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REIVINDICACIONES

[Reivindicacidén 1]

Un aparato terminal gque comprende:

una unidad de recepcidn configurada para monitorizar
un canal de control de enlace descendente fisico (PDCCH) ;

una unidad de control de recepcidén configurada para
identificar una separacidén entre subportadoras; donde

la wunidad de control de —recepcidédn identifica,
basandose en informacidén incluida en un bloque de informacién
maestro (MIB), la separacidén entre subportadoras, el bloque de
informacién maestro (MIB) siendo transmitido en un canal de
difusidén fisico (PBCH), y

la unidad de recepcidédn recibe el canal de control de
enlace descendente fisico (PDCCH) de la separacidén entre

subportadoras identificada.

[Reivindicacidn 2]

El aparato terminal de acuerdo con la reivindicacién
1, en donde se afiade al canal de control de enlace descendente
fisico (PDCCH) bits de verificacidén de redundancia ciclica (CRC)
cifrados mediante un identificador temporal de red de radio de

celdas (C-RNTI).

[Reivindicacidn 3]

El aparato terminal de acuerdo con la reivindicacién
1, en donde

una cuadricula de recursos estd definida por una
pluralidad de subportadoras y de simbolos de Multiplexacidén por

Divisidén de Frecuencias Ortogonales (OFDM),
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cada elemento en la cuadricula de recursos se denomina
un elemento de recurso y se identifica mediante un indice de

subportadora y un indice de un simbolo OFDM.

[Reivindicacidén 4]

Un método de comunicacidén para un aparato terminal,
el método de comunicacidén comprende las etapas de:

monitorizar un canal de control de enlace descendente
fisico (PDCCH) ;

identificar wuna separacidén entre subportadoras,
basandose en informacidén incluida en un bloque de informacién
maestro (MIB), el bloque de informacidén maestro (MIB) siendo
transmitido en un canal de difusidén fisico (PBCH); y

recibir el canal de de control de enlace descendente
fisico (PDCCH) de la separacidn entre subportadoras

identificada.

[Reivindicacidén 5]

El método de acuerdo con la reivindicacién 4, en donde
se afiade al canal de control de enlace descendente fisico
(PDCCH) Dbits de wverificacién de redundancia ciclica (CRC)
cifrados mediante un identificador temporal de red de radio de

celdas (C-RNTI).

[Reivindicacidn 6]
El método de acuerdo con la reivindicacidén 4, en donde
una cuadricula de recursos estd definida por una
pluralidad de subportadoras y de simbolos de Multiplexacidén por
Divisién de Frecuencias Ortogonales (OFDM),
cada elemento en la cuadricula de recursos se denomina un
elemento de recurso y se identifica mediante un indice de

subportadora y un indice de un simbolo OFDM.
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[Reivindicacidn 7]

Un aparato de estacidn base que comprende:

una unidad de control de transmisidén configurada
para determinar una separacidn entre subportadoras; y

una unidad de transmisidén configurada para transmitir
un canal de control de enlace descendente fisico (PDCCH) de la
separacién entre subportadoras; donde la unidad de transmisidén
transmite un bloque de informacidén maestro (MIB) gque incluye
informacidén indicando la separacidn entre subportadoras en un

canal de difusién fisico (PBCH).

[Reivindicacidén 8]

El aparato de estacién base de acuerdo con la
reivindicacién 7, en donde se afiade al canal de control de enlace
descendente fisico (PDCCH) bits de verificacidén de redundancia
ciclica (CRC) cifrados mediante un identificador temporal de red

de radio de celdas (C-RNTI).

[Reivindicacidn 9]

El aparato de estacién base de acuerdo con la
reivindicacién 7, en donde

una cuadricula de recursos estd definida por una
pluralidad de subportadoras y de simbolos de Multiplexacidn por
Divisidén de Frecuencias Ortogonales (OFDM),

cada elemento en la cuadricula de recursos se denomina
un elemento de recurso y se identifica mediante un indice de

subportadora y un indice de un simbolo OFDM.

[Reivindicacidn 10]
Un método de comunicacidn para un aparato de estacidn
base, el método de comunicacidédn comprende las etapas de:

determinar una separacidén entre subportadoras;
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transmitir un canal de control de enlace descendente
fisico (PDCCH) de la separacidn entre subportadoras; y

transmitir un bloque de informacidén maestro (MIB)
que incluye informacidén indicando la separacidén entre

subportadoras en un canal de difusidén fisico (PBCH).

[Reivindicacidén 11]

El método de acuerdo con la reivindicacién 10, en
donde se afiade al canal de control de enlace descendente fisico
(PDCCH) bits de verificacidén de redundancia ciclica (CRC)
cifrados mediante un identificador temporal de red de radio de

celdas (C-RNTI).

[Reivindicacidén 12]

El método de acuerdo con la reivindicacién 10, en
donde

una cuadricula de recursos estd definida por una
pluralidad de subportadoras y de simbolos de Multiplexacidén por
Divisién de Frecuencias Ortogonales (OFDM),
cada elemento en la cuadricula de recursos se denomina un
elemento de recurso y se identifica mediante un indice de

subportadora y un indice de un simbolo OFDM.
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Phone: 2113097 Fax: 2554538
Bogota, D.C., Colombia
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Respuesta Requerimiento
EXP: NC2018/0008275

Sefiora

Maria José Lamus Becerra

Directora de Nuevas Creaciones

Superintendencia de Industriay Comercio

E.

S. D.

Referencia: Solicitud de PCT Patente de Invencion denominada Aparato

Terminal, Aparato de Estacién Base y Método de Comunicacion.

Asunto: Respuesta al Requerimiento No. 2349 de fecha 9 de abril de
20109.

Expediente No. NC2018/0008275

Juan Carlos Cuesta Quintero, mayor de edad, identificado como aparece al pie de mi

firma, obrando en mi calidad de apoderado de la sociedad Sharp Kabushiki Kaisha, doy

respuesta al Oficio No. 2349 de fecha 9 de abril de 2019, bajo lo siguiente:

1. Reivindicaciones:

Las nuevas reivindicaciones independientes 1, 4, 7 y 10, de Aparato Terminal,
Método para Aparato Terminal, Estacibn Base y Método para Estaciébn Base
respectivamente, se han enmendado en concordancia introduciendo la misma
caracteristica técnica referida a que “el bloque de informacién maestro MIB
transmitirse en un canal de difusion fisico (PBCH)”, donde PBCH son las siglas
ampliamente usadas en el estado de la técnica. El soporte de esta caracteristica
técnica se encuentra en la pagina 45, lineas 22-24 de la descripcién originalmente
presentada en espafol (parrafo [0160] de la descripcion original en inglés), que

recita:

“un bloque de informacién maestro (MIB) (canal de difusion (BCH)) para la “difusion”,
y el bloque de informacién maestro puede transmitirse en un canal de difusion (p.

ej., canal de difusion fisico)”.

