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DESCRIPTION

TERMINAL APPARATUS, BASE STATION APPARATUS, AND COMUNICATION
METHOD

TECHNICAL FIELD
[0001]

Embodiments of the present invention relate tecanique of a terminal
apparatus, a base station apparatus, and a conatianimethod that enable efficient
communication.

This application claims priority based on JP 2016283 filed in Japan on

January 29, 2016, the contents of which are inaatpd herein by reference.

BACKGROUND ART

[0002]

The 3rd Generation Partnership Project (3GPP);lwisi a standardization
project, standardized the Evolved Universal Teri@sRadio Access (hereinafter,
referred to as E-UTRA), in which high-speed commation is realized by adopting an
Orthogonal Frequency-Division Multiplexing (OFDMymmunication scheme and
flexible scheduling using a unit of prescribed freqcy and time called resource block.
[0003]

Moreover, the 3GPP discusses Advanced E-UTRA, hiealizes higher-speed
data transmission and has upper compatibility VEHUTRA. E-UTRA relates to a
communication system based on a network in whicbe bstation apparatuses have
substantially the same cell configuration (celle¥izhowever, regarding Advanced
E-UTRA, discussion is made on a communication systeased on a network
(different-type radio network, Heterogeneous Nekydam which base station apparatuses
(cells) having different configurations coexisttive same area. In this regard, E-UTRA is
also referred to as "LTE (Long Term Evolution)"dafdvanced E-UTRA is also referred
to as "LTE-Advanced". Furthermore, LTE may be alemive name including
LTE-Advanced.
[0004]

A Carrier Aggregation (CA) technique and a Duah@ectivity (DC) technique
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are specified, in which, in a communication systehere cells (macro cells) having
large cell radii and cells (small cells) having #eracell radii than those of the macro
cells coexist as in a heterogeneous network, a inafmapparatus performs
communication by connecting to a macro cell andhallscell simultaneously (NPL 1).
[0005]

Meanwhile, NPL 2 studies Licensed-Assisted Acdess\). According to LAA,
a non-allocated frequency band (Unlicensed spegtused by a wireless Local Area
Network (LAN) is used as LTE. More specificallyetimon-allocated frequency band is
configured as a secondary cell (secondary componesmtrier). Connection,
communication, and/or a configuration of the seempdell(s) used as LAA are assisted
by a primary cell (primary component carrier) cgafied to an allocated frequency band
(Licensed spectrum). LAA widens a frequency barat th available for LTE, and thus
wide band transmission is enabled. In this reghAh is used in a shared frequency
band (shared spectrum) shared between prescrilezdtofs.
[0006]

In a case that a terminal apparatus transmits plmku signal in any
non-allocated frequency, the terminal apparatuimmisable to use desired transmit power.
This may reduce transmission quality.

CITATION LIST
[Non Patent Document]
[0007]

[NON PATENT DOCUMENT 1] NPL 1: 3rd Generation Ratship Project;
Technical Specification Group Radio Access Netw&wkplved Universal Terrestrial
Radio Access (E-UTRA); Physical layer proceduresiéRse 12), 3GPP TS 36.213
V12.4.0 (2014-12).

[NON PATENT DOCUMENT 2] NPL 2: 3rd Generation Ratship Project;
Technical Specification Group Radio Access Netw@&tkidy on Licensed-Assisted
Access to Unlicensed Spectrum; (Release 13), 3GPB61889 V1.0.1 (2015-6).

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention
[0008]
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However, for radio communication systems as tlkeatdbed above, no concrete
uplink communication method has been sufficientydsed.
[0009]

The present invention has been made in light effthegoing, and an object of
the present invention is to provide a terminal appes, a base station apparatus, and a

communication method which enable efficient uplmknmunication.

Means for Solving the Problems
[0010]

(1) To accomplish the object described aboveptheent invention is contrived
to provide the following means. Specifically, ssfiaspect of the present invention is a
terminal apparatus including: a reception unit @pmeed to receive downlink control
information on a PDCCH; and a transmission uniffigamed to transmit a random
access preamble. For a first frame structure tyy@edownlink control information is
used to configure a subframe number of a firstnkpdiubframe in which transmission of
the random access preamble is allowed. For a sdcamé structure type (the second
frame structure type may be applied to an LAA sdeoy cell operation cell), the
downlink control information is used to configurebframe number of a second uplink
subframe in which transmission of the random acpesamble is allowed and a symbol
number of an uplink symbol in the second uplinkfsare.

[0011]

(2) A second aspect of the present embodiment Imse station apparatus
including: a transmission unit configured to traitsdownlink control information on a
PDCCH; and a reception unit configured to receivaralom access preamble. For a first
frame structure type, the downlink control inforinatis used to configure a subframe
number of a first uplink subframe in which transsios of the random access preamble
is allowed. For a second frame structure type ¢$heond frame structure type may be
applied to an LAA secondary cell operation celle tdownlink control information is
used to configure a subframe number of a secoridkuplibframe in which transmission
of the random access preamble is allowed and adymimber of an uplink symbol in
the second uplink subframe.

[0012]
(3) A third aspect of the present embodiment @amunication method of a
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terminal apparatus, the communication method inotudthe steps of: receiving
downlink control information on a PDCCH; and trarnigimg a random access preamble.
For a first frame structure type, the downlink ecohinformation is used to configure a
subframe number of a first uplink subframe in whitdnsmission of the random access
preamble is allowed. For a second frame structyre, tthe downlink control information
is used to configure a subframe number of a seagpithk subframe in which
transmission of the random access preamble is edoand a symbol number of an
uplink symbol in the second uplink subframe.

[0013]

(4) A fourth aspect of the present embodiment i@mmunication method of a
base station apparatus, the communication methdddimg the steps of: transmitting
downlink control information on a PDCCH; and redeiya random access preamble.
For a first frame structure type, the downlink eohinformation is used to configure a
subframe number of a first uplink subframe in whitdnsmission of the random access
preamble is allowed. For a second frame structyre, tthe downlink control information
is used to configure a subframe number of a seagpithk subframe in which
transmission of the random access preamble is edoand a symbol number of an

uplink symbol in the second uplink subframe.

Effects of the Invention
[0014]

An The present invention can provide improvedgraission efficiency in a
radio communication system in which a base stajgparatus and a terminal apparatus
communicate with each other.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]
FIG. 1 is a diagram illustrating an example of awdlink radio frame
configuration according to a present embodiment.
FIG. 2 is a diagram illustrating an example of aplink radio frame
configuration according to the present embodiment.
FIG. 3 is a schematic diagram illustrating an eplenof a block configuration of

a base station apparatus 2 according to the presgtdiment.
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FIG. 4 is a schematic diagram illustrating an epkenof a block configuration of
a terminal apparatus 1 according to the presenbdimtznt.

FIG. 5 is a diagram illustrating an example ofaavdlink signal configuration
according to the present embodiment.

FIG. 6 is a diagram illustrating an example of mcedure of CCA for a
downlink transmission according to the present atithent.

FIGS. 7A to 7C are diagrams illustrating an examgl a relationship between
an interval, between a downlink transmission anduplmk transmission, and types of
CCA according to the present embodiment.

FIG. 8 is a diagram illustrating an example ofracedure of CCA for an uplink
transmission according to the present embodiment.

FIG. 9 is a diagram illustrating an example ofracedure of CCA for an uplink
transmission according to the present embodiment.

FIG. 10 is a diagram illustrating an example dagirency multiplexing of a
physical uplink shared channel according to thegmeembodiment.

FIG. 11 is a diagram illustrating an example of ACfGr an uplink transmission
according to the present embodiment.

FIG. 12 is a diagram illustrating an example ofACiGr an uplink transmission
according to the present embodiment.

FIG. 13 is a diagram illustrating an example ofACiGr an uplink transmission
according to the present embodiment.

FIG. 14 is a diagram illustrating an example ofACiGr an uplink transmission
according to the present embodiment.

FIG. 15 is a diagram illustrating an example gracedure of CCA for an uplink
transmission according to the present embodiment.

FIG. 16 is a diagram illustrating an example &fRACH configuration
according to the present embodiment.

FIG. 17 is a diagram illustrating an example oé tARRACH configuration
according to the present embodiment.

FIG. 18 is a diagram illustrating an example ofexond PRACH preamble
transmission method of the terminal apparatus aaogito the present embodiment.

FIG. 19 is a table illustrating an example of espondence between PRACH

mask indices and PRACH resources according tordmept embodiment.
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FIG. 20 is a diagram illustrating an example ofamdom access response
according to the present embodiment.
FIG. 21 is a diagram illustrating an example cer@ation resources configured

for the terminal apparatus according to the presariiodiment.

MODE FOR CARRYING OUT THE INVENTION
[0016]
First Embodiment

A first embodiment of the present invention will hiescribed below. A
description will be given by using a communicatgystem (cellular system) in which a
base station apparatus (base station, NodeB, cde®N@eNB)) and a terminal apparatus
(terminal, mobile station, a user device, or Usprigment (UE)) communicate in a cell.
[0017]

A physical channel and a physical signal substfiptiused in EUTRA and
Advanced EUTRA will be described. The "channelersfto a medium used to transmit
a signal, and the "physical channel" refers tosjgal medium used to transmit a signal.
In the present embodiment, the physical channel mmayused synonymously with
"signal." In the future EUTRA and Advanced EUTRAgetphysical channel may be
added or its constitution and format type may banged or added; however, the
description of the present embodiment will not liieced even in a case where the
channel is changed or added.

[0018]

In LTE, EUTRA, and Advanced EUTRA, scheduling gblaysical channel or a
physical signal is managed by using radio framese @dio frame is 10 ms in time
length, and one radio frame includes 10 subfrarmesaddition, one subframe includes
two slots. In other words, one subframe is 1 mgne length, and one slot is 0.5 ms in
time length. Moreover, scheduling is managed byaisi resource block as a minimum
unit of scheduling for allocating a physical chanfide resource block is defined by a
given frequency domain including a set of multigiebcarriers (e.g., 12 subcarriers
having subcarrier spacings of 15 kHz) on a frequeaxds and a domain including a
given transmission time intervals (TTIs, slots, byts). Note that one subframe may be
referred to as one resource block pair. In LTE, dmémay basically be defined as one
subframe (1 ms). The TTI may be defined as receftine intervals on a reception side.
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TTlI may be defined as a transmission unit or aptee unit of a physical channel, a
physical signal, and the like. In other words, time lengths of a physical channel, a
physical signal, and the like may be defined basethe length of the TTI.

[0019]

In the EUTRA and Advanced EUTRA, a frame structiypee is defined. Frame
structure type 1 is applicable to Frequency Divisiuplex (FDD). Frame structure type
2 is applicable to Time Division Duplex (TDD).

[0020]

FIG. 1 is a diagram illustrating an example of awdlink radio frame
configuration according to the present embodimbnthe downlink, an OFDM access
scheme is used. Transmission of a downlink sigmal/a on a downlink physical
channel in the downlink is referred to as a dowkliransmission. In the downlink, a
PDCCH, an EPDCCH, a Physical Downlink Shared CHa(PBSCH), and the like are
allocated. A downlink radio frame is constituteddgownlink Resource Block (RB) pair.
This downlink RB pair is a unit for allocation ofdwnlink radio resource and the like
and is based on the frequency band of a predefindth (RB bandwidth) and a time
duration (two slots = 1 subframe). Each of the downRB pairs is constituted of two
downlink RBs (RB bandwidth x slot) that are contiga in time domain. Each of the
downlink RBs is constituted of 12 subcarriers eqginency domain. In the time domain,
the downlink RB is constituted of seven OFDM synsbahen a normal cyclic prefix
(CP) is added, while the downlink RB is constitutddix OFDM symbols when a cyclic
prefix that is longer than the normal cyclic prefixadded. A region defined by a single
subcarrier in the frequency domain and a single RAFEYmbol in the time domain is
referred to as “Resource Element (RE)”. A physidalvnlink control channel is a
physical channel on which downlink control informoat such as a terminal apparatus
identifier, physical downlink shared channel schHeduinformation, physical uplink
shared channel scheduling information, and a mddualascheme, coding rate, and
retransmission parameter are transmitted. Noteatabugh a downlink subframe in a
single Component Carrier (CC) is described herdpwanlink subframe is defined for
each CC and downlink subframes are approximateigheypnized between the CCs.
[0021]

In the downlink, synchronization signals are assty The synchronization

signals are used to adjust timings for downlinknalg and/or channels mainly between a
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base station apparatus transmitting downlink sgraid/or channels and a terminal
apparatus receiving downlink signals and/or chamn8lpecifically, at the terminal
apparatus, synchronization signal is used to adioshgs of receiving radio frames or
subframes, or OFDM symbols. At the terminal appasad synchronization signal is also
used to detect a center frequency of a componantercaAt the terminal apparatus, a
synchronization signal is also used to detect tRdebgth of an OFDM symbol. At the
terminal apparatus, a synchronization signal is aed to identify the cell (base station
apparatus) from which the synchronization signal been transmitted. In other words, at
the terminal apparatus, a synchronization signaséd to detect a cell identity of the cell
from which the synchronization signal has beendmitted. Note that, at the terminal
apparatus, a synchronization signal may be usegetform Automatic Gain Control
(AGC). Note that, at the terminal apparatus, a Byortization signal may be used to
adjust a timing of processing symbol to be used-st Fourier Transform (FFT). Note
that, at the terminal apparatus, a synchronizammal may be used to calculate
Reference Signal Received Power (RSRP). Note ttetahronization signal may be
used to secure a channel on which the synchroaizatgnal is to be transmitted.

[0022]

A primary synchronization signal (first primarynghronization signal) and a
secondary synchronization signal (first secondgngclsronization signal) are transmitted
on the downlink to promote cell searches. Cell deas a procedure performed by the
terminal apparatus to acquire time and frequenogtapnization with the cell to detect a
physical layer Cell ID of the cell. E-UTRA cell geh supports a flexible and general
transmission bandwidth corresponding to six or messurce blocks.

[0023]

A specific example of assignment (arrangement, pimgpp of the primary
synchronization signal and the secondary synchatioiz signal will be described. FIG. 9
illustrates mathematical expressions for deterngirénbcarriers and OFDM symbols to
which a synchronization signal is mapped. Assuna this defined as a frequency
domain, and | is defined as an index specifyingsource element in the time domain. A
primary synchronization signal and a secondary lssorization signal are defined by
Mathematical Expression (0-a), Mathematical Expoess(l-a), and Mathematical
Expression (2) in FIG. 9. Here zh" denotes the number of resource blocks specified
based on configuration information about the domknlbandwidth, N"® denotes a
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frequency domain uplink resource block size comesing to the number of subcarriers
per resource block, ands)l\nl]bDL denotes the number of OFDM symbols per downliok sl
Here, @ | denotes a symbol in a resource element (k, [gribtes a sequence, and n takes
a value from 0 to 2-1. Moreover, mod denotes a function representimgnaainder,
and A mod B denotes a remainder in a case thatdivided by B. Here, for the primary
synchronization signal and the secondary synchatioiz signal, I, is 31. Here, for the
primary synchronization signal and the secondangissonization signal, h is 1.

[0024]

The Primary Synchronization Signal (PSS) and teeoS8dary Synchronization
Signal (SSS) illustrated in FIG. 1 are transmitiesing 62 subcarriers (62 resource
elements) around a center frequency regardleskeodlownlink bandwidth (a system
bandwidth of the downlink, a downlink transmissitmandwidth). A direct-current
subcarrier (DC subcarrier) corresponding to thetareof the subcarriers within the
system bandwidth is not used as the primary symiration signal or the secondary
synchronization signal. Five subcarriers (five tgse elements) at each of opposite ends
of each of the primary synchronization signal amel $econdary synchronization signal
are reserved and not used for transmission of timapy synchronization signal or the
secondary synchronization signal. The resource edsnincluding the five resource
elements at each end in addition to the above-thesc62 resource elements are referred
to as the primary synchronization signal and tleeséary synchronization signal.

[0025]

Although not illustrated here, a physical broatita®rmation channel may be
allocated and a downlink Reference Signal (RS) rbayassigned, to a downlink
subframe. Examples of a downlink reference sigmalaaCell-specific RS (CRS), which
is transmitted through the same transmission pothat for a PDCCH, a Channel State
Information RS (CSI-RS, non-zero power CSI-RS, NZBI-RS), which is used to
measure Channel State Information (CSI), a termspeatific RS (UE-specific RS
(URS)), which is transmitted through the same traasion port as that for one or some
PDSCHs, and a Demodulation RS (DMRS), which is gmatted through the same
transmission port as that for an EPDCCH. Moreowearyriers on which no CRS is
mapped may be used. In this case, a similar sigreferred to as "enhanced
synchronization signal”) to a signal correspondmgne or some transmission ports (e.g.,

only transmission port 0) or all the transmissiamtg for the CRSs can be inserted into
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one or some subframes (e.g., the first and sixtiirames in the radio frame) as time
and/or frequency tracking signals. The terminaksdjmereference signals transmitted at
the same transmission port as part of PDSCHs arereferred to as terminal-specific
reference signals or DMRSs associated with PDSCH® demodulation reference
signals transmitted at the same transmission pohe@ EPDCCHSs are also referred to as
DMRSs associated with the EPDCCHs.

[0026]

Although not illustrated here, in the downlink falmne, Zero Power CSI-RS
(ZP CSI-RS) mostly used for rate matching of theSEBI, which is transmitted
simultaneously with the downlink subframe, and G¢rference Management (CSI-IM)
mostly used for interference measurement of chasta¢¢ information may be mapped.
The zero power CSI-RS and the CSI-IM may be arrdrage resource elements where
the non-zero power CSI-RS can be mapped. The CShly be configured to overlap
the non-zero CSI-RS.

[0027]

Although not illustrated, Discovery Signals (D8&®y be arranged in downlink
subframes. In a certain cell, a DS (DS Occasiondisstituted of a time period (DS
period) of a prescribed number of contiguous subés The prescribed number is one to
five according to FDD (Frame structure type 1) amd to five according to TDD (Frame
structure type 2). The prescribed number is conéiduby the RRC signaling. The
terminal apparatus is configured to have an ocoasiten the DS period is measured.
The configuration of the occasion when the DS pkisameasured is also referred to as a
Discovery signals measurement timing configuratbMTC). The occasion (DMTC
Occasion) when the terminal apparatus measurd3Sheeriod is configured by an
occasion corresponding to 6 ms (six subframes).t@hminal assumes that the DS is
transmitted (is mapped or occurs) per subframeigorgd by a parameter
dmtc-Periodicity configured by the RRC signalingpeterminal assumes a presence of
the DS configured to include following signals iomehlink subframes.

(1) A CRS of antenna port 0 in a DWPTS of all déminsubframes and all
special subframes in the DS period.

(2) A PSS in a first subframe of the DS periodaading 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.
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(4) A non-zero power CSI-RS in a zero or more sahés of the DS period.

This non-zero power CSI-RS is configured by the RiRfbaling.
[0028]

The terminal performs measurements based on thmdfignoed DS. The
measurements are performed by using the CRS db&her the non-zero power CSI-RS
of the DS. The configuration related to the DS canfigure multiple non-zero power
CSI-RSs.

[0029]

FIG. 2 is a diagram illustrating an example of aplink radio frame
configuration according to the present embodim&ntSC-FDMA scheme is used in the
uplink. Transmission of an uplink signal and/or am uplink physical channel in the
uplink is referred to as an uplink transmissionaflts, the uplink transmission can be
rephrased as transmission of a PUSCH. In the updirikhysical Uplink Shared Channel
(PUSCH), a PUCCH, and the like are allocated. Aimggeference signal is assigned to
one or some of PUSCHs and PUCCHSs. An uplink radimé is constituted of uplink RB
pairs. This uplink RB pair is a unit for allocatiof uplink radio resources and the like
and is constituted by the frequency band of a preelé width (RB bandwidth) and a
predetermined time duration (two slots = 1 subfraniach of the uplink RB pairs is
constituted of two uplink RBs (RB bandwidth x sléat are contiguous in the time
domain. Each of the uplink RB is constituted ofsl®carriers in the frequency domain.
In the time domain, the uplink RB is constitutedseffen SC-FDMA symbols in a case
that a normal cyclic prefix is added, while theinkIRB is constituted of six SC-FDMA
symbols in a case that a cyclic prefix that is kEmilpan the normal cyclic prefix is added.
Note that although an uplink subframe in a singlé 8 described here, an uplink
subframe is defined for each CC. For compensatigmapagation delay and the like, the
beginning of the radio frame in the uplink (upliskbframe) is adjusted to precede the
beginning of the radio frame in the downlink (doimil subframe), with respect to the
terminal apparatus.

[0030]

A synchronization signal is constituted by threendk of primary
synchronization signals and secondary synchrowizatignals constituted by 31 kinds of
codes that are interleaved in the frequency reghi patterns of cell identifiers

(Physical Cell Identities; PCIs) for identifying d®astation apparatuses, and frame timing
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for radio synchronization are indicated by the corations of the primary
synchronization signals and the secondary synchatiopn signals. The terminal
apparatus identifies the physical cell ID of a reed synchronization signal by cell
search.
[0031]

The Physical Broadcast Channel (PBCH) is tranenhifior the notification
(configuration) of a control parameter (broadcasbrimation i.e., System information)
commonly used among the terminal apparatuses witlgncell. The radio resource in
which broadcast information is transmitted is amumd on the physical downlink
control channel to the terminal apparatuses in d¢bi. Broadcast information not
announced on the physical broadcast informatiommélais transmitted, as a layer-3
message (system information) for announcing thadwast information of the physical
downlink shared channel, by the announced radimures.

[0032]

Broadcast information to be notified includes, fexample, a Cell Global
Identifier (CGI), which indicates a cell-specifidentifier, a Tracking Area ldentifier
(TAI) for managing standby areas in paging, randmoess configuration information
(such as a transmission timing timer), and sharadior resource configuration
information, neighboring cell information and upiaccess control information of the
cell.

[0033]

A downlink reference signal is classified into tiple types according to its use.
For example, cell-specific RSs (Cell-specific refae signals) are pilot signals
transmitted with prescribed power from each cellil @ne downlink reference signals
periodically repeated in the frequency domain drelttme domain under a prescribed
rule. The terminal apparatus receives the celliipd®S and thus measures the reception
qguality of each cell. The terminal apparatus alsesua cell-specific RS as a reference
signal for demodulation of a physical downlink aohtchannel or a physical downlink
shared channel transmitted at the same time asllspeeific RS. A sequence
distinguishable among the cells can be used fegaence for a cell-specific RS.

[0034]
The downlink reference signal is also used foimesion of downlink channel

fluctuation. A downlink reference signal used fostimation of downlink channel
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fluctuations is referred to as "Channel State imfation Reference Signal (CSI-RS)". A
downlink reference signal individually configuredr fthe terminal apparatus is referred
to as UE specific Reference Signal (URS), a Denaithri Reference Signal (DMRS), or
a Dedicated RS (DRS), and is referred to for a mbhrmompensation process for
demodulating an enhanced physical downlink contf@nnel or a physical downlink

shared channel.

[0035]

The Physical Downlink Control Channel (PDCCH) geging one or several
OFDM symbols (e.g., 1 to 4 OFDM symbols) from tharts of each subframe is
transmitted. The Enhanced Physical Downlink Contiodnnel (EPDCCH) is a physical
downlink control channel allocated to the OFDM swisbto which the Physical
Downlink Shared CHannel (PDSCH) is allocated. TBECEH or EPDCCH is used for
notifying each terminal apparatus of radio resowlecation information according to
scheduling determined by the base station apparatds information indicating an
adjustment amount for an increase or decreasamsriit power. In the following, even
in a case that the Physical Downlink Control Ch&fR®CCH) alone is described, both
physical channels that is, the PDCCH and the EPDC&él included unless otherwise
noted.

