beginningorendof thesubframeoraslotat thebeginning
or the end of the subframe.
[0237] Note that theprescribedfieldmaybeusedalong
with any other field. For example, the procedure of the
uplink LBT may be switched in accordance with an SRS
request field. Specifically, the terminal apparatus per-
forms the second uplink LBT before the uplink transmis-
sion in a case that the SRS request field is indicative of 0,
and performs no uplink LBT in a case that the SRS
request field is indicative of 1. In a case that the SRS
request field is indicativeof 0, nothing is transmitted in the
last one SC-FDMA symbol of the subframe. The terminal
apparatus performs the second uplink LBT in the last one
SC-FDMA symbol.
[0238] By way of example, the procedure of the uplink
LBT is switched based on a prescribed field included in
DCI different from an uplink grant.
[0239] TheDCI different from the uplink grant refers to,
for example, DCI for notifying the terminal apparatus
whether the downlink transmission (transmission burst)
has been performed in a subframe indicated in the DCI.
Specifically, the subframe indicated in the DCI includes a
subframe immediately before the uplink transmission,
and a prescribed field in the DCI is information corre-
sponding to a notification as to whether the downlink
transmission is to be performed. In a case that the pre-
scribed field in the DCI indicates that the downlink trans-
mission is not to be performed, the terminal apparatus
performs the first uplink LBT before the uplink transmis-
sion.On theother hand, in a case that the prescribed field
in the DCI indicates that the downlink transmission is to
be performed, the terminal apparatus performs the sec-
ond uplink LBT before the uplink transmission or per-
forms no uplink LBT.
[0240] The informationnotified in theDCIdifferent from
the uplink grant is, for example, the length of the downlink
transmission. The information is indicative of the begin-
ning and/or end of the downlink transmission. Predefini-
tion or pre-configuration of the length of the downlink
transmission allows the terminal apparatus to recognize
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the length of the downlink transmission, based only on
the information about the beginning or end of the down-
link transmission.Asanexample, ina case that the length
corresponds to one subframe and that the information in
the DCI indicates that the downlink transmission starts at
the beginning of a prescribed subframe, the terminal
apparatus recognizes that the downlink transmission is
to be performed in the one indicated subframe.
[0241] Moreover, theDCIdifferent from theuplinkgrant
may be preferably mapped in the non-LAA cell. Specifi-
cally, the DCI is mapped in the common search space
present in the primary cell or the primary secondary cell,
and one piece of DCI allows notification of information
corresponding to multiple serving cells.
[0242] Furthermore, the DCI different from the uplink
grant is scrambled with dedicated RNTI different from C-
RNTI (RNTI for downlink transmission notification only,
B-RNTI). TheRNTI for downlink transmissionnotification
only may be preferably configured individually for multi-
ple terminal apparatuses but may be configured with a
value common to the terminal apparatuses.
[0243] Moreover, the DCI different from the uplink
grant, for example, has the same format size as that of
DCI format 1C used for very small-scale scheduling for
one PDSCH codeword, notification of anMCCH change,
or TDD reconfiguration. Alternatively, the DCI, for exam-
ple, has the same format size as that of DCI format 3 or
DCI format 3A used to transmit a TPC command for the
PUCCH or the PUSCH.
[0244] Note that the DCI different from the uplink grant
may correspond to a notification as to whether the uplink
transmission (transmission burst) has been performed in
a subframe indicated in the DCI.
[0245] Note that the above-described examples may
include switching between a case of transmitting the
uplink following the second uplink LBT and a case of
transmitting the uplink with no uplink LBT. Specifically, in
a case that the prescribed field in the DCI indicates that
the downlink transmission is not to be performed, the
terminal apparatus performs the second uplink LBT be-
fore the uplink transmission. On the other hand, in a case
that the prescribed field in the DCI indicates that the
downlink transmission is to be performed, the terminal
apparatus performs no uplink LBT before the uplink
transmission.
[0246] By way of example, the procedure of the uplink
LBT is switched according to the type of uplink channel or
signal scheduled to be transmitted.
[0247] For example, the terminal apparatus performs
the first uplink LBT before a transmission of the PUSCH.
The terminal apparatus performs the second uplink LBT
before the PRACH or performs no uplink LBT.
[0248] For example, the terminal apparatus performs
the first uplink LBT before a transmission of the SRSwith
the PUSCH. The terminal apparatus performs the sec-
ond uplink LBT before the SRS without the PUSCH or
performs no uplink LBT.
[0249] By way of example, the procedure of the uplink

LBT is switched depending on whether a transmission of
a downlink signal or channel from a cell to which the
terminal apparatus is connected has been detected be-
fore the terminal apparatus transmits the uplink.
[0250] For example, a comparison between the re-
ceived power of the CRS and a threshold is used as a
reference for detection of a transmission of a downlink
signal or channel from the cell to which the terminal
apparatus is connected. In a case that the terminal ap-
paratus determines that the received power of an RE on
which the CRS of antenna port 0 (or antenna port 1, 2, 3)
is mapped is smaller than a prescribed threshold in the
subframe immediately before the subframe for the uplink
transmission, the terminal apparatus performs the first
uplink LBT before the uplink transmission. On the other
hand, in a case that the terminal apparatus determines
that the received power of the RE on which the CRS of
antenna port 0 (or antenna port 1, 2, 3) is mapped ex-
ceeds the prescribed threshold in the subframe immedi-
ately before the subframe for the uplink transmission, the
terminal apparatus performs the second uplink LBT be-
fore the uplink transmission or performs no uplink LBT.
[0251] For example, whether the reservation signal
has been successfully detected is used as the reference
for detection of a transmission of the downlink signal or
channel from the cell to which the terminal apparatus is
connected. In a case that the length of the downlink
transmission is predefined or pre-configured and that
the terminal apparatus has successfully detected the
reservation signal, whether the downlink transmission
is to be performed in the subframe immediately before
the subframe for the uplink transmission can be deter-
mined based on the time of the detection of the reserva-
tion signal (subframe, symbol, RE, Ts) and the length of
the reservation signal. In a case of determining that the
downlink transmission is not to be performed in the sub-
frame immediately before the subframe for the uplink
transmission, the terminal apparatus performs the first
uplink LBT before the uplink transmission. On the other
hand, in a case of determining that the downlink trans-
mission is to be performed in the subframe immediately
before the subframe for the uplink transmission, the
terminal apparatus performs the second uplink LBT be-
fore the uplink transmission or performs no uplink LBT. A
reference as to whether the terminal apparatus has suc-
cessfully detected the reservation signal is, for example,
a comparison between the received power of the RE to
which the reservation signal is assignedandaprescribed
threshold.
[0252] For example, whether the PDCCH or the
EPDCCH has successfully been detected is used as
the reference for detection of a transmission of the down-
link signal or channel from the cell to which the terminal
apparatus is connected. In a case that the PDCCH or the
EPDCCH has successfully been decoded in the sub-
frame immediately before the subframe for the uplink
transmission, the terminal apparatus can recognize that
the subframe is reserved by the terminal apparatus as a
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downlink subframe. In other words, in a case that the
PDCCHor the EPDCCHhas successfully been decoded
in the subframe immediately before the subframe for the
uplink transmission, the terminal apparatus performs the
first uplink LBT before the uplink transmission. On the
other hand, in a case that the decoding of the PDCCH or
theEPDCCHfails in thesubframe immediatelybefore the
subframe for the uplink transmission, the terminal appa-
ratus performs the second uplink LBT before the uplink
transmission or performs no uplink LBT.
[0253] Forexample,whether thePDSCHhassuccess-
fully been detected is used as the reference for detection
of a transmission of the downlink signal or channel from
the cell to which the terminal apparatus is connected. In a
case that the PDSCH has successfully been decoded in
the subframe immediately before the subframe for the
uplink transmission, the terminal apparatus can recog-
nize that the subframe is reserved by the base station
apparatus as a downlink subframe. In other words, in a
case that the PDSCH has successfully been decoded in
the subframe immediately before the subframe for the
uplink transmission, the terminal apparatus performs the
first uplink LBT before the uplink transmission. On the
otherhand, inacase that thedecodingof thePDSCHfails
in the subframe immediately before the subframe for the
uplink transmission, the terminal apparatus performs the
second uplink LBT before the uplink transmission or
performs no uplink LBT.
[0254] For example, whether the DMRS has success-
fully been detected is used as the reference for detection
of a transmission of the downlink signal or channel from
the cell to which the terminal apparatus is connected. In a
case that the DMRS has successfully been detected in
the subframe immediately before the subframe for the
uplink transmission, the terminal apparatus can recog-
nize that the subframe is reserved by the base station
apparatus as a downlink subframe. In other words, in a
case that the DMRS has successfully been decoded in
the subframe immediately before the subframe for the
uplink transmission, the terminal apparatus performs the
first uplink LBT before the uplink transmission. On the
other hand, in a case that the DMRS has successfully
been detected in the subframe immediately before the
subframe for the uplink transmission, the terminal appa-
ratus performs the second uplink LBT before the uplink
transmissionor performsnouplink LBT.The referenceas
to whether the terminal apparatus has successfully de-
tected the reservation signal is, for example, a compar-
ison between the received power of an RE to which the
DMRS is assigned and a prescribed threshold. In other
words, the reference is a comparison between the re-
ceived power of antenna port 7 or 9 and the prescribed
threshold.
[0255] By way of example, the procedure of the uplink
LBT is switched depending on whether the terminal
apparatus has transmitted any uplink signal or channel
before transmitting the uplink.
[0256] For example, in a case that the terminal appa-