Cada una de esas reivindicaciones independientes a su vez tiene una nueva
reivindicacion dependiente adicional: nuevas reivindicaciones dependientes 3, 6, 9
y 12 referidas al Aparato Terminal, Método para Aparato Terminal, Estacion Base y
Método para Estacion Base respectivamente. Todas las nuevas reivindicaciones
dependientes reivindican las mismas caracteristicas técnicas: “una cuadricula de
recursos esta definida por una pluralidad de subportadoras y de simbolos OFDM,

cada elemento en la cuadricula de recursos se denomina un elemento de recurso y
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se identifica mediante un indice de subportadora y un indice de simbolo OFDM.” El
soporte de estas caracteristicas técnicas se encuentra en la pagina 11, lineas 8-17
de la descripcion originalmente presentada en espafiol (parrafo [0055] de la
descripcion original en inglés), que recita:

“En el enlace descendente, la cuadricula de recursos esta definida por multiples
subportadoras y mdultiples simbolos. En el enlace ascendente, la cuadricula de
recursos esta definida por multiples subportadoras y mdultiples simbolos. Los
simbolos del enlace descendente pueden ser simbolos de OFDM, simbolos de
OFDM filtrados o simbolos DFT-S-OFDM. Los simbolos del enlace ascendente
pueden ser simbolos de OFDM, simbolos de OFDM filtrados simbolos SC-FDMA o
simbolos DFT-S-OFDM. La cantidad de subportadoras que constituye un intervalo
depende del ancho de banda de la celda. Cada elemento dentro de la cuadricula de
recursos se denomina elemento de recurso. El elemento de recurso se identifica

mediante el uso de una cantidad de subportadoras y una cantidad de simbolos.”

2. Examen de Patentabilidad:

El documento D1 no revela ni sugiere que la informaciéon correspondiente a la
separacion entre subportadoras esté incluida en el bloque de informacién maestro
(MIB) y que se transmite en el Canal de Transmisién Fisica (PBCH). Por lo tanto, la
presente invencion tiene novedad y actividad inventiva sobre D1. El espaciado entre

subportadoras en el documento D1 es el espaciado entre subportadoras asignadas a la

asignacion de recursos. Por el contrario, como se define claramente en las reivindicaciones

3, 6,9y 12, el espaciado de subportadoras en la presente solicitud es el espaciado entre

subportadoras sucesivas. Por lo tanto, la invencion de las reivindicaciones 3, 6, 9y 12 no

es obvia sobre el documento D1.
Teniendo en cuenta todo lo anterior, rogamos al examinador reconsidere su opinién.

En vista de todo lo anterior, ruego a usted estudiar nuevamente la solicitud con base en las

modificaciones realizadas y proceder de conformidad.

Cordialmente,

v Cunsa gm0 y

Juan Carlos Cuesta Quintero.
C.C. 79.339.809 de Bogota
T.P. 43.273 del C.S. de la J.
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Index
(Operation Subcarrier spacing
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0 {15, 75, 540, 600} kHz
1 {15, 75, 540} kHz
2 {15, 75} kHz
i {15} kHz
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TERMINAL APPARATUS, BASE STATION
APPARATUS, AND COMMUNICATION
METHOD

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to a
technique of a terminal apparatus, a base station apparatus,
and a communication method that enable efficient commu-
nication.

BACKGROUND ART

[0002] The 3rd Generation Partnership Project (3GPP),
which is a standardization project, standardized the Evolved
Universal Terrestrial Radio Access (hereinafter, referred to
as E-UTRA), in which high-speed communication is real-
ized by adopting an Orthogonal Frequency-Division Multi-
plexing (OFDM) communication scheme and flexible
scheduling using a unit of prescribed frequency and time
called resource block.

[0003] Moreover, the 3GPP discusses Advanced E-UTRA,
which realizes higher-speed data transmission and has upper
compatibility with E-UTRA, E-UTRA relates to a commu-
nication system based on a network in which base station
apparatuses have substantially the same cell configuration
(cell size); however, regarding Advanced E-UTRA, discus-
sion is made on a communication system based on a network
(different-type radio network, Heterogeneous Network) in
which base station apparatuses (cells) having different con-
figurations coexist in the same area. In this regard, E-UTRA
is also referred to as “Long Term Evolution (LTE)”, and
Advanced E-UTRA is also referred to as “LTE-Advanced”.
Furthermore, LTE may be a collective name including
LTE-Advanced.

[0004] Further, in the 3GPP, proposal has been made for
the fifth generation communication (NPL 1). The fifth gen-
eration radio communication technology/fifth generation
radio access technology are sometimes referred to as NX or
Next Generation Radio Access Technology (NGRAT).

CITATION LIST

Non Patent Literature

[0005] NPL 1: RWS-150009, Ericsson, 3GPP RAN Work-
shop on 5G, 17-18 Sep. 2015.

SUMMARY OF INVENTION

Technical Problem

[0006] The present invention provides a terminal appara-
tus, a base station apparatus, and a communication method
that enable a communication apparatus (terminal apparatus
and/or base station apparatus) supporting multiple subcarrier
spacings to perform efficient communication.

Solution to Problem

[0007] A terminal apparatus according to an aspect of the
invention includes: a reception unit configured to receive a
control channel with a control information format including
a first field and a second field; a reception control unit
configured to identify a subcarrier spacing, based on a value
of the first field; and a reception unit configured to receive
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a data channel assigned based on a value of the second field
by using the identified subcarrier spacing.

[0008] A base station apparatus according to an aspect of
the present invention includes: a transmission unit config-
ured to transmit a control channel with a control information
format including a first field and a second field; and a
transmission unit configured to transmit a data channel
assigned based on a value of the second field by using a
subcarrier spacing based on a value of the first field.
[0009] A communication method for a terminal apparatus
according to an aspect of the invention includes the steps of:
receiving a control channel with a control information
format including a first field and a second field; identifying
a subcarrier spacing, based on a value of the first field; and
receiving a data channel assigned based on a value of the
second field by using the identified subcarrier spacing.
[0010] A communication method for a base station appa-
ratus according to an aspect of the present invention includes
the steps of: transmitting a control channel with a control
information format including a first field and a second field;
and transmitting a data channel assigned based on a value of
the second field by using a subcarrier spacing based on a
value of the first field.