[0036]

The terminal apparatus needs to monitor a physioalnlink control channel
addressed to the terminal apparatus itself, andiveche physical downlink control
channel addressed to the terminal apparatus itseffre transmitting and/or receiving
downlink data or a layer-2 message or layer-3 ngessahich is higher-layer control
information (such as a paging or handover commaad)l thus acquire, from the
physical downlink control channel, radio resourtiecation information called uplink
grant in a case of transmission and downlink gfdotvnlink assignment) in a case of
reception. Note that it is also possible to consdithe physical downlink control channel
so that the physical downlink control channel isb® transmitted in the dedicated
resource block domain allocated to each terminpaegius by the base station apparatus,
instead of transmission through OFDM symbols descriabove. The uplink grant can
be rephrased as a DCI format used for scheduliedPthSCH. The downlink grant can
be rephrased as a DCI format used for schedulied®@®SCH. The subframe for which

the PDSCH is scheduled is a subframe for whichlx@é format indicating reception of
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the PDSCH, has been successfully decoded. Theasnbffor which the PUSCH is

scheduled is indicated in association with the subé for which the DCI format
indicating transmission of the PUSCH has been sstaly decoded. For example, for
FDD cells, the subframe for which the PUSCH is seited is the fourth subframe
following the subframe for which the DCI format iodting transmission of the PUSCH
has been successfully decoded. In other words, efiche subframes for which the
PUSCH and the PDSCH are scheduled is associatadheitsubframe for which the DCI
format indicating the transmission or receptiontlod channel has been successfully
decoded.

[0037]

The Physical Uplink Control Channel (PUCCH) isdi$ar an acknowledgment
in response to reception of downlink data trangditbn the physical downlink shared
channel (HARQ-ACK; Hybrid Automatic Repeat reQuéAsknowledgment or
ACK/NACK; Acknowledgment/Negative Acknowledgmendpwnlink channel (Channel
State) Information (CSI), and uplink radio resousdcation request (radio resource
request, Scheduling Request (SR)).

[0038]

CSI includes a Channel Quality Indicator (CQIl) tfie serving cell
corresponding to the CSI, a Precoding Matrix Inttica(PMI), a Precoding Type
Indicator (PTI), and a Rank Indicator (RI), whiciincbe used respectively for specifying
(representing) a preferable modulation scheme adéhg rate, a preferable precoding
matrix, a preferable PMI type, and a preferablekrandication may be used as a
notation for each Indicator. Moreover, the CQI &mel PMI are classified into wideband
CQI and PMI assuming transmission using all theus=e blocks in a single cell, and
subband CQI and PMI assuming transmission usingesoomtiguous resource blocks
(subbands) in a single cell. Moreover, PMI may ude a type of PMI, which represents
a single preferable precoding matrix using two syp€PMIs, which are a first PMI and
a second PMI, in addition to a normal type of PMhich represents a single preferable
precoding matrix using a single PMI.

[0039]

For example, the terminal apparatus 1 reports a @@ex that satisfies a

condition that an error probability of one PDSCHnsport occupying a group of

downlink physical resource blocks and determinedabgombination of a modulation
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scheme and a transport block size correspondinhedCQI index, does not exceed a
prescribed value (for example, 0.1).
[0040]

Note that each of the downlink physical resourtihks used to calculate the
CQlI, the PMI, and/or the Rl is referred to as a &8rence resource.

[0041]

The terminal apparatus 1 reports the CSI to tise station apparatus 2. The CSI
reporting includes periodic CSI reporting and apdic CSI reporting. In the periodic
CSI reporting, the terminal apparatus 1 reportga8éat a timing configured by a higher
layer. In the aperiodic CSI reporting, the termiapparatus 1 reports the CSI at a timing
based on CSI request information included in theeikeed uplink DCI format (uplink
grant) or a random access response grant.

[0042]

The terminal apparatus 1 reports the CQI and/erRMI and/or the RI. Note
that the terminal apparatus 1 need not report té d&hd/or the Rl depending on a
configuration made by a higher layer. The confitjora made by the higher layer
includes, for example, a transmission mode, a faekllmode, a reporting type, and a
parameter indicating whether to report the PMI/RI.

[0043]

Moreover, the terminal apparatus 1 may be condiguto perform one or
multiple CSI processes for one serving cell. Thé @8cess is configured in association
with the CSI reporting. One CSI process is assediatith one CSI-RS resource and one
CSI-IM resource.

[0044]

The Physical Downlink Shared Channel (PDSCH) o alsed to notify the
terminal apparatus of a response to random acézssdpm Access Response (RAR))
and broadcast information (system information) featot notified by paging or on the
physical broadcast information channel, in additton downlink data, as a layer-3
message. Radio resource allocation informatiomefphysical downlink shared channel
is indicated by a physical downlink control chann€he physical downlink shared
channel is allocated to OFDM symbols other thanQR®M symbols used to transmit a
physical downlink control channel and is transniittén other words, the physical

downlink shared channel and the physical downlioktol channel are time division



10

15

20

25

30

16

multiplexed in a single subframe.
[0045]

The Physical Uplink Shared Channel (PUSCH) matirlgsmits uplink data and
uplink control information which may also includglmk control information such as
CSI and ACK/NACK. Moreover, the physical uplink sba channel is also used such
that the terminal apparatus notifies the baseostatpparatus of uplink data as well as a
layer-2 message and a layer-3 message, which ghreerHayer control information.
Radio resource allocation information of the phgbigplink shared channel is provided
by a physical downlink control channel, as in aecalsdownlink.

[0046]

An Uplink Reference Signal (also referred to aglitik pilot signal" or "uplink
pilot channel") includes a Demodulation Referenagn& (DMRS) to be used by the
base station apparatus to demodulate the PhysipihkJControl Channel PUCCH
and/or Physical Uplink Shared Channel PUSCH, a8dunding Reference Signal (SRS)
to be mainly used by the base station apparatusstimate an uplink channel state.
Moreover, sounding reference signals are categbiite a periodic Sounding Reference
Signal (Periodic SRS), which is transmitted pewatly, or an Aperiodic Sounding
Reference Signal (Aperiodic SRS), which is trantaditin a case that transmission is
instructed by the base station apparatus.

[0047]

A Physical Random Access Channel (PRACH) is a wblamsed for the
notification (configuration) of a preamble sequerared includes a guard time. The
preamble sequence is configured such that mulSplguences are used for notifying
information to the base station apparatus. For @k@nin a case that 64 sequences are
available, 6-bit information can be provided to theese station apparatus. A physical
random access channel is used by the terminal ajpysaas a means for accessing the
base station apparatus.

[0048]

The PRACH is used to transmit a random accessniriea(PRACH preamble).
The PRACH is used for the initial connection estdivthent procedure, the handover
procedure, the connection re-establishment proeedwsynchronization (timing
adjustment) for uplink transmission, and the regtersthe PUSCH resource.

[0049]
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FIG. 16 is a diagram illustrating an example afoafiguration of a PRACH (or
a PRACH preamble) (also referred to as a first PRA® a first PRACH preamble,
below) according to the present embodiment. Tist RRACH is mapped to a frequency
band corresponding to six RBs (1.08 MHz) and inetui®@39 subcarriers (subcarrier
spacings of 1250 Hz) (region indicated by obliqueed in FIG. 16). The PRACH
preamble (random access preamble sequence) tréedmoit the first PRACH is 839 in
length. 13 subcarriers and 12 subcarriers thabatermost in the frequency direction of
the first PRACH are not used (also referred to asr@ bands or Guard carriers). A
Cyclic Prefix (CP) is mapped to the beginning af fhist PRACH in the time direction,
and an end portion is a region that is not usesb (aferred to as Guard Time or the like).
Note that the configuration of the first PRACH defil in LTE is not limited to that
illustrated in FIG. 16. For the configuration ofetlirst PRACH, a parameter (also
referred to as a first parameter below) is deteeghipased on a Preamble format (random
access preamble format) notified through higheelaignalling. The first PRACH may
be mapped to the frequency band, correspondingxt®&Bs (1.08 MHz) and includes
139 subcarriers (subcarrier spacings of 7500 Hz).

[0050]

FIG. 17 is a diagram illustrating another examplethe configuration of the
PRACH (also referred to as a second PRACH, a seP®ACH preamble, or PRACH
preamble format 5, below) according to the presembodiment. The second PRACH is
mapped to a wider band than that for the first PRAThe example illustrated in FIG. 17
is a configuration in which the second PRACH anda@ucarriers are mapped to the
entire UL band. Note that Guard carriers do notdngebe mapped, and the second
PRACH may include 839 subcarriers or 139 subcarier the number of subcarriers
different from 839 and 139. The PRACH preamble dman access preamble sequence)
transmitted on the second PRACH may be 839 or ©3@rigth or may have a length
different from 839 or 139. Further, a channel (PBS®UCCH, first PRACH, second
PRACH, and the like) other than the second PRACH bwmapped to outer sides of
the Guard carriers instead of the second PRACHGuard carriers being mapped to the
entire UL band. The second PRACH and the Guardecanmay be mapped to part of the
entire UL band. The PRACH and the Guard carrierg beamapped to a band wider than
1.08 MHz (six RBs). In other words, the productloé subcarrier spacing of the second
PRACH and the length of the PRACH preamble trartsohion the second PRACH may
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be greater than 1.08 MHz. Using the band wider th&8 MHz (six RBs) (e.g., the
entire UL band) increases the subcarrier spacirfgthe second PRACH and hence
reduces the time to be used for the PRACH.
[0051]

As described above, the PRACH (which may be a PRAfeamble or a
random access preamble) may include a CP and amsesgpart (preamble sequence
part). Specifically, a different CP length and/orddferent sequence length may be
defined for each one or multiple Preamble formatg.( Preamble formats 0, 1, 2, 3,
and/or 4) used as the first PRACH. A different @Rdth and/or a different sequence
length may be used for each one or multiple Prearfdrmats (e.g., Preamble formats 5
and/or 6) used as the second PRACH.

[0052]

Here, the parameter (first parameter) associaidd the Preamble format may
include the CP length used to define the Preaminmdt. The first parameter may
include the sequence length used to define thenitreaformat. In other words, the first
parameter may include a parameter (parameter assdcwith the PRACH) used to
define the Preamble format.

[0053]

Here, as will be described below, the first parmmenay be used based on a
frame structure type (e.g., a first frame structiyge (FS1), a second frame structure
type (FS2), and/or a third frame structure type3(f.S
[0054]

For example, Preamble formats 0, 1, 2, and/or B Ineaused for the first frame
structure type (FS1). Preamble formats 0, 1, Zn8l/or 4 may be used for the second
frame structure type (FS2). Preamble formats @, B, 4, 5, and/or 6 may be used for the
third frame structure type (FS3). Here, only Prelenformats 5 and/or 6 (i.e., only
second PRACH) may be used for the third frame tiradype (FS3).

[0055]

A time resource to which the PRACH is mapped iemeined based at least on
information (PRACH-config) notified through highdayer signalling. The terminal
apparatus determines mapping (time resource) oPR®CH, based on the information
notified through the higher layer signalling anangsmits the PRACH preamble using the

determined mapping (time resource) of the PRACH.
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[0056]

FIG. 18 is a diagram illustrating an example aghethod in which the terminal
apparatus transmits the second PRACH preamble. &attie terminal apparatuses 1-A,
B, and C transmits a PRACH preamble by using a PRAg3ource determined based on
information notified through the higher layer sitimg. For example, in a case that the
terminal apparatus 1-A transmits the first PRACHgmnble, the PRACH resource is
occupied by the PRACH preamble transmitted by ¢nminal apparatus 1-A. Meanwhile,
in a case that the terminal apparatus 1-B trangimitsecond PRACH preamble, part of
the PRACH resource remains, and hence the terrapdratus 1-C is able to transmit
the second PRACH preamble in the same PRACH resauitbout affecting the second
PRACH preamble transmitted by the terminal apparaté.

[0057]

The second PRACH preamble transmitted by the teximapparatus 1 (the
terminal apparatus 1 includes the terminal appaestd-A, B, and C) is shorter than the
period of the PRACH resource determined throughhdrglayer signalling. Hence,
multiple terminal apparatuses 1 can transmit treorseé PRACH preamble at different
timings by using one PRACH resource. In other woalte PRACH resource is divided
into multiple sub-resources (sub-sections, PRACHItssI transmission time points,
transmission timings, or the like), and the terrhag@aratuses 1 can transmit the second
PRACH preamble in the respective PRACH slots.

[0058]

Note that the configuration of the PRACH resouraad PRACH slots is not
limited to the above. For example, the PRACH reseunay correspond to one OFDM
symbol or one SC-FDMA symbol length or may correspto the subframe length or
slot length.

[0059]

The terminal apparatus according to the preseitodiment can use the first
PRACH preamble or the second PRACH preamble (iigumed with first PRACH
preamble transmission or second PRACH preambleriesion), based on higher layer
signalling and/or cell identification informatioand/or other signalling from the eNB,
and/or the like. For example, the higher layer ailgmg includes information included in
a MIB, information included in a SIB, informatiopecifying a PRACH resource (e.g.,
PRACH-config, PRACH Configuration Index), and thiéel For example, other
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signalling by the eNB includes information includedthe PDCCH (e.g., information
included in a PDCCH order or the like). The higHayer signalling and/or cell
identification information, and/or other signallifiggm the eNB, and/or the like is also
referred to as a second parameter below.
[0060]

Note that for the PDCCH order, the Localized/Distted Virtual Resource
Block (VRB) assignment flag field is configuredtin the PDCCH order, the Resource
block assignment field is all configured at 0. TRBCCH order includes information
(Preamble index) specifying the PRACH preamble xntle be used by the terminal
apparatus. In a case that the Preamble Index iedludthe PDCCH order is 000000, the
terminal apparatus transmits a PRACH preamble byguthe PRACH preamble index
determined by the terminal apparatus.

[0061]

The terminal apparatus 1 refers to a table (a.table relating to random access
configuration) to acquire information on a PRACHsaarce and the like. The terminal
apparatus 1 may determine a table to refer to deroto acquire the information on a
PRACH resource and the like, based on whetheritsieFRACH preamble transmission
is configured or the second PRACH preamble trarsiomsis configured. The table (also
referred to as a first table below) to be refetietly the terminal apparatus 1 to acquire
information on a PRACH resource and the like, bagedhe PRACH Configuration
Index, in a case that the first PRACH preambledmaission is configured and the table
(also referred to as a second table below) to tegreal to by the terminal apparatus 1 in
a case that the second PRACH preamble transmissioonfigured may be different
from each other. In other words, the terminal agher 1 may use different methods of
determining a PRACH resource in a case that tise FRACH preamble transmission is
configured and a case that the second PRACH preatrdrismission is configured. In
the case that the first PRACH preamble transmisssorconfigured, the terminal
apparatus 1 refers to the PRACH Configuration Indexacquire information on a
PRACH resource and the like. In the case thate¢ltersd PRACH preamble transmission
is configured, the terminal apparatus 1 does nadn& refer to the PRACH
Configuration Index to acquire information on a RRAresource and the like.

[0062]

For example, the terminal apparatus may refehéofirst table, based on the
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PRACH Configuration Index, in frame structure typewhile referring to the second
table, based on the PRACH Configuration Indexyamfe structure type 3.
[0063]

In other words, for PRACH (which may be PRACH pnésde or random access
preamble) transmission, time resource and/or frecueesource is limited. Here, the
above-described PRACH resource may include timeures and/or a frequency
resource for the PRACH transmission. Here, the tiaseurce to be used for the PRACH
transmission may be indicated by using a subfraomeber in the radio frame. The time
resource to be used for the PRACH transmission beaindicated by using a PRACH
slot. The frequency resource to be used for the ®R&ansmission may be indicated by
using a physical resource block (index of the ptalsiesource block).

[0064]

Here, the PRACH slot may be synonymous with sysilbt) in the subframe.
In other words, the PRACH slot humber may be synanys with the numbers
corresponding to the symbols (slot number) in thieframe. The PRACH slot number
may be synonymous with the number of the symboinfmer of the slot) at which the
PRACH transmission is started in the subframe. ffaguency resource to be used for
the PRACH transmission may be indicated by usimdpysical resource block (index of
the physical resource block).

[0065]

The base station apparatus may indicate a randmress configuration by
transmitting the second parameter. Here, the rargimrass configuration may include a
PRACH resource. Moreover, the random access caafign may include a preamble
format, a system frame number, a subframe numbBRACH slot number, and/or a
frequency offset (frequency offset for a physiadaurce block). For example, the base
station apparatus may configure a preamble forenaystem frame number, a subframe
number, a PRACH slot number, and/or a frequencgetfffrequency offset for a physical
resource block) by transmitting the second paramete
[0066]

Here, the base station apparatus may transméaat the second parameter to
configure (indicate) the subframe number to be ukedPRACH transmission. As
described above, for example, the second parammetgrinclude PRACH-config and/or
PRACH Configuration Index.
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[0067]

Moreover, the base station apparatus may trararnegst the third parameter to
configure (indicate) the PRACH slot number to bedusor PRACH transmission. For
example, the third parameter may include PRACH-igomi4 and/or PRACH
Configuration Index 14.

[0068]

In other words, the parameter (second parametednfiguring the subframe
number to be used for PRACH transmission and thranpeter (third parameter) for
configuring the PRACH slot number to be used foARRI transmission may be defined
individually. Here, the slot number configured bging the third parameter may be
configured as a certain PRACH slot number in aagersubframe (e.g., PRACH slot
number 1 in subframe number 3). Here, the certalrirame indicates a subframe in a
certain radio frame.

[0069]

The configuration based on the second parametiomathe configuration based
on the third parameter may be used based on the fséructure type (e.g., the first frame
structure type (FS1), the second frame structupe §FS2), and/or the third frame
structure type (FS3)).

[0070]

For example, the configuration based on the sepamadmeter may be used for
the first frame structure type (FS1). Moreover, tomfiguration based on the second
parameter may be used for the second frame steudiyre (FS2). Moreover, the
configuration based on the second parameter atttoronfiguration based on the third
parameter may be used for the third frame strudiyoe (FS3).

[0071]

As described above, the terminal apparatus 1 regsrmine the random access
configuration in accordance with a configurationdmdy the base station apparatus. For
example, the terminal apparatus 1 for which thet ifRACH preamble transmission is
configured may adjust the start of the PRACH trassion to the start of the
corresponding uplink subframe (configured uplinkfsame). In other words, in a case
that the first PRACH preamble transmission is qunmiéd, the start of the PRACH may
be adjusted to the start of the corresponding ksliubframe.

[0072]
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The terminal apparatus 1 for which the second PRA@amble transmission is
configured may adjust the start of the PRACH trassion to the start of the
corresponding uplink slot (configured uplink sIBRACH slot number). In other words,
the start of the PRACH may be adjusted to the sththe corresponding uplink slot.
Specifically, in a case that the second PRACH pl#artransmission is configured, the
start of the PRACH may be adjusted to the statti@icorresponding uplink slot.

[0073]

Moreover, as described above, the terminal appathmay determine (acquire)
the random access configuration (including infoioraton a PRACH resource and the
like) by referring to the first table and the seddable. Here, the terminal apparatus 1 for
which the second PRACH preamble transmission isigred may determine (acquire)
the random access configuration (including infoioraton a PRACH resource and the
like) by switching interpretation of the first tablFor example, the terminal apparatus 1
for which the second PRACH preamble transmissioooisgfigured may determine the
PRACH slot number (uplink slot) to be used for BlRACH transmission by switching
interpretation of the first table. Here, the teratiapparatus 1 for which the first PRACH
preamble transmission is configured may determine subframe number (uplink
subframe) to be used for the PRACH transmissioseth@n the first table.

[0074]

In other words, the terminal apparatus 1 may deter a different configuration
for the PRACH transmission by changing interpretatof a single table, based on
whether the first PRACH preamble transmission isfigoired or the second PRACH
preamble transmission is configured. For example términal apparatus 1 may interpret
(presume) the value (parameter) set in a single &@ba subframe at which the PRACH
transmission is started or a PRACH slot at whiehRRACH transmission is started.
[0075]

In a case of a non-contention based random agressdure, the base station
apparatus can request the terminal apparatus torpePRACH preamble transmission.
The frame (information) for requesting PRACH predantvansmission can include a
PRACH Preamble Index or/and a PRACH Mask Index. (¢hg PDCCH order based on
DCI format 1A).

[0076]
In a case that the base station apparatus hasstequ PRACH preamble
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transmission, the terminal apparatus determineméguration of the PRACH preamble
and a PRACH resource to be used, based on theedotiiformation (information
requesting PRACH preamble transmission).

[0077]

FIG. 19 is a table illustrating an example of espondence between PRACH
mask indices and PRACH resources. The terminal rapysa can determine a PRACH
resource in which the second PRACH preamble isiréted, based on a PRACH Mask
Index. The PRACH Mask Index corresponds to a PRAR#source Index, and the
number assigned to each PRACH Resource Index tedi¢aformation associated with
the PRACH resource to be used by the terminal appsr For example, in FDD,
PRACH Resource Index 0 corresponds to the PRACBHlures indicated, based on the
number of PRACHs configured in one radio frameahbyumber associated with each of
the PRACHSs. For example, in the case of TDD, PRAR#$ource Index O corresponds
to the PRACH resource indicated by a number assatiith each of the configured
PRACHSs sequentially in the frequency direction.

[0078]

The base station apparatus can indicate the PRAIGHto be used by the
terminal apparatus, using a PRACH Mask Index. Bnminal apparatus can configure a
subframe, a slot, a PRACH slot, and the like in cihthe PRACH preamble is
transmitted, based on a PRACH Mask Index. The PRARétource Index may
correspond to a slot number, a PRACH slot numbéand an OFDM symbol number, or
the like.

[0079]

The terminal apparatus can configure a PRACH mesQubased on the
correspondence in the table illustrated in FIGwi® the PRACH Mask Index received
in a case of transmitting the first PRACH and cgafe a PRACH resource, a slot
number, a PRACH slot number or/and an OFDM symbaohlver by a method other than
that using the correspondence based on the tdd¢raited in FIG. 19 with the PRACH
Mask Index received in a case of transmitting teeoad PRACH preamble. In other
words, the terminal apparatus uses a different ogetif interpreting a PRACH Mask
Index differently or/and selecting a PRACH resourdepending on the PRACH
preamble configuration.

[0080]
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The terminal apparatus uses the physical randaresacchannel to request an
uplink radio resource in a case that no physicéhkgontrol channel is configured for
an SR or to request the base station apparatus toansmission timing adjustment
information (also referred to as Timing Advance Y Bdmmand) necessary for matching
uplink transmission timing to a reception timingndow of the base station apparatus,
for example. Moreover, the base station apparansrequest the terminal apparatus to
start a random access procedure, by using a phgsiaanlink control channel.

[0081]

The random access response is response informatiam the base station
apparatus for random access by the terminal apgardhe random access response is
included in the PDSCH scheduled based on contfotrimation for the PDCCH having
CRC scrambled with a Random Access-Radio Networkpteary Identifier (RA-RNTI),
and the PDSCH is transmitted from the base statijpparatus. The random access
response includes transmission timing adjustmefdrrimation, the uplink grant (the
uplink grant included in the random access respasnsaso referred to as a random
access response grant), and Temporary C-RNTI irdthom, which is a temporary
identifier of the terminal apparatus.

[0082]

Operations relating to a method of acquiring adoan access response by the
terminal apparatus will be described. In a case tth& terminal apparatus transmits the
first PRACH preamble, the base station apparaarsinits a random access response to
the terminal apparatus. The terminal apparatus tmenthe PDCCH or/and EPDCCH
(both can be referred to also as PDCCH below urddsswise stated) transmitted from
the base station apparatus in a case of transgnitinfirst PRACH preamble. A value of
the RA-RNTI to be used by the terminal apparatustmitor the PDCCH is calculated
in accordance with a calculation expression reprteseby 1 + t_id + 10 * f_id. Note that
t id denotes a value of the first subframe numimerifdex, the index of the first
subframe, or the like) in the time resource to bBedufor the first PRACH preamble
transmitted from the terminal apparatus. Moreo¥eld denotes a value based on the
frequency resource to be used for the first PRAGHEamble transmitted from the
terminal apparatus. Note that t_id can take a vatea 0 to 9, and f_id can take a value
from O to 5 (in a case of TDD). In the present ediiment, the RA-RNTI in a case that

the first PRACH preamble is transmitted from themi@al apparatus is also referred to
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as a first RA-RNTI, and the calculation expresdimmthe first RA-RNTI is also referred
to as a first calculation expression.
[0083]

In other words, the first calculation expressiomaynbe used to calculate a
RA-RNTI associated with the PRACH in which the fiFlRACH preamble is transmitted.
Here, in the first calculation expression, the sanie (first subframe number) at which
transmission of the first PRACH preamble is startexy be used.