ratus has transmitted the PUSCH in the subframe im-
mediately before the subframe for the uplink transmis-
sion, the transmission can be performed without LBT in
this subframe because the channel has successfully
been reserved for the subframe as an uplink subframe.
In other words, in a case that the terminal apparatus has
not transmitted the PUSCH in the subframe immediately
before the subframe for the uplink transmission, the
terminal apparatus performs the first uplink LBT or the
seconduplink LBTbefore theuplink transmission.On the
other hand, in a case that the terminal apparatus has
transmitted the PUSCH in the subframe immediately
before the subframe for the uplink transmission, the
terminal apparatus performs no uplink LBT.
[0257] For example, in a case that the terminal appa-
ratus has transmitted the SRS in the subframe immedi-
ately before the subframe for the uplink transmission, the
transmission can be performedwithout LBT because the
channel has successfully been reserved for the subframe
as an uplink subframe. In other words, in a case that the
terminal apparatus has not transmitted the SRS in the
subframe immediately before the subframe for the uplink
transmission, the terminal apparatus performs the first
uplink LBT or the second uplink LBT before the uplink
transmission. On the other hand, in a case of having
transmitted the SRS in the subframe immediately before
the subframe for the uplink transmission, the terminal
apparatus performs no uplink LBT.
[0258] For example, in a case that the terminal appa-
ratus has transmitted the PRACH in the subframe im-
mediately before the subframe for the uplink transmis-
sion, the transmission can be performed in this subframe
without LBT because the channel has been successfully
reserved for the subframeasanuplink subframe. In other
words, in a case that the terminal apparatus has not
transmitted the PRACH in the subframe immediately
before the subframe for the uplink transmission, the
terminal apparatus performs the first uplink LBT or the
seconduplink LBTbefore theuplink transmission.On the
other hand, in a case of having transmitted the PRACH in
the subframe immediately before the subframe for the
uplink transmission, the terminal apparatus performs no
uplink LBT.
[0259] By way of example, the procedure of the uplink
LBT is switched according to the configuration provided
by the higher layer.
[0260] The configuration provided by the higher layer
refers to, for example, configuration information specify-
ing the procedure of the uplink LBT. In a case that a
configuration specifying the first uplink LBT is provided
for the terminal apparatus, the terminal apparatus per-
forms the first uplink LBTbefore an uplink transmission in
the LAA cell for the terminal apparatus. In a case that a
configuration specifying the second uplink LBT is pro-
vided for the terminal apparatus, the terminal apparatus
performs the second uplink LBT before an uplink trans-
mission in the LAA cell for the terminal apparatus. In a
case that a configuration specifying that no uplink LBT is
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performed for the terminal apparatus is provided, the
terminal apparatus performs no uplink LBT before per-
forming the uplink transmission in the LAA cell.
[0261] The configuration provided by the higher layer
refers to, for example, a configuration for cross carrier
scheduling for theLAAcell. In a case that the crosscarrier
scheduling is configured for the LAA cell, the terminal
apparatus performs the first uplink LBT. In a case that self
scheduling is configured for the LAA cell (in other words,
in a case that the cross carrier scheduling is not config-
ured for the LAA cell), the terminal apparatus performs
the second uplink LBTor performs no uplink LBT. In other
words, in a case that the PDCCH or the EPDCCH in the
uplink grant for scheduling of the uplink transmission for
the LAA cell is configured to be monitored for a cell other
than the LAA cell, the terminal apparatus performs the
first uplink LBT before the uplink transmission. On the
other hand, in a case that the PDCCH or the EPDCCH in
the uplink grant for scheduling of the uplink transmission
for the LAAcell is not configured to bemonitored for other
than the LAA cell, the terminal apparatus performs the
second uplink LBT before the uplink transmission or
performs no uplink LBT.
[0262] The cross carrier schedulingmay be configured
for each of the downlink grant and the uplink grant. In that
case, the above-described examples of switching are
regarded as switching as to whether the uplink grant is
configured as the cross carrier scheduling.
[0263] The configuration provided by the higher layer
refers to, for example, configuration of information indi-
cative of a nation(s) where the LAA cell is operated. In a
case that the information is indicative of a particular
nation(s) (for example, Japanor theEurope), the terminal
apparatus performs the first uplink LBT before the uplink
transmission for theLAAcell.On theother hand, ina case
that the information is indicative of a country other than
the particular nation(s) (for example, the U.S. or China),
the terminal apparatus performs the second uplink LBT
before the uplink transmission for the LAA cell or per-
forms no uplink LBT. The information indicative of the
nation(s) where the LAA cell is operated is, for example,
Public Land Mobile Network (PLMN). The PLMN is an
identifier indicative of a country and an operator. The
PLMN is included in the SIB1 and notified to the terminal
apparatus.Note that the procedure of the uplink LBTmay
beswitchedaccording to theoperatingband inaddition to
the information about the nation(s) where the LAA cell is
operated. The information indicative of the operating
band can be identified in information about the center
frequency of the carrier (EARFCN value) configured by
the higher layer.
[0264] The particular country is a country where LBT
needs to be performed. The country information and the
capability of the terminal apparatus may be associated
with each other. In other words, the terminal apparatus
may be linked with the particular nation(s) in such a
manner that the capability required for the terminal ap-
paratus is specified.

[0265] The configuration provided by the higher layer
refers to, for example, configurationof the first uplinkLBT.
The procedure of the uplink LBT is switched depending
on whether the first uplink LBT has been configured for
the terminal apparatus.Specifically, in a case that the first
uplink LBT has been configured by the higher layer, the
terminal apparatus performs the first uplink LBT before
the uplink transmission for the LAA cell. On the other
hand, in a case that the first uplink LBT has not been
configured by the higher layer, the terminal apparatus
performs the second uplink LBT before the uplink trans-
mission for the LAA cell or performs no uplink LBT. The
configuration of the first uplink LBT includes, for example,
information about the range X and Y for determination of
the collision window q, a CCA slot length, a CCA thresh-
old, and the like.
[0266] Note that the procedure of the uplink LBT may
be switched depending on whether the second uplink
LBT has been configured for the terminal apparatus.
Specifically, in a case that the second uplink LBT has
been configured by the higher layer, the terminal appa-
ratus performs the first uplink LBT before the uplink
transmission for the LAA cell. On the other hand, in a
case that the second uplink LBT has been configured by
the higher layer, the terminal apparatus performs the
second uplink LBT before the uplink transmission for
the LAA cell. The configuration of the second uplink
LBT includes, for example, the value of the collision
window q, the CCA slot length, the CCA threshold, and
the like.
[0267] The configuration of the first uplink LBTand the
configuration of the seconduplink LBTmay bepreferably
specific to each cell. Note that one piece of configuration
information may be configured commonly for all the cells
configured as serving cells. This is not applicable to non-
LAA cells configured as serving cells.
[0268] Note that the switching may be performed
based on a combination of multiple configurations pro-
vided by the higher layer. In a specific example, in a case
that the cross carrier scheduling is not configured for the
LAA cell and that notification that the nation(s) where the
LAA cell is operated is the particular nation(s) has been
provided, the terminal apparatus performs the second
uplink LBT before the uplink transmission for the LAA cell
or performs no uplink LBT. In a case that the cross carrier
scheduling is configured for the LAA cell and that notifi-
cation that the nation(s) where the LAA cell is operated is
other than the particular nation(s) has been provided, the
terminal apparatus performs the first uplink LBT before
the uplink transmission for the LAA cell.
[0269] Moreover, the switching may be performed in a
case of combining multiple ones of the above-described
examples. In a specific example, in a case that the self
scheduling is configured for the LAA cell and that a
prescribed field included in the uplink grant indicating
the uplink transmission indicates that the first LBT is to be
performed, the terminal apparatus performs the first up-
link LBT before the uplink transmission for the LAA cell.
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Otherwise the terminal apparatus performs the second
uplink LBT before the uplink transmission for the LAA cell
or performs no uplink LBT.
[0270] Note that the parameter may be switched de-
pending on the above-described examples. In a specific
example, in a case that the terminal apparatus performs
the first uplink LBT but the self scheduling is configured
for the LAA cell, a value configured by the higher layer
(RRC) is applied to the collision window q, and in a case
that the cross carrier scheduling is configured for the LAA
cell, the collision window q is updated at each transmis-
sion opportunity, based on the value configured by the
higher layer (RRC).
[0271] Note that the above-described examples may
include switching between a case of transmitting the
uplink following the second uplink LBT and a case of
transmitting the uplink with no uplink LBT. In other words,
in a case that the PDCCH or the EPDCCH in the uplink
grant for schedulingof theuplink transmission for theLAA
cell is configured to be monitored for a cell other than the
LAA cell, the terminal apparatus performs the second
uplink LBT before the uplink transmission. On the other
hand, in a case that the PDCCH or the EPDCCH in the
uplink grant for scheduling of the uplink transmission for
the LAA cell is not configured to be monitored for a cell
other than the LAA cell, the terminal apparatus performs
no uplink LBT before the uplink transmission.
[0272] FIG. 10 illustrates an example of frequency
multiplexing of the PUSCH in the LAA cell. In the LAA
cell, PUSCH resources are not contiguously allocated
but are allocated at intervals of several subcarriers in the
frequency direction. The PUSCH is allocated among
different terminal apparatuses in an interlaced manner
such that subcarriers are nested. In FIG. 10, the PUSCH
is allocated at intervals of three subcarriers, and the
PUSCH for three terminal apparatuses is allocated in
such a manner as to be interlaced for each subcarrier.
This allows the terminal apparatuses to utilize the entire
bandwidth with a few resources.
[0273] Toallow frequencymultiplexing or spatialmulti-
plexing among multiple terminal apparatuses in the LAA
cell by using the same subframes (time resources),
transmission timings for the terminal apparatuses need
to be adjusted in such a manner that uplink channels
and/or uplink signals from the respective terminal appa-
ratuses are simultaneously received by the base station
apparatus. Furthermore, in the LAAcell, the uplink LBT is
performed before the uplink transmission. In a case that
LBT is performed based on the counter value N, the
number of attempts to performCCAand the time needed
for LBT vary according to the counter value N. The
relationship between start timings for the uplink transmis-
sion and the uplink LBT will be described below.
[0274] FIG. 11 illustrates an example of the relation-
ship between the start timings for the uplink transmission
and the uplink LBT. FIG. 11 is based on operations in
accordance with the procedure of the uplink LBT in FIG.
8. The base station apparatus notifies each terminal