Advantageous Effects of Invention

[0011] According to the present embodiment, a commu-
nication apparatus (terminal apparatus and/or base station
apparatus) supporting multiple subcarrier spacings can effi-
ciently communicate.

BRIEF DESCRIPTION OF DRAWINGS

[0012] FIG. 1 is a conceptual diagram illustrating an
example of a radio communication system according to a
present embodiment.

[0013] FIG. 2 is a diagram illustrating an example of a
serving cell according to the present embodiment.

[0014] FIG. 3 is a diagram illustrating an example of
carrier aggregation according to the present embodiment.
[0015] FIG. 4 is a diagram illustrating an example of a
configuration of a slot according to the present embodiment.
[0016] FIG. 5 is a diagram illustrating an example of the
configuration of the slot according to the present embodi-
ment.

[0017] FIG. 6 is a diagram illustrating an example of
resource blocks according to the present embodiment.
[0018] FIG. 7 is a diagram illustrating an example of
resource blocks according to the present embodiment.
[0019] FIG. 8 is a diagram illustrating examples of a
region in which control information is transmitted and a
region in which data and/or signal other than the control
information is transmitted, according to the present embodi-
ment.

[0020] FIG. 9 is a diagram illustrating an example of a
radio resource use method according to the present embodi-
ment.

[0021] FIG. 10 is a diagram illustrating an example of
addition of CP according to the present embodiment.
[0022] FIG. 11 is a diagram illustrating an example of CSI
measurement and/or RRM measurement according to the
present embodiment.

[0023] FIG. 12 is a diagram illustrating an example of CSI
measurement and/or RRM measurement according to the
present embodiment.
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[0024] FIG. 13 is a diagram illustrating an example of
scheduling according to the present embodiment.

[0025] FIG. 14 is a diagram illustrating an example of the
scheduling according to the present embodiment.

[0026] FIG. 15 is a diagram illustrating an example of a
synchronization signal transmission method according to the
present embodiment.

[0027] FIG. 16 is a diagram illustrating an example of a
multicast data transmission method according to the present
embodiment.

[0028] FIG. 17 is a diagram illustrating an example of a
table managing subcarrier spacings according to the present
embodiment.

[0029] FIG. 18 is a diagram illustrating an example of the
table managing subcarrier spacings according to the present
embodiment.

[0030] FIG. 19 is a diagram illustrating an example of the
table managing subcarrier spacings according to the present
embodiment.

[0031] FIG. 20 is a diagram illustrating an example of the
table managing subcarrier spacings according to the present
embodiment.

[0032] FIG. 21 is a diagram illustrating an example of the
table managing subcarrier spacings according to the present
embodiment.

[0033] FIG. 22 is a diagram illustrating an example of a
block configuration of a base station apparatus according to
the present embodiment.

[0034] FIG. 23 is a diagram illustrating an example of a
block configuration of a terminal apparatus according to the
present embodiment.

[0035] FIG. 24 is a diagram illustrating an example of the
table managing subcarrier spacings according to the present
embodiment.

[0036] FIG. 25 is a diagram illustrating an example of the
table managing subcarrier spacings according to the present
embodiment.

DESCRIPTION OF EMBODIMENTS

First Embodiment

[0037] A first embodiment of the present invention will be
described below. A description will be given by using a
communication system (cellular system) in which a base
station apparatus (base station, NodeB, or eNodeB (eNB))
and a terminal apparatus (terminal, mobile station, user
device, or User equipment (UE)) communicate in a cell.
[0038] In the present embodiment, “X/Y” includes the
meaning of “X or Y”. In the present embodiment, “X/Y”
includes the meaning of “X and Y”. In the present embodi-
ment, “X/Y” includes the meaning of “X and/or Y.
[0039] In the description of the present embodiment, a
description of downlink covers downlink in a normal cell
and downlink in a LAA cell. For example, a description of
a downlink subframe includes a downlink subframe in a
normal cell, a full subframe in a LAA cell, and a partial
subframe in a LAA cell.

[0040] A physical channel and a physical signal substan-
tially used in EUTRA and Advanced EUTRA will be
described. The “channel” refers to a medium used to trans-
mit a signal, and the “physical channel” refers to a physical
medium used to transmit a signal. In the present embodi-
ment, the physical channel may be used synonymously with
“signal”. In the future EUTRA and Advanced EUTRA, the
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physical channel may be added or its constitution and format
type may be changed or added; however, the description of
the present embodiment will not be affected even if such
change or addition is made.

[0041] FIG. 1 is a conceptual diagram of a radio commu-
nication system according to the present embodiment. In
FIG. 1, the radio communication system includes terminal
apparatuses 1A to 1C and a base station apparatus 3. For
explanation, the terminal apparatuses 1A to 1C are simply
referred to as a terminal apparatus in the present embodi-
ment. For explanation, the base station apparatus 3 is simply
referred to as a base station apparatus in the present embodi-
ment.

[0042] The present embodiment may be applied to an
RRC_CONNECTED state or only to the terminal apparatus
in an RRC_CONNECTED mode. The present embodiment
may be applied to an RRC_IDLE state or only to the
terminal apparatus in the RRC_IDLE state. The present
embodiment may be applied to both the RRC_CON-
NECTED state or the terminal apparatus in the RRC_
CONNECTED mode and the RRC_IDLE state or the ter-
minal apparatus in the RRC_IDLE state.

[0043] In the present embodiment, one serving cell is
configured for the terminal apparatus. The one serving cell
may be a primary cell. The one serving cell may be a cell on
which the terminal apparatus is camping. The primary cell is
a cell in which an initial connection establishment procedure
has been performed, a cell in which a connection re-
establishment procedure has started, or a cell indicated as a
primary cell in a handover procedure.

[0044] A carrier corresponding to a serving cell in the
downlink is referred to as a downlink component carrier. A
carrier corresponding to a serving cell in the uplink is
referred to as an uplink component carrier. The downlink
component carrier and the uplink component carrier are
collectively referred to as a component carrier. in FDD, the
uplink component carrier and the downlink component
carrier correspond to different carrier frequencies. In TDD,
the uplink component carrier and the downlink component
carrier correspond to the same carrier frequency.