[0084]

Next, a random access response procedure in ahatsine terminal apparatus
transmits the second PRACH preamble will be deedribn a case that the terminal
apparatus transmits the second PRACH preamblda$e station apparatus can transmit
a random access response to the terminal appafétesresource to be used for the
random access response to be transmitted fromatbe siation apparatus to the terminal
apparatus can be indicated by using the PDCCH.

[0085]

For example, the base station apparatus may staahePDCCH, based on the
RA-RNTI relating to the first PRACH preamble. Sgmglly, CRC parity bits scrambled
with the first RA-RNTI may be attached to downlio&ntrol information to be used for
scheduling of the PDSCH in which the random accesgonse is transmitted. Here, the
downlink control information to which CRC parity thi scrambled with the first
RA-RNTI is transmitted on the PDCCH.

[0086]

Alternatively, the base station apparatus maynsbla the PDCCH, based on an
RNTI (e.g., C-RNTI, SPS-RNTI, Temporary C-RNTI, time like) other than the
RA-RNTI. The base station apparatus can also sdeahie PDCCH, based on the
RA-RNTI calculated in accordance with a new caltata expression. In the present
embodiment, the RA-RNTI in a case that the secdRAGH preamble is transmitted
from the terminal apparatus is also referred ta ascond RA-RNTI, and the calculation
expression for the second RA-RNTI is also refertedas a second calculation
expression.

[0087]
Specifically, CRC parity bits attached to the dbmlncontrol information to be

used for scheduling of the PDSCH in which the randicess response is transmitted
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may be scrambled with the RA-RNTI calculated byngsithe second calculation
expression. In other words, the second calculaipression may be used to calculate a
RA-RNTI associated with the PRACH in which the setoPRACH preamble is
transmitted.

[0088]

For example, in the second calculation expressid®RACH slot number (Index,
number, or the like) may be used. For examplehénsiecond calculation expression, the
PRACH slot (first PRACH slot number) at which tremssion of the second PRACH
preamble is started may be used. Moreover, acaprtiinthe second calculation
expression, calculation can be performed basedaat bn the PRACH slot number and
other information.

[0089]

For example, the second calculation expressiorbeamepresented as RA-RNTI
=1+t.id+10*f id + slot_id (PRACH slot number 61 * ceil (slot_id/N_id). Here,

t id may be a value based on the first PRACH slonhlmer (or index, the index of the

first slot, or the like) in the time resource to lieed for the second PRACH preamble
transmitted from the terminal apparatus. Moreofvéd may denote a value based on the
frequency resource to be used for the second PRAf@AmMble transmitted from the

terminal apparatus. Here, ceil (*) denotes the ksiinteger greater than *, and N_id

denotes the total number of PRACH slots. Note tiatsecond calculation expression is
not limited to the above.

[0090]

The second calculation expression may be detetmbesed on the symbol
length of the second PRACH preamble. For exampd, @ in the second calculation
expression, the length of the PRACH slot (length tké symbols) used for the
transmission of the second PRACH preamble may bd.us
[0091]

The terminal apparatus performs a descramblingga®on the PDCCH, based
on the RA-RNTI (or another RNTI) to detect DCI @DCI format) from the PDCCH in
which no error is detected (CRC match). Informatfiwgicating a resource to be used for
the PDSCH including the random access responsentsioed in the PDCCH detected
by the terminal apparatus, and the terminal apparean receive the PDSCH destined

for the terminal apparatus itself.
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[0092]

The random access response includes an uplink fiedeh to which an uplink
grant is mapped and a Temporary C-RNTI field tookhinformation for indicating a
Temporary C-RNTI is mapped. The uplink grant inélddn the random access response
is also referred to as a random access response gra
[0093]

FIG. 20 is a diagram illustrating an example of ttandom access response
according to the present embodiment.

[0094]

In the downlink, one MAC Protocol Data Unit (PDU$) allowed to include
multiple random access responses. In FIG. 20, the& MRandom Access Response
(RAR) indicates a random access response. The MBO B FIG. 20 includes one
MAC header, n random access responses, and padidirtG. 20, the one MAC header
includes n E/T/RAPID subheaders (E/T/RAPID fields).

[0095]

Each E/T/RAPID subheader includes an Extensidd fig field), a Type field
(T field), and a Random Access Preamble IDentffedd (RAPID field). The E field is a
flag indicating whether more fields are presenthi@ MAC header. The E field is set to
“1” to indicate that at least another set of E/THRR field follows. The E field is set to
“0” to indicate that either a MAC RAR or paddingds at the next byte.

[0096]

The T field is a flag indicating whether the MAGkfieader contains a RAPID
field and a Backoff Indicator field. The T field $t to “1” to indicate the presence of a
RAPID field in the MAC subheader.

[0097]

The RAPID field identifies the transmitted randaecess preamble. In a case
that the random access preamble transmitted frentettminal apparatus corresponds to
the RAPID field, the terminal apparatus determitieet the reception of the random
access response has succeeded and performs pngcessithe corresponding MAC
RAR.

[0098]

The MAC RAR includes an R field, a timing advammenmand field, an uplink

grant field, and a Temporary C-RNTI field. The RIdi is a reserved bit set to 0. The
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timing advance command field indicates an index®dlA used to control the amount of
timing adjustment for PUSCH/SRS transmission.
[0099]

The uplink grant field indicates PUSCH resourcesduin the uplink. The uplink
grant field has an uplink grant mapped thereto. Teeporary C-RNTI field indicates
the Temporary C-RNTI used by the terminal apparatuke contention based random
access procedure.

[0100]

The base station apparatus can include informatiothe PRACH slot in the
random access response corresponding to the s&RACH. The terminal apparatus
can detect the information on the PRACH slot in thedom access response. For
example, the information on the PRACH slot may mauded in the R field, may be
included in the Timing Advance Command field, mayibcluded in the UL Grant field,
or may be included in the Temporary C-RNTI fieldoitdover, a new field including the
information on the PRACH slot may be included ie ttandom access response. One
MAC PDU may include a random access response gameiing to the first PRACH and
a random access response corresponding to thecsBEORCH.

[0101]

Note that the R field may be information identifgian LAA cell or information
identifying a licensed/unlicensed band.
[0102]

The first PRACH preamble and the second PRACHmbd& can be generated
by an uplink subframe generation unit.
[0103]

A first PRACH transmission bandwidth,Mé configured at 6 PRB or 1.08 MHz.
A second PPRACH transmission bandwidth dliffers based on the bandwidth W (W =
15, 25, 50, 75, or 100 PRB, or 3, 5, 10, 15, oMMy, for example) of the serving cell.
For example, the second PRACH transmission bantwidtis equal to the bandwidth
W of the serving cell or represented by a congstauitiple X of the serving cell (W= X
* W). Alternatively, the second PRACH transmissimendwidth W is represented by a
value obtained by subtracting a fixed bandwidthrofif the bandwidth W of the serving
cell (W, = W - Y). Alternatively, the second PRACH transmisstmandwidth W2 is
configured based on a value in a table associatidtiae bandwidth of the serving cell.
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The fixed bandwidth Y may correspond to a PUCCHuese.
[0104]

The first PRACH preamble includes 139 subcarr@rs839 subcarriers. The
second PRACH preamble may include subcarriers oilaer 139 or 839 subcarriers.
[0105]

The symbol length of the second PRACH preamble mm@yespond to the
OFDM symbol or SC-FDMA symbol length. For exampilee symbol length of the
second PRACH preamble may be equal to the numb&FafM symbols indicated by
any value from 1 to 14.

[0106]

The symbol length of the first PRACH preamble earidepending on the
preamble format, and the symbol length of the sécBRACH preamble may be
determined based on the information included imalighg (RRC signaling, PDCCH, or
the like) from the base station apparatus.

[0107]

A layer-3 message is a message exchanged betheé&atlio Resource Control
(RRC) layers of the terminal apparatus and the ktet@on apparatus and handled in a
protocol for a Control-plane (CP (C-Plane)), andynbe used synonymly with RRC
signaling or RRC message. A protocol handling waa (uplink data and downlink
data) is referred to as "User-plane (UP (U-Plan@)Xontrast to "control plane". Here, a
transport block that is transmission data in thesptal layer includes C-Plane messages
and U-Plane data in higher layers. Detailed desorip of other physical channels are
omitted.

[0108]

A communicable range (communication area) at éaxjuency controlled by a
base station apparatus is regarded as a cell. tierepmmunication area covered by the
base station apparatus may be different in sizeshage for each frequency. Moreover,
the covered area may be different for each frequesaadio network, in which cells
having different types of base station apparatesedifferent cell radii are located in a
mixed manner in the area with the same frequendjoawlifferent frequencies to form a
single communication system, is referred to astarbgeneous network.

[0109]

The terminal apparatus operates by regarding tisde of a cell as a
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communication area. In a case that the terminahi@bps moves from a cell to a different
cell, the terminal apparatus moves to an apprapriifferent cell through a cell
reselection procedure at the time of having no aadbnnection (during no
communication) and through a handover procedurehat time of having radio
connection (during communication). A suitable dellgeneral indicates a cell that is
determined that access from the terminal apparausot prohibited based on
information specified by the base station apparadnsl that has a downlink reception
quality satisfying a predefined condition.

[0110]

Moreover, the terminal apparatus and the basmstapparatus may employ a
technique for aggregating the frequencies (compooarriers or frequency band) of
multiple different frequency bands through CarAggregation and treating the resultant
as a single frequency (frequency band). A compoopanmnier is categorized as an uplink
component carrier corresponding to the uplink andloavnlink component carrier
corresponding to the downlink. In this specificatidfrequency” and "frequency band"
may be used synonymously.

[0111]

For example, in a case that each of five componaniers having frequency
bandwidths of 20 MHz are aggregated through CaAggregation, a terminal apparatus
capable of performing Carrier Aggregation perfortrasmission and/or reception by
assuming that the aggregated carriers have a inegumndwidth of 100 MHz. Note that
component carriers to be aggregated may have cmnisgfrequencies or frequencies
some or all of which are discontiguous. For examassuming that available frequency
bands include an 800 MHz band, a 2 GHz band, aBbasHz band, a component
carrier may be transmitted in the 800 MHz band,tleocomponent carrier may be
transmitted in the 2 GHz band, and yet another corapt carrier may be transmitted in
the 3.5 GHz band.

[0112]

It is also possible to aggregate multiple contigsior discontiguous component
carriers of the same frequency bands. The frequérandwidth of each component
carrier may be narrower (e.g., 5 MHz or 10 MHz)nththe receivable frequency
bandwidth (e.g., 20 MHz) of the terminal apparatasd the frequency bandwidth of

component carriers to be aggregated may be diffdrem each other. Each frequency
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bandwidth may be equal to any of the frequency Wadtth of known cells in
consideration of backward compatibility, but may ddrequency bandwidth different
from any of the frequency bands of the known cells.
[0113]

Moreover, component carriers (carrier types) withbackward compatibility
may be aggregated. Note that the number of uplomkponent carriers to be allocated to
(configured for or added for) the terminal appasdiy the base station apparatus may be
the same as or may be fewer than the number of lddwecomponent carriers.

[0114]

A cell constituted of an uplink component carrierwhich an uplink control
channel is configured for a radio resource reqaest a downlink component carrier
having a cell-specific connection with the uplinkngponent carrier is referred to as
“Primary cell (PCell).” A cell constituted of compent carriers other than those of the
primary cell is referred to as “Secondary cell (BCeThe terminal apparatus receives a
paging message, detects update of broadcast intiormaarries out an initial access
procedure, configures security information, andltke in a primary cell, and need not
perform these operations in secondary cells.

[0115]

Although a primary cell is not a target of Activat and Deactivation controls
(in other words, considered as being activateahatiane), a secondary cell has activated
and deactivated states, the change of which isicitkplspecified by the base station
apparatus or is made based on a timer configuredhfo terminal apparatus for each
component carrier. The primary cell and seconda&ily are collectively referred to as
"serving cell".

[0116]

Carrier Aggregation achieves communication usindtiple component carriers
(frequency bands) using multiple cells, and is akferred to as cell aggregation. The
terminal apparatus may have radio connection wighbiase station apparatus via a relay
station device (or repeater) for each frequencwtier words, the base station apparatus
of the present embodiment may be replaced withey station device.

[0117]
The base station apparatus manages a cell, whicbsponds to an area where

terminal apparatuses can communicate with the Isigdon apparatus, for each
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frequency. A single base station apparatus may geamalltiple cells. Cells are classified
into multiple types of cells depending on the sifg¢he area (cell size) that allows for
communication with terminal apparatuses. For examptlls are classified into macro
cells and small cells. Moreover, small cells aassified into femto cells, pico cells, and
nano cells depending on the size of the area. ¢tase that a terminal apparatus can
communicate with a certain base station apparétescell configured so as to be used
for the communication with the terminal apparatuseferred to as "Serving cell" while
the other cells not used for the communication raferred to as "Neighboring cell",
among the cells of the base station apparatus.

[0118]

In other words, in carrier-aggregation (also neférto as "carrier aggregation"),
multiple serving cells thus configured include aghe primary cell and one or multiple
secondary cells.

[0119]

A primary cell is a serving cell in which an iaiticonnection establishment
procedure has been carried out, a serving cellhitlwa connection re-establishment
procedure has been started, or a cell indicated a@simary cell during a handover
procedure. The primary cell operates at a primeggjiency. At the point of time when a
connection is (re)established, or later, a secgndail may be configured. Each
secondary cell operates at a secondary frequemeycdnnection may be referred to as
an RRC connection. For the terminal apparatus stipgaCA, a single primary cell and
one or more secondary cells are aggregated.

[0120]

In the present embodiment, Licensed Assisted Ac@esA) is used. According
to LAA, an allocated frequency is configured to gdsfor) the primary cell, and a
non-allocated frequency is configured to at least of secondary cells. The secondary
cell(s) to which the non-allocated frequency isfared is assisted by the primary cell
or the secondary cell(s) to which the allocatedudeancy is configured. For example, the
primary cell or the secondary cell(s) to which @léocated frequency is configured
performs the configuration and/or announces comtformation by the RRC signaling,
MAC signaling and/or PDCCH signaling to the secopdaell(s) to which the
non-allocated frequency is configured. In the pnesanbodiment, a cell assisted by the

primary cell or the secondary cell(s) is also nefdrto as "LAA cell". The LAA cell can
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be aggregated (assisted) with the primary cell @antlle secondary cell(s) by carrier
aggregation. The primary cell or the secondary®eWhich assists the LAA cell is also
referred to as "assist cell".

[0121]

The LAA cell may be aggregated (assisted) by thenary cell and/or the
secondary cell(s) by dual connectivity.
[0122]

A basic configuration (architecture) of dual coctngty will be described below.
For example, the description will be given in aecizat a terminal apparatus 1 connects
to multiple base stations 2 (for example, a baagost apparatus 2-1 and a base station
apparatus 2-2) at the same time. The base stgimaratus 2-1 is a base station apparatus
constituting a macro cell, and the base statioraggips 2-2 is a base station apparatus
constituting a small cell. The terminal apparatusdhnecting to the base station
apparatuses 2 at the same time by using the nauttglls belonging to the multiple base
station apparatuses 2 as described above is mferras "dual connectivity". The cells
belonging to the respective base station appamtdsmay be operated at the same
frequency or different frequencies.

[0123]

Note that Carrier Aggregation is different fromatlaonnectivity in that a single
one of the base station apparatuses 2 manageglawélls and the frequencies of the
respective cells are different from each otherotimer words, Carrier Aggregation is a
technique for connecting the single terminal apjpard and a single one of the base
station apparatus 2 via multiple cells having dédfe frequencies, while dual
connectivity is a technique for connecting the Enterminal apparatus 1 and the
multiple base station apparatuses 2 via multipks deaving the same frequency or
different frequencies.

[0124]

The terminal apparatus 1 and base station apgasati can apply a technique
used for Carrier Aggregation, to dual connectivitgr example, the terminal apparatus 1
and base station apparatuses 2 may apply a teehafaailocation of a primary cell and
secondary cells or activation/deactivation, toscetinnected through dual connectivity.
[0125]

FIG. 3 is a schematic diagram illustrating an epkenof a block configuration of
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a base station apparatus 2 according to the premmbbdiment. The base station
apparatus 2 includes a higher layer (higher-laysttrol information notification unit,
higher layer processing unit) 301, a control ufiase station control unit) 302, a
codeword generation unit 303, a downlink subfrare@egation unit 304, an OFDM
signal transmission unit (downlink transmission tur806, a transmit antenna (base
station transmit antenna) 307, a receive antenase(lstation receive antenna) 308, an
SC-FDMA signal reception unit (CSI reception un&)9, and an uplink subframe
processing unit 310. The downlink subframe genematinit 304 includes a downlink
reference signal generation unit 305. Moreover,ughink subframe processing unit 310
includes an uplink control information extractiomtu/CSI acquisition unit) 311.
[0126]

FIG. 4 is a schematic diagram illustrating an epkenof a block configuration of
a terminal apparatus 1 according to the presenbodimient. The terminal apparatus 1
includes a receive antenna (terminal receive aafedf1, an OFDM signal reception
unit (downlink reception unit) 402, a downlink stdohe processing unit 403, a transport
block extraction unit (data extraction unit) 405 amtrol unit (terminal control unit) 406,
a higher layer (higher-layer control informatiorgatsition unit, higher layer processing
unit) 407, a channel state measurement unit (C®kem¢ion unit) 408, an uplink
subframe generation unit 409, an SC-FDMA signaigmaission unit (UCI transmission
unit) 411, and a transmit antenna (terminal trahsamtenna) 412. The downlink
subframe processing unit 403 includes a downliri&remce signal extraction unit 404.
Moreover, the uplink subframe generation unit 40%ludes an uplink control
information generation unit (UCI generation unitjo4
[0127]

First, a flow of downlink data transmission andfeception will be described
with reference to FIG. 3 and FIG. 4. In the bas¢i®t apparatus 2, the control unit 302
holds a Modulation and Coding Scheme (MCS) indigpta modulation scheme, a
coding rate, and the like in the downlink, a dowklresource allocation indicating RBs
to be used for data transmission, and informatmrbé used for HARQ control (a
redundancy version, an HARQ process number, anehadata indicator) and controls
the codeword generation unit 303 and the downlui¥frame generation unit 304, based
on these elements. Downlink data (also referrecadoa downlink transport block)

transmitted from the higher layer 301 is procegkedugh error correction coding, rate
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matching, and the like in the codeword generatiaoit 803 under the control of the
control unit 302 and then, a codeword is generafath codewords at maximum are
transmitted at the same time in a single subfrafree gingle cell. The control unit 302
instructs the downlink subframe generation unit 34jenerate a downlink subframe.
First, a codeword generated in the codeword geinaramit 303 is converted into a
modulation symbol sequence through a modulatiocgs® such as Phase Shift Keying
(PSK) modulation or Quadrature Amplitude ModulatiqQAM). Moreover, a
modulation symbol sequence is mapped onto REs ofes®Bs, and a downlink
subframe for each antenna port is generated thraugbrecoding process. In this
operation, the transmission data sequence tramshiittm the higher layer 301 includes
higher-layer control information, which is continformation about the higher layer (e.g.,
dedicated (individual) Radio Resource Control (RR&Jnaling). Furthermore, the
downlink reference signal generation unit 305 gatesra downlink reference signal. The
downlink subframe generation unit 304 maps the diobmeference signal to the REs in
the downlink subframes in accordance with an imsiton from the control unit 302. The
OFDM signal transmission unit 306 modulates the mow subframe generated by the
downlink subframe generation unit 304 to an OFDNMnal, and then transmits the
OFDM signal through the transmit antenna 307. Altfto a configuration of including
one OFDM signal transmission unit 306 and one tranantenna 307 is illustrated as an
example here, a configuration of including multiQieDM signal transmission units 306
and multiple transmit antennas 307 may be emplof@d transmitting downlink
subframes through multiple antenna ports. Furtheemdhe downlink subframe
generation unit 304 may also have a capability erfegating physical-layer downlink
control channels, such as a PDCCH and an EPDCCidato the channels to REs in
downlink subframes. Multiple base station appaegubase station apparatus 2-1 and
base station apparatus 2-2) transmit separate ddwslbframes. Note that the base
station apparatus 2 that operates in the LAA cettanfigured to include a CCA check
unit 312 configured to determine whether the chamélle or busy. The CCA check
unit 312 is implemented with a method for determorausing power received through
the receive antenna 308, a method for a deterromatepending on whether a specific
signal from the uplink subframe processing unit B8 been detected, and the like. A
determination result from the CCA check unit 312remsmitted to the control unit 302

and used to control the transmission.
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[0128]

In the terminal apparatus 1, an OFDM signal ienead by the OFDM signal
reception unit 402 through the receive antenna 406d,an OFDM demodulation process
is performed on the signal. The downlink subframecessing unit 403 first detects
physical-layer downlink control channels, such aBCCH and an EPDCCH. More
specifically, the downlink subframe processing 4lB8 decodes the signal by assuming
that a PDCCH and an EPDCCH have been transmittethanregions to which the
PDCCH and the EPDCCH can be allocated, and chegksicCRedundancy Check
(CRC) bits added in advance (blind decoding). Imeotwords, the downlink subframe
processing unit 403 monitors a PDCCH and an EPDA@H. case that the CRC bits
match an ID (a single terminal-specific identiféssigned to a single terminal, such as a
Cell-Radio Network Temporary Identifier (C-RNTI) ora Semi Persistent
Scheduling-C-RNTI (SPS-C-RNTI), or a Temporary C-RNassigned by the base
station apparatus beforehand, the downlink subfraraeessing unit 403 recognizes that
a PDCCH or an EPDCCH has been detected and exaaB@@SCH by using control
information included in the detected PDCCH or EPI{CCThe control unit 406 holds an
MCS indicating a modulation scheme, a coding ratel the like in the downlink based
on the control information, a downlink resourceadition indicating RBs to be used for
downlink data transmission, and information to kedifor HARQ control, and controls
the downlink subframe processing unit 403, thespant block extraction unit 405, and
the like, in accordance with these elements. Mareci§ically, the control unit 406
performs control so as to carry out an RE mappiroggss in the downlink subframe
generation unit 304, an RE demapping process ammdi@lation process corresponding
to the modulation process, and the like. The PDS&¢ttacted from the received
downlink subframe is transmitted to the transptwtk extraction unit 405. Furthermore,
the downlink reference signal extraction unit 464the downlink subframe processing
unit 403 extracts the downlink reference signalmfrohe downlink subframe. The
transport block extraction unit 405 extracts agport block that has been subjected to a
rate matching process, a rate matching procesespwnding to error correction coding,
error correction decoding, and the like in the cwole generation unit 303, and
transmits the extracted transport block to the driglayer 407. The transport block
includes higher-layer control information, and thigher layer 407 notifies the control

unit 406 of a necessary physical-layer parametaseth on the higher-layer control
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information. The multiple base station apparat@s@sase station apparatus 2-1 and base
station apparatus 2-2) transmit separate downliiframes, and the terminal apparatus
1 receives the downlink subframes. Hence, the aldegeribed processes may be carried
out for the downlink subframe of each of the mudtipase station apparatuses 2. In this
situation, the terminal apparatus 1 may recognizen@y not necessarily recognize that
multiple downlink subframes have been transmittesinf the multiple base station
apparatuses 2. In a case that the terminal apgatatioes not recognize the subframes,
the terminal apparatus 1 may simply recognize mmaitiple downlinks subframes have
been transmitted in multiple cells. Moreover, thansport block extraction unit 405
determines whether the transport block has beeecwst correctly, and transmits a
determination result to the control unit 406. Ndbat the terminal apparatus 1 that
operates in the LAA cell is configured to includeC&A check unit 413 configured to
determine whether the channel is idle or busy. T check unit 413 is implemented
with a method for determination using power receitle@ough the receive antenna 401, a
method for determination depending on whether aifipesignal from the downlink
subframe processing unit 403 has been detectedhariitke. A determination result from
the CCA check unit 413 is transmitted to the cdntmait 406 and used to control the
transmission.