apparatus of the timing (subframe) for the uplink trans-
mission. The timing for the uplink transmission is impli-
citly notified, for example, based on a subframe in which
the uplink grant is received. The terminal apparatus in-
dependently generates a counter value N. The terminal
apparatus estimates the time when the uplink LBT is
completed from the counter value N and the CCA period
to determine the LBT start timing. That is, the terminal
apparatus can calculate the start timing for the uplink
LBT, based on the start timing for the uplink transmission
and the number of the first CCAs (counter value N). In
other words, the CCA for the uplink transmission starts
(counter valueN×CCAperiod)microsecondsbefore the
beginning of the uplink subframe for the terminal appa-
ratus.
[0275] The terminal apparatus having determined that
the channel is busy as a result of the CCA does not
perform the uplink transmission at the indicated timing
for the uplink transmission. At this time, the counter value
N is not discarded and is taken over by the next uplink
LBT. In other words, in a case that any counter value N
remains in the counter, no counter value N is generated.
Note that the counter value Nmay be discarded andmay
notbe takenoverby thenextuplinkLBTdependingon the
type of the DCI format or a particular parameter. For
example, in a case of receiving information indicative
of the first transmission through a parameter indicative
of new data (new data indicator), the terminal apparatus
discards the counter value N and does not take over the
counter value N to the next uplink LBT. Moreover, the
counter valueNmay be linkedwith theHARQprocess. In
otherwords, the counter valueN for the uplink LBT for the
PUSCH is independent among different HARQ pro-
cesses.
[0276] Note that the uplink transmission may be per-
formed in the middle of the uplink subframe. At that time,
the CCA for the uplink transmission starts (counter value
N × CCA period) microseconds before the beginning of
the uplink transmission that the terminal apparatus is
indicated to perform.
[0277] Note that the initial CCA may be performed in
the uplink LBT. In that case, the CCA for the uplink
transmission starts (initial CCA period + counter value
N + CCA period) microseconds before the beginning of
the uplink subframe in which the terminal apparatus is
indicated to perform the uplink transmission.
[0278] Note that, in a case that time is needed to switch
from the receiver to the transmitter, the start timing for the
uplink LBT is determined with the switching time taken
into account. In other words, the CCA for the uplink
transmission starts (counter value N × CCA period +
timeneeded to switch from the receiver to the transmitter)
microseconds before the beginning of the uplink sub-
frame in which the terminal apparatus is indicated to
perform the uplink transmission.
[0279] Note that the start timing of CCA for the uplink
transmission may be calculated based on the downlink
radio frame (downlink subframe). In other words, the
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CCA for the uplink transmission starts (counter valueN×
CCA period + uplink-downlink frame timing adjustment
time)microseconds before the beginning of the downlink
subframe corresponding to the uplink subframe in which
the terminal apparatus is indicated to perform the uplink
transmission. Here, the uplink-downlink frame timing
adjustment time is (NTA + NTA_offset) × Ts, NTA is a
terminal apparatus-specific parameter having a value
from 0 to 20512 for adjustment of the uplink transmission
timing, and NTA_offset is a frame structure type-specific
parameter for adjustment of the uplink transmission tim-
ing.
[0280] Here, in the LAA cell, a value that can be taken
byNTAmay be limited. In other words, in the LAA cell, the
maximum value of NTA is smaller than 20512.
[0281] FIG. 12 illustrates an example of the relation-
ship between the start timings for the uplink transmission
and the uplink LBT. FIG. 12 is based on operations in
accordance with the procedure of the uplink LBT in FIG.
8. The base station apparatus notifies each terminal
apparatus of the start timing for the uplink LBT and
information associated with the counter value N. The
start timing for the uplink LBT is implicitly notified, for
example, basedon thesubframe inwhich theuplinkgrant
is received. The terminal apparatus can recognize the
start timing for the uplink transmission, based on the start
timing for the uplink LBTand the counter value N. That is,
the terminal apparatus can calculate the start timing for
the uplink transmission, based on the start timing for the
uplink LBT and the number of the first CCAs (counter
value N). In other words, the uplink transmission starts
(counter value N× CCA period) microseconds after the
beginning of an uplink subframe in which the terminal
apparatus is indicated to perform CCA. Here, the same
counter value N is configured for all the terminal appa-
ratuses to be multiplexed.
[0282] The information associated with the counter
value N is, for example, the counter value N. In a case
of being notified of the counter value N, the terminal
apparatus performs the uplink LBT by using the counter
value N.
[0283] Moreover, the information associated with the
counter value N is, for example, a seed of random num-
ber used to generate the counter value N. The terminal
apparatus generates the counter value N by using the
notified value and another parameter. Such another
parameter is, for example, an accumulated value of
the HARQ-ACK for the PUSCH, the cell ID, a subframe
number, a system frame number, or the like.
[0284] The terminal apparatus having determined that
the channel is busy as a result of the CCA does not
perform the uplink transmission at the indicated timing
for the uplink transmission. At this time, the counter value
N isdiscardedand isnot takenover to thenext uplinkLBT.
[0285] Note that the initial CCA may be performed in
theuplink LBT. In that case, the uplink transmission starts
(initial CCA period + counter value N × CCA period)
microseconds after the beginning of an uplink subframe

in which the terminal apparatus is indicated to perform
CCA.
[0286] Note that, in a case that time is needed to switch
from the receiver to the transmitter, the start timing for the
uplink LBT is determined with the switching time taken
into account. In other words, the uplink transmission
starts (counter value N × CCA period + time needed to
switch from the receiver to the transmitter)microseconds
after the beginning of an uplink subframe in which the
terminal apparatus is indicated to perform CCA.
[0287] Note that the uplink transmission may be cal-
culated based on the downlink radio frame (downlink
subframe). In other words, the uplink transmission starts
(counter value N × CCA period - uplink-downlink frame
timing adjustment time) microseconds after the begin-
ning of the downlink subframe corresponding to the
uplink subframe in which the terminal apparatus is in-
dicated to perform the CCA. Here, the uplink-downlink
frame timing adjustment time is (NTA + NTA_offset) × Ts,
NTA is a terminal apparatus-specific parameter having a
value from 0 to 20512 for adjustment of the uplink trans-
mission timing, and NTA_offset is a frame structure type-
specific parameter for adjustment of the uplink transmis-
sion timing.
[0288] FIG. 13 illustrates an example of the relation-
ship between the start timings for the uplink transmission
and the uplink LBT. FIG. 13 is based on operations in
accordance with the procedure of the uplink LBT in FIG.
9. The base station apparatus notifies each terminal
apparatus of the timing (subframe) for the uplink trans-
mission. The timing for the uplink transmission is impli-
citly notified, for example, based on a subframe in which
the uplink grant is received. The terminal apparatus
determines the time when the uplink LBT is completed
based on the CCA period to determine the LBT start
timing. In other words, the CCA for the uplink transmis-
sion starts (CCA period) microseconds before the begin-
ning of the uplink subframe in which the terminal appa-
ratus is indicated to perform the uplink transmission.
[0289] Note that, instead of the timing for the uplink
transmission, the start timing for the uplink LBT may be
notified. In that case, the terminal apparatus can recog-
nize the timing for the uplink transmission, based on the
CCA period. In other words, the CCA for the uplink
transmission starts (CCA period) microseconds before
thebeginningof the uplink subframe inwhich the terminal
apparatus is indicated toperform theuplink transmission.
[0290] The terminal apparatus having determined that
the channel is busy as a result of the CCA does not
perform the uplink transmission at the indicated timing
for the uplink transmission.
[0291] FIG. 14 illustrates an example of the relation-
ship between the start timings for the uplink transmission
and the uplink LBT. FIG. 14 is based on operations in
accordance with the procedure of the uplink LBT in FIG.
15 described below. The base station apparatus notifies
each terminal apparatus of the timing (subframe) for the
uplink transmission. The timing for the uplink transmis-
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sion is implicitly notified, for example, based on a sub-
frame in which the uplink grant is received. The terminal
apparatus starts the first CCA at the start timing for the
first CCA. In a case that the counter value N becomes 0,
the terminal apparatus waits until a start timing for third
CCA. Then, the terminal apparatus performs the third
CCA at the start timing for the third CCA, and in a case
that the channel is idle during the entire CCA period,
performs the uplink transmission.
[0292] Thestart timing for thefirstCCAcorresponds to,
for example, the beginning of the subframe before the
uplink transmission. In other words, the first CCA for the
uplink transmission starts at the beginning of the sub-
frame closest to the beginning of the uplink transmission
in which the terminal apparatus is indicated to perform.
[0293] Alternatively, the start timing for the first CCA is
determined, for example, basedon the collisionwindowq
for the terminal apparatus. In other words, the first CCA
for the uplink transmission starts (collision window q ×
CCA period) microseconds before the beginning of the
uplink transmission in which the terminal apparatus is
indicated to perform.
[0294] The third CCA for the uplink transmission starts
(third CCA period) microseconds before the beginning of
the uplink subframe in which the terminal apparatus is
indicated to perform the uplink transmission.
[0295] The thirdCCAperiod for theuplink transmission
may be preferably the same as the ICCA period.
[0296] FIG. 15 illustrates an example of the procedure
of the uplink LBT. In a case of detecting the uplink grant
(S1502) in the idle state (S1501), the terminal apparatus
performs the first CCA (S1503). In the first CCA, first, the
terminal apparatus randomly generates a counter value
Nwithin the range from 0 to q - 1 (S15031). Note that, in a
case that a numerical value associated with the counter
value N is indicated by the base station apparatus using
the uplink grant, the terminal apparatus uses the counter
value N based on the numerical value instead of gener-
atingacounter value.Note that, ina case that the last LBT
has not set the counter value to 0, with a value remaining
in the counter, the terminal apparatus may use the re-
maining counter value N instead of generating a counter
value N. Then, the terminal apparatus starts CCA at the
prescribed timing (S15032). The terminal apparatus
senses the channel (medium) during one CCA slot dura-
tion (S15033) to determine whether the channel is idle or
busy (S15034). The terminal apparatus decrements the
counter valueNbyone (S15035) in a caseof determining
that the channel is idle, and determines whether a third
CCA check timing has passed (S15038) in a case of
determining that the channel is busy. In a case that the
third check timinghas not passed, the terminal apparatus
returns to the process of sensing the channel (medium)
during oneCCAslot duration (S15033). In a case that the
third CCA check timing has passed, the terminal appa-
ratus returns to the idle state (S1501) instead of perform-
ing the uplink transmission indicated by the uplink grant.
After the counter value N is decremented by one, the