[0045] In the downlink, one independent HARQ entity
exists for each serving cell (downlink component carrier).
The HARQ entity manages multiple HARQ processes in
parallel. Each of the HARQ processes indicates a physical
layer to receive data, based on a received downlink assign-
ment (downlink control information).

[0046] In the downlink, at least one transport block is
generated for each of one or multiple Transmission Time
Intervals (TTIs) for each serving cell. The transport block
and HARQ retransmission of the transport block are mapped
to one serving cell. Note that, in LTE, a TTI serves as a
subframe. The transport block in the downlink is MAC layer
data transmitted on the Downlink Shared CHannel (DL-
SCH).

[0047] Inthe present embodiment, in the downlink, “trans-
port block”, “MAC Protocol Data Unit (PDU)”, “MAC layer
data”, “DL-SCH”, “DL-SCH data”, and “downlink data” are
assumed to mean the same.

[0048] FIG. 2 is an example of a serving cell according to
the present embodiment. The serving cell in FIG. 2 may be
rephrased as a downlink serving cell, downlink component
carrier, or the like. One serving cell may include multiple
regions. FIG. 2 illustrates an example in which three regions
are included in one serving cell. Although not illustrated, a
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guard frequency may be present between the regions.
Although not illustrated, the regions may overlap each other.
In other words, no guard frequency may be present between
the regions. The number of regions included in one serving
cell may be limited. For example, the number of regions
included in one serving cell may be limited to up to five. The
regions included in one serving cell may include a region
used for downlink transmission and a region used for uplink
transmission. For example, a first region and a second region
may be used for downlink transmission, and a third region
may be used for uplink transmission.

[0049] Different subcarrier spacings may be applied to the
respective regions included in one serving cell. For example,
a first subcarrier spacing may be applied to the first region,
a second subcarrier spacing may be applied to the second
region, and a third subcarrier spacing may be applied to the
third region. The subcarrier spacings applied to the regions
may be determined based on some of or all Element (1) to
Element (4) to be described later.

[0050] Moreover, the terminal apparatus and the base
station apparatus may employ a technique for aggregating
the frequencies (serving cells, cells, component carriers, or
frequency bands) of multiple different frequency bands
through carrier aggregation and treating the resultant as a
single frequency (frequency band). Component carriers are
categorized into an uplink component carrier corresponding
to the uplink and a downlink component carrier correspond-
ing to the downlink. The carrier aggregation may be referred
to as cell aggregation.

[0051] For example, in a case that each of five component
carriers having a frequency bandwidth of 20 MHz are
aggregated through carrier aggregation, a terminal apparatus
capable of performing carrier aggregation performs trans-
mission and/or reception by assuming that the aggregated
carrier has a frequency bandwidth of 100 MHz. Note that
component carriers to be aggregated may have contiguous
frequencies or frequencies some or all of which are discon-
tiguous. For example, assuming that available frequency
bands are an 800 MHz band, a 2 GHz band, and a 3.5 GHz
band, a component carrier may be transmitted in the 800
MHz band, another component carrier may be transmitted in
the 2 GHz band, and yet another component carrier may be
transmitted in the 3.5 GHz band.

[0052] It is also possible to aggregate multiple contiguous
or discontiguous component carriers of the same frequency
band. The frequency bandwidth of each component carrier
may be narrower (e.g., 5 MHz or 10 MHz) than the
receivable frequency bandwidth (e.g., 20 MHz) of the ter-
minal apparatus, and the frequency bandwidth of component
carriers to be aggregated may be different from each other.
Each frequency bandwidth is preferably equal to any of the
frequency bandwidth of known cells in consideration of
backward compatibility, but may be a frequency bandwidth
different from any of the frequency bands of the known
cells.

[0053] FIG. 3 is an example of carrier aggregation accord-
ing to the present embodiment. FIG. 3 is an example in
which a serving cell 1 and a serving cell 2 are aggregated.
The serving cell 1 includes the first region to the third region,
and the serving cell 2 includes a fourth region and a fifth
region.

[0054] It is preferable that any one of serving cells among
the multiple serving cells thus aggregated be a primary cell,
and the serving cells other than the primary cell among the
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multiple serving cell thus aggregated may be secondary
cells. For example, the serving cell 1 may be a primary cell,
and the serving cell 2 may be a secondary cell. One region
in the primary cell may be a primary region. The primary
region may also be present in the secondary cell. For
example, the first region in the serving cell 1, which is the
primary cell, may be a primary region, and the fourth region
in the serving cell 2, which is the secondary cell, may be a
primary secondary region.

[0055] FIG. 4 and FIG. 5 are diagrams illustrating con-
figurations of a slot according to the present embodiment. In
the present embodiment, a normal Cyclic Prefix (CP) may be
applied to symbols. The physical signal or the physical
channel transmitted in each of the slots is expressed by a
resource grid. In FIG. 4 and FIG. 5, the horizontal axis
represents a time axis, and the vertical axis represents a
frequency axis. In the downlink, the resource grid is defined
by multiple subcarriers and multiple symbols. In the uplink,
the resource grid is defined by multiple subcarriers and
multiple symbols. The symbols in the downlink may be
OFDM symbols, filtered OFDM symbols, or DFT-S-OFDM
symbols. The symbols in the uplink may be OFDM symbols,
filtered OFDM symbols, SC-FDMA symbols, or DFT-S-
OFDM symbols. The number of subcarriers constituting one
slot depends on a cell bandwidth. Each element within the
resource grid is referred to as a resource element. The
resource element is identified by using a subcarrier number
and a symbol number. It is apparent that the symbol length
increases in a case of configuring a smaller subcarrier
spacing and that the symbol length decreases in a case of
configuring a larger subcarrier spacing. Configuring a
smaller subcarrier spacing is the same as configuring a
narrower subcarrier bandwidth, and configuring a larger
subcarrier spacing is the same as configuring a wider sub-
carrier bandwidth.

[0056] A difference between FIG. 4 and FIG. 5 will be
described. In FIG. 4, the subcarrier bandwidth (subcarrier
spacing) is variable in the frequency domain but is not
variable in the time domain. In other words, multiple sub-
carrier spacings coexist for a certain symbol in FIG. 4. In
FIG. 5, the subcarrier bandwidths (subcarrier spacings) are
not variable in the frequency domain but are variable in the
time domain. In other words, multiple subcarrier spacings do
not coexist for a certain symbol in FIG. 5. Although not
illustrated, the subcarrier spacing may be semi-statistically
variable or dynamically variable in the time domain in FIG.
4. Although not illustrated, the subcarrier spacing may be
semi-statistically variable in the time domain in FIG. 4. In
other words, the subcarrier spacing may not necessarily be
dynamically variable in the time domain in FIG. 4. Although
not illustrated, the subcarrier spacing may be semi-statisti-
cally variable or dynamically variable in the frequency
domain in FIG. 5. Although not illustrated, the subcarrier
spacing may be semi-statistically variable in the frequency
domain in FIG. 5. In other words, the subcarrier spacing may
not necessarily be dynamically variable in the frequency
domain in FIG. 5.