[0129]

Next, a flow of uplink signal transmission andfeception will be described. In
the terminal apparatus 1, the control unit 406rutds a downlink reference signal
extracted by the downlink reference signal extaarctiinit 404 to be transmitted to the
channel state measurement unit 408, and then atsttbe channel state measurement
unit 408 to measure the channel state and/or eremte, and further to calculate CSI,
based on the measured channel state and/or irteckr The control unit 406 instructs
the uplink control information generation unit 4i® generate an HARQ-ACK (DTX
(not transmitted yet), ACK (detection success)NAICK (detection failure)) and to map
the HARQ-ACK to a downlink subframe, based on a&daination result of whether the
transport block is correctly detected. The termaggparatus 1 performs these processes
on the downlink subframe of each of multiple cells.the uplink control information
generation unit 410, a PUCCH including the caladaCSI| and/or HARQ-ACK is
generated. In the uplink subframe generation ud®, 4he PUSCH including the uplink
data transmitted from the higher layer 407 and RRECCH generated by the uplink
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control information generation unit 410 are mapfeRBs in an uplink subframe, and an
uplink subframe is generated. The uplink subframesubjected to the SC-FDMA
modulation in the SC-FDMA signal transmission u#éitl to generate an SC-FDMA
signal, and the SC-FDMA signal transmission unit ansmits the SC-FDMA signal
via the transmit antenna 412.

[0130]

Here, the terminal apparatus 1 performs (deri@sgnnel measurement for
calculating the value of the CQI, based on the @R$he CSI-RS (non-zero power
CSI-RS). Whether the terminal apparatus 1 derikieschannel measurement, based on
the CRS or the CSI-RS, is determined accordingdben layer signalling. Specifically,
in a transmission mode configured with the CSI-BR8,terminal apparatus 1 derives the
channel measurement for calculating the CQI, bas&don the CSI-RS. Specifically, in
a transmission mode not configured with the CSI-BS, terminal apparatus 1 derives
the channel measurement for calculating the CQlethan the CRS. The RS used for the
channel measurement for calculating the CSl is @f@rred to as a first RS.

[0131]

Here, the terminal apparatus 1 performs (deriugs)yference measurement for
calculating the CQI, based on CSI-IM or a secondiR& case that this is configured by
the higher layer. Specifically, in a transmissionda configured with the CSI-IM, the
terminal apparatus 1 derives the interference mnieasent for calculating the CQI, based
on the CSI-IM. Specifically, in the transmission eeoconfigured with the CSI-IM, the
terminal apparatus 1 derives the interference nmmeasent for calculating the value of the
CQI corresponding to the CSI process, based onlyhenCSI-IM resource associated
with the CSI process. The RS or IM used for thenclehmeasurement for calculating the
CSl is also referred to as a second RS.

[0132]

Note that the terminal apparatus 1 may performy(ahexive) the interference
measurement for calculating the CQI, based on tR&.CFor example, the terminal
apparatus 1 may derive the interference measurefoenglculating the CQI, based on
the CRS, in a case that the CSI-IM is not configure
[0133]

Note that the channel and/or interference usectaloulate the CQI may

similarly be used as a channel and/or interferémcealculating the PMI or RI.
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[0134]

Details of the LAA cell will be described below.
[0135]

The frequency used by the LAA cell is shared watfner communication
systems and/or other LTE operators. To share dwuéncy, the LAA cell needs fairness
with the other communication systems and/or thertidlE operators. For example, a
communication method used by the LAA cell needaiaffequency sharing technique
(method). In other words, the LAA cell is a cell ialn performs a communication
method (communication procedure) to which the feaquency sharing technique is
applicable (used).

[0136]

An example of the fair frequency sharing technigpukisten-Before-Talk (LBT).
Before a certain base station or a certain terntraakmits a signal by using a frequency
(a component carrier, a carrier, a cell, a charoref medium), LBT measures (detects)
interference power (an interference signal, receweer, a receive signal, noise power
and a noise signal) or the like of the frequenayidentify (detect, assume or determine)
whether the frequency is in an idle state (a ftaéesa non-congested state, Absence or
Clear) or a busy state (an occupied state, a ctedjstate, Presence or Occupied). In a
case that the frequency being in the idle statdestified based on LBT, the LAA cell
can transmit a signal at a prescribed timing offtquency. In a case that the frequency
is identified as the busy state, the LAA cell does transmit a signal at the prescribed
timing of the frequency. LBT controls and preveats interference with signals to be
transmitted by other communication systems andfloerobase stations including other
LTE operators and/or terminals. Note that LBT perfed by the base station apparatus
before a downlink transmission is referred to asmdmk LBT and that LBT performed
by the terminal apparatus before an uplink transioisis referred to as uplink LBT.
Furthermore, LBT performed by the terminal appasditu sidelink transmissions may be
referred to as sidelink LBT.

[0137]

An LBT procedure is defined as a mechanism to whiglear Channel
Assessment (CCA) check is applied before a ceftase station or terminal uses the
frequency (channel). The CCA performs power detector signal detection for

determining presence or absence of another sigrthki channel to identify whether the
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frequency is in the idle state or the busy stat@eNhat in the present embodiment, a
definition of CCA may be equivalent to a definitiof LBT. Note that, in the present
embodiment, CCA is also referred to as carrier seNote that the carrier sense may
indicate a different mechanism than that of a earsense the performance of which is
defined in systems (wireless LAN and the like) othlean the LAA used in the
non-allocated frequency band. For example, theiezasense in the wireless LAN is
associated with an operation of the terminal agparaonforming to the wireless LAN
standards to detect a radio signal conforming eéonthieless LAN standards. Specifically,
the carrier sense applied to LAA may be an opematibdetecting a radio signal of a
system other than LAA (or a radio signal conformiagstandards), may be an operation
of detecting a transmit signal of an LAA cell, oaynbe an operation of simply detecting
the power (or power strength, power density, reoapstrength, receive signal power,
receive signal level, reception level, or the likejhe radio space.

[0138]

CCA can use various methods as a method for detewgnthe presence or
absence of another signal. For example, CCA mdiesddtermination based on whether
the interference power at a certain frequency edc@ecertain threshold. Moreover, for
example, CCA makes the determination based on whdte receive power of a
prescribed signal or channel at a certain frequesxgeeds a certain threshold. The
threshold may be defined in advance. The thresimalg be configured by a base station
or another terminal. The threshold may be deterchifomnfigured) based on at least
another value (parameter) such as transmit powaxi(mum transmit power). Moreover,
for example, CCA makes the determination, basedlwether a prescribed channel at a
certain frequency has been decoded.

[0139]

The LBT procedure includes Initial CCA (ICCA, siagensing, LBT category 2,
Frame-based Equipment (FBE)) allowing a signalgdransmitted after a CCA check is
performed once, and Extended CCA (ECCA, multiplesgsey, LBT category 3/4,
Load-based Equipment (LBE)) allowing a signal tafa@smitted after the CCA check is
performed a prescribed number of times. A periodiiich the CCA check is performed
by ICCA is referred to as an ICCA period or an IC8lét length, and lasts, for example,
34 microseconds. Furthermore, a period in whichGB& check is performed by ECCA
is referred to as an ECCA period or an ECCA slogie, and lasts, for example, 9
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microseconds. Note that the prescribed numbemuddiis also referred to as a backoff
counter (counter, random number counter, ECCA @lunfurthermore, a period in
which the CCA check is performed after the freqyecttanges from the busy state to the
idle state is referred to as a defer period or @& & defer period, and lasts, for example,
34 microseconds.

[0140]

FIG. 6 illustrates an example of an LBT (LBT cairg4, LBE) procedure for a
downlink transmission. In a case that the needesri® transmit, to the terminal
apparatus, certain information (data, a bufferd)omaffic) in the downlink while the
channel is in the idle state (S601) of waitingdatownlink transmission, the base station
apparatus determines whether the transmissioneidete(S602) and proceeds to initial
CCA (S603). In the initial CCA, the base statiompaatus performs the CCA check
during an initial CCA period to sense whether tharmel is idle or busy (S6031). In a
case of determining that the channel is idle assalt of the initial CCA (S603), the base
station apparatus acquires the right to accesshtenel and proceeds to a transmission
operation. Then, the base station apparatus detesmivhether to actually perform a
downlink transmission at that timing (S604), andiinase of determining to perform the
downlink transmission, the base station appara@rfopns the downlink transmission
(S605). After performing the downlink transmissiothe base station apparatus
determines whether any information that needs @&nodlownlink transmission is still
present (remains) (S606). In a case that no infoomahat needs another downlink
transmission has been generated yet (remainsghtr@el returns to the idle state (S601).
On the other hand, in a case that the initial CE803) results in the determination that
the channel is busy or that the determination ottivbr any information that needs
another downlink transmission is still present (a@m)(S606) results in the
determination that information that needs anotlmwrdink transmission is still present
(remains), the base station apparatus proceedbetettended CCA (S607). In the
extended CCA, first, the base station apparatudoraly generates a counter value N
within the range from 0 to q - 1 (S6071). The bsts¢ion apparatus then senses whether
the channel is idle or busy in the ECCA defer omragS6072). In a case of determining
that the channel is busy in the ECCA defer occadiom base station apparatus senses
again whether the channel is idle or busy in theCEGefer occasion (6072). On the
other hand, in a case of determining that the ablaisrnidle in the ECCA defer occasion,
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then the base station apparatus senses the ch@nedium) during one ECCA slot
duration (S6073) to determine whether the chansdtle or busy (6074). The base
station apparatus decrements the counter value Nor®y (S6075) in a case of
determining that the channel is idle, and retuonthe process of sensing the channel in
the ECCA defer occasion (S6072) again in a caset@rmining that the channel is busy.
The base station apparatus then determines whistherounter value is 0 (S6076), and
in a case that the counter value is 0, proceedgransmission process (S604, S605). On
the other hand, in a case that the counter valneti§, the base station apparatus senses
the channel (medium) during one ECCA slot duratigain (S6073). Note that, in a case
that the counter value N is generated, a value @ollsion window q is updated to a
value from X to Y according to a channel state (590

[0141]

The value in the collision window g is determinéal, example, based on the
HARQ-ACK response in the PDSCH transmitted by theebstation apparatus, a power
value obtained by sensing of the channel by the bgion apparatus, reporting of RSRP,
RSRQ, and/or RSSI, or the like. The value in th#iston window q is, by way of
example, exponentially increased. Furthermorenbhgimum value X and the minimum
value Y used to determine the value in the colisiondow q are parameters configured
by the higher layer.

[0142]

In the LBT procedure in FIG. 6, the extended CCAymmot be performed.
Specifically, in a case of determining that therole is busy as a result of the initial
CCA (S603), the base station apparatus may returthe idle state (S601) instead of
proceeding to the extended CCA process (S607)h&umiore, even in a case that, after a
downlink transmission, information that needs aaotdownlink transmission is still
present (S606), the base station apparatus may reetihe idle state (S601) instead of
proceeding to the extended CCA process (S607). ilB®lving such a process is also
referred to as LBT category 2. LBT involving sucpracess may be applied as LBT for
a DS transmission, a PDSCH transmission with a tength of 1 ms or shorter, or a
transmission only of the PDCCH, for example.

[0143]

Note that CCA in the LAA cell does not need torbeognized by the terminal

connected with (configured to) the LAA cell.
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[0144]

In a case that the terminal apparatus 1 can daté@nsmission after CCA is
completed in the LAA cell, the terminal apparatusmhy assume that consecutive
transmissions are performed for several subframiter aletection of the first
transmission. Several subframes for consecutivestnégssions are also referred to as a
transmission burst. In particular, several subframfor consecutive PDSCH
transmissions are referred to as a PDSCH transmidsirst. The PDSCH transmission
burst may include a channel other than the PDSCddoara signal. For example, the
PDSCH transmission burst may include the PDSCH thedDS and be transmitted.
Moreover, in particular, several subframes for whamly the DS is transmitted are
referred to as a DS transmission burst. The nundfesubframes for consecutive
transmissions through the transmission burst maycdefigured for the terminal
apparatus 1 by using an RRC message. In the presdrddiment, the transmission burst
of the downlink signal or channel is also referteds a downlink transmission, and the
transmission burst of the uplink signal or chaniselalso referred to as an uplink
transmission.

[0145]

In a case of detecting a reservation signal ireduch the beginning of the
transmission burst, the terminal apparatus canestirgstransmission burst. The terminal
apparatus regards several subframes following thdrame in which the reservation
signal has been detected, as a transmission thuratcase that a first synchronization
signal, a second synchronization signal, or a teyrechronization signal described below
is detected, instead of the reservation signal,tenminal apparatus can determine the
following several subframes as a transmission burst
[0146]

Furthermore, the terminal apparatus can sensgnantission burst in a case of
decoding information included in the DCI and reigtito a subframe indicating a
transmission burst. The DCI is included in the P& EPDCCH allocated in the CSS
for notification. Alternatively, the DCI may be ilucded in the PDCCH or EPDCCH
allocated in the USS for notification.

[0147]
The LAA cell may be defined as a cell differendrfr a secondary cell which

uses the allocated frequency. For example, the tAlnis configured differently from
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the configuration of the secondary cell which usies allocated frequency. Part of
parameters configured to the LAA cell is not confe to the secondary cell which uses
the allocated frequency. Part of the parametersigioed to the secondary cell which
uses the allocated frequency is not configured He LAA cell. In the present
embodiment, the LAA cell is described as a celledént from the primary cell and the
secondary cell(s), but the LAA cell may be definesl one of the secondary cells.
Secondary cells of the related art are also raletweas "first secondary cells”, and the
LAA cell is also referred to as "second seconda¥'cA primary cell and secondary
cell(s) of the related art are also referred tdfimst serving cells”, and the LAA cell is
also referred to as "second serving cell".

[0148]

The LAA cell may be different from a frame strugtiype of the related art. For
example, a first frame structure type (FS1, FD@e structure type 1) or a second
frame structure type (FS2, TDD, frame structureet2p are used for (configured to) the
serving cells in the related art, and a third frestreccture type (frame structure type 3,
FS3) is used for (configured to) the LAA cell. Ndtet either an LAA cell of the first
frame structure type or an LAA cell of the secorairfe structure type may be used (may
be configured).

[0149]

The first frame structure type is applied to theedaency Division Duplex
(FDD). In other words, FS1 is applied to a cell igp®n supporting the FDD. FS1 is
applicable to both the Full Duplex-FDD (FD-FDD) artde Half Duplex-FDD
(HD-FDD). In the FDD, 10 subframes can be used#mh of downlink transmission and
uplink transmission. In the FDD, the downlink tramssion and the uplink transmission
are separated in the frequency domain. In othedsyatifferent carrier frequencies are
used for the downlink transmission and the uplimnkngmission. In an HD-FDD
operation, the terminal apparatus cannot perfoamsmission and reception at the same
time, but in an FD-FDD operation, the terminal ajapas can perform transmission and
reception at the same time.

[0150]

Moreover, HD-FDD has two types: for a type A HD{peration, a guard

period is created by a terminal apparatus by n#iveng the last part (last symbol) of a

downlink subframe immediately before an uplink sabfe from the same terminal
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apparatus; and for a type B HD-FDD operation, gymmdlods, each referred to as an HD

guard subframe, are created by a terminal apparfagusiot receiving a downlink
subframe immediately before an uplink subframe ftbensame terminal apparatus, and
by not receiving a downlink subframe immediatelyeafan uplink subframe from the
same terminal apparatus. That is, in the HD-FDDratjen, a guard period is created by
the terminal apparatus controlling a reception esscof the downlink subframe. The
symbols may include either OFDM symbols or SC-FDB#nbols.

[0151]

The second frame structure type is applied to Tasion Duplex (TDD). In
other words, FS2 is applied to a cell operationpsujing the TDD. Each radio frame
includes two half-frames. Each half-frame includiége subframes. The UL-DL
configuration in a certain cell may be changeddach radio frame. The subframe in
uplink or downlink transmission may be controlledhe latest radio frame. The terminal
apparatus can acquire the UL-DL configuration i ldtest radio frame via a PDCCH or
higher layer signalling. Note that the UL-DL configtion indicates a constitution of an
uplink subframe, a downlink subframe, and a spesidiframe, in TDD. The special
subframe includes a Downlink Pilot Time Slot (DwBEBabling downlink transmission,
a guard period (GP), and an Uplink Pilot Time S(@pPTS) in which uplink
transmission is possible. The configurations of &P TS and the UpPTS in the special
subframe are managed in a table, so that the taln@pparatus can acquire the
constitution via higher layer signalling. Note thla¢ special subframe serves as a switch
point from downlink to uplink. Specifically, at tlsvitching point, the terminal apparatus
changes from reception to transmission, and the Istation apparatus changes from
transmission to reception. The switching point rhaye a 5 ms cycle and a 10 ms cycle.
In a case that a switching point has a 5 ms cyiatespecial subframe exists in both half
frames. In a case that a switching point has a 4Qyule, the special subframe exists
only in a first half frame.

[0152]

The Normal Cyclic Prefix (NCP) and the ExtendedckzyPrefix (ECP) are
applied to FS1 and FS2.
[0153]

The third frame structure type is applied to aehsed Assisted Access (LAA)
secondary cell operation. Alternatively, only theCR may be applied to FS3. 10
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subframes included in the radio frame are usedldovnlink transmission. The terminal
apparatus performs processing on a subframe asnpty esubframe without assuming
that a signal exists in the subframe, unless otiserwpecified or as long as downlink
transmission is not detected in the subframe. Dimkritansmission exclusively uses one
or multiple consecutive subframes. The consecuiddrames include the first subframe
and the last subframe. The first subframe stadsfany symbol or slot (e.g., OFDM
symbol #0 or #7) of the subframe. In the last saf, the full subframe or the number
of symbols based on one DWPTS duration is exclisiueed. Note that whether the
certain subframe in the consecutive subframesdslakt subframe is indicated to the
terminal apparatus by using a certain field incthde the DCI format. The field may
further indicate the subframe in which the fieldshaeen detected or the number of
OFDM symbols used in the next subframe. In the R&8, base station apparatus
performs a channel access procedure associated ththLBT before downlink
transmission.

[0154]

The terminal apparatus and the base station apgasapporting the FS3 may
perform communication in a frequency band requinndicense.
[0155]

The operating band corresponding to the LAA or 88 may be managed
together with a table of the EUTRA operating baRdr example, the indices for the
EUTRA operating band are managed using 1 to 44 tlenihdex for the operating band
corresponding to the LAA (or LAA frequency) is mged using 46. For example, in the
case of index 46, only the downlink frequency bara be defined. In the case of some
of the indices, the uplink frequency band may tsemneed in advance as is reserved or
will be defined later. Moreover, corresponding @upimode may be a duplex mode
different from FDD or TDD or may be FDD or TDD. Thequency in which the LAA
operation is possible is preferably 5 GHz or highetr may be 5 GHz or lower. In other
words, as the operating band corresponding to &, ILAA operation communication
may be performed in the associated frequency.

[0156]

Moreover, the third frame structure type may befgmably a frame structure
type corresponding to a TDD cell that can perforamgmissions at the same frequency
both in the uplink and in the downlink while havingaracteristics of an FDD cell. For
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example, the third frame structure type may havmkigubframes, downlink subframes,
and special subframes but may be similar to the EBDin terms of an interval from
reception of the uplink grant until a transmissairthe PUSCH scheduled in the uplink
grant or an interval from reception of the PDSCHH®BRQ feedback to the PDSCH.
[0157]

Furthermore, the third frame structure type maylteferably a frame structure
type independent of a TDD uplink/downlink (TDD ULLZDconfiguration in the related
art. For example, the uplink subframes, the downlgubframes, and the special
subframes may be aperiodically configured for thaio frame. For example, the uplink
subframes, the downlink subframes, and the spsula#ffames may be determined based
on the PDCCH or the EPDCCH.

[0158]

Here, the non-allocated frequency is a frequeritfgrdnt from the allocated
frequency that is allocated as a dedicated frequtna prescribed operator. For example,
the non-allocated frequency is a frequency used lireless LAN. For example, the
non-allocated frequency is a frequency which isawstfigured to the LTE in the related
art, and the allocated frequency is a frequencylwban be configured by the LTE in the
related art. In the present embodiment, the frequearonfigured to the LAA cell is
described as the non-allocated frequency, but idimited to this. In other words, the
non-allocated frequency can be replaced with auftagy configured to the LAA cell.
For example, the non-allocated frequency is a eagy which cannot be configured to
the primary cell, and is a frequency which can dwefigured only to the secondary cell(s).
For example, the non-allocated frequency includdsequency shared with multiple
operators. For example, the non-allocated frequéneyfrequency which is configured
only to a cell configured, assumed and/or procesd#elently from the primary cell or
secondary cell(s) of the related art.

[0159]

The LAA cell may be a cell which uses a differemtthod from the method of
the related art for structures of radio frames,sptgl signals and/or physical channels
according to LTE, and a communication procedure.

[0160]
For example, in the LAA cell, prescribed signafsl/ar channels configured

(transmitted) by the primary cell and/or the se@wgdcell(s) are not configured
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(transmitted). The prescribed signals and/or chanmelude the CRS, the DS, the
PDCCH, the EPDCCH, the PDSCH, the PSS, the SSfBI@H, a PHICH, a PCFICH,
the CSI-RS and/or an SIB, or the like. For examile,signals and/or the channels that
are not configured in the LAA cell are as follows. addition, the signals and/or the
channels described below may be used in combinaidote that in the present
embodiment, the signals and/or the channels tleahatr configured in the LAA cell may
also be read as signals and/or channels whoseahenissions from the LAA cell are
not expected by the terminal.

(1) In the LAA cell, control information of a phigal layer is not transmitted on
the PDCCH, but is transmitted only on the EPDCCH.

(2) In the LAA cell, the CRS, the DMRS, the URBe PDCCH, the EPDCCH
and/or the PDSCH are not transmitted in subframistware activated (on-state) or all
subframes, and the terminal does not assume #msrhission in all subframes.

(3) In the LAA cell, the terminal assumes transias of the DSs, the PSSs
and/or the SSSs in subframes which are activatedtate).

(4) In the LAA cell, information of CRS mapping amnounced to the terminal
for each subframe, and the terminal assumes ther@d&ping based on the information.
For example, according to the assumption of the @RBping, the CRS is not mapped
onto all resource elements of the correspondindraoie. According to the assumption
of the CRS mapping, the CRS is not mapped onto gfarésource elements (e.g., all
resource elements in two head OFDM symbols) of theresponding subframe.
According to the assumption of the CRS mapping, @RSs are mapped onto all
resource elements of the corresponding subframee¥ample, the information of the
CRS mapping is announced from the corresponding télhor a cell different from the
corresponding LAA cell. The information of the CRf&pping is included in the DCI and
is announced on the PDCCH or the EPDCCH.

[0161]

For example, in the LAA cell, the prescribed signand/or channels which is
not configured (transmitted) by the primary celldar the secondary cell(s) is
configured (transmitted).

[0162]
For example, in the LAA cell, only downlink compemt carrier or subframe is

defined, and only downlink signal and/or channel taansmitted. In other words, in the
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LAA cell, uplink component carrier or subframe istmefined, and uplink signal and/or
channel is not transmitted.
[0163]

For example, in the LAA cell, a Downlink Contraiformation (DCI) format
which can be supported is different from a DCI fatrwhich can support the primary
cell and/or the secondary cell(s). The DCI formdtioh supports only the LAA cell is
defined. The DCI format which supports the LAA caitludes control information
which is only valid for the LAA cell.

[0164]

The terminal apparatus can recognize the LAA dedised on a parameter
provided by the higher layer. For example, the teanapparatus can recognize a cell
(band) in the related art or the LAA cell (LAA banthased on a parameter indicative of
the center frequency of the component carrierhis ¢ase, information about the center
frequency is associated with the type of the dxlhg).