terminal apparatus determines whether the counter va-
lue is0 (S15036), and inacase that the counter value is 0,
proceeds to the operation of the third CCA (S1504). On
the other hand, in a case that the counter value is not 0,
the terminal apparatus senses the channel (medium)
during one CCA slot duration again (S15033). Note that
the value in the collision window q obtained in a case that
the counter value N is generated is updated to a value
from X to Y according to the channel state (S15037).
Then, in the third CCA (S1504), the terminal apparatus
waits until a timing when the third CCA starts (S15041),
and senses the channel during the third CCA period
(S15042). In a case of determining that the channel is
busy as a result of the third CCA, the terminal apparatus
returns to the idle state (S1501) instead of performing the
uplink transmission indicated by the uplink grant. On the
other hand, in a case of determining that the channel is
idle as a result of the third CCA, the terminal apparatus
acquires the right to access the channel and proceeds to
a transmission operation (S1505, S1506). In a transmis-
sionprocess, the terminal apparatusdetermineswhether
to actually perform the uplink transmission at that timing
(S1505), and in a case of determining that the uplink
transmission is to be performed, performs the uplink
transmission (S1506). In a case of determining not to
perform the uplink transmission, the terminal apparatus
returns to the idle state (S1501) instead of performing the
uplink transmission indicated by the uplink grant.
[0297] Note that the ICCA may be performed as is the
casewith the downlink LBT. However, even in a case that
the ICCA results in the determination that the channel is
idle, the uplink is not transmitted and the procedure
proceeds to an ECCA operation.
[0298] The above-described constitution allows one
subframe to be multiplexed to be transmitted and/or
received inmultiple terminal apparatuses, with long-term
CCA checks performed by random number backoff.
[0299] Note that the LAA cell may be preferably oper-
ated in accordance with a half duplex scheme. The
terminal apparatus does not expect to receive, in a sub-
frame inwhich an uplink transmission is being performed
in one LAA cell, a downlink signal and/or channel from
anotherLAAcell configuredasaservingcell.Specifically,
the terminal apparatus does not expect to receive, in a
subframe for which the PUSCH is scheduled in one LAA
cell by DCI format 0/4, the PDCCH or the EPDCCH in all
LAA cells configured as serving cells. Furthermore, the
terminal apparatus performs, in the subframe, no uplink
LBT in the LAA cell configured as a serving cell. Alter-
natively, the terminal apparatusmay determine the result
of the uplink LBTof the LAA cell configured as a serving
cell to be busy in the subframe. Moreover, the terminal
apparatus performs, in a subframe in which a downlink
reception is being performed in one LAA cell, no uplink
transmission in another LAA cell configured as a serving
cell. In a specific example, the terminal apparatus per-
forms no uplink transmission in subframes configured as
DMTC occasions. The terminal apparatus does not ex-
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pect that the PUSCH is scheduled for subframes config-
ured as DMTC occasions. Moreover, in a serving cell
operated as an LAA cell, the terminal apparatus gener-
ates a guard period by avoiding reception of the end part
of the downlink subframe immediately before the uplink
subframe. Alternatively, in a serving cell operated as an
LAA cell, the terminal apparatus generates a guard per-
iod by avoiding reception of the downlink subframe im-
mediately before the uplink subframe and reception of
the downlink subframe immediately after the uplink sub-
frame.
[0300] Note that the uplink LBT may be performed
during the guard period.
[0301] Part of the content described in the present
embodiment is rephrased as follows.
[0302] The terminal apparatus includes a reception
unit configured to receive a PDCCH, a transmission unit
configured to transmit a PUSCH in a serving cell, and a
CCA check unit configured to perform either first LBT for
performing a CCA check a number of times based on a
random number before a subframe for which a transmis-
sion of the PUSCH is indicated or second LBT for per-
forming a CCA check only once. The terminal apparatus
switches between the first LBT and the second LBT,
based on a prescribed condition.
[0303] Moreover, the information about the PDCCH is
constituted by 1 bit. The first LBT is performed before the
subframe for which the transmission of the PUSCH is
indicated in a case that the information about thePDCCH
is 1, and the second LBT is performed before the sub-
frame for which the transmission of the PUSCH is indi-
cated in a case that the information about the PDCCH is
0.
[0304] Moreover, the first LBT is performed before the
subframe for which the transmission of the PUSCH is
indicated in a case that a downlink transmission burst is
not detected in a subframe immediately before a sub-
frame inwhich thePUSCH is transmitted, and the second
LBT is performed before the subframe for which the
transmission of the PUSCH is indicated in a case that
the downlink transmission burst is detected in the sub-
frame immediately before the subframe in which the
PUSCH is transmitted.
[0305] Moreover, the first LBT is performed before the
subframe for which the transmission of the PUSCH is
indicated in a case that the PDCCH is configured to be
monitored in another serving cell different from the ser-
ving cell, and the second LBT is performed before the
subframe for which the transmission of the PUSCH is
indicated inacase that thePDCCH isnot configured tobe
monitored in another serving cell different from the ser-
ving cell.
[0306] Moreover, the first LBT is performed before the
subframe for which the transmission of the PUSCH is
indicated in a case that the PUSCH is not transmitted in
the subframe immediately before the subframe in which
the PUSCH is transmitted, and no LBT is performed
before the subframe for which the transmission of the

PUSCH is indicated in a case that the PUSCH is trans-
mitted in the subframe immediately before the subframe
in which the PUSCH is transmitted.
[0307] Furthermore, part of the content described in
the present embodiment is rephrased as follows.
[0308] The terminal apparatus includes a transmission
unit configured to transmit a PUSCH and a CCA check
unit configured to perform LBT before a subframe for
which a transmission of the PUSCH is indicated. The
terminal apparatus determines an LBTstart time, based
on a PUSCH transmission start time and a CCA slot
length.
[0309] Moreover, in theLBT, aCCAcheck is performed
the prescribed number of times, and the LBTstart time is
determined based on the PUSCH transmission start time
and the CCA slot length.
[0310] Moreover, the terminal apparatus includes a
reception unit configured to receive a PDCCH. The num-
ber of the CCA checks is indicated by the PDCCH.
[0311] Note that the uplink LBT according to the pre-
sent embodimentmaysimilarly beapplied to sidelinkLBT
for a sidelink transmission. The sidelink transmission is
used for device to device communication (D2D) between
the terminal apparatuses.
[0312] Note that, in a case that one or more configura-
tions (LAA-Config) which are necessary for LAA commu-
nication for prescribed serving cell are configured to the
terminal apparatus 1, the prescribed serving cell may be
regarded as the LAA cell. The configurations which are
necessary for theLAAcommunicationare, for example, a
parameter associated with a reservation signal, a para-
meter associated with RSSI measurement, and a para-
meter associated with the second DS configuration.
[0313] In this regard, in a case that information
(EARFCN value) on a center frequency associated with
an LAA band for prescribed serving cell is configured to
the terminal apparatus 1, the cell of the frequencymaybe
regarded as the LAA cell. The LAAbands (LAAoperating
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.
[0314] Note that the prescribed frequency may be
preferably a frequency used by the LAA cell. The pre-
scribed frequencymay be preferably a frequency of cells
which transmit the DSs, based on LBT. The prescribed
frequency may be preferably a frequency of cells oper-
ated in an unlicensed band. The prescribed frequency
may be preferably a frequency of an operating band
associatedwith a prescribed index of the operating band.
The prescribed frequencymay 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 operating band associated with a pre-
scribed index of the operating band (E-UTRA operating
band). For example, the operating bands may be pre-
ferablymanaged by a table. An associated index is given
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to each operating bandmanaged by the table. The index
is linked toanassociateduplinkoperatingband,downlink
operating band, and a duplex mode. Note that the uplink
operating band is an operating band used for reception at
the base station apparatus and transmission at the term-
inal apparatus. The downlink operating band is an oper-
ating band used for transmission at the base station
apparatus and reception at the terminal apparatus. 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 example, the duplexmode
in the LAA cell may be a transmission burst to be de-
scribed below (optionally including at least a downlink
burst or an uplink burst).
[0315] 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
licensedbands (bandswhicharenot LAA), andoperating
bands associated with an index "252 to an index "255"
may be preferably unlicensed bands (LAA bands). Note
that the uplink operating band is preferably not applied to
the index "252" (n/a, not applicable). The 5150 MHz to
5250 Hz is preferably applied to the downlink operating
band. FDD is preferably applied to the duplex mode.
Furthermore, for the index "253", the uplink operating
bandmay be preferably reserved (reserved to be used in
future), and the downlink operating band may be pre-
ferably reserved. FDD may be preferably applied to the
duplexmode. Furthermore, for the index "254", the uplink
operating band may be preferably reserved (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 5725MHz to 5850Hzmay be preferably
applied to the downlink operating band. FDD may be
preferably applied to the duplex mode.
[0316] Note that 5150 MHz to 5250 Hz and 5725 MHz
to5850Hzarepreferablyunlicensedbands (LAAbands).
In other words, the prescribed frequencies described
above may be preferably operating bands associated
with the index "252" to the index "255".
[0317] Moreover, although the description has been
given in each of the above-described embodiment 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 embodiment may be referred to as
"primary cell".
[0318] Hereinafter, various aspects of the terminal ap-
paratus 1 and the base station apparatus 2 in the present
embodiment will be described.
[0319]