[0057] FIG. 6 is an example of resource blocks according
to the present embodiment. Each region defined (specified)
by a prescribed number of subcarriers and a prescribed
number of symbols may be defined as a resource block. FIG.
6 is a diagram of a case that each region defined (specified)
by four subcarriers in the frequency domain and four sym-
bols in the time domain is defined as a resource block. As
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illustrated in FIG. 6, in a case that multiple subcarrier
spacings are applicable, the frequency bandwidth and the
time length defining (specifying) each resource block vary
based on the applied subcarrier spacing. For example, a
resource block is defined (specified) by a bandwidth of Y/2
kHz and a time of 2*B ms, a resource block is defined
(specified) by a bandwidth of Y kHz and a time of B ms, and
a resource block is defined (specified) by a bandwidth of
2*Y kHz and a time of B/2 ms. Although not illustrated,
multiple subcarrier spacings and/or symbol lengths may be
included in one resource block.

[0058] Although a description has been given of an
example in which each resource block is defined as a region
defined (specified) by the prescribed number of subcarriers
and the prescribed number of symbols, each resource block
may be defined only by a prescribed number of subcarriers
or a prescribed number of symbols. In other words, each
resource block may be defined using only the time domain
or the frequency domain. In other words, each region
defined (specified) by a prescribed number of subcarriers
and/or a prescribed number of symbols may be defined as a
resource block.

[0059] FIG. 7 is an example of resource blocks according
to the present embodiment. Each region defined (specified)
by a prescribed frequency bandwidth and a prescribed time
(symbol time) may be defined as a resource block. FIG. 7 is
a diagram of a case that each region defined (specified) by
a bandwidth Y kHz and a time B ms is defined as a resource
block. As illustrated in FIG. 7, in a case that multiple
subcarrier spacings are applicable, the number of subcarriers
and the number of symbols defining (specifying) one
resource block varies. For example, a resource block is
defined (specified) by eight subcarriers and two symbols, a
resource block is defined (specified) by four subcarriers and
four symbols, and a resource block is defined (specified) by
two subcarriers and eight symbols. Although not illustrated,
multiple subcarrier spacings and/or symbol lengths may be
included in one resource block.

[0060] Although a description has been given of an
example in which each region defined (specified) by the
prescribed frequency bandwidth and the prescribed time is
defined as a resource block, each resource block may be
defined only by a prescribed frequency bandwidth or a
prescribed time. In other words, each resource block may be
defined using only the time domain or the frequency domain.
In other words, each region defined (specified) by a pre-
scribed frequency bandwidth and/or a prescribed time may
be defined as a resource block.

[0061] A resource block may be used to express mapping
of a certain physical channel (such as a downlink data
channel (e.g., PDSCH) or an uplink data channel (e.g.,
PUSCH)) to resource elements. For the resource block, a
virtual resource block and a physical resource block may be
defined. A certain physical channel may first be mapped to
the virtual resource block. Thereafter, the virtual resource
block may be mapped to the physical resource block. The
physical resource blocks may be numbered from zero in the
frequency domain. The resource block may be referred to as
a chunk.

[0062] FIG. 8 is an example illustrating a region in which
control information is transmitted and a region in which data
and/or signal other than the control information is transmit-
ted, according to the present embodiment. The region in
which control information is transmitted may be referred to
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as a control channel, and the control channel may be a
downlink control channel (e.g., PDSCH). The region in
which data and/or signal other than control information is
transmitted may include at least a region in which user data
(channel, e.g., PDSCH, for example) is transmitted. The
region in which control information is transmitted may be a
prescribed subcarrier spacing. The region in which control
information is transmitted and the region controlled by the
control information transmitted in the region in which the
control information is transmitted may have the same sub-
carrier spacing. The region in which control information is
transmitted and the region controlled by the control infor-
mation transmitted in the region in which the control infor-
mation is transmitted may have different subcarrier spac-
ings.

[0063] FIG. 9 is an example of a radio resource use
method according to the present embodiment.

[0064] A radio resource use method illustrated in (1) of
FIG. 9 will be described. In (1), a region in which control
information is transmitted is at the beginning in the time
domain, and subsequently reference signals (RSs) are trans-
mitted in a distributed manner in the frequency domain and
the time domain. The region in which neither the control
signals nor the reference signals is transmitted may be used
for data transmission. Although not illustrated, reference
signals (RSs) may also be transmitted in the region for
transmitting control information. A reference signal trans-
mitted in the region for transmitting control information
(reference signal for control information) and a reference
signal transmitted in the region for transmitting data (refer-
ence signal for data) may be different from each other.
[0065] A radio resource use method illustrated in (2) of
FIG. 9 will be described. In (2), a region for transmitting
reference signals (reference burst) is at the beginning in the
time domain and is followed by a region for transmitting
control information (control burst) and a region for trans-
mitting data (data burst). The region in which neither the
control signal nor the reference signals is transmitted may be
used for data transmission. The reference signals transmitted
in the reference burst may be associated with signals trans-
mitted in the control burst and/or data burst. Specifically, the
reference signals transmitted in the reference burst may be
used for demodulation of the signals transmitted in the
control burst and/or data burst. The reference signals for the
control information burst and the reference signals for the
data burst may be different. Different subcarrier spacings
may be applied to the respective bursts (reference burst,
control burst, and data burst). For example, the subcarrier
spacing to be applied to each of the bursts may be notified
at the beginning (first symbol or first multiple symbols) of
the burst. For example, notification may be made in each
burst, regarding the subcarrier spacing to be applied to the
next burst continuous to the burst in terms of time. For
example, the subcarrier spacing of the burst (data burst)
controlled by the control information transmitted by a con-
trol burst may be notified in the control burst. A gap may be
present between the bursts, although not illustrated.