[0165]

For example, in the LAA cell, the assumption of #ignals and/or channels is
different from the secondary cells in the related a
[0166]

First, the assumption of the signals and/or chiannehe secondary cells of the
related art will be described. A terminal that Si@s part or all of the following
conditions assumes that the PSS, the SSS, the PBEKERS, the PCFICH, the PDSCH,
the PDCCH, the EPDCCH, the PHICH, the DMRS andf@ €SI-RS may not be
transmitted by the secondary cell except transorisef the DS. The terminal assumes
that the DS is always transmitted by the secondally The assumption continues to a
subframe in which an activation command (a comnfandctivation) is received by the
terminal in the secondary cell at a certain cafreguency.

(1) The terminal supports a configuration (parametssociated with the DS.

(2) RRM measurements based on the DS is configtoretie terminal in the
secondary cell.

(3) The secondary cell is deactivated (deactivatatt).

(4) Reception of the MBMS by a higher layer is nohfigured to the terminal
in the secondary cell.

[0167]
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Furthermore, in a case that the secondary celttivated (activated state), the
terminal assumes that the PSS, the SSS, the PBEHCRS, the PCFICH, the PDSCH,
the PDCCH, the EPDCCH, the PHICH, the DMRS andier@SI-RS are transmitted by
the secondary cell in a configured prescribed subér or all subframes.

[0168]

Next, an example of the assumption of the sigaat¥or channels in the LAA
cell will be described. A terminal that satisfiearipor all of the following conditions
assumes that the PSS, the SSS, the PBCH, the GRSGFICH, the PDSCH, the
PDCCH, the EPDCCH, the PHICH, the DMRS and/or th8I-RS may not be
transmitted together with transmission of the DSthg LAA cell. The assumption
continues to a subframe in which an activation camdn(a command for activation) is
received by the terminal in the secondary cell @rain carrier frequency.

(1) The terminal supports a configuration (paranetssociated with the DS.

(2) RRM measurements based on the DS is configtoretie terminal in the
LAA cell.

(3) The LAA cell is deactivated (deactivated state

(4) Reception of the MBMS by a higher layer is nohfigured to the terminal
in the LAA cell.

[0169]

Furthermore, another example of the assumptiaiefignals and/or channels
in the LAA cell will be described. In a case thag L AA cell is deactivated (deactivated
state), the assumption of the signals and/or channdhe LAA cell is the same as the
assumption of the signals and/or channels in toerstary cells in the related art. In a
case that the LAA cell is activated (activatedejtathe assumption of the signals and/or
channels in the LAA cell is different from the asgtion of the signals and/or channels
in the secondary cells in the related art. In eeddst, for example, the LAA cell is
activated (activated state), the terminal assufmassthe LAA cell may not transmit the
PSS, the SSS, the PBCH, the CRS, the PCFICH, tt8&CPDthe PDCCH, the EPDCCH,
the PHICH, the DMRS and/or the CSI-RS except agpitesd subframe configured to
the LAA cell. Details will be described below.

[0170]
Furthermore, the description has been given @fse ¢hat CCA is performed on

one subframe, but a time (period) for performingA0€ not limited to this. The period
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for performing CCA may vary per LAA cell, per CCiiing, or per execution of CCA.

For example, CCA is performed at a time based prescribed time slot (a time interval
or a time domain). This prescribed time slot maydeé&ned or configured based on a
time obtained by dividing one subframe by the mibsd number. The prescribed time
slot may be determined or configured by the presdrinumber of subframes.

[0171]

Furthermore, in the present embodiment, a fietd g the time domain such as
a time (time slot) for performing CCA or a timewhich the channel and/or signal are
transmitted (can be transmitted) in a certain sub& can be expressed by using a
prescribed time unit. For example, the field siz¢hie time domain is expressed by some
time units Ts. Ts is 1/(15000 x 2048) seconds.egxample, one subframe time is 30720
x Ts (one millisecond). For example, one ICCA #$botgth or defer period is 1044 x Ts
(approximately 33.98 microseconds) or 1045 x Tei@dmately 34.02 microseconds).
For example, one ECCA slot length is 276 x Ts (apjpnately 8.984 microseconds) or
277 x Ts (approximately 9.017 microseconds). Fangde, one ECCA slot length is 307
x Ts (approximately 9.993 microseconds) or 308 x (&pproximately 10.03
microseconds).

[0172]

Furthermore, whether the LAA cell can transmit ttfeannel and/or signal
(including the reservation signal) from an intermaggl symbol in a certain subframe may
be configured for the terminal or the LAA cell. Fekample, information indicating
whether such transmission is possible in the candiion on the LAA cell is configured
to the terminal by the RRC signaling. The termissaitches processing associated with
reception (monitoring, recognition, and decoding) tee LAA cell, based on the
information.

[0173]

Furthermore, subframes in which symbols can bestritted from an
intermediate symbol (also including subframes inclwlsymbols up to the intermediate
symbol can be transmitted) may be all subframeshia cell. Furthermore, subframes in
which symbols can be transmitted from the intermidisymbol may be subframes
defined in advance for the LAA cell or configuratbffames.

[0174]
Furthermore, subframes in which symbols can bestrétted from the
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intermediate symbol (also including subframes inclwlsymbols up to the intermediate
symbol can be transmitted) can be configured, amced or determined based on an
Uplink/Downlink configuration (UL/DL configurationgqccording to TDD. For example,
such subframes are subframes announced (designasedpecial subframes by the
UL/DL configuration. Each of the special subframasthe LAA cell is a subframe
including at least one of the three fields, a DamkPilot Time Slot (DWPTS), a Guard
Period (GP), and an Uplink Pilot Time Slot (UpPT$he configuration on the special
subframe in the LAA cell may be configured or anmoed by the RRC signaling or
PDCCH or EPDCCH signaling. This configuration cgnfies a length in time of at least
one of the DWPTS, the GP and the UpPTS. Furtherntbie configuration is index
information indicating candidates of the predetewdi length in time. Furthermore, for
this configuration, the same length in time as@vePTS, the GP and the UpPTS used
for the special subframe configuration configuredhe TDD cells in the related art can
be used. In other words, the length in time in Whi@nsmission is possible in a certain
subframe is determined based on one of the DWRESGP and the UpPTS.

[0175]

Further, in the present embodiment, the resemvatignal may be a signal that
can be received by a LAA cell different from the A&ell that transmits the reservation
signal. For example, the LAA cell different frometlLAA cell that transmits the
reservation signal is the LAA cell (neighboring LA%Il) neighboring to the LAA cell
that transmits the reservation signal. For examphbe, reservation signal includes
information of a transmission state (use stateg pfescribed subframe and/or symbol in
the LAA cell. In a case that the LAA cell differefitom the LAA cell that transmits a
certain reservation signal receives the reservatignal, the LAA cell having received
the reservation signal recognizes the transmisstiatie of the prescribed subframe and/or
symbol, based on the reservation signal, and pag@cheduling according to the state.
[0176]

Furthermore, the LAA cell having received the reagon signal may perform
LBT before transmitting a channel and/or signalisTHTB is performed based on the
received reservation signal. For example, duriigytBT, the channels and/or the signals
transmitted (assumed to be transmitted) from theALl&ell having transmitted the
reservation signal are taken into considerationd aoheduling including resource

allocation and MCS selection is performed.
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[0177]

Furthermore, in a case that the LAA cell havingereed the reservation signal
performs scheduling of transmitting the channet¥@nsignals, based on the reservation
signal, it is possible to announce information ofts scheduling to one or more LAA
cells including the LAA cell having transmitted shieservation signal according to a
prescribed method. For example, the prescribed adetha method for transmitting the
prescribed channel and/or signal including the rved®n signal. Furthermore, for
example, the prescribed method is a method foropmihg announcement via a
backhaul such as an X2 interface.

[0178]

Furthermore, according to carrier aggregation @ndlual connectivity, a
terminal of the related art can configure up tefserving cells. However, the terminal
according to the present embodiment can extendxémman number of serving cells that
can be configured. In other words, the terminabadiog to the present embodiment can
configure more than five serving cells. For examgiie terminal according to the present
embodiment can configure up to 16 or 32 servintscEbr example, the more than five
serving cells configured by the terminal accordinghe present embodiment include the
LAA cell. Furthermore, all of the more than fivengag cells configured by the terminal
according to the present embodiment may be the télA
[0179]

Furthermore, in a case that the more than fiveirsgicells can be configured, a
configuration on part of the serving cells may lféecent from the configuration of the
serving cells in the related art (i.e., the secondall(s) in the related art). For example,
differences of this configuration are as followseTconfigurations described below may
be used in combination.

(1) To the terminal, up to five serving cells iretrelated art are configured, and
up to 11 or 27 serving cells different from serviwls in the related art are configured.
In other words, to the terminal, in addition toramary cell of the related art, up to four
secondary cells of the related art are configused] up to 11 or 27 secondary cells
different from the secondary cells of the relatechee configured.

(2) The configuration on the serving cells (se@mgdcells) different from the
serving cells of the related art includes configjoress on an LAA cell. For example, to

the terminal, in addition to the primary cell irethelated art, up to four secondary cells
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that do not include the configuration on the LAAl@e configured, and up to 11 or 27
secondary cells different from the secondary deltbe related art are configured.
[0180]

Furthermore, in a case that the more than fiveirsgrcells can be configured,
the base station (including the LAA cell) and/oe tterminal can perform different
processing or assumption compared to the case upato five serving cells are
configured. For example, differences of the proogsand assumption are as follows.
The processing or the assumption described belopmaised in combination.

(1) Even in the case that the more than five sgndgells are configured, the
terminal assumes that the PDCCH, the EPDCCH artkdéoPDSCH are simultaneously
transmitted (received) from the five serving cedls maximum. Consequently, the
terminal can use the same method as the methdeeaktated art, for reception of the
PDCCH, the EPDCCH and/or the PDSCH and transmissfollARQ-ACK for the
PDSCH.

(2) In the case that the more than five servinglscare configured, a
combination (group) of cells for bundling of HARQEKs for the PDSCHs in these
serving cells are configured to the terminal. Faaraple, all serving cells, all secondary
cells, all LAA cells or all secondary cells diffetefrom the secondary cells in the related
art include information (configuration) on bundlinfHARQ-ACKs between the serving
cells. For example, the information of the bundloffHARQ-ACKSs between the serving
cells is an identifier (an index or an ID) for pmrhing the bundling. For example, the
bundling is performed on the HARQ-ACKSs over celsving the same identifier to be
bundled. This bundling is performed according togical AND operation for the target
HARQ-ACKs. Furthermore, the maximum number of idfers to be bundled can be
five. Furthermore, the maximum number of identdigo be bundled can be five
including the number of cells that does not perftumdling. In other words, the number
of groups to perform bundling over the serving <etlan be five at maximum.
Consequently, the terminal can use the same methaolde method of the related art, for
reception of the PDCCH, the EPDCCH and/or the PDS&td transmission of
HARQ-ACK for the PDSCH.

(3) In the case that the more than five servinglscare configured, a
combination (group) of cells for multiplexing of HRQ-ACKs for the PDSCHs in these
serving cells are configured to the terminal. la tase that the combination (group) of
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the cells for multiplexing of the HARQ-ACKs for thEeDSCHs is configured, the

multiplexed HARQ-ACKs are transmitted on the PUCGHhe PUSCH, based on the
group. The maximum number of serving cells to bdtiplexed is defined or configured

for each group. The maximum number is defined arfigared based on the maximum
number of serving cells configured to the termifal example, the maximum number is
the same as the maximum number of serving celligrord to the terminal, or half the

maximum number of serving cells configured to theminal. Furthermore, the

maximum number of PUCCHs to be simultaneously tratied is defined or configured

based on the maximum number of serving cells tmmbkiplexed in each group and the
maximum number of serving cells configured to terinal.

[0181]

In other words, the number of configured firstveay cells (i.e., the primary cell
and/or the secondary cell(s)) is a prescribed nunfibe, five) or less. A total of the
configured first serving cells and second servidl ¢i.e., LAA cell) exceeds the
prescribed number.

[0182]

Next, terminal capability associated with LAA wile described. The terminal
announces (transmits) information (terminal capigfibn capability of the terminal to
the base station by the RRC signaling, based aomarand from the base station. The
terminal capability of a certain function (featui® announced (transmitted) in a case that
the function (feature) is supported, and is notoaimced (transmitted) in a case that the
function (feature) is not supported. Furthermohe terminal capability of the certain
function (feature) may be information indicating etier testing and/or mounting this
function (feature) has been finished. For examible, terminal capability according to
the present embodiment is as follows. The termiaglability described below may be
used in combination.

(1) The terminal capability associated with suppufrthe LAA cell, and the
terminal capability associated with support of afauration of more than five serving
cells are independently defined. For example, &mminal that supports the LAA cell
supports the configuration of the more than fivevieg cells. In other words, the
terminal that does not support the configuratiorthef more than five serving cells does
not support the LAA cell. In this case, the ternhitheat supports the configuration of the

more than five serving cells may or may not supgutLAA cell.
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(2) The terminal capability associated with suppufrthe LAA cell, and the
terminal capability associated with support of afauration of more than five serving
cells are independently defined. For example, ¢énminal that supports the configuration
of the more than five serving cells supports theALZell. In other words, the terminal
that does not support the LAA cell does not suppwetconfiguration of the more than
five serving cells. In this case, the terminal thapports the LAA cell may or may not
support the configuration of the more than fivevsey cells.

(3) The terminal capability associated with dowklin the LAA cell, and the
terminal capability associated with uplink in thAA cell are independently defined. For
example, the terminal that supports the uplinkhie LAA cell supports the downlink in
the LAA cell. In other words, the terminal that da®t support the downlink in the LAA
cell does not support the uplink in the LAA cel. this case, the terminal that supports
the downlink in the LAA cell may or may not supptre uplink in the LAA cell.

(4) The terminal capability associated with supparthe LAA cell includes
support of a transmission mode configured onlhltAA cell.

(5) The terminal capability associated with thewdtink according to the
configuration of the more than five serving ceied the terminal capability associated
with the uplink according to the configuration bétmore than five serving cells serving
cells are independently defined. For example, #renihal that supports the uplink
according to the configuration of the more thare fserving cells supports the downlink
according to the configuration of the more tharefserving cells. In other words, the
terminal that does not support the downlink aceaydio the configuration of the more
than five serving cells does not support the upéickording to the configuration of the
more than five serving cells. In this case, thenteal that supports the downlink
according to the configuration of the more thame fserving cells may or may not support
the uplink according to the configuration of thermthan five serving cells.

(6) Regarding the terminal capability accordindhe configuration of the more
than five serving cells, terminal capability thapports a configuration of 16 downlink
serving cells (component carriers) at maximum, gamchinal capability that supports a
configuration of 32 downlink serving cells at maxim are independently defined.
Furthermore, the terminal that supports the comdiion of 16 downlink serving cells at
maximum supports the configuration of at least opknk serving cell. The terminal that

supports the configuration of 32 downlink servingll€ at maximum supports the
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configuration of at least two uplink serving cel$at is, the terminal that supports the
configuration of 16 downlink serving cells at maxim may not support the
configuration of two or more uplink serving cells.

(7) The terminal capability associated with themart of the LAA cell is
announced based on a frequency (band) used byAAetll. In a case that, for example,
the terminal announces a supported frequency areguéncy combination, and the
announced frequency or frequency combination iresuak least one frequency used by
the LAA cell, the terminal implicitly announces ththis terminal supports the LAA cell.
In other words, in a case that the announced fremyuer frequency combination does
not include the frequency used by the LAA cell lhttae terminal implicitly announces
that this terminal does not support the LAA cell.

(8) The terminal capability associated with upliimk the LAA cell and the
terminal capability associated with second PRACHeaptble transmission are
independently defined. For example, in a case thatterminal apparatus supports
second PRACH preamble transmission, the termingbamgius supports uplink
transmission. In other words, the terminal apparaiot supporting uplink transmission
does not support second PRACH preamble transmissiorihis case, the terminal
apparatus supporting uplink transmission may suppat need not support second
PRACH preamble transmission.

[0183]

Furthermore, the present embodiment has descalmse where the LAA cell
transmits the PDCCH or the EPDCCH for announcing CI for the PDSCH
transmitted from this LAA cell (i.e., a case offsstheduling), but is not limited to this.
The method described in the present embodimenppticable also in a case that, for
example, a serving cell different from the LAA cethnsmits the PDCCH or the
EPDCCH for announcing the DCI for the PDSCH trarniadifrom the LAA cell (i.e., a
case of cross carrier scheduling).

[0184]

Furthermore, in the present embodiment, the in&tion for recognizing the
symbols in which the channels and/or signals aaestmitted may be based on the
symbols in which the channels and/or signals aretramsmitted. For example, this
information is information indicating the last syatbof the symbols in which the

channels and/or signals are not transmitted. Furtbee, the information for recognizing
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the symbols in which the channels and/or signatsteansmitted may be determined
based on other information or parameters.
[0185]

Furthermore, in the present embodiment, the sysabolwhich the channels
and/or signals are transmitted may be independenothfigured (announced or defined)
to the channels and/or signals. In other words, ittiermation for recognizing the
symbols in which the channels and/or signals amasmitted, and the announcement
method of the information can be independently icoméd (announced or defined) to
the channels and/or signals. For example, thenmdition for recognizing the symbols in
which the channels and/or signals are transmittad,the announcement method of the
information may be independently configured (anromehor defined) for the PDSCH
and the EPDCCH.

[0186]

Furthermore, in the present embodiment, symbdiffames in which the
channels and/or signals are not transmitted (canbet transmitted) may be
symbols/subframes in which the channels and/or atsgrare not assumed to be
transmitted (be able to be transmitted) from a piewt of the terminal. That is, the
terminal can regard that the LAA cell does not $rait the channels and/or signals in the
symbols/subframes.

[0187]

Furthermore, in the present embodiment, the sysiabframes in which the
channels and/or signals are transmitted (can berrdted) may be symbols/subframes
in which the channels and/or signals may be assutoede transmitted from the
viewpoint of the terminal. In other words, the taral can regard that the LAA cell may
or may not transmit the channels and/or signalkersymbols/subframes.

[0188]

Furthermore, in the present embodiment, the sysiabframes in which the
channels and/or signals are transmitted (can berrdted) may be symbols/subframes
in which the channels and/or signals are assumeletsurely transmitted from the
viewpoint of the terminal. That is, the terminalnceegard that the LAA cell surely
transmits the channels and/or signals in the systdbframes.

[0189]

Next, an example of a configuration of a downlnekerence signal in the LAA
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cell will be described.
[0190]

FIG. 5 is a diagram illustrating an example of doafiguration of the downlink
reference signal. By way of example, the CRSs aambpped to REs RO to R3. RO
denotes examples of the REs on which the CRS ehaatport 0 is mapped, R1 denotes
examples of the REs on which the CRS of antenna pds mapped, R2 denotes
examples of the REs on which the CRS of antenna 2@ mapped, and R3 denotes
examples of the REs on which the CRS of antenna3isrmapped. Note that the CRSs
may be shifted, for mapping, in the frequency dioec according to a parameter
associated with the cell identity. Specifically, andex k for which the RE specifies
mapping is increased based on a value $fdinod6. Here, Ky denotes the value of
the physical cell identity. The DMRSs can be mapfe®Es D1 and D2. D1 denotes
examples of the REs on which the DMRSs of anteromts 7, 8, 11, 13 are mapped, and
D2 denotes examples of the REs on which the DMR&sitenna ports 9, 10, 12, 14 are
mapped. The CSI-RSs can be mapped to REs C1 t&@@denotes examples of the REs
on which the CSI-RSs of antenna ports 15, 16 angped C1 denotes examples of the
REs on which the CSI-RSs of antenna ports 17, é8rapped, C2 denotes examples of
the REs on which the CSI-RSs of antenna ports 09ar2 mapped, and C3 denotes
examples of the REs on which the CSI-RSs of antgrumts 21, 22 are mapped. Note
that the CSI-RS may be mapped to the RE at OFDNbsy#b or #6 in slot 0 and to the
RE at OFDM symbol #1, #2, or #3 in slot 1. The RiBswhich the CSI-RS is mapped
are indicated based on a parameter provided blyiginer layer.

[0191]

Next, the relationship between a downlink transinis, an uplink transmission,
and LBT will be described.
[0192]

FIG. 7 illustrates an example of the relationgb@bween the interval between a
downlink transmission and an uplink transmissiod &pes of LBT on the time axis
according to the present embodiment. In (a) of HGa case where the downlink
transmission and the uplink transmission are gefiity distant from each other on the
time axis is illustrated. In the case where the mlow transmission and the uplink
transmission are sufficiently distant from eacheottor example, the interval between

the downlink transmission and the uplink transnoissis at least one subframe (1
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millisecond). In such a case, there is no chartaé §channel sensing result) correlation
between the downlink transmission and the upliakgmission, thus leading to the need
to perform LBT involving sufficient carrier sensiran each transmission. Here, LBT
performed before the uplink transmission in (a)Ft6. 7 is referred to as first uplink
LBT. In (b) of FIG 7, a case where the downlinlansmission and the uplink
transmission are slightly distant from each othetle time axis is illustrated. In the case
where the downlink transmission and the uplink graission are slightly distant from
each other, for example, the interval between th&ntink transmission and the uplink
transmission corresponds to several symbols (setema of microseconds to several
hundred microseconds). In such a case, CCA perfbrrbefore the downlink
transmission may be considered to allow the chasta¢¢ (channel sensing result) to be
also maintained before the uplink transmission. sThihe terminal apparatus may
perform simplified CCA before transmitting an ugdisignal. Here, LBT performed
before the uplink transmission in (b) of FIG. tae¢erred to as second uplink LBT. In (c)
of FIG. 7, a case where the downlink transmissiod tine uplink transmission are not
substantially distant from each other on the tixis & illustrated. In the case where the
downlink transmission and the uplink transmissioa ot substantially distant from each
other, for example, the interval between the domknltransmission and the uplink
transmission is several microseconds to severad t@nmicroseconds, such as 34
microseconds or 40 microseconds. In such a casbaianel is reserved for the uplink
transmission by the downlink transmission, and thins downlink transmission and the
uplink transmission may be regarded as one trasgmnisburst. Thus, the terminal
apparatus may perform an uplink transmission withmerforming CCA. As in these
examples, the uplink signal and/or channel canfiestly transmitted also in the LAA
cell by changing the LBT procedure to be perfornatording to the interval between
the downlink transmission and the uplink transnoissi

[0193]

The uplink transmission and the downlink transioissin FIG. 7 may be
interchanged with each other. In other words, downnLBT may be omitted in a case
that the uplink transmission and the downlink traission are not substantially distant
from each other on the time axis.

[0194]
A procedure for uplink LBT relating to PRACH prebla transmission will be
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described below.
[0195]

The base station apparatus can reserve in advameeor multiple PRACH
resources for the terminal apparatus. The PRACbures that the base station apparatus
reserves for the terminal apparatus is referrealsto as a reservation resource below. The
base station apparatus may reserve the same PRASGbUrce for the terminal
apparatuses in a cell or may reserve different PRA€sources in a terminal apparatus
group constituted by one or multiple terminal appases. The base station apparatus can
notify the terminal apparatus of information on thservation resource by including the
reservation resource in PDCCH, RRC signaling, PDSEBLH, MIB, SIB, or the like.
[0196]

The terminal apparatus can perform uplink LBT artpof or all the resources
reserved for PRACH, based on the reservation resonotified by the base station
apparatus. In a case that the terminal apparatferpms PRACH preamble transmission
by using the PRACH resource (the PRACH resource tmaya term including the
reservation resource, in the present embodimemt),PRACH preamble transmission
may be performed based on uplink LBT.

[0197]

In a case that the terminal apparatus performs@Rpreamble transmission by
using the PRACH resource, the PRACH preamble traassom may be performed
without being based on uplink LBT. In particulaw, a case that the terminal apparatus
performs PRACH preamble transmission by using #senvation resource, the PRACH
preamble transmission may be performed withoutdbased on uplink LBT.