(1) A first aspect of the present embodiment is the
terminal apparatus 1 including: a reception unit con-
figured to receive a first parameter and a second
parameter through higher layer signalling; and a
transmission unit configured to transmit a random
access preamble based on the first parameter and a
randomaccesspreamblebasedon thesecondpara-
meter. The first parameter is used to configure a
subframe number of a first uplink subframe in which
transmission of the random access preamble based
on the first parameter is allowed. The second para-
meter is used to configure a subframe number of a
second uplink subframe in which transmission of the
randomaccesspreamblebasedon thesecondpara-
meter is allowed and a symbol number of an uplink
symbol in the second uplink subframe.
(2) In the first aspect of the present embodiment, the
bandwidth for the transmissionof the randomaccess
preamble based on the second parameter is wider
than the bandwidth for the transmission of the ran-
dom access preamble based on the first parameter.
(3) In the first aspect of the present embodiment, the
reception unit receives the higher layer signalling
including an information bit, and the transmission
of the random access preamble based on the first
parameter and the transmission of the random ac-
cess preamble based on the second parameter are
controlled based on the state of the information bit.
(4)Asecondaspectof thepresentembodiment is the
base station apparatus 2 including: a transmission
unit configured to transmit a first parameter and a
second parameter through higher layer signalling;
and a reception unit configured to receive a random
access preamble based on the first parameter and a
randomaccesspreamblebasedon thesecondpara-
meter. The first parameter is used to configure a
subframe number of a first uplink subframe in which
transmission of the random access preamble based
on the first parameter is allowed. The second para-
meter is used to configure a subframe number of a
second uplink subframe in which transmission of the
randomaccesspreamblebasedon thesecondpara-
meter is allowed and a symbol number of an uplink
symbol in the second uplink subframe.
(5) In the second aspect of the present embodiment,
thebandwidth for the receptionof the randomaccess
preamble based on the second parameter is wider
than the bandwidth for the reception of the random
access preamble based on the first parameter.
(6) In the second aspect of the present embodiment,
the transmission unit transmits the higher layer sig-
nalling including an information bit, and the reception
of the random access preamble based on the first
parameter and the reception of the random access
preamble based on the second parameter are con-
trolled based on the state of the information bit.
(7) A third aspect of the present embodiment is a
communication method of the terminal apparatus 1,
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the communication method including the steps of:
receiving a first parameter and a second parameter
through higher layer signalling; and transmitting a
random access preamble based on the first para-
meter and a random access preamble based on the
second parameter. The first parameter is used to
configure a subframe number of a first uplink sub-
frame in which transmission of the random access
preamble based on the first parameter is allowed.
The second parameter is used to configure a sub-
frame number of a second uplink subframe in which
transmission of the random access preamble based
on the second parameter is allowed and a symbol
number of an uplink symbol in the second uplink
subframe.
(8) A fourth aspect of the present embodiment is a
communication method of the base station appara-
tus 2, the communicationmethod including the steps
of: transmitting a first parameter and a second para-
meter through higher layer signalling; and receiving
a random access preamble based on the first para-
meter and a random access preamble based on the
second parameter. The first parameter is used to
configure a subframe number of a first uplink sub-
frame in which transmission of the random access
preamble based on the first parameter is allowed.
The second parameter is used to configure a sub-
frame number of a second uplink subframe in which
transmission of the random access preamble based
on the second parameter is allowed and a symbol
number of an uplink symbol in the second uplink
subframe.
(9) A fifth aspect of the present embodiment is the
terminal apparatus 1 including: a reception unit con-
figured to receive downlink control information on a
PDCCH; and a transmission unit configured to trans-
mit a random access preamble. For a first frame
structure type, the downlink control information is
used to configure a subframe number of a first uplink
subframe in which transmission of the random ac-
cess preamble is allowed. For a second frame struc-
ture type (the second frame structure type may be
applied to an LAA secondary cell operation cell), the
downlink control information is used to configure a
subframe number of a second uplink subframe in
which transmission of the random access preamble
is allowed and a symbol number of an uplink symbol
in the second uplink subframe.
(10) In the fifth aspect of the present embodiment,
the first framestructure type is applied to a frequency
division duplex cell, and the second frame structure
type (the second frame structure type may be ap-
plied to an LAA secondary cell operation cell) is
applied to a licensed assisted access cell.
(11) In thefifthaspectof thepresent embodiment, the
reception unit receives downlink control information
to which CRC parity bits scrambled with a RA-RNTI
is attached, to beused for scheduling of aPDSCHon

which a random access response is transmitted, the
RA-RNTI is defined for the first frame structure type
in accordance with a first calculation expression
based on the subframe number of the first uplink
subframe,and theRA-RNTI is defined for thesecond
frame structure type in accordance with a second
calculation expression based on the symbol number
of the uplink symbol.
(12) A sixth aspect of the present embodiment is the
base station apparatus 2 including: a transmission
unit configured to transmit downlink control informa-
tion on a PDCCH; and a reception unit configured to
receive a random access preamble. For a first frame
structure type, the downlink control information is
used to configure a subframe number of a first uplink
subframe in which transmission of the random ac-
cess preamble is allowed. For a second frame struc-
ture type (the second frame structure type may be
applied to an LAA secondary cell operation cell), the
downlink control information is used to configure a
subframe number of a second uplink subframe in
which transmission of the random access preamble
is allowed and a symbol number of an uplink symbol
in the second uplink subframe.
(13) In the sixth aspect of the present embodiment,
the first framestructure type is applied to a frequency
division duplex cell, and the second frame structure
type (the second frame structure type may be ap-
plied to an LAA secondary cell operation cell) is
applied to a licensed assisted access cell.
(14) In the sixth aspect of the present embodiment,
the transmission unit transmits downlink control in-
formation to which CRC parity bits scrambled with a
RA-RNTI is attached, to be used for scheduling of a
PDSCH on which a random access response is
transmitted, theRA-RNTI isdefined for thefirst frame
structure type in accordance with a first calculation
expression based on the subframe number of the
first uplink subframe, and the RA-RNTI is defined for
the second framestructure type in accordancewith a
second calculation expression based on the symbol
number of the uplink symbol.
(15)Aseventhaspect of thepresentembodiment is a
communication method of the terminal apparatus 1,
the communication method including the steps of:
receiving downlink control information on a PDCCH;
and transmitting a random access preamble. For a
first frame structure type, the downlink control infor-
mation is used to configure a subframe number of a
first uplink subframe in which transmission of the
random access preamble is allowed. For a second
frame structure type, the downlink control informa-
tion is used to configure a subframe number of a
second uplink subframe in which transmission of the
random access preamble is allowed and a symbol
number of an uplink symbol in the second uplink
subframe.
(16) An eighth aspect of the present embodiment is a
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communication method of the base station appara-
tus 2, the communicationmethod including the steps
of: transmitting downlink control information on a
PDCCH; and receiving a random access preamble.
For a first frame structure type, the downlink control
information is used to configure a subframe number
of a first uplink subframe inwhich transmission of the
random access preamble is allowed. For a second
frame structure type, the downlink control informa-
tion is used to configure a subframe number of a
second uplink subframe in which transmission of the
random access preamble is allowed and a symbol
number of an uplink symbol in the second uplink
subframe.