[0066] A radio resource use method illustrated in (3) of
FIG. 9 will be described. In (3), a region for downlink
transmission (downlink burst) is at the beginning in the time
domain and is followed by a region for uplink transmission
(uplink burst). In the downlink burst, some of or all control
signals, data signals, and reference signals may be transmit-
ted. In the uplink burst, some of or all a control signal, a data
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signal, and a reference signal may be transmitted. Different
subcarrier spacings may be applied to the respective bursts
(downlink burst and uplink burst). For example, the subcar-
rier spacing to be applied to each of the bursts may be
notified at the beginning (first symbol or first multiple
symbols) of the burst. A gap may be present between the
bursts, although not illustrated. For example, notification
may be made in a downlink burst, regarding the subcarrier
spacing to be applied to the uplink burst contiguous to the
downlink burst in terms of time.

[0067] FIG. 10 is an example of addition of CP according
to the present embodiment. It is apparent that the symbol
length increases in a case of configuring a smaller subcarrier
spacing and that the symbol length decreases in a case of
configuring a larger subcarrier spacing. Configuring a
smaller subcarrier is the same as configuring a narrower
subcarrier bandwidth, and configuring a larger subcarrier
spacing is the same as configuring a wider subcarrier band-
width. In other words, FIG. 10 illustrates that CPs having
different lengths are added to symbols having different
symbol lengths. In other words, the symbol length and the
length of the CP may correspond to each other. Specifically,
a first CP is added to a symbol having a first symbol length,
a second CP is added to a symbol having a second symbol
length, . . ., and an x-th CP is added to an x-th symbol
length. The CP (CP length) to be added may be determined
based on the symbol length of the symbol to which the CP
is added, that is, the CP (CP length) to be added may be
implicitly determined based on the symbol length of the
symbol to which the CP is to be added. The CP (CP length)
to be added may be explicitly notified by the base station
apparatus (may be notified (transmitted) by using L1 or
higher layer signaling). Having different symbol lengths is
the same as having different subcarrier spacings. In other
words, a symbol length can be rephrased as a subcarrier
spacing.

[0068] FIG. 11 is an example of CSI measurement and/or
RRM measurement according to the present embodiment.
The Channel State Information (CSI) may be measured
based on a reference signal. For example, the CSI may be
measured based on a channel state information reference
signal (CSI-RS) or a Cell-specific RS (CRS). The CSI
includes a Channel Quality indicator (CQI), a Precoding
Matrix Indicator (PMI), a Precoding Type Indicator (PTI),
and a Rank Indication (RI), which may be used respectively
for specifying (representing) a preferable modulation
scheme and coding rate, a preferable precoding matrix, a
preferable PMI type, and a preferable rank. Note that each
of the Indicators may be denoted as Indication. Moreover,
the CQI and the PMI may be classified into wideband CQI
and PMI assuming channel transmission using all the
resource blocks in a single cell, and subband CQI and PMI
assuming channel transmission using some contiguous
resource blocks (subbands) in a single cell. Moreover, PMI
may include a type of PMI, which represents a single
preferable precoding matrix using two types of PMIs, which
are a first PMI and a second PMI, in addition to a normal
type of PMI, which represents a single preferable precoding
matrix using a single PMI. Radio Resource Management
measurement (RRM measurement) may be measurement
associated with RSRP measurement, RSRQ measurement,
and RSSI measurement. The RRM measurement may be
performed based on a reference signal, such as a CRS or a
CSI-RS.
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[0069] Even in a case, as in FIG. 11, that a base station
apparatus uses multiple different subcarrier spacings, a ter-
minal apparatus may perform CSI measurement and/or
RRM measurement by assuming the downlink bandwidth of
channel transmission with a prescribed subcarrier spacing.
Note that “perform CSI measurement and/or RRM measure-
ment by assuming the downlink bandwidth with a prescribed
subcarrier spacing” means performing CSI measurement
and/or RRM measurement by assuming that the prescribed
subcarrier spacing is applied to the entire downlink band-
width. Here, the prescribed subcarrier spacing may be
defined in advance, may be explicitly notified by the base
station apparatus (may be notified (transmitted) by using .1
or higher layer signaling), or may be determined by the
terminal apparatus (implicitly determined).

[0070] FIG. 12 is an example of CSI measurement anchor
RRM measurement according to the present embodiment. In
a case that a base station apparatus uses multiple different
subcarrier spacings, the terminal apparatus may perform CSI
measurement and/or RRM measurement by using a fre-
quency band to which a prescribed subcarrier spacing is
applied. For example, in a case as in FIG. 12, that first
subcarrier spacing (subcarrier bandwidth) and a second
subcarrier spacing are used for downlink transmission, the
terminal apparatus may perform CSI measurement and/or
RRM measurement by using a frequency band to which the
first subcarrier spacing is applied. The subcarrier spacing
and/or the frequency position to be used for CSI measure-
ment and/or RRM measurement may be defined in advance,
may be explicitly notified by the base station apparatus (may
be notified (transmitted) by using .1 or higher layer signal-
ing), or may be determined by the terminal apparatus
(implicitly determined). The subcarrier spacing and/or the
frequency position not to be used for CSI measurement
and/or RRM measurement may be defined in advance, may
be explicitly notified by the base station apparatus (may be
notified (transmitted) by using .1 or higher layer signaling),
or may be determined by the terminal apparatus (implicitly
determined). The subcarrier spacing to be used for CSI
measurement and/or RRM measurement may be determined
based on some of or all Element (1) to Element (4) to be
described later. The subcarrier spacing for a measurement
object relating to the RRM measurement may be determined
based on some of or all Element (1) to Element (4) to be
described later. The measurement object relating to the RRM
measurement may include information associated with the
subcarrier spacing. The measurement object relating to the
RRM measurement may include information associated
with a CP (CP length). The measurement object relating to
the RRM measurement may include information associated
with a frequency position (such as information indicating a
band, information indicating an operating band, or informa-
tion indicating a carrier frequency). The measurement object
relating to the RRM measurement may include information
associated with cell identification (such as a cell ID or the ID
of' a measurement target cell).

[0071] FIG. 13 is an example of scheduling (self sched-
uling) according to the present embodiment. “Self schedul-
ing” in the present embodiment means that, for example, in
FIG. 2, the region for transmitting control information is
present in the x-th region (x is any number) and the region
controlled by the control information is present in the x-th
region. In other words, in FIG. 2, the region for transmitting
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control information and the region controlled by the control
information are present in the same x-th region.