[0198]

FIG. 21 is a diagram illustrating an example afer@ation resources configured
for terminal apparatuses.
[0199]

In the example illustrated in FIG. 21, the firkitgindicated in a grid pattern) of
the multiple PRACH slots in the PRACH resource liscated to a terminal apparatus
1-A (allocated to a reservation resource 1-A),tttiel PRACH slot (indicated by oblique
lines) is allocated to the terminal apparatus Bib¢ated to a reservation resource 1-B),
the fourth PRACH slot (indicated by vertical lings)allocated to a terminal apparatus

1-C (allocated to a reservation resource 1-C). &s@mple, in a case that the terminal
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apparatus 1-C performs CCA, the terminal apparktGscan perform CCA in part of the

reservation resource for the terminal apparatus (pa3iod for performing the fourth
CCA in FIG. 21 (fourth CAA period)) or/and part tie reservation resource for the
terminal apparatus 1-C (period for performing thifehfCCA in FIG. 21 (fifth CAA
period)). Note that in a case that a reservati@ouee is reserved by the base station
apparatus (for example, a case that a reservatgource is reserved in advance through
CCA by the base station apparatus), the terminphi@bus 1 can transmit the PRACH
preamble without performing CCA. The base statippasatus may transmit, to the
terminal apparatus, information indicating whetheneservation resource is reserved by
the base station apparatus. The information inidigathether the reservation resource is
reserved by the base station apparatus may bedettlin the information notified
through higher layer signalling or information inded in the PDCCH (PDCCH order).
The terminal apparatus may determine whether ttoparuplink LBT corresponding to
PRACH preamble transmission, based on the infoonatindicating whether a
reservation resource is reserved by the base rsigpiparatus.

[0200]

Note that in a case that the terminal apparatGspkrforms CCA in the period
for performing the fourth CCA, it is preferable tilhe PRACH preamble transmitted by
the terminal apparatus 1-B by using the reservatesource 1-B be shorter than the
period of the reservation resource 1-B and thatrdresmission of the PRACH preamble
be completed before the period for performing thath CCA.

[0201]

In a case that the terminal apparatus 1-C perfoPRACH preamble
transmission in the reservation resource 1-C, émmihal apparatus 1-C can perform
CCA in the period for performing the sixth CCA drwetseventh CCA. The period for
performing the sixth CCA is a period configured iedrately before the PRACH
resource, and the terminal apparatus 1-C perfor@A i@ the period for performing the
sixth CCA to thereby assume that the PRACH resoisceeserved. The period for
performing the seventh CCA is in a first portion the PRACH resource, and the
terminal apparatus 1-C performs CCA in the periodperforming the seventh CCA to
thereby assume that a resource for a later pothian the period for performing the
seventh CCA in the PRACH resource is reserved. Matethe period for performing the

seventh CCA may be configured by including pani@tiods of the reservation resource
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1-A, the reservation resource 1-B, the reservatesource 1-C, and the reservation
resource 1-X. For example, the period for perfognithe seventh CCA may be
configured as a period including part of the reagBon resource 1-A from the time point
of PRACH resource start.

[0202]

Note that the period for performing the sixth C&#d the period for performing
the seventh CCA may be CCA periods configured deofor the terminal apparatus 1-A
or the terminal apparatus 1-B to transmit the PRA®&amble. Moreover, the period for
performing the fourth CCA may be configured as atiglaperiod of the reservation
resource for a terminal apparatus different frora terminal apparatus 1, configured
before the reservation resource configured in ofderthe terminal apparatus 1 to
transmit the PRACH preamble. Moreover, the permdperforming the fifth CCA may
be configured as a partial period of the resermate&source configured in order for the
terminal apparatus 1 to transmit the PRACH preamble
[0203]

The terminal apparatus 1 may perform CCA in aqaemcluding part of or all
the period for performing the fourth CCA, the pdrimr performing the fifth CCA, the
period for performing the sixth CCA, and the periodperforming the seventh CCA.
[0204]

Note that the method of configuring reservatiosorgces is not limited to the
example in FIG. 21, and the same reservation resocan be configured for multiple
terminal apparatuses or a group of terminal appsestinstead of a terminal apparatus.
[0205]

The fourth CCA period may correspond to an ICCAqukor may correspond to
an ECCA period. The fifth CCA period may correspdndan ICCA period or may
correspond to an ECCA period.

[0206]

In a case that the terminal apparatus 1-C perf@@A4 to transmit the PRACH
preamble in the fourth CCA period, the period foe PRACH preamble transmitted from
the terminal apparatus 1-B is preferably in parthef PRACH slot instead of the entire
PRACH slot. In other words, a prescribed intervahynbe provided between the
reservation resource reserved by the terminal appgi-B and the reservation resource

reserved by the terminal apparatus 1-C. Alternbtivee guard time may be included in



10

15

20

25

30

65

the PRACH preamble transmitted by the terminal egtpa 1-B. The terminal apparatus
1-C may configure a period within the guard timeluled in the PRACH preamble
configured for the terminal apparatus 1-B, as theth CCA period. In consideration of
error in time synchronization and the like of teeminal apparatus 1-B, a period offset
with a prescribed period from the beginning of tard time included in the PRACH
preamble configured for the terminal apparatusrhdy be configured as the fourth CCA
period. Note that the end of the fourth CCA peiitothis case may be configured earlier
so as to match the beginning of the reservationuree configured for the terminal
apparatus 1-C.
[0207]

Details of uplink LBT will be described below.
[0208]

"Before performing an uplink transmission™ or "besf transmitting the uplink”
means before an indicated timing (subframe) forugblenk transmission.
[0209]

In the first uplink LBT, the CCA check is perforthenultiple times using the
backoff counter before the indicated timing for tinglink transmission. The terminal
apparatus attempts the CCA check the number ofstisgeial to a value in the backoff
counter. In a case that all the CCA checks reauthé determination that the channel is
idle, the terminal apparatus can acquire the righticcess the channel to transmit the
uplink.

[0210]

FIG. 8 illustrates an example of a procedure effttst uplink LBT. In a case of
detecting the uplink grant (S802) in the idle s{&801), the terminal apparatus performs
first CCA (S803). In the first CCA, first, the teimal apparatus randomly generates a
counter value N within the range from 0 to g - B@$1). Note that, in a case that a
numerical value associated with the counter valués Mhdicated by the base station
apparatus using the uplink grant, the terminal egdpa uses the counter value N based
on the numerical value instead of generating a sswalue. Note that, in a case that the
last LBT has not set the counter value to 0, wittalie remaining in the counter, the
terminal apparatus may use the remaining countarevll instead of generating a
counter value N. Then, the terminal apparatusss@@A at a prescribed timing (S8032).

The terminal apparatus senses the channel (mediumihg one CCA slot duration



10

15

20

25

30

66
(S8033) to determine whether the channel is idleustyy (S8034). The terminal apparatus
decrements the counter value N by one (S8035)camsa of determining that the channel
is idle, and returns to the idle state (S801) exbtef performing the uplink transmission
indicated by the uplink grant in a case of detemgnthat the channel is busy. The
terminal apparatus then determines whether theteowalue is 0 (S8036), and in a case
that the counter value is 0, acquires the righadoess the channel and proceeds to a
transmission operation (S804, S805). On the othadhin a case that the counter value
is not 0, the terminal apparatus senses the chgnmmedium) during one CCA slot
duration again (S8033). Note that, in a case thatcounter value N is generated, the
value in the collision window q is updated to awealfrom X to Y according to the
channel state (S8037). In a transmission procéms,tdrminal apparatus determines
whether to actually perform an uplink transmissabthat timing (S804), and in a case of
determining to perform the uplink transmission.fpens the uplink transmission (S805).
In a case of determining not to perform the uplirdnsmission, the terminal apparatus
returns to the idle state (S801) instead of perfiognthe uplink transmission indicated by
the uplink grant.
[0211]

The period of the first CCA may be preferably #a@ne as the ECCA period in
the downlink LBT.
[0212]

Note that the ICCA may be performed before thet {CCA as is the case with
the downlink LBT. However, even in a case that HBEA results in the determination
that the channel is idle, the uplink is not trartsedi and the procedure proceeds to the
first CCA operation.

[0213]

In the second uplink LBT, the CCA check is perfedronly once before the
instructed timing for the uplink transmission. Tieeminal apparatus attempts the CCA
check once. In a case of determining that the aklasendle as a result of the CCA check,
the terminal apparatus can acquire the right tessthe channel to transmit the uplink.
[0214]

FIG. 9 illustrates an example of a procedure efgacond uplink LBT. In a case
of detecting the uplink grant (S902) in the idlatst (S901), the terminal apparatus
performs second CCA (S903). In the second CCAtdfminal apparatus starts CCA at a
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prescribed timing (S9031). The terminal apparategooms the CCA check during a

CCA period to sense whether the channel is idlebasy (S9032). In a case of
determining that the channel is idle as a resulhefsecond CCA (S903), the base station
apparatus acquires the right to access the chaamélproceeds to a transmission
operation. On the other hand, in a case of deténgithat the channel is busy as a result
of the second CCA (S903), the terminal apparatusmne to the idle state (S901) instead
of performing the uplink transmission indicatedthg uplink grant. After proceeding to
the transmission operation, the terminal apparatetermines whether to actually
perform an uplink transmission at that timing (SQChd in a case of determining to
perform the uplink transmission, the terminal appas performs the uplink transmission
(S905). In a case of determining not to perform dipdnk transmission, the terminal
apparatus returns to the idle state (S901) instégmerforming the uplink transmission
indicated by the uplink grant.

[0215]

The period of the second CCA may be preferablystmae as the ICCA period
in the downlink LBT.
[0216]

The terminal apparatus may switch the first PRA@Eamble transmission and
the second PRACH preamble transmission, based gheihilayer signalling. For
example, the higher layer signalling is RRC sigmalin the RRC layer. The terminal
apparatus may switch the first and the second PRAf&dmble transmissions, based on
the value of a prescribed field included in the R&@haling. The prescribed field refers
to, for example, 1-bit information specifying thenfiguration of the PRACH preamble
configuration for the terminal apparatus. In a dase the prescribed 1 bit is indicative of
0 (false, invalid, impossible, first state), thenmal apparatus transmits the first or
second PRACH preamble. In a case that the presictilint is indicative of 1 (true, valid,
possible, second state), the terminal apparatussnriais the second or first PRACH
preamble.

[0217]

The terminal apparatus switches the first and m#d@RACH preambles, based
on the configuration of the PRACH resource confégliby higher layers. For example,
in a case that the configuration of the PRACH reseuncludes a PRACH slot, the

terminal apparatus transmits the second PRACH pkgamin a case that the
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configuration of the PRACH resource does not inelw PRACH slot, the terminal
apparatus transmits the first PRACH preamble.
[0218]

The terminal apparatus switches the first and m#dRACH preambles, based
on the information on signalling of the base statpparatus (e.g., PDCCH order). The
terminal apparatus may switch the first and th@sédRACH preamble transmissions,
based on the value of a prescribed field includethe PDCCH order. The prescribed
field refers to, for example, 1-bit information sfgging the configuration of the PRACH
preamble for the terminal apparatus. In a casethigaprescribed 1 bit is indicative of O
(false, invalid, impossible, first state), the témal apparatus may transmit the first or
second PRACH preamble. In a case that the presictiliyt is indicative of 1 (true, valid,
possible, second state), the terminal apparatustraagmit the second or first PRACH
preamble. Specifically, in a case that the basBostapparatus indicates start of a
random access process to a mobile station appathtidhase station apparatus may
transmit downlink control information on a specifarmat using prescribed code points
(e.g., the flag indicating the format type is sét"&', the flag indicating the radio
resource allocation method is set at "0", and ttiermation indicating radio resource
allocation is all set at "1") for particular reggnand a downlink control channel
including a C-RNTI assigned to the mobile statigparatus to which the start of the
random access process is indicated. The regioms tihn the particular regions in the
downlink control channel indicating the start ok thandom access process includes
information indicating a signature number and infation indicating random access
channel radio resources to which the mobile stamparatus may map a preamble in the
random access channel radio resources to whichladdwearrier elements correspond.
[0219]

The terminal apparatus may transmit the first PRA@eamble in a case that
the PDCCH order is detected in the first secondatlyand transmit the second PRACH
preamble in a case that the PDCCH order is detéctide secondary cell.

[0220]

The terminal apparatus may switch the first andosd PRACH preambles,
based on the information on the PRACH resourcdiedtby the base station apparatus.
For example, in a case that the information on RRACH resource (PRACH Mask

Index or the like) is notified through signalling/ the base station apparatus (e.g.,
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PRCCH order) and transmission of the PRACH preanibldhe PRACH slot is

configured, the terminal apparatus may transmit seeond PRACH preamble. In
contrast, in a case that the information on the RAesource (PRACH Mask Index or
the like) is notified through signalling by the bastation apparatus (e.g., PRCCH order)
and transmission of the PRACH preamble in a PRAEs$burce that is not the PRACH
slot is configured, the terminal apparatus maysmahthe second PRACH preamble.
[0221]

The terminal apparatus may switch the first aredsbcond PRACH preambles,
based on the type of the serving cell including BRACH resource. For example, in a
case that the PRACH resource is included in a $iesving cell, the terminal apparatus
transmits the first PRACH preamble; in a case thatPRACH resource is included a
second serving cell, the terminal apparatus traissimé second PRACH preamble.
[0222]

For example, the second PRACH is transmitted amlthe LAA Scell or/and,
the LAA Pscell (band 46, frame structure type 3aod the second secondary cell, while
the first PRACH is transmitted only in the firsteadary cell.

[0223]

In a case that the terminal apparatus has trateshito the base station
apparatus, capability information indicating tha¢ function of transmitting the second
PRACH preamble is provided, the terminal apparatay transmit the second PRACH
preamble. In a case that the terminal apparatustdaasmitted, to the base station
apparatus, capability information indicating tha¢ function of transmitting the second
PRACH preamble is not provided, the terminal apjparanay transmit the first PRACH
preamble. In a case that the terminal apparatus mloiehave the function of transmitting,
to the base station apparatus, capability inforomatin the function of transmitting the
second PRACH preamble, the terminal apparatus maysmit the first PRACH
preamble.

[0224]

The terminal apparatus may transmit the first PRA@eamble in a case that
the information indicating the component carrier vihich the PDSCH is allocated
(Carrier Indicator Field (CIF) or the like) includein the detected PDCCH order
indicates the first secondary cell and may transineitsecond PRACH preamble in a case

that the information indicates the second secondelty
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[0225]

Differences between the downlink LBT and the uplltBT will be detailed
below.
[0226]

In the downlink LBT, the base station apparatuggpms the CCA check. On
the other hand, in the uplink LBT, the terminal aggius performs the CCA check.
[0227]

In the downlink LBT, LBT processing is startedartase that information (data,
buffer, load, traffic) that needs to be transmitted occurred. On the other hand, for the
uplink LBT, LBT processing is started in a caset ta uplink transmission is indicated
by the base station apparatus.

[0228]

Note that the ICCA period of the downlink LBT mbg preferably the same as
the period of the second CCA. Note that the ECCropeof the downlink LBT may be
preferably the same as the period of the first ICCA
[0229]

Next, specific examples are provided regardingtcdvwng between a case of
transmitting the uplink following the first uplinkBT and a case of transmitting the
uplink following the second uplink LBT or transniitly the uplink with no uplink LBT.
[0230]

By way of example, the procedure of the uplink LBTswitched based on a
prescribed field included in the uplink grant (Dfokmat O or 4) indicating an uplink
transmission.

[0231]

The prescribed field refers to, for example, libfiormation specifying the
uplink LBT for the terminal apparatus. In other @®rthe prescribed field refers to 1-bit
information indicating whether the channel has begrcessfully reserved (provided) in
the subframe immediately before the subframe inditdy the uplink grant. In a case
that a prescribed 1 bit is indicative of O (falseyalid, impossible, first state), the
terminal apparatus performs the first uplink LBTdre the uplink transmission. On the
other hand, in a case that the prescribed 1 hitdative of 1 (true, valid, possible,
second state), the terminal apparatus performseahend uplink LBT before the uplink

transmission or performs no uplink LBT.
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[0232]

Alternatively, the prescribed field refers to, ®xample, information associated
with the counter value N used in the first uplirBTL In a case that the prescribed field is
0 (invalid, impossible), the terminal apparatusfgens the second uplink LBT before
the uplink transmission or performs no uplink LEJn the other hand, in a case that the
prescribed field contains a numerical value othlwant O (invalid, impossible), the
terminal apparatus generates a counter value Ndoas the numerical value to perform
the first uplink LBT.

[0233]

The information associated with the counter vélus, for example, the counter
value N. The terminal apparatus sets the valubeptescribed field at the counter value
N instead of generating a counter value N by itself
[0234]

Moreover, the information associated with the ¢euwalue N is, for example,
index information indicative of the configured coenvalue N. In a case that multiple
candidates for the counter value N are configueedHe terminal apparatus by dedicated
RRC and that the value in the prescribed fieldbeen acquired, the configured counter
value N corresponding to the information in thédfis used.

[0235]

Moreover, the information associated with the ¢euwalue N is, for example,
information associated with the collision windowNultiple candidates for the collision
window q are configured for the terminal apparaiyshe dedicated RRC. In a case of
acquiring the value in the prescribed field, themieal apparatus generates a counter
value N by using the configured value of the calliswindow g corresponding to the
information in the field. Note that the informatiassociated with the collision window q
may be the value of the collision window qg.

[0236]

Note that the above-described examples may inciwdiehing between a case
of transmitting the uplink following the second iml LBT and a case of transmitting the
uplink with no uplink LBT. Specifically, in a casleat the prescribed 1 bit is indicative of
0 (false, invalid, impossible, first state), thenméal apparatus performs the second
uplink LBT before the uplink transmission. On théher hand, in a case that the

prescribed 1 bit is indicative of 1 (true, validpssible, second state), the terminal
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apparatus performs no uplink LBT before the uptiaasmission.
[0237]

The information in the prescribed field may beommiation indicating whether
to generate a gap where LBT is to be performed.ekample, in a case that 1 bit in the
prescribed field is 1, the terminal apparatus mats the PUSCH with a gap of
prescribed SC-FDMA symbols before the transmissiona case that the 1 bit in the
prescribed field is 0, the terminal apparatus tmEts the PUSCH with no gap of
prescribed SC-FDMA symbols before the transmissibhe prescribed SC-FDMA
symbols are, for example, several SC-FDMA symbolsha beginning or end of the
subframe or a slot at the beginning or the enti@fkubframe.

[0238]

Note that the prescribed field may be used aloiity &ny other field. For
example, the procedure of the uplink LBT may betawd in accordance with an SRS
request field. Specifically, the terminal apparatasforms the second uplink LBT before
the uplink transmission in a case that the SRS ea®tgtield is indicative of 0, and
performs no uplink LBT in a case that the SRS retfield is indicative of 1. In a case
that the SRS request field is indicative of 0, mughis transmitted in the last one
SC-FDMA symbol of the subframe. The terminal appergerforms the second uplink
LBT in the last one SC-FDMA symbol.

[0239]

By way of example, the procedure of the uplink LBTswitched based on a
prescribed field included in DCI different from aplink grant.
[0240]

The DCI different from the uplink grant refers for example, DCI for notifying
the terminal apparatus whether the downlink traesian (transmission burst) has been
performed in a subframe indicated in the DCI. Sipeadly, the subframe indicated in the
DCI includes a subframe immediately before the nkptransmission, and a prescribed
field in the DCI is information corresponding tmatification as to whether the downlink
transmission is to be performed. In a case thapthscribed field in the DCI indicates
that the downlink transmission is not to be perfedmthe terminal apparatus performs
the first uplink LBT before the uplink transmissiddn the other hand, in a case that the
prescribed field in the DCI indicates that the dbmkntransmission is to be performed,

the terminal apparatus performs the second uplBik hefore the uplink transmission or
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performs no uplink LBT.
[0241]

The information notified in the DCI different frothe uplink grant is, for
example, the length of the downlink transmissiohe Thformation is indicative of the
beginning and/or end of the downlink transmissi@redefinition or pre-configuration of
the length of the downlink transmission allows teaminal apparatus to recognize the
length of the downlink transmission, based onlytlom information about the beginning
or end of the downlink transmission. As an examiple, case that the length corresponds
to one subframe and that the information in the D&icates that the downlink
transmission starts at the beginning of a presdrigbframe, the terminal apparatus
recognizes that the downlink transmission is to pegformed in the one indicated
subframe.

[0242]

Moreover, the DCI different from the uplink grantly be preferably mapped in
the non-LAA cell. Specifically, the DCI is mappead the common search space present
in the primary cell or the primary secondary celhd one piece of DCI allows
notification of information corresponding to mulgpserving cells.

[0243]

Furthermore, the DCI different from the uplink grais scrambled with
dedicated RNTI different from C-RNTI (RNTI for dovimk transmission notification
only, B-RNTI). The RNTI for downlink transmissiormtification only may be preferably
configured individually for multiple terminal apdauses but may be configured with a
value common to the terminal apparatuses.

[0244]

Moreover, the DCI different from the uplink grafby example, has the same
format size as that of DCI format 1C used for vermall-scale scheduling for one
PDSCH codeword, notification of an MCCH change, BDD reconfiguration.
Alternatively, the DCI, for example, has the samerfat size as that of DCI format 3 or
DCI format 3A used to transmit a TPC command fer MUCCH or the PUSCH.

[0245]

Note that the DCI different from the uplink grantay correspond to a
notification as to whether the uplink transmissif@mansmission burst) has been
performed in a subframe indicated in the DCI.
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[0246]

Note that the above-described examples may inciwdiehing between a case
of transmitting the uplink following the second iml LBT and a case of transmitting the
uplink with no uplink LBT. Specifically, in a cadbat the prescribed field in the DCI
indicates that the downlink transmission is nob&performed, the terminal apparatus
performs the second uplink LBT before the uplirdngmission. On the other hand, in a
case that the prescribed field in the DCI indicaled the downlink transmission is to be
performed, the terminal apparatus performs no kplBT before the uplink
transmission.

[0247]

By way of example, the procedure of the uplink LBTswitched according to
the type of uplink channel or signal scheduleddgdransmitted.
[0248]

For example, the terminal apparatus performs tts¢ fiplink LBT before a
transmission of the PUSCH. The terminal apparatrfopns the second uplink LBT
before the PRACH or performs no uplink LBT.

[0249]

For example, the terminal apparatus performs st @plink LBT before a
transmission of the SRS with the PUSCH. The terimapparatus performs the second
uplink LBT before the SRS without the PUSCH or peris no uplink LBT.

[0250]

By way of example, the procedure of the uplink LBTswitched depending on
whether a transmission of a downlink signal or cteifirom a cell to which the terminal
apparatus is connected has been detected beforertheal apparatus transmits the
uplink.

[0251]

For example, a comparison between the receivedepmi the CRS and a
threshold is used as a reference for detection tediresmission of a downlink signal or
channel from the cell to which the terminal appasat connected. In a case that the
terminal apparatus determines that the receivedepmivan RE on which the CRS of
antenna port O (or antenna port 1, 2, 3) is mappedhaller than a prescribed threshold
in the subframe immediately before the subframe tfer uplink transmission, the

terminal apparatus performs the first uplink LBTdre the uplink transmission. On the
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other hand, in a case that the terminal apparaiesmdines that the received power of the
RE on which the CRS of antenna port O (or anterote}y 2, 3) is mapped exceeds the
prescribed threshold in the subframe immediatelfprieethe subframe for the uplink
transmission, the terminal apparatus performs ¢éeerd uplink LBT before the uplink
transmission or performs no uplink LBT.

[0252]

For example, whether the reservation signal han lseiccessfully detected is
used as the reference for detection of a transomssi the downlink signal or channel
from the cell to which the terminal apparatus isreected. In a case that the length of the
downlink transmission is predefined or pre-confegiand that the terminal apparatus
has successfully detected the reservation sigiativer the downlink transmission is to
be performed in the subframe immediately before subframe for the uplink
transmission can be determined based on the tinteofletection of the reservation
signal (subframe, symbol, RE, Ts) and the lengtthefreservation signal. In a case of
determining that the downlink transmission is notbe performed in the subframe
immediately before the subframe for the uplink sraission, the terminal apparatus
performs the first uplink LBT before the uplinkisamission. On the other hand, in a case
of determining that the downlink transmission is lie performed in the subframe
immediately before the subframe for the uplink sraission, the terminal apparatus
performs the second uplink LBT before the uplinknsmission or performs no uplink
LBT. A reference as to whether the terminal apperdias successfully detected the
reservation signal is, for example, a comparisdawéen the received power of the RE to
which the reservation signal is assigned and acpbesi threshold.