[0320] A program running on each of the base station
apparatus 2 and the terminal apparatus 1 according to
the present invention may be a program (a program for
causing a computer to operate) that controls a Central
ProcessingUnit (CPU)and the like in suchamanneras to
realize the functions according to the above-described
embodiments of the present invention. The information
handled in these apparatuses is temporarily stored in a
Random Access Memory (RAM) while being processed.
Thereafter, the information is stored in various types of
Read Only Memory (ROM) such as a flash ROM and a
Hard Disk Drive (HDD), and when necessary, is read by
the CPU to be modified or rewritten.
[0321] Moreover, the terminal apparatus 1 and the
base station apparatus 2‑1 or the base station apparatus
2‑2 according to the above-described embodimentsmay
be partially realized by the computer. In this case, this
configurationmay be realized by recording a program for
realizing such control functions on a computer-readable
recording medium and causing a computer system to
read the program recorded on the recording medium for
execution.
[0322] Moreover, the "computer system" here is de-
fined as a computer system built into the terminal appa-
ratus 1 or the base station apparatus 2‑1 or the base
station apparatus 2‑2, and the computer system includes
an OS and hardware components such as peripheral
devices. Furthermore, the "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 device such as a hard disk built into the
computer system.
[0323] Moreover, the "computer-readable recording
medium" may include amedium that dynamically retains
the program for a short period of time, such as a com-
munication line that is used to transmit theprogramovera
network suchas the Internetoroveracommunication line
such as a telephone line, and a medium that retains, in
that case, the program for a fixedperiodof time, suchasa
volatile memory within the computer system which func-
tions as a server or a client. Furthermore, the program
may be configured to realize some of the functions de-
scribed above, and alsomay be configured to be capable

of realizing the functions described above in combination
with a programalready recorded in the computer system.
[0324] Furthermore, the base station apparatus 2‑1 or
base station apparatus 2‑2 according to the above-de-
scribed embodiments can be realized as an aggregation
(an apparatus group) constituted of multiple appara-
tuses. Apparatuses constituting the apparatus group
may be each equipped with some or all portions of each
function or each functional block of the base station
apparatus 2‑1 or base station apparatus 2‑2 according
to the above-described embodiments. It is only required
that the apparatus group itself include general functions
or general functional blocks of the base station apparatus
2‑1 or base station apparatus 2‑2. Furthermore, the
terminal apparatus 1 according to the above-described
embodiments can also communicate with the base sta-
tion apparatus as the aggregation.
[0325] Furthermore, the base station apparatus 2‑1 or
base station apparatus 2‑2 according to the above-de-
scribed embodiments may be an Evolved Universal Ter-
restrial Radio Access Network (EUTRAN). Furthermore,
the base station apparatus 2‑1 or base station apparatus
2‑2 according to the above-described embodimentsmay
have someor all portions of a function of a higher node for
an eNodeB.
[0326] Furthermore, some or all portions of each of the
terminal apparatus 1 and the base station apparatus 2‑1
or base station apparatus 2‑2 according to the above-
described embodiments 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 apparatus 1 and the base station
apparatus 2‑1 or base station apparatus 2‑2 may be
individually realized as a chip, or some or all of the
functional blocks may be integrated into a chip. Further-
more, a circuit integration technique is not limited to the
LSI, and may be realized with a dedicated circuit or a
general-purpose processor. Furthermore, in a case
where with advances in semiconductor technology, a
circuit integration technology with which an LSI is re-
placed appears, it is also possible to use an integrated
circuit based on the technology.
[0327] Furthermore, according to the above-described
embodiments, the cellular mobile station apparatus is
described as one example of a terminal apparatus or a
communication apparatus, but the present invention is
not limited to this, and can be applied to a fixed-type
electronic apparatus installed indoors or outdoors, or a
stationary-type electronic apparatus, for example, a
terminal apparatus or a communication apparatus, such
asanAudio-Video (AV)apparatus, akitchenapparatus, a
cleaning or washing machine, an air-conditioning appa-
ratus, office equipment, a vending machine, and other
household apparatuses.

DESCRIPTION OF REFERENCE NUMERALS

[0328]
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301 Higher layer
302 Control unit
303 Codeword generation unit
304 Downlink subframe generation unit
305 Downlink reference signal generation unit
306 OFDM signal transmission unit
307 Transmit antenna
308 Receive antenna
309 SC-FDMA signal reception unit
310 Uplink subframe processing unit
311 Uplink control information extraction unit
401 Receive antenna
402 OFDM signal reception unit
403 Downlink subframe processing unit
404 Downlink reference signal extraction unit
405 Transport block extraction unit
406 Control unit
407 Higher layer
408 Channel state measurement unit
409 Uplink subframe generation unit
410 Uplink control information generation unit
411 SC-FDMA signal transmission unit
412 Transmit antenna
1 (1-A, 1-B, 1-C) Terminal apparatus
2 (2‑1, 2‑2) Base station apparatus

Claims

1. A terminal apparatus (1) comprising:

a transmission unit configured to transmit a ran-
dom access preamble on a Physical Random
Access Channel, PRACH, to a base station
apparatus (2),whereina resourceof thePRACH
to be used for the transmission of the random
access preamble is determined by the terminal
apparatus (1) based on a PRACH mask index
notified through a Physical Downlink Control
Channel, PDCCH, order; and
a reception unit configured to receive downlink
control information with attached Cyclic Redun-
dancy Check, CRC, parity bits that have been
scrambled with a Random Access - Radio Net-
work Temporary Identifier, RA-RNTI, from the
base station apparatus (2), wherein the down-
link control information is to be used for schedul-
ing of a Physical Downlink Shared Channel,
PDSCH, in which a random access response
is transmitted, and wherein
the RA-RNTI is determined at least based on
both

an index that identifies, from a plurality of
time-resource units, a time-resource unit in
which the PRACH starts, and
a number of a symbol at which the PRACH
starts in the time-resource unit.

2. The terminal apparatus (1) according to Claim 1,
wherein thenumberof a symbol isoneof 14numbers
of 14 symbols.

3. The terminal apparatus (1) according to any of the
Claims 1‑2, wherein the PRACH consists of contig-
uous subcarriers.

4. The terminal apparatus (1) according to any of the
Claims 1‑3,wherein the downlink control information
is acquired on aPhysical Downlink Control Channel,
PDCCH.

5. The terminal apparatus (1) according to any of the
Claims 1‑4, wherein the RA-RNTI is determined
further based on the number of different possible
symbols at which the PRACH can start in the time-
resource unit.

6. A base station apparatus (2) comprising:

a reception unit configured to receive a random
access preamble transmitted by a terminal ap-
paratus (1) on a Physical Random Access
Channel, PRACH, wherein a resource of the
PRACH to be used for transmission of the ran-
dom access preamble is determined by the
terminal apparatus (1) basedonaPRACHmask
index notified through a Physical Downlink Con-
trol Channel, PDCCH, order, and
a transmission unit configured to transmit down-
link control information with attached Cyclic Re-
dundancy Check, CRC, parity bits that have
been scrambled with a Random Access - Radio
Network Temporary Identifier, RA-RNTI, to the
terminal apparatus (1), wherein the downlink
control information is to be used for scheduling
of a Physical Downlink Shared Channel,
PDSCH, in which a random access response
is transmitted, and wherein
the RA-RNTI is determined at least based on
both

an index that identifies, from a plurality of
time-resource units, a time-resource unit in
which the PRACH starts, and
a number of a symbol at which the PRACH
starts in the time-resource unit.

7. The base station apparatus (2) according to Claim 6,
wherein thenumberof a symbol isoneof 14numbers
of 14 symbols.

8. The base station apparatus (2) according to any of
the Claims 6‑7, wherein the PRACH consists of
contiguous subcarriers.

9. The base station apparatus (2) according to any of
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the Claims 6‑8, wherein the downlink control infor-
mation is transmitted on aPhysical DownlinkControl
Channel, PDCCH.

10. The base station apparatus (2) according to any of
the Claims 6‑9, wherein the RA-RNTI is determined
further based on the number of different possible
symbols at which the PRACH can start in the time-
resource unit.

11. A communication method of a terminal apparatus
(1), the communicationmethod comprising the steps
of:

transmitting a random access preamble on a
Physical Random Access Channel, PRACH,
to a base station apparatus (2), wherein a re-
source of the PRACH to be used for transmitting
the random access preamble is determined by
the terminal apparatus (1) based on a PRACH
mask indexnotified throughaPhysicalDownlink
Control Channel, PDCCH, order; and
receiving downlink control information with at-
tached Cyclic Redundancy Check, CRC, parity
bits that have been scrambled with a Random
Access - Radio Network Temporary Identifier,
RA-RNTI, from the base station apparatus (2),
wherein the downlink control information is to be
used for scheduling of a Physical Downlink
Shared Channel, PDSCH, in which a random
access response is transmitted, and wherein
the RA-RNTI is determined at least based on
both

an index that identifies, from a plurality of
time-resource units, a time-resource unit in
which the PRACH starts, and
a number of a symbol at which the PRACH
starts in the time-resource unit.

12. A communication method of a base station appara-
tus (2), the communication method comprising the
steps of:

receiving a random access preamble trans-
mitted by a terminal apparatus (1) on a Physical
Random Access Channel, PRACH, wherein a
resource of the PRACH to be used for transmis-
sion of the random access preamble is deter-
mined by the terminal apparatus (1) based on a
PRACH mask index notified through a Physical
Downlink Control Channel, PDCCH, order, and
transmitting downlink control information with
attached Cyclic Redundancy Check, CRC, par-
ity bits that havebeen scrambledwith aRandom
Access - Radio Network Temporary Identifier,
RA-RNTI, to the terminal apparatus (1), wherein
the downlink control information is to be used for

scheduling of a Physical Downlink Shared
Channel, PDSCH, in which a random access
response is transmitted, and wherein
the RA-RNTI is determined at least based on
both

an index that identifies, from a plurality of
time-resource units, a time-resource unit in
which the PRACH starts, and
a number of a symbol at which the PRACH
starts in the time-resource unit.