[0072] Scheduling illustrated in (1) of FIG. 13 (self sched-
uling) will be described. (1) is an example that the region in
which control information is transmitted and a region in
which data and/or signal other than the control information
is transmitted have the same subcarrier spacing. In other
words, the region in which control information is transmit-
ted (e.g., a region 1 in FIG. 13) and the region controlled by
the control information (e.g., a region 2 in FIG. 13) have the
same subcarrier spacing. In (1), the region in which control
information is transmitted and the region controlled by the
control information may be prohibited from having different
subcarrier spacings.

[0073] Scheduling illustrated in (2) of FIG. 13 (self sched-
uling) will be described. (2) is an example that the region in
which control information is transmitted and a region in
which data and/or signal other than the control information
is transmitted have different subcarrier spacings. In other
words, the region in which control information is transmit-
ted (e.g., a region 3 in FIG. 13) and the region controlled by
the control information (e.g., a region 4 in FIG. 13) have
different subcarrier spacings.

[0074] FIG. 14 is an example of scheduling (cross sched-
uling) according to the present embodiment. “Cross sched-
uling” in the present embodiment means that, for example,
in FIG. 2, the region in which control information is trans-
mitted is present in the x-th region (X is any number) and the
region controlled by the control information is present in the
x-th region (y is any number different from x). In other
words, in FIG. 2, the region in which control information is
transmitted and the region controlled by the control infor-
mation are present in different regions.

[0075] Scheduling illustrated in (1) of FIG. 14 (cross
scheduling) will be described. (1) is an example that the
region in which control information is transmitted and a
region in which data and/or signal other than the control
information is transmitted have different subcarrier spac-
ings. In other words, the region in which control information
is transmitted (e.g., a region 1 in FIG. 14) and the region
controlled by the control information (e.g., a region 2 in FIG.
14) may have different subcarrier spacings.

[0076] Scheduling illustrated in (2) of FIG. 14 (cross
scheduling) will be described. (2) is an example that the
region in which control information is transmitted and a
region in which data and/or signal other than the control
information is transmitted have the same subcarrier spacing.
In other words, the region in which control information is
transmitted (e.g., a region 3 in FIG. 14) and the region
controlled by the control information (e.g., a region 4 in FIG.
14) have the same subcarrier spacing. In (2), the region in
which control information is transmitted and the region
controlled by the control information may be prohibited
from having different subcarrier spacings. For example, the
region 3 in FIG. 14 may be prohibited from controlling a
region 5 in FIG. 14.

[0077] FIG. 15 is an example of a Synchronization signal
transmission method according to the present embodiment.
The Synchronization signal (SS) is used for a terminal
apparatus to be synchronized in terms of frequency and time
domains in the downlink. In the TDD scheme, the Synchro-
nization signal may be mapped to subframes 0, 1, 5, and 6
within a radio frame. In the FDD scheme, the Synchroni-
zation signal may be mapped to subframes 0 and 5 within a
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radio frame. The Synchronization signal may include a
Primary synchronization signal (PSS) and the Secondary
synchronization signal (PSS). Even in a case that the Syn-
chronization signal is transmitted in the frequency band to
which multiple subcarrier spacings are applicable, a pre-
scribed subcarrier spacing may always be applied to trans-
mission of the Synchronization signal. The prescribed sub-
carrier spacing applied to the transmission of the
Synchronization signal may be determined based on some of
or all Element (1) to Element (4) to be described later.

[0078] FIG. 16 is an example of a multicast data trans-
mission method according to the present embodiment. Mul-
ticast data transmission may be transmission associated with
Multimedia Broadcast multicast service Single Frequency
Network (MBSFN). For example, multicast data transmis-
sion may be transmission of MBSFN subframes. Terminal
apparatuses may be divided into multiple MBSFN groups.
Note that division to the MBSFN groups may be based on
services in which the terminal apparatuses are interested.
Division to the MBSFN groups may be based on require-
ments of the services in which the terminal apparatuses are
interested. The subcarrier spacing to be applied may be
different for each MBSFN group. For example, the first
subcarrier spacing may be used for MBSFN group 1, the
second subcarrier spacing may be used for MBSFN group 2,
. .., and the x-th subcarrier spacing may be used for MBSFN
group X. Note that multiple MBSFN groups may be fre-
quency-multiplexed, time-multiplexed, or code-multi-
plexed. The subcarrier spacings for the MBSFN groups may
be determined based on some of or all Element (1) to
Element (4) to be described later. Each terminal apparatus
may select an MBSFN group and a cell corresponding to the
MBSFN group, based on the subcarrier spacings for the
MBSFN groups.

[0079] FIG. 22 is a schematic diagram illustrating an
example of a block configuration of a base station apparatus
according to the present embodiment. The base station
apparatus includes a higher layer (higher-layer control infor-
mation notification unit, higher layer processing unit) 2201,
a control unit (base station control unit) 2202, a codeword
generation unit 2203, a downlink subframe generation unit
2204, an OFDM signal transmission unit (downlink trans-
mission unit) 2206, a transmit antenna (base station transmit
antenna) 2207, a receive antenna (base station receive
antenna) 2208, an SC-FDMA signal reception unit (CSI
reception unit) 2209, and an uplink subframe processing unit
2210. The downlink subframe generation unit 2204 includes
a downlink reference signal generation unit 2205. Moreover,
the uplink subframe processing unit 2210 includes an uplink
control information extraction unit (CSI acquisition unit)
2211. Note that the transmit antenna 2207 may be referred
to as a base station transmit antenna 2207, and the receive
antenna 2208 may be referred to as a base station receive
antenna 2208.

[0080] FIG. 23 is a schematic diagram illustrating an
example of a block configuration of a terminal apparatus
according to the present embodiment. The terminal appara-
tus includes a receive antenna (terminal receive antenna)
2301, an OFDM signal reception unit (downlink reception
unit) 2302, a downlink subframe processing unit 2303, a
transport block extraction unit (data extraction unit) 2305, a
control unit (terminal control unit) 2306, a higher layer
(higher-layer control information acquisition unit, higher
layer processing unit) 2307, a channel state measurement
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unit (CSI generation unit) 2308, an uplink subframe gen-
eration unit 2309, SC-TDMA signal transmission units (UCI
transmission units) 2311 and 2312, and transmit antennas
(terminal transmit antennas) 2313 and 2314. The downlink
subframe processing unit 2303 includes a downlink refer-
ence signal extraction unit 2304. Moreover, the uplink
subframe generation unit 2309 includes an uplink control
information generation unit (UCI generation unit) 2310. The
transmit antenna 2313 may be referred to as a terminal
transmit antenna 2313, the transmit antenna 2314 may be
referred to as a terminal transmit antenna 2314, and the
receive antenna 2301 may be referred to as a terminal
receive antenna 2301.