[0253]

For example, whether the PDCCH or the EPDCCH haxessfully been
detected is used as the reference for detectiantr@nsmission of the downlink signal or
channel from the cell to which the terminal appasais connected. In a case that the
PDCCH or the EPDCCH has successfully been decaudlei subframe immediately
before the subframe for the uplink transmissiom, trminal apparatus can recognize
that the subframe is reserved by the terminal @tparas a downlink subframe. In other
words, in a case that the PDCCH or the EPDCCH tesessfully been decoded in the
subframe immediately before the subframe for th&nkptransmission, the terminal

apparatus performs the first uplink LBT before th@dink transmission. On the other
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hand, in a case that the decoding of the PDCCH@mEPDCCH fails in the subframe
immediately before the subframe for the uplink sraission, the terminal apparatus
performs the second uplink LBT before the uplirkmBmission or performs no uplink
LBT.
[0254]

For example, whether the PDSCH has successfulin bletected is used as the
reference for detection of a transmission of therdimk signal or channel from the cell
to which the terminal apparatus is connected. ¢ase that the PDSCH has successfully
been decoded in the subframe immediately before dshieframe for the uplink
transmission, the terminal apparatus can recoghaethe subframe is reserved by the
base station apparatus as a downlink subframethbr evords, in a case that the PDSCH
has successfully been decoded in the subframe imategdbefore the subframe for the
uplink transmission, the terminal apparatus perfotime first uplink LBT before the
uplink transmission. On the other hand, in a chaethe decoding of the PDSCH fails in
the subframe immediately before the subframe feruplink transmission, the terminal
apparatus performs the second uplink LBT beforeuffiank transmission or performs no
uplink LBT.

[0255]

For example, whether the DMRS has successfully lketected is used as the
reference for detection of a transmission of therdimk signal or channel from the cell
to which the terminal apparatus is connected. tase that the DMRS has successfully
been detected in the subframe immediately befoee gshbframe for the uplink
transmission, the terminal apparatus can recoghaethe subframe is reserved by the
base station apparatus as a downlink subframethkr avords, in a case that the DMRS
has successfully been decoded in the subframe imategdbefore the subframe for the
uplink transmission, the terminal apparatus perotime first uplink LBT before the
uplink transmission. On the other hand, in a chs¢ the DMRS has successfully been
detected in the subframe immediately before thdramie for the uplink transmission,
the terminal apparatus performs the second uplBik before the uplink transmission or
performs no uplink LBT. The reference as to whetlle® terminal apparatus has
successfully detected the reservation signal isef@ample, a comparison between the
received power of an RE to which the DMRS is assigand a prescribed threshold. In
other words, the reference is a comparison betwseneceived power of antenna port 7
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or 9 and the prescribed threshold.
[0256]

By way of example, the procedure of the uplink LBTSwitched depending on
whether the terminal apparatus has transmitted ik signal or channel before
transmitting the uplink.

[0257]

For example, in a case that the terminal appateagransmitted the PUSCH in
the subframe immediately before the subframe fag tiplink transmission, the
transmission can be performed without LBT in thibfsame because the channel has
successfully been reserved for the subframe agplmkwsubframe. In other words, in a
case that the terminal apparatus has not transintie PUSCH in the subframe
immediately before the subframe for the uplink sraission, the terminal apparatus
performs the first uplink LBT or the second uplibRT before the uplink transmission.
On the other hand, in a case that the terminalrapjmhas transmitted the PUSCH in the
subframe immediately before the subframe for th&nkptransmission, the terminal
apparatus performs no uplink LBT.

[0258]

For example, in a case that the terminal appatresgransmitted the SRS in the
subframe immediately before the subframe for thiinkigransmission, the transmission
can be performed without LBT because the channglshacessfully been reserved for
the subframe as an uplink subframe. In other warda,case that the terminal apparatus
has not transmitted the SRS in the subframe imneddidefore the subframe for the
uplink transmission, the terminal apparatus perfothe first uplink LBT or the second
uplink LBT before the uplink transmission. On thther hand, in a case of having
transmitted the SRS in the subframe immediatelyrgethe subframe for the uplink
transmission, the terminal apparatus performs tialupBT.

[0259]

For example, in a case that the terminal appatasagransmitted the PRACH in
the subframe immediately before the subframe fag tiplink transmission, the
transmission can be performed in this subframeomith.BT because the channel has
been successfully reserved for the subframe agplmkisubframe. In other words, in a
case that the terminal apparatus has not transinttie PRACH in the subframe

immediately before the subframe for the uplink sraission, the terminal apparatus
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performs the first uplink LBT or the second uplibRT before the uplink transmission.

On the other hand, in a case of having transmitted PRACH in the subframe

immediately before the subframe for the uplink srarssion, the terminal apparatus
performs no uplink LBT.

[0260]

By way of example, the procedure of the uplink LBTswitched according to
the configuration provided by the higher layer.
[0261]

The configuration provided by the higher layerersf to, for example,
configuration information specifying the procedurethe uplink LBT. In a case that a
configuration specifying the first uplink LBT is grided for the terminal apparatus, the
terminal apparatus performs the first uplink LBTfdye an uplink transmission in the
LAA cell for the terminal apparatus. In a case thatonfiguration specifying the second
uplink LBT is provided for the terminal apparattise terminal apparatus performs the
second uplink LBT before an uplink transmissiontlie LAA cell for the terminal
apparatus. In a case that a configuration spegfthat no uplink LBT is performed for
the terminal apparatus is provided, the termingbagtus performs no uplink LBT before
performing the uplink transmission in the LAA cell.

[0262]

The configuration provided by the higher layerersf to, for example, a
configuration for cross carrier scheduling for LA cell. In a case that the cross carrier
scheduling is configured for the LAA cell, the tenal apparatus performs the first
uplink LBT. In a case that self scheduling is cgafed for the LAA cell (in other words,
in a case that the cross carrier scheduling iscooffigured for the LAA cell), the
terminal apparatus performs the second uplink LBPparforms no uplink LBT. In other
words, in a case that the PDCCH or the EPDCCH enublink grant for scheduling of
the uplink transmission for the LAA cell is configal to be monitored for a cell other
than the LAA cell, the terminal apparatus perfothesfirst uplink LBT before the uplink
transmission. On the other hand, in a case tha®PD@CH or the EPDCCH in the uplink
grant for scheduling of the uplink transmission floee LAA cell is not configured to be
monitored for other than the LAA cell, the termimgiparatus performs the second uplink

LBT before the uplink transmission or performs pdink LBT.
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[0263]

The cross carrier scheduling may be configuredefoh of the downlink grant
and the uplink grant. In that case, the above-ds=sgrexamples of switching are
regarded as switching as to whether the uplink tgiaiconfigured as the cross carrier
scheduling.

[0264]

The configuration provided by the higher layerersf to, for example,
configuration of information indicative of a nati@) where the LAA cell is operated. In
a case that the information is indicative of a ipatar nation(s) (for example, Japan or
the Europe), the terminal apparatus performs tra fiplink LBT before the uplink
transmission for the LAA cell. On the other hand,a case that the information is
indicative of a country other than the particulation(s) (for example, the U.S. or China),
the terminal apparatus performs the second upliBk before the uplink transmission
for the LAA cell or performs no uplink LBT. The mfmation indicative of the nation(s)
where the LAA cell is operated is, for example, Ruband Mobile Network (PLMN).
The PLMN is an identifier indicative of a countrywda an operator. The PLMN is
included in the SIB1 and notified to the terminpparatus. Note that the procedure of
the uplink LBT may be switched according to the raiag band in addition to the
information about the nation(s) where the LAA cdl operated. The information
indicative of the operating band can be identifiadinformation about the center
frequency of the carrier (EARFCN value) configulsdthe higher layer.

[0265]

The particular country is a country where LBT reed¢d be performed. The
country information and the capability of the temali apparatus may be associated with
each other. In other words, the terminal apparatay be linked with the particular
nation(s) in such a manner that the capability irequfor the terminal apparatus is
specified.

[0266]

The configuration provided by the higher layerersf to, for example,
configuration of the first uplink LBT. The proce@uof the uplink LBT is switched
depending on whether the first uplink LBT has bemmfigured for the terminal
apparatus. Specifically, in a case that the figinik LBT has been configured by the
higher layer, the terminal apparatus performs ih& fiplink LBT before the uplink
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transmission for the LAA cell. On the other handaicase that the first uplink LBT has

not been configured by the higher layer, the teathimpparatus performs the second
uplink LBT before the uplink transmission for th&A cell or performs no uplink LBT.
The configuration of the first uplink LBT includefr example, information about the
range X and Y for determination of the collisionndow g, a CCA slot length, a CCA
threshold, and the like.

[0267]

Note that the procedure of the uplink LBT may létched depending on
whether the second uplink LBT has been configured the terminal apparatus.
Specifically, in a case that the second uplink LB been configured by the higher layer,
the terminal apparatus performs the first uplinkTLBefore the uplink transmission for
the LAA cell. On the other hand, in a case that seeond uplink LBT has been
configured by the higher layer, the terminal appargerforms the second uplink LBT
before the uplink transmission for the LAA cell.rbonfiguration of the second uplink
LBT includes, for example, the value of the collisiwindow q, the CCA slot length, the
CCA threshold, and the like.

[0268]

The configuration of the first uplink LBT and tlenfiguration of the second
uplink LBT may be preferably specific to each cblbte that one piece of configuration
information may be configured commonly for all tbells configured as serving cells.
This is not applicable to non-LAA cells configurasl serving cells.

[0269]

Note that the switching may be performed base@ @ombination of multiple
configurations provided by the higher layer. Ipadfic example, in a case that the cross
carrier scheduling is not configured for the LAAllcand that notification that the
nation(s) where the LAA cell is operated is thetipaftar nation(s) has been provided, the
terminal apparatus performs the second uplink LBToke the uplink transmission for
the LAA cell or performs no uplink LBT. In a cadeat the cross carrier scheduling is
configured for the LAA cell and that notificatiohdt the nation(s) where the LAA cell is
operated is other than the particular nation(s)den provided, the terminal apparatus
performs the first uplink LBT before the uplinkisamission for the LAA cell.

[0270]

Moreover, the switching may be performed in a adsgombining multiple ones



10

15

20

25

30

81
of the above-described examples. In a specific @&nm a case that the self scheduling
is configured for the LAA cell and that a prescdbi@ld included in the uplink grant
indicating the uplink transmission indicates thae first LBT is to be performed, the
terminal apparatus performs the first uplink LBTfdre the uplink transmission for the
LAA cell. Otherwise the terminal apparatus perfortims second uplink LBT before the
uplink transmission for the LAA cell or performs oplink LBT.
[0271]

Note that the parameter may be switched dependighe above-described
examples. In a specific example, in a case thateaiminal apparatus performs the first
uplink LBT but the self scheduling is configured tbe LAA cell, a value configured by
the higher layer (RRC) is applied to the collisisimdow g, and in a case that the cross
carrier scheduling is configured for the LAA ceale collision window q is updated at
each transmission opportunity, based on the valaégured by the higher layer (RRC).
[0272]

Note that the above-described examples may inciwdiehing between a case
of transmitting the uplink following the second imil LBT and a case of transmitting the
uplink with no uplink LBT. In other words, in a @athat the PDCCH or the EPDCCH in
the uplink grant for scheduling of the uplink tramssion for the LAA cell is configured
to be monitored for a cell other than the LAA cdlle terminal apparatus performs the
second uplink LBT before the uplink transmissiom e other hand, in a case that the
PDCCH or the EPDCCH in the uplink grant for schedubf the uplink transmission for
the LAA cell is not configured to be monitored farcell other than the LAA cell, the
terminal apparatus performs no uplink LBT before tiplink transmission.

[0273]

FIG. 10 illustrates an example of frequency midtig of the PUSCH in the
LAA cell. In the LAA cell, PUSCH resources are ragntiguously allocated but are
allocated at intervals of several subcarriers i fitequency direction. The PUSCH is
allocated among different terminal apparatuses nnirgerlaced manner such that
subcarriers are nested. In FIG. 10, the PUSCHasatkd at intervals of three subcarriers,
and the PUSCH for three terminal apparatuses ieatikd in such a manner as to be
interlaced for each subcarrier. This allows thenteal apparatuses to utilize the entire
bandwidth with a few resources.

[0274]
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To allow frequency multiplexing or spatial muleéging among multiple
terminal apparatuses in the LAA cell by using tlaens subframes (time resources),
transmission timings for the terminal apparatusssdnto be adjusted in such a manner
that uplink channels and/or uplink signals from thepective terminal apparatuses are
simultaneously received by the base station apymar&urthermore, in the LAA cell, the
uplink LBT is performed before the uplink transnmiss In a case that LBT is performed
based on the counter value N, the number of atengiperform CCA and the time
needed for LBT vary according to the counter valueThe relationship between start
timings for the uplink transmission and the uplifT will be described below.

[0275]

FIG. 11 illustrates an example of the relationdbgdween the start timings for
the uplink transmission and the uplink LBT. FIG.i4based on operations in accordance
with the procedure of the uplink LBT in FIG. 8. Thase station apparatus notifies each
terminal apparatus of the timing (subframe) for tipdink transmission. The timing for
the uplink transmission is implicitly notified, f@xample, based on a subframe in which
the uplink grant is received. The terminal apparatdependently generates a counter
value N. The terminal apparatus estimates the vilmen the uplink LBT is completed
from the counter value N and the CCA period to aetee the LBT start timing. That is,
the terminal apparatus can calculate the starhgrfor the uplink LBT, based on the start
timing for the uplink transmission and the numbfethe first CCAs (counter value N). In
other words, the CCA for the uplink transmissicartst (counter value N x CCA period)
microseconds before the beginning of the uplinkrsube for the terminal apparatus.
[0276]

The terminal apparatus having determined thathti@anel is busy as a result of
the CCA does not perform the uplink transmissiothatindicated timing for the uplink
transmission. At this time, the counter value Mas discarded and is taken over by the
next uplink LBT. In other words, in a case that aunter value N remains in the
counter, no counter value N is generated. Notetlgatounter value N may be discarded
and may not be taken over by the next uplink LBpet&ling on the type of the DCI
format or a particular parameter. For example, itage of receiving information
indicative of the first transmission through a paeger indicative of new data (new data
indicator), the terminal apparatus discards thentevwalue N and does not take over the

counter value N to the next uplink LBT. Moreovdre tcounter value N may be linked
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with the HARQ process. In other words, the countdue N for the uplink LBT for the
PUSCH is independent among different HARQ processes
[0277]

Note that the uplink transmission may be perfornmethe middle of the uplink
subframe. At that time, the CCA for the uplink tsarission starts (counter value N x
CCA period) microseconds before the beginning @& tiplink transmission that the
terminal apparatus is indicated to perform.

[0278]

Note that the initial CCA may be performed in tigink LBT. In that case, the
CCA for the uplink transmission starts (initial CQx&riod + counter value N + CCA
period) microseconds before the beginning of thHenkisubframe in which the terminal
apparatus is indicated to perform the uplink trassian.

[0279]

Note that, in a case that time is needed to switom the receiver to the
transmitter, the start timing for the uplink LBT @etermined with the switching time
taken into account. In other words, the CCA for tipéink transmission starts (counter
value N x CCA period + time needed to switch frdme treceiver to the transmitter)
microseconds before the beginning of the uplinkfrsube in which the terminal
apparatus is indicated to perform the uplink trassian.

[0280]

Note that the start timing of CCA for the uplinaismission may be calculated
based on the downlink radio frame (downlink subfanin other words, the CCA for the
uplink transmission starts (counter value N x CC&iqd + uplink-downlink frame
timing adjustment time) microseconds before theirengg of the downlink subframe
corresponding to the uplink subframe in which teeminal apparatus is indicated to
perform the uplink transmission. Here, the uplimwualink frame timing adjustment
time is (Nra + Nya ofise) X Ts, Nya is @ terminal apparatus-specific parameter haging
value from 0 to 20512 for adjustment of the uplirdnsmission timing, andM ofiset iS a
frame structure type-specific parameter for adjestnof the uplink transmission timing.
[0281]

Here, in the LAA cell, a value that can be takgri\ka may be limited. In other
words, in the LAA cell, the maximum value ofANis smaller than 20512.

[0282]
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FIG. 12 illustrates an example of the relationdbgdween the start timings for
the uplink transmission and the uplink LBT. FIG.i$Dbased on operations in accordance
with the procedure of the uplink LBT in FIG. 8. Thase station apparatus notifies each
terminal apparatus of the start timing for the niplLBT and information associated with
the counter value N. The start timing for the uplibBT is implicitly notified, for
example, based on the subframe in which the upiirdnt is received. The terminal
apparatus can recognize the start timing for tHekiggransmission, based on the start
timing for the uplink LBT and the counter value Wat is, the terminal apparatus can
calculate the start timing for the uplink transriiss based on the start timing for the
uplink LBT and the number of the first CCAs (countalue N). In other words, the
uplink transmission starts (counter value N x CCdiqd) microseconds after the
beginning of an uplink subframe in which the teratiapparatus is indicated to perform
CCA. Here, the same counter value N is configuogdafl the terminal apparatuses to be
multiplexed.

[0283]

The information associated with the counter valus, for example, the counter
value N. In a case of being notified of the countatue N, the terminal apparatus
performs the uplink LBT by using the counter vahie
[0284]

Moreover, the information associated with the ¢deumalue N is, for example, a
seed of random number used to generate the coualieg N. The terminal apparatus
generates the counter value N by using the notifedlde and another parameter. Such
another parameter is, for example, an accumulatdgevof the HARQ-ACK for the
PUSCH, the cell ID, a subframe number, a systemdraumber, or the like.

[0285]

The terminal apparatus having determined thatkiamnel is busy as a result of
the CCA does not perform the uplink transmissiothatindicated timing for the uplink
transmission. At this time, the counter value Mliscarded and is not taken over to the
next uplink LBT.

[0286]

Note that the initial CCA may be performed in ti@ink LBT. In that case, the
uplink transmission starts (initial CCA period +uoer value N x CCA period)
microseconds after the beginning of an uplink s in which the terminal apparatus
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is indicated to perform CCA.
[0287]

Note that, in a case that time is needed to swiitom the receiver to the
transmitter, the start timing for the uplink LBT @etermined with the switching time
taken into account. In other words, the uplink $rarssion starts (counter value N x CCA
period + time needed to switch from the receiveth transmitter) microseconds after
the beginning of an uplink subframe in which themi@al apparatus is indicated to
perform CCA.

[0288]

Note that the uplink transmission may be calcdld@sed on the downlink radio
frame (downlink subframe). In other words, the nliransmission starts (counter value
N x CCA period - uplink-downlink frame timing adjnsent time) microseconds after the
beginning of the downlink subframe correspondinghi® uplink subframe in which the
terminal apparatus is indicated to perform the CEl&re, the uplink-downlink frame
timing adjustment time is M + Nya ofised X Ts, Nya IS @ terminal apparatus-specific
parameter having a value from 0 to 20512 for adjest of the uplink transmission
timing, and Na ofiset IS @ frame structure type-specific parameter fjustment of the
uplink transmission timing.

[0289]

FIG. 13 illustrates an example of the relationdbgdween the start timings for
the uplink transmission and the uplink LBT. FIG.i&3ased on operations in accordance
with the procedure of the uplink LBT in FIG. 9. Thase station apparatus notifies each
terminal apparatus of the timing (subframe) for tipdink transmission. The timing for
the uplink transmission is implicitly notified, f@xample, based on a subframe in which
the uplink grant is received. The terminal apparatetermines the time when the uplink
LBT is completed based on the CCA period to deteenthe LBT start timing. In other
words, the CCA for the uplink transmission sta@€A period) microseconds before the
beginning of the uplink subframe in which the taraliapparatus is indicated to perform
the uplink transmission.

[0290]

Note that, instead of the timing for the uplinkrtsmission, the start timing for
the uplink LBT may be notified. In that case, tleeninal apparatus can recognize the
timing for the uplink transmission, based on theAQ®@riod. In other words, the CCA for
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the uplink transmission starts (CCA period) micoms®ls before the beginning of the

uplink subframe in which the terminal apparatusindicated to perform the uplink
transmission.
[0291]

The terminal apparatus having determined thathtiaanel is busy as a result of
the CCA does not perform the uplink transmissiothatindicated timing for the uplink
transmission.

[0292]

FIG. 14 illustrates an example of the relationdbgdween the start timings for
the uplink transmission and the uplink LBT. FIG.i%4ased on operations in accordance
with the procedure of the uplink LBT in FIG. 15 debed below. The base station
apparatus notifies each terminal apparatus of tméng (subframe) for the uplink
transmission. The timing for the uplink transmissie implicitly notified, for example,
based on a subframe in which the uplink grant ¢gikeed. The terminal apparatus starts
the first CCA at the start timing for the first CCh a case that the counter value N
becomes 0, the terminal apparatus waits until g &staing for third CCA. Then, the
terminal apparatus performs the third CCA at tlagt siming for the third CCA, and in a
case that the channel is idle during the entire C@%iod, performs the uplink
transmission.

[0293]

The start timing for the first CCA correspondsftwr, example, the beginning of
the subframe before the uplink transmission. Ireotkiords, the first CCA for the uplink
transmission starts at the beginning of the subdralosest to the beginning of the uplink
transmission in which the terminal apparatus isciagd to perform.

[0294]

Alternatively, the start timing for the first CCA determined, for example,
based on the collision window q for the termingbamtus. In other words, the first CCA
for the uplink transmission starts (collision winday x CCA period) microseconds
before the beginning of the uplink transmissionwhich the terminal apparatus is
indicated to perform.

[0295]

The third CCA for the uplink transmission startthirfd CCA period)

microseconds before the beginning of the uplinkfrsube in which the terminal
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apparatus is indicated to perform the uplink traissian.
[0296]

The third CCA period for the uplink transmissioayrbe preferably the same as
the ICCA period.
[0297]

FIG. 15 illustrates an example of the proceduréhefuplink LBT. In a case of
detecting the uplink grant (S1502) in the idle esté$1501), the terminal apparatus
performs the first CCA (S1503). In the first CCAsf, the terminal apparatus randomly
generates a counter value N within the range frota - 1 (S15031). Note that, in a
case that a numerical value associated with thateowalue N is indicated by the base
station apparatus using the uplink grant, the teaimhpparatus uses the counter value N
based on the numerical value instead of generatiogunter value. Note that, in a case
that the last LBT has not set the counter valug twith a value remaining in the counter,
the terminal apparatus may use the remaining cowateie N instead of generating a
counter value N. Then, the terminal apparatus sst&€A at the prescribed timing
(S15032). The terminal apparatus senses the ch@mezlium) during one CCA slot
duration (S15033) to determine whether the chammatlle or busy (S15034). The
terminal apparatus decrements the counter valueyNore (S15035) in a case of
determining that the channel is idle, and deterswbether a third CCA check timing
has passed (S15038) in a case of determininghbathannel is busy. In a case that the
third check timing has not passed, the terminahegips returns to the process of sensing
the channel (medium) during one CCA slot durati8a5033). In a case that the third
CCA check timing has passed, the terminal appanatusns to the idle state (S1501)
instead of performing the uplink transmission iadéd by the uplink grant. After the
counter value N is decremented by one, the termapphratus determines whether the
counter value is 0 (S15036), and in a case thatdhmter value is O, proceeds to the
operation of the third CCA (S1504). On the othardhan a case that the counter value is
not 0, the terminal apparatus senses the chanmalifim) during one CCA slot duration
again (S15033). Note that the value in the coltisiondow q obtained in a case that the
counter value N is generated is updated to a MVatue X to Y according to the channel
state (S15037). Then, in the third CCA (S1504), tdwninal apparatus waits until a
timing when the third CCA starts (S15041), and eserike channel during the third CCA
period (S15042). In a case of determining thatctennel is busy as a result of the third
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CCA, the terminal apparatus returns to the idlées{§1501) instead of performing the

uplink transmission indicated by the uplink gra@n the other hand, in a case of
determining that the channel is idle as a resuthefthird CCA, the terminal apparatus
acquires the right to access the channel and pledeea transmission operation (S1505,
S1506). In a transmission process, the terminaduaps determines whether to actually
perform the uplink transmission at that timing (84% and in a case of determining that
the uplink transmission is to be performed, perfthe uplink transmission (S1506). In
a case of determining not to perform the uplinknsraission, the terminal apparatus
returns to the idle state (S1501) instead of periiog the uplink transmission indicated
by the uplink grant.