13. The communication method according to any of the
Claims11‑12,wherein the number of a symbol is one
of 14 numbers of 14 symbols.

14. The communication method according to any of the
Claims 11‑13, wherein the PRACH consists of con-
tiguous subcarriers.

15. The communication method according to any of the
Claims 11‑14, wherein the downlink control informa-
tion is transmitted/acquired on a Physical Downlink
Control Channel, PDCCH.

16. The communication method according to any of the
Claims 11‑15, wherein the RA-RNTI is determined
further based on the number of different possible
symbols at which the PRACH can start in the time-
resource unit.

Patentansprüche

1. Endgerätevorrichtung (1), umfassend:

eine Sendeeinheit, die konfiguriert ist, eine Di-
rektzugriffspräambel auf einem physischen Di-
rektzugriffskanal, Physical Random Access
Channel - PRACH, an eine Basisstationsvor-
richtung (2) zu senden, wobei eine für das Sen-
den der Direktzugriffspräambel zu verwenden-
deRessourcedesPRACHdurchdieEndgeräte-
vorrichtung (1) basierend auf einem PRACH-
Maskenindex bestimmt wird, der durch einen
physikalischen Downlink-Steuerkanal, Physical
Downlink Control Channel - PDCCH, Befehl
mitgeteilt wird; und
eine Empfangseinheit, die konfiguriert ist,
Downlink-Steuerinformationen mit angehäng-
ten zyklischen Redundanzprüfung, Cyclic Re-
dundancy Check - CRC, Paritätsbits von der
Basisstationsvorrichtung (2) zu empfangen,
die mit einer temporären Direktzugriff-Funknet-
zwerkkennung,RandomAccessRadioNetwork
Temporary Identifier - RA-RNTI, verschlüsselt
wurden, wobei die Downlink-Steuerinformatio-
nen für das Planen eines physikalischen geteil-
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ten Downlink-Kanals, Physical Downlink Sha-
red Channel - PDSCH, verwendet werden sol-
len, in dem eine Direktzugriffsantwort gesendet
wird, und wobei
die RA-RNTI bestimmt wird mindestens basie-
rend auf sowohl
einem Index, der aus mehreren Zeit-Ressour-
cen-Einheiten eine Zeit-Ressourcen-Einheit
identifiziert, in welcher der PRACH beginnt, und
einer Nummer eines Symbols, bei dem der
PRACH in derZeit-Ressourcen-Einheit beginnt.

2. Endgerätevorrichtung (1) nach Anspruch 1, wobei
die Nummer eines Symbols eine von 14 Nummern
von 14 Symbolen ist.

3. Endgerätevorrichtung (1) nach einem der Ansprü-
che 1 bis 2, wobei der PRACH aus zusammenhän-
genden Unterträgern besteht.

4. Endgerätevorrichtung (1) nach einem der Ansprü-
che1bis3,wobei dieDownlink-Steuerinformationen
auf einem physikalischen Downlink-Steuerkanal,
Physical Downlink Control Channel ‑PDCCH, er-
langt werden.

5. Endgerätevorrichtung (1) nach einem der Ansprü-
che 1 bis 4, wobei die RA-RNTI ferner basierend auf
der Anzahl verschiedener möglicher Symbole be-
stimmt wird, bei denen der PRACH in der Zeit-Res-
sourcen-Einheit beginnen kann.

6. Basisstationsvorrichtung (2), umfassend:

eine Empfangseinheit, die konfiguriert ist, eine
Direktzugriffspräambel zu empfangen, die von
einer Endgerätevorrichtung (1) auf einem phy-
sikalischen Direktzugriffskanal, Physical Rand-
om Access Channel - PRACH, gesendet wird,
wobei eine für das Senden der Direktzugriff-
spräambel zu verwendende Ressource des
PRACH von der Endgerätevorrichtung (1) ba-
sierend auf einem PRACH-Maskenindex be-
stimmt wird, der durch einen physikalischen
Downlink-Steuerkanal, Physical Downlink Con-
trol Channel - PDCCH, Befehl mitgeteilt wird,
und
eine Sendeeinheit, die konfiguriert ist, Down-
link-Steuerinformationen mit angehängten zyk-
lischenRedundanzprüfung,CyclicRedundancy
Check - CRC, Paritätsbits zu der Endgerätevor-
richtung (1) zu senden, diemit einer temporären
Direktzugriff-Funknetzwerkkennung, Random
Access Radio Network Temporary Identifier -
RA-RNTI, verschlüsselt wurden, wobei die
Downlink-Steuerinformationen für das Planen
eines physikalischen geteilten Downlink-Ka-
nals, Physical Downlink Shared Channel -

PDSCH, verwendet werden sollen, in dem eine
Direktzugriffsantwort gesendet wird, und wobei
die RA-RNTI bestimmt wird mindestens basie-
rend auf sowohl
einem Index, der aus mehreren Zeit-Ressour-
cen-Einheiten eine Zeit-Ressourcen-Einheit
identifiziert, in welcher der PRACH beginnt, und
einer Nummer eines Symbols, bei dem der
PRACH in derZeit-Ressourcen-Einheit beginnt.

7. Basisstationsvorrichtung (2) nach Anspruch 6, wo-
bei die Nummer eines Symbols eine von 14 Num-
mern von 14 Symbolen ist.

8. Basisstationsvorrichtung (2) nach einem der An-
sprüche 6 bis 7, wobei der PRACH aus zusammen-
hängenden Unterträgern besteht.

9. Basisstationsvorrichtung (2) nach einem der An-
sprüche 6 bis 8, wobei die Downlink-Steuerinforma-
tionen auf einem physikalischen Downlink-Steuer-
kanal, PhysicalDownlinkControlChannel - PDCCH,
gesendet werden.

10. Basisstationsvorrichtung (2) nach einem der An-
sprüche6bis 9,wobei dieRA-RNTI ferner basierend
auf der Anzahl verschiedener möglicher Symbole
bestimmt wird, bei denen der PRACH in der Zeit-
Ressourcen-Einheit beginnen kann.

11. Kommunikationsverfahren einer Endgerätevorrich-
tung (1), wobei das Kommunikationsverfahren die
Schritte umfasst:

Senden einer Direktzugriffspräambel auf einem
physikalischen Direktzugriffskanal, Physical
Random Access Channel - PRACH, an eine
Basisstationsvorrichtung (2), wobei eine für das
Senden der Direktzugriffspräambel zu verwen-
dende Ressource des PRACH durch die End-
gerätevorrichtung (1) basierend auf einem
PRACH-Maskenindex bestimmt wird, der durch
einen physikalischen Downlink-Steuerkanal,
Physical Downlink Control Channel - PDCCH,
Befehl mitgeteilt wird; und
Empfangen von Downlink-Steuerinformationen
mit angehängten zyklischen Redundanzprü-
fung, Cyclic Redundancy Check - CRC, Pari-
tätsbits vonderBasisstationsvorrichtung (2), die
mit einer temporären Direktzugriff-Funknet-
zwerkkennung,RandomAccessRadioNetwork
Temporary Identifier - RA-RNTI, verschlüsselt
wurden, , wobei die Downlink-Steuerinformatio-
nen für das Planen eines physikalischen geteil-
ten Downlink-Kanals, Physical Downlink Sha-
red Channel - PDSCH, verwendet werden sol-
len, in dem eine Direktzugriffsantwort gesendet
wird, und wobei
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die RA-RNTI bestimmt wird mindestens basie-
rend auf sowohl
einem Index, der aus mehreren Zeit-Ressour-
cen-Einheiten eine Zeit-Ressourcen-Einheit
identifiziert, in welcher der PRACH beginnt, und
einer Nummer eines Symbols, bei dem der
PRACH in derZeit-Ressourcen-Einheit beginnt.

12. Kommunikationsverfahren einer Basisstationsvor-
richtung (2), wobei das Kommunikationsverfahren
die Schritte umfasst:

Empfangen einer Direktzugriffspräambel, die
von einer Endgerätevorrichtung (1) auf einem
physikalischen Direktzugriffskanal, Physical
Random Access Channel - PRACH, gesendet
wird, wobei eine für das Senden der Direktzu-
griffspräambel zu verwendende Ressource des
PRACH von der Endgerätevorrichtung (1) ba-
sierend auf einem PRACH-Maskenindex be-
stimmt wird, der durch einen physikalischen
Downlink-Steuerkanal, Physical Downlink Con-
trol Channel - PDCCH, Befehl mitgeteilt wird,
und
Senden von Downlink-Steuerinformationen mit
angehängten zyklischen Redundanzprüfung,
Cyclic Redundancy Check - CRC, Paritätsbits
an die Endgerätevorrichtung (1), die mit einer
temporären Direktzugriff-Funknetzwerkken-
nung, Random Access Radio Network Tempo-
rary Identifier - RA-RNTI, verschlüsselt wurden,
wobei die Downlink-Steuerinformationen für
das Planen eines physikalischen geteilten
Downlink-Kanals, Physical Downlink Shared
Channel - PDSCH, verwendet werden sollen,
in dem eine Direktzugriffsantwort gesendet
wird, und wobei
die RA-RNTI bestimmt wird mindestens basie-
rend auf sowohl
einem Index, der aus mehreren Zeit-Ressour-
cen-Einheiten eine Zeit-Ressourcen-Einheit
identifiziert, in welcher der PRACH beginnt, und
einer Nummer eines Symbols, bei dem der
PRACH in derZeit-Ressourcen-Einheit beginnt.