[0081] First, a flow of downlink data transmission and/or
reception will be described with reference to FIG. 22 and
FIG. 23. In the base station apparatus, the control unit 2202
holds a Modulation and Coding Scheme (MCS) indicating a
modulation scheme, a coding rate, and the like in the
downlink, a downlink resource allocation indicating RBs to
be used for data transmission, and information to be used for
HARQ control (a redundancy version, an HARQ process
number, and a new data indicator) and controls the codeword
generation unit 2203 and the downlink subframe generation
unit 2204, based on these elements. Downlink data (also
referred to as a downlink transport block) transmitted from
the higher layer 2201 is processed through error correction
coding, rate matching, and the like in the codeword genera-
tion unit 2203 under the control of the control unit 2202 and
then, a codeword is generated. Two codewords at maximum
are transmitted at the same time in a single subframe of a
single cell. The control unit 2202 indicates the downlink
subframe generation unit 2204 to generate a downlink
subframe. First, a codeword generated in the codeword
generation unit 2203 is converted into a modulation symbol
sequence through a modulation process, such as Phase Shift
Keying (PSK) modulation or Quadrature Amplitude Modu-
lation (QAM). Moreover, a modulation symbol sequence is
mapped onto REs of some RBs, and a downlink subframe
for each antenna port is generated through a preceding
process. In this operation, the transmission data sequence
transmitted from the higher layer 2201 includes higher-layer
control information, which is control information about the
higher layer (e.g., dedicated (individual) Radio Resource
Control (RRC) signaling). Furthermore, the downlink ref-
erence signal generation unit 2205 generates a downlink
reference signal. The downlink subframe generation unit
220.4 maps the downlink reference signal to the REs in the
downlink subframes in accordance with an indication from
the control unit 2202. The OFDM signal transmission unit
2206 modulates the downlink subframe generated by the
downlink subframe generation unit 2204 to an OFDM
signal, and then transmits the OFDM signal through the
transmit antenna 2207. Although a configuration including
one OFDM signal transmission unit 2206 and one transmit
antenna 2207 is provided as an example here, a configura-
tion including multiple OFDM signal transmission units
2206 and multiple transmit antennas 2207 may be employed
in a case that downlink subframes are transmitted on mul-
tiple antenna ports. Furthermore, the downlink subframe
generation unit 2204 may also have a capability of gener-
ating physical-layer downlink control channels, such as a
PDCCH and an EPDCCH, to map the channels to REs in the
downlink subframes. Multiple base station apparatuses (base
station apparatus —1 and base station apparatus —2) transmit
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separate downlink subframes. The receive antenna 2208
receives an SC-FDMA signal and a CSI and conveys the
received signals to the SC-FDMA signal reception unit
2209. Moreover, the SC-FDMA signal reception unit 2209
conveys data to the uplink subframe processing unit 2210.
Moreover, the uplink subframe processing unit 2210 extracts
uplink control information in the uplink control information
extraction unit 2211.

[0082] In the terminal apparatus, an OFDM signal is
received by the OFDM signal reception unit 2302 through
the receive antenna 2301, and an OFDM demodulation
process is performed on the signal. The downlink subframe
processing unit 2303 first detects physical-layer downlink
control channels, such as a PDCCH and an EPDCCH. More
specifically, the downlink subframe processing unit 2303
decodes the signal by assuming that a PDCCH and an
EPDCCH have been transmitted in the regions to which the
PDCCH and the EPDCCH can be assigned, and checks
Cyclic Redundancy Check (CRC) bits added in advance
(blind decoding). In other words, the downlink subframe
processing unit 2303 monitors a PDCCH and an EPDCCH.
In a case that the CRC bits match an ID (a single terminal-
specific identifier assigned to a single terminal, such as a
Cell-Radio Network Temporary Identifier (C-RNTI) or a
Semi Persistent Scheduling-C-RNTI (SPS-C-RNTI), or a
Temporary C-RNTT) assigned by the base station apparatus
beforehand, the downlink subframe processing unit 2303
recognizes that a PDCCH or an EPDCCH has been detected
and extracts a PDSCH by using control information included
in the detected PDCCH or EPDCCH. The control unit 2202
holds an MCS indicating a modulation scheme, a coding
rate, and the like in the downlink based on the control
information, a downlink resource allocation indicating RBs
to be used for downlink data transmission, and information
to be used for HARQ control, and controls the downlink
subframe processing unit 2303, the transport block extrac-
tion unit 2305, and the like, in accordance with these
elements. More specifically, the control unit 2202 performs
control so as to carry out an RE demapping process, a
demodulation process, and the like corresponding to the RE
mapping process and the modulation process in the down-
link subframe generation unit 2204. The PDSCH extracted
from the received downlink subframe is transmitted to the
transport block extraction unit 2305. Furthermore, the down-
link reference signal extraction unit 2304 in the downlink
subframe processing unit 2303 extracts the downlink refer-
ence signal from the downlink subframe. In the transport
block extraction unit 2305, a rate matching process, a rate
matching process corresponding to error correction coding,
error correction decoding, and the like in the codeword
generation unit 2203 are performed, and a transport block is
extracted and transmitted to the higher layer 607. The
transport block includes higher-layer control information,
and the higher layer 2201 notifies the control unit 2202 of a
necessary physical-layer parameter, based on the higher-
layer control information. Multiple base station apparatuses
(base station apparatus -1 and base station apparatus -2)
transmit separate downlink subframes, and the terminal
apparatus receives the downlink subframes. Hence, the
above-described processes may be performed for the down-
link subframe of each of the multiple base station appara-
tuses. In this situation, the terminal apparatus may recognize
or may not necessarily recognize that multiple downlink
subframes have been transmitted from the multiple base
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station apparatuses. In a case that the terminal apparatus
does not recognize as above, the terminal apparatus may
simply recognize that multiple downlink subframes have
been transmitted in multiple cells. Moreover, the transport
block extraction unit 2305 determines whether the transport
block has been detected correctly, and transmits a determi-
nation result to the control unit 2202.

[0083] Next, a flow of uplink signal transmission and/or
reception will be described. In the terminal apparatus, under
the indication of the control unit 2306, a downlink reference
signal extracted by the downlink reference signal extraction
unit 2304 is transmitted