[0298]

Note that the ICCA may be performed as is the eetle the downlink LBT.
However, even in a case that the ICCA results endbtermination that the channel is
idle, the uplink is not transmitted and the progeduroceeds to an ECCA operation.
[0299]

The above-described constitution allows one saoidrao be multiplexed to be
transmitted and/or received in multiple termingbatuses, with long-term CCA checks
performed by random number backoff.

[0300]

Note that the LAA cell may be preferably operatedaccordance with a half
duplex scheme. The terminal apparatus does notcexpereceive, in a subframe in
which an uplink transmission is being performedoite LAA cell, a downlink signal
and/or channel from another LAA cell configured aserving cell. Specifically, the
terminal apparatus does not expect to receive, satdrame for which the PUSCH is
scheduled in one LAA cell by DCI format 0/4, the ®CH or the EPDCCH in all LAA
cells configured as serving cells. Furthermore, tdreninal apparatus performs, in the
subframe, no uplink LBT in the LAA cell configure a serving cell. Alternatively, the
terminal apparatus may determine the result of upénk LBT of the LAA cell
configured as a serving cell to be busy in the subé. Moreover, the terminal apparatus
performs, in a subframe in which a downlink receptis being performed in one LAA
cell, no uplink transmission in another LAA cellrdgured as a serving cell. In a
specific example, the terminal apparatus performsiplink transmission in subframes

configured as DMTC occasions. The terminal appardaes not expect that the PUSCH
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is scheduled for subframes configured as DMTC adooas Moreover, in a serving cell
operated as an LAA cell, the terminal apparatusegdnas a guard period by avoiding
reception of the end part of the downlink subframmemediately before the uplink
subframe. Alternatively, in a serving cell operatedan LAA cell, the terminal apparatus
generates a guard period by avoiding receptiorhefdownlink subframe immediately
before the uplink subframe and reception of therdmk subframe immediately after the
uplink subframe.
[0301]

Note that the uplink LBT may be performed durihg guard period.
[0302]

Part of the content described in the present eimimod is rephrased as follows.
[0303]

The terminal apparatus includes a reception wmfigured to receive a PDCCH,
a transmission unit configured to transmit a PUSEI serving cell, and a CCA check
unit configured to perform either first LBT for ferming a CCA check a number of
times based on a random number before a subframe/Hizh a transmission of the
PUSCH is indicated or second LBT for performing@ check only once. The terminal
apparatus switches between the first LBT and tloersk LBT, based on a prescribed
condition.

[0304]

Moreover, the information about the PDCCH is cibatgd by 1 bit. The first
LBT is performed before the subframe for which thensmission of the PUSCH is
indicated in a case that the information aboutRBX¥CCH is 1, and the second LBT is
performed before the subframe for which the trassiaon of the PUSCH is indicated in a
case that the information about the PDCCH is 0.

[0305]

Moreover, the first LBT is performed before theb&ame for which the
transmission of the PUSCH is indicated in a cas¢ ahdownlink transmission burst is
not detected in a subframe immediately before draofe in which the PUSCH is
transmitted, and the second LBT is performed befine subframe for which the
transmission of the PUSCH is indicated in a caaéttie downlink transmission burst is
detected in the subframe immediately before theframi® in which the PUSCH is
transmitted.
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[0306]

Moreover, the first LBT is performed before theb&ame for which the
transmission of the PUSCH is indicated in a case tie PDCCH is configured to be
monitored in another serving cell different frone teerving cell, and the second LBT is
performed before the subframe for which the trassiaon of the PUSCH is indicated in a
case that the PDCCH is not configured to be momiton another serving cell different
from the serving cell.

[0307]

Moreover, the first LBT is performed before theb&ame for which the
transmission of the PUSCH is indicated in a casg¢ titie PUSCH is not transmitted in
the subframe immediately before the subframe irclvitihe PUSCH is transmitted, and
no LBT is performed before the subframe for whibl transmission of the PUSCH is
indicated in a case that the PUSCH is transmitidtié subframe immediately before the
subframe in which the PUSCH is transmitted.

[0308]

Furthermore, part of the content described in fnesent embodiment is
rephrased as follows.
[0309]

The terminal apparatus includes a transmissioh comfigured to transmit a
PUSCH and a CCA check unit configured to perfornTLti&fore a subframe for which a
transmission of the PUSCH is indicated. The terirapgaratus determines an LBT start
time, based on a PUSCH transmission start timeaa®@A slot length.

[0310]

Moreover, in the LBT, a CCA check is performed trescribed number of
times, and the LBT start time is determined basethe PUSCH transmission start time
and the CCA slot length.

[0311]

Moreover, the terminal apparatus includes a rémepinit configured to receive
a PDCCH. The number of the CCA checks is indicatethe PDCCH.

[0312]

Note that the uplink LBT according to the presemibodiment may similarly be
applied to sidelink LBT for a sidelink transmissidrhe sidelink transmission is used for

device to device communication (D2D) between thmieal apparatuses.
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[0313]

Note that, in a case that one or more configunatiLAA-Config) which are
necessary for LAA communication for prescribed seyvcell are configured to the
terminal apparatus 1, the prescribed serving cal tve regarded as the LAA cell. The
configurations which are necessary for the LAA camination are, for example, a
parameter associated with a reservation signalamnpeter associated with RSSI
measurement, and a parameter associated withebheds®S configuration.

[0314]

In this regard, in a case that information (EARF@Nue) on a center frequency
associated with an LAA band for prescribed serwet] is configured to the terminal
apparatus 1, the cell of the frequency may be deghas the LAA cell. The LAA bands
(LAA operating band) refer to, for example, bandsetmg one or more features of bands
whose band numbers are 252 to 255, bands whichedtteer a TDD band nor an FDD
band, bands which are defined by a 5 GHz bandbands which are defined only by a
20 MHz bandwidth.

[0315]

Note that the prescribed frequency may be prefgralirequency used by the
LAA cell. The prescribed frequency may be prefeyahl frequency of cells which
transmit the DSs, based on LBT. The prescribedueaqy may be preferably a
frequency of cells operated in an unlicensed bdr prescribed frequency may be
preferably a frequency of an operating band assatiwith a prescribed index of the
operating band. The prescribed frequency may bienately a frequency of an operating
band associated with an index of the operating fantdAA. The prescribed frequency
may be preferably an operating band associatedavgtescribed index of the operating
band (E-UTRA operating band). For example, the ajey bands may be preferably
managed by a table. An associated index is givaath operating band managed by the
table. The index is linked to an associated upbiplerating band, downlink operating
band, and a duplex mode. Note that the uplink apeydoand is an operating band used
for reception at the base station apparatus andrtri@gsion at the terminal apparatus. The
downlink operating band is an operating band usedrinsmission at the base station
apparatus and reception at the terminal appargach of the uplink operating band and
the downlink operating band may be preferably gigra lower limit frequency and an
upper limit frequency (associated frequency bamtg duplex mode may be preferably
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given by TDD or FDD. The duplex mode in the LAAlcelay be other than TDD and

FDD. For example, the duplex mode in the LAA cedyrbe a transmission burst to be
described below (optionally including at least avdbnk burst or an uplink burst).
[0316]

In a case that, for example, the operating bamdsnezanaged by the table,
operating bands associated with an index "1" tmdax "44" may be preferably licensed
bands (bands which are not LAA), and operating bas$ociated with an index "252 to
an index "255" may be preferably unlicensed bamhdsA(bands). Note that the uplink
operating band is preferably not applied to theeintd252" (n/a, not applicable). The
5150 MHz to 5250 Hz is preferably applied to thevdbink operating band. FDD is
preferably applied to the duplex mode. Furthermdoe,the index "253", the uplink
operating band may be preferably reserved (resetwebde used in future), and the
downlink operating band may be preferably reser#&D may be preferably applied to
the duplex mode. Furthermore, for the index "234% uplink operating band may be
preferably reserved (reserved to be used in futarg) the downlink operating band may
be preferably reserved. FDD may be preferably edp the duplex mode. Note that the
uplink operating band may not be preferably appliedthe index "255" (n/a, not
applicable). The 5725 MHz to 5850 Hz may be prdfigrapplied to the downlink
operating band. FDD may be preferably applied éodiplex mode.

Note that 5150 MHz to 5250 Hz and 5725 MHz to 5880 are preferably
unlicensed bands (LAA bands). In other words, thesgribed frequencies described
above may be preferably operating bands associgtedthe index "252" to the index
"255".

[0317]

Moreover, although the description has been given each of the
above-described embodiment by using the terms §wincell and "PS cell’, these
terms may not be necessarily used. For exampldmdpy cell" in each of the
above-described embodiments may be referred tanaster cell”, and "PS cell" in each
of the above-described embodiment may be refeaed tprimary cell”.

[0318]

Hereinafter, various aspects of the terminal agpar 1 and the base station
apparatus 2 in the present embodiment will be ds=tr
[0319]



10

15

20

25

30

93

(1) A first aspect of the present embodiment ie terminal apparatus 1
including: a reception unit configured to receiviirst parameter and a second parameter
through higher layer signalling; and a transmissiait configured to transmit a random
access preamble based on the first parameter eamtlam access preamble based on the
second parameter. The first parameter is usedrigewe a subframe number of a first
uplink subframe in which transmission of the randatuoess preamble based on the first
parameter is allowed. The second parameter is taseohfigure a subframe number of a
second uplink subframe in which transmission of rdmedom access preamble based on
the second parameter is allowed and a symbol nuoflear uplink symbol in the second
uplink subframe.

[0320]

(2) In the first aspect of the present embodimehg bandwidth for the
transmission of the random access preamble basdw@econd parameter is wider than
the bandwidth for the transmission of the randoroeas preamble based on the first
parameter.

[0321]

(3) In the first aspect of the present embodimtg,reception unit receives the
higher layer signalling including an informatiort,kand the transmission of the random
access preamble based on the first parameter antatiismission of the random access
preamble based on the second parameter are cedtrbised on the state of the
information bit.

[0322]

(4) A second aspect of the present embodimerteshase station apparatus 2
including: a transmission unit configured to traitsm first parameter and a second
parameter through higher layer signalling; and @epéon unit configured to receive a
random access preamble based on the first parametea random access preamble
based on the second parameter. The first paransetesed to configure a subframe
number of a first uplink subframe in which transsio® of the random access preamble
based on the first parameter is allowed. The seqardmeter is used to configure a
subframe number of a second uplink subframe in kvhfansmission of the random
access preamble based on the second parametéwedland a symbol number of an
uplink symbol in the second uplink subframe.

[0323]
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(5) In the second aspect of the present embodjntbat bandwidth for the

reception of the random access preamble basecemetond parameter is wider than the
bandwidth for the reception of the random accesamble based on the first parameter.
[0324]

(6) In the second aspect of the present embodjntbet transmission unit
transmits the higher layer signalling includingiaformation bit, and the reception of the
random access preamble based on the first parametethe reception of the random
access preamble based on the second parametesrdrelled based on the state of the
information bit.

[0325]

(7) A third aspect of the present embodiment ég@mmunication method of the
terminal apparatus 1, the communication methodudioly the steps of: receiving a first
parameter and a second parameter through higher fagnalling; and transmitting a
random access preamble based on the first pararaetea random access preamble
based on the second parameter. The first paransetesed to configure a subframe
number of a first uplink subframe in which transsio® of the random access preamble
based on the first parameter is allowed. The seg@ardmeter is used to configure a
subframe number of a second uplink subframe in kvhifansmission of the random
access preamble based on the second paramet@wedland a symbol number of an
uplink symbol in the second uplink subframe.

[0326]

(8) A fourth aspect of the present embodimentderamunication method of the
base station apparatus 2, the communication metichatling the steps of: transmitting a
first parameter and a second parameter throughehiiglyer signalling; and receiving a
random access preamble based on the first pararaetea random access preamble
based on the second parameter. The first paransetesed to configure a subframe
number of a first uplink subframe in which transsio® of the random access preamble
based on the first parameter is allowed. The seg@ardmeter is used to configure a
subframe number of a second uplink subframe in vliransmission of the random
access preamble based on the second paramet&wedland a symbol number of an
uplink symbol in the second uplink subframe.

[0327]

(9) A fifth aspect of the present embodiment ig tlerminal apparatus 1
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including: a reception unit configured to receivewalink control information on a
PDCCH; and a transmission unit configured to trahsmandom access preamble. For a
first frame structure type, the downlink controffarmation is used to configure a
subframe number of a first uplink subframe in whitdnsmission of the random access
preamble is allowed. For a second frame strucyye {the second frame structure type
may be applied to an LAA secondary cell operatiail),c the downlink control
information is used to configure a subframe numbea second uplink subframe in
which transmission of the random access preambitoiwed and a symbol number of an
uplink symbol in the second uplink subframe.

[0328]

(20) In the fifth aspect of the present embodiméré first frame structure type
is applied to a frequency division duplex cell, @ahd second frame structure type (the
second frame structure type may be applied to aA &écondary cell operation cell) is
applied to a licensed assisted access cell.

[0329]

(11) In the fifth aspect of the present embodimémt reception unit receives
downlink control information to which CRC paritytbiscrambled with a RA-RNTI is
attached, to be used for scheduling of a PDSCH bichwa random access response is
transmitted, the RA-RNTI is defined for the firsaine structure type in accordance with
a first calculation expression based on the suldranmber of the first uplink subframe,
and the RA-RNTI is defined for the second frameictire type in accordance with a
second calculation expression based on the symimobar of the uplink symbol.

[0330]

(12) A sixth aspect of the present embodimenhés liase station apparatus 2
including: a transmission unit configured to traitsdownlink control information on a
PDCCH; and a reception unit configured to receivaralom access preamble. For a first
frame structure type, the downlink control inforinatis used to configure a subframe
number of a first uplink subframe in which transsios of the random access preamble
is allowed. For a second frame structure type ¢beond frame structure type may be
applied to an LAA secondary cell operation celie tdownlink control information is
used to configure a subframe number of a secondkuglibframe in which transmission
of the random access preamble is allowed and a aymimber of an uplink symbol in

the second uplink subframe.
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[0331]

(13) In the sixth aspect of the present embodiméstfirst frame structure type
is applied to a frequency division duplex cell, ahd second frame structure type (the
second frame structure type may be applied to aA &écondary cell operation cell) is
applied to a licensed assisted access cell.

[0332]

(14) In the sixth aspect of the present embodimém transmission unit
transmits downlink control information to which CR@arity bits scrambled with a
RA-RNTI is attached, to be used for scheduling #2SCH on which a random access
response is transmitted, the RA-RNTI is defined tleg first frame structure type in
accordance with a first calculation expression dasethe subframe number of the first
uplink subframe, and the RA-RNTI is defined for tbecond frame structure type in
accordance with a second calculation expressioedas the symbol number of the
uplink symbol.

[0333]

(15) A seventh aspect of the present embodimemtcmmmunication method of
the terminal apparatus 1, the communication meihotliding the steps of: receiving
downlink control information on a PDCCH; and tranigimg a random access preamble.
For a first frame structure type, the downlink eohinformation is used to configure a
subframe number of a first uplink subframe in whitdnsmission of the random access
preamble is allowed. For a second frame structyre, tthe downlink control information
is used to configure a subframe number of a seagpithk subframe in which
transmission of the random access preamble is edoand a symbol number of an
uplink symbol in the second uplink subframe.

[0334]

(16) An eighth aspect of the present embodimeatdemmunication method of
the base station apparatus 2, the communicatiorhadeincluding the steps of:
transmitting downlink control information on a PDBCand receiving a random access
preamble. For a first frame structure type, the mlowk control information is used to
configure a subframe number of a first uplink sabfe in which transmission of the
random access preamble is allowed. For a secomgefigtructure type, the downlink
control information is used to configure a subframeenber of a second uplink subframe

in which transmission of the random access preaisld#fowed and a symbol number of
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an uplink symbol in the second uplink subframe.
[0335]

A program running on each of the base station r@pps 2 and the terminal
apparatus 1 according to the present invention lngag program (a program for causing
a computer to operate) that controls a Centraldasing Unit (CPU) and the like in such
a manner as to realize the functions accordinpe@above-described embodiments of the
present invention. The information handled in thegparatuses is temporarily stored in a
Random Access Memory (RAM) while being processdter&after, the information is
stored in various types of Read Only Memory (ROMglsas a flash ROM and a Hard
Disk Drive (HDD), and when necessary, is read ley@U to be modified or rewritten.
[0336]

Moreover, the terminal apparatus 1 and the bag®stapparatus 2-1 or the base
station apparatus 2-2 according to the above-destrembodiments may be partially
realized by the computer. In this case, this camfijon may be realized by recording a
program for realizing such control functions onanputer-readable recording medium
and causing a computer system to read the progeaorded on the recording medium
for execution.

[0337]

Moreover, the "computer system" here is defined asmputer system built into
the terminal apparatus 1 or the base station apysaal or the base station apparatus
2-2, and the computer system includes an OS andwhae components such as
peripheral devices. Furthermore, the "computerabkdrecording medium" refers to a
portable medium such as a flexible disk, a magoetazal disk, a ROM, and a CD-ROM,
and a storage device such as a hard disk builth@computer system.

[0338]

Moreover, the "computer-readable recording mediunay include a medium
that dynamically retains the program for a shoriqeeof time, such as a communication
line that is used to transmit the program over @vak such as the Internet or over a
communication line such as a telephone line, antedium that retains, in that case, the
program for a fixed period of time, such as a vl@amemory within the computer
system which functions as a server or a clienttHémmore, the program may be
configured to realize some of the functions desdtibbove, and also may be configured

to be capable of realizing the functions descriabdve in combination with a program
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already recorded in the computer system.
[0339]

Furthermore, the base station apparatus 2-1 oe Iséstion apparatus 2-2
according to the above-described embodiments carediezed as an aggregation (an
apparatus group) constituted of multiple apparatus®pparatuses constituting the
apparatus group may be each equipped with somiémoréions of each function or each
functional block of the base station apparatusa?2-thase station apparatus 2-2 according
to the above-described embodiments. It is only irequthat the apparatus group itself
include general functions or general functionatkof the base station apparatus 2-1 or
base station apparatus 2-2. Furthermore, the tatn@pparatus 1 according to the
above-described embodiments can also communicakethe base station apparatus as
the aggregation.

[0340]

Furthermore, the base station apparatus 2-1 oe lstéstion apparatus 2-2
according to the above-described embodiments mankE€volved Universal Terrestrial
Radio Access Network (EUTRAN). Furthermore, theebsition apparatus 2-1 or base
station apparatus 2-2 according to the above-destiembodiments may have some or
all portions of a function of a higher node foredviodeB.

[0341]

Furthermore, some or all portions of each of #wentnal apparatus 1 and the
base station apparatus 2-1 or base station appa&taccording to the above-described
embodiments may be typically achieved as a LargdeSintegration (LSI) that is an
integrated circuit or may be realized as a chip Beé functional blocks of each of the
terminal apparatus 1 and the base station app&&tusr base station apparatus 2-2 may
be individually realized as a chip, or some or @flithe functional blocks may be
integrated into a chip. Furthermore, a circuit gnégion technique is not limited to the
LSI, and may be realized with a dedicated circuitaogeneral-purpose processor.
Furthermore, in a case where with advances in serdictor technology, a circuit
integration technology with which an LSl is repld@pears, it is also possible to use an
integrated circuit based on the technology.

[0342]
Furthermore, according to the above-described dimients, the cellular mobile

station apparatus is described as one exampléeofrenal apparatus or a communication
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apparatus, but the present invention is not limitedthis, and can be applied to a
fixed-type electronic apparatus installed indoors cmtdoors, or a stationary-type
electronic apparatus, for example, a terminal agparor a communication apparatus,
such as an Audio-Video (AV) apparatus, a kitchepaagtus, a cleaning or washing
machine, an air-conditioning apparatus, office pmént, a vending machine, and other
household apparatuses.

[0343]

The embodiments of the present invention have lbesaribed in detail above
referring to the drawings, but the specific confajion is not limited to the embodiments
and includes, for example, an amendment to a deélsajrfalls within the scope that does
not depart from the gist of the present inventiemthermore, various modifications are
possible within the scope of the present invendefined by claims, and embodiments
that are made by suitably combining technical mehsdosed according to the different
embodiments are also included in the technical ecop the present invention.
Furthermore, a configuration in which a constitugleiment that achieves the same effect
is substituted for the one that is described adogrtb the embodiments is also included

in the technical scope of the present invention.

DESCRIPTION OF REFERENCE NUMERALS

[0344]

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
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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
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CLAIMS

1. A terminal apparatus comprising:

a reception unit configured to receive downlinknttol information on a
PDCCH; and

a transmission unit configured to transmit a randacess preamble, wherein

for a first frame structure type, the downlink troh information is used to
configure a subframe number of a first uplink sabfe in which transmission of the
random access preamble is allowed, and

for a second frame structure type, the downlinktd information is used to
configure a subframe number of a second uplinkranié in which transmission of the
random access preamble is allowed and a symbol emwfban uplink symbol in the

second uplink subframe.

2. The terminal apparatus according to claim leneim
the first frame structure type is applied to ajérency division duplex cell, and

the second frame structure type is applied toemfied assisted access cell.

3. The terminal apparatus according to claim leneim

the reception unit receives downlink control imf@tion to which CRC parity
bits scrambled with a RA-RNTI is attached, to bedufor scheduling of a PDSCH on
which a random access response is transmitted,

the RA-RNTI is defined for the first frame struauype in accordance with a
first calculation expression based on the subfranmaber of the first uplink subframe,
and

the RA-RNTI is defined for the second frame stuoettype in accordance with a

second calculation expression based on the symimobar of the uplink symbol.

4. A base station apparatus comprising:

a transmission unit configured to transmit dowkltontrol information on a
PDCCH; and

a reception unit configured to receive a randooess preamble, wherein

for a first frame structure type, the downlink troh information is used to
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configure a subframe number of a first uplink sabfe in which transmission of the
random access preamble is allowed, and
for a second frame structure type, the downlinktia information is used to
configure a subframe number of a second uplinkranié in which transmission of the
random access preamble is allowed and a symbol emwfban uplink symbol in the

second uplink subframe.

5. The base station apparatus according to claiwhdrein
the first frame structure type is applied to ajfrency division duplex cell, and

the second frame structure type is applied toemfied assisted access cell.

6. The base station apparatus according to claiwhdrein

the transmission unit transmits downlink controformation to which CRC
parity bits scrambled with a RA-RNTI is attachealbe used for scheduling of a PDSCH
on which a random access response is transmitted,

the RA-RNTI is defined for the first frame struauype in accordance with a
first calculation expression based on the subfranmaber of the first uplink subframe,
and

the RA-RNTI is defined for the second frame stibettype in accordance with a

second calculation expression based on the symimobar of the uplink symbol.

7. A communication method of a terminal apparathe, communication method
comprising the steps of:

receiving downlink control information on a PDCCathd

transmitting a random access preamble, wherein

for a first frame structure type, the downlink toh information is used to
configure a subframe number of a first uplink sabfe in which transmission of the
random access preamble is allowed, and

for a second frame structure type, the downlinktia information is used to
configure a subframe number of a second uplinkranié in which transmission of the
random access preamble is allowed and a symbol emwfban uplink symbol in the

second uplink subframe.
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8. A communication method of a base station appsrathe communication
method comprising the steps of:

transmitting downlink control information on a PD8; and

receiving a random access preamble, wherein

for a first frame structure type, the downlink troh information is used to
configure a subframe number of a first uplink sabfe in which transmission of the
random access preamble is allowed, and

for a second frame structure type, the downlinktad information is used to
configure a subframe number of a second uplinkranié in which transmission of the
random access preamble is allowed and a symbol emwfban uplink symbol in the

second uplink subframe.