13. Kommunikationsverfahren nach einem der Ansprü-
che11bis12,wobeidieNummereinesSymbolseine
von 14 Nummern von 14 Symbolen ist.

14. Kommunikationsverfahren nach einem der Ansprü-
che 11 bis 13, wobei der PRACH aus zusammen-
hängenden Unterträgern besteht.

15. Kommunikationsverfahren nach einem der Ansprü-
che 11 bis 14, wobei die Downlink-Steuerinformatio-
nen auf einem physikalischen Downlink-Steuerka-
nal, Physical Downlink Control Channel - PDCCH,
gesendet/erlangt werden.

16. Kommunikationsvorrichtung nach einem der An-
sprüche 11 bis 15, wobei die RA-RNTI ferner basie-
rend auf der Anzahl verschiedener möglicher Sym-
bole bestimmt wird, bei denen der PRACH in der
Zeit-Ressourcen-Einheit beginnen kann.

Revendications

1. Appareil terminal (1) comprenant :

une unité de transmission configurée pour
transmettre un préambule d’accès aléatoire
sur un canal physique d’accès aléatoire, Physi-
cal Random Access Channel - PRACH, à un
appareil de station de base (2), où une res-
source duPRACHàutiliser pour la transmission
du préambule d’accès aléatoire est déterminée
par l’appareil terminal (1) sur la base d’un indice
demasquePRACHnotifié par un ordre de canal
physique de contrôle de liaison descendante,
PhysicalDownlinkControlChannel -PDCCH;et
une unité de réception configurée pour recevoir
de l’appareil de la station de base (2) des infor-
mations de contrôle de la liaison descendante
avec des bits de parité de contrôle de redon-
dance cyclique, Cyclic Redundancy Check -
CRC, attachés qui ont été brouillés avec un
identificateur temporaire d’accès aléatoire au
réseau radio, Random Access Radio Network
Temporary Identifier - RA-RNTI, où les informa-
tions de contrôle de la liaison descendante doi-
vent être utilisées pour la programmation d’un
canal physique partagé de la liaison descen-
dante, Physical Downlink Shared Channel -
PDSCH, où une réponse d’accès aléatoire est
transmise, et où
laRA-RNTI est déterminée aumoins sur la base
des deux éléments suivants

un index qui identifie, parmi une pluralité
d’unités de ressources temporelles, une
unité de ressources temporelles dans la-
quelle le PRACH commence, et
un numéro du symbole à partir duquel le
PRACHcommencedans l’unité de ressour-
ces temporelles.

2. Appareil terminal (1) selon la revendication 1, dans
lequel le numéro d’un symbole est l’un des 14 nu-
méros parmi 14 symboles.

3. Appareil terminal (1) selon l’une des revendications
1 et 2, dans lequel le PRACH est constitué de sous-
porteuses contiguës.

4. Appareil terminal (1) selon l’une des revendications
1 à 3, dans lequel les informations de contrôle de la
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liaison descendante sont acquises sur un canal phy-
siquedecontrôlede la liaisondescendante,Physical
Downlink Control Channel - PDCCH.

5. Appareil terminal (1) selon l’une des revendications
1 à 4, dans lequel le RA-RNTI est déterminé en outre
sur la base du nombre de différents symboles possi-
bles auxquels le PRACH peut commencer dans
l’unité de ressources temporelles.

6. Appareil de station de base (2) comprenant :

une unité de réception configurée pour recevoir
un préambule d’accès aléatoire transmis par un
appareil terminal (1) sur un canal physique d’ac-
cès aléatoire, Physical Random Access Chan-
nel - PRACH, où une ressource du PRACH à
utiliser pour la transmission du préambule d’ac-
cès aléatoire est déterminée par l’appareil ter-
minal (1) sur la base d’un indice de masque
PRACH notifié par un ordre de canal physique
de contrôle de liaison descendante, Physical
Downlink Control Channel - PDCCH, et
une unité de transmission configurée pour
transmettre à l’appareil terminal (1) des infor-
mations de contrôle de la liaison descendante
avec des bits de parité de contrôle de redon-
dance cyclique, Cyclic Redundancy Check -
CRC, attachés qui ont été brouillés avec un
identificateur temporaire d’accès aléatoire au
réseau radio, Random Access Radio Network
Temporary Identifier - RA-RNTI, où les informa-
tions de contrôle de la liaison descendante doi-
vent être utilisées pour la programmation d’un
canal physique partagé sur la liaison descen-
dante, Physical Downlink Shared Channel -
PDSCH, où une réponse d’accès aléatoire est
transmise, et où
laRA-RNTI est déterminée aumoins sur la base
des deux éléments suivants

un index qui identifie, parmi une pluralité
d’unités de ressources temporelles, une
unité de ressources temporelles dans la-
quelle le PRACH commence, et
un numéro du symbole à partir duquel le
PRACHcommencedans l’unité de ressour-
ces temporelles.

7. Appareil destationdebase (2) selon la revendication
6,dans lequel le numérod’unsymboleest l’undes14
numéros parmi 14 symboles.

8. Appareil de station de base (2) selon l’une des
revendications 6 à 7, dans lequel le PRACH est
constitué de sous-porteuses contiguës.

9. Appareil de station de base (2) selon l’une des

revendications 6 à 8, dans lequel les informations
de contrôle de la liaison descendante sont transmi-
ses sur un canal physique de contrôle de la liaison
descendante, Physical Downlink Control Channel -
PDCCH.

10. Appareil de station de base (2) selon l’une des
revendications 6 à 9, dans lequel le RA-RNTI est
déterminé en outre sur la base du nombre de diffé-
rents symboles possibles auxquels le PRACH peut
commencer dans l’unité de ressources temporelles.

11. Méthode de communication d’un appareil terminal
(1), la méthode de communication comprenant les
étapes suivantes :

transmettre un préambule d’accès aléatoire sur
un canal physique d’accès aléatoire, Physical
Random Access Channel - PRACH, à un appa-
reil de station de base (2), une ressource du
PRACHà utiliser pour transmettre le préambule
d’accèsaléatoireétant déterminéepar l’appareil
terminal (1) sur la base d’un indice de masque
PRACH notifié par l’intermédiaire d’un ordre de
canal physique de contrôle de liaison descen-
dante, Physical Downlink Control Channel -
PDCCH; et
recevoir de l’appareil de la station de base (2)
des informations de contrôle de la liaison des-
cendante avec des bits de parité de contrôle de
redondance cyclique, Cyclic Redundancy
Check -CRC, attachés qui ont été brouillés avec
un identificateur temporaired’accèsaléatoireau
réseau radio, Random Access Radio Network
Temporary Identifier - RA-RNTI, les informa-
tions de contrôle de la liaison descendante de-
vant être utilisées pour l’ordonnancement d’une
liaison descendante physique Canal partagé,
Physical Downlink Shared Channel - PDSCH,
où une réponse d’accès aléatoire est transmise,
et où
laRA-RNTI est déterminée aumoins sur la base
des deux éléments suivants

un index qui identifie, parmi une pluralité
d’unités de ressources temporelles, une
unité de ressources temporelles dans la-
quelle le PRACH commence, et
un numéro de symbole à partir duquel le
PRACH commence dans la ressource tem-
porelle l’unité.

12. Méthode de communication d’un appareil de station
de base (2), comprenant les étapes suivantes :

recevoir un préambule d’accès aléatoire trans-
mis par un appareil terminal (1) sur un canal
d’accès physique aléatoire, Physical Random
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Access Channel - PRACH, où une ressource du
PRACH à utiliser pour la transmission du pré-
ambule d’accès aléatoire est déterminée par
l’appareil terminal (1) sur la base d’un indice
demasquePRACHnotifié par un ordre de canal
de contrôle de liaison descendante physique,
PhysicalDownlinkControlChannel -PDCCH,et
transmettre à l’appareil terminal (1) des infor-
mations de contrôle de la liaison descendante
avec des bits de parité de contrôle de redon-
dance cyclique, Cyclic Redundancy Check -
CRC, attachés qui ont été brouillés avec un
identificateur temporaire d’accès aléatoire au
réseau radio, Random Access Radio Network
Temporary Identifier - RA-RNTI, où les informa-
tions de contrôle de la liaison descendante doi-
vent être utilisées pour la programmation d’un
canal physique partagé sur la liaison descen-
dante, Physical Downlink Shared Channel -
PDSCH, où une réponse d’accès aléatoire est
transmise, et où
laRA-RNTI est déterminée aumoins sur la base
des deux éléments suivants

un index qui identifie, parmi une pluralité
d’unités de ressources temporelles, une
unité de ressources temporelles dans la-
quelle le PRACH commence, et
un numéro du symbole à partir duquel le
PRACHcommencedans l’unité de ressour-
ces temporelles.

13. Méthode de communication selon l’une des reven-
dications 11 à 12, dans laquelle le numéro d’un
symboleest l’undes14numérosparmi14symboles.

14. Méthode de communication selon l’une des reven-
dications11à13, dans laquelle lePRACHest consti-
tué de sous-porteuses contiguës.

15. Méthode de communication selon l’une des reven-
dications 11 à 14, dans laquelle les informations de
contrôle de la liaison descendante sont transmise-
s/acquises sur un canal physique de contrôle de la
liaison descendante, Physical Downlink Control
Channel - PDCCH.

16. Méthode de communication selon l’une des reven-
dications 11 à 15, dans laquelle le RA-RNTI est
déterminé en outre sur la base du nombre de diffé-
rents symboles possibles auxquels le PRACH peut
démarrer dans l’unité de ressources temporelles.
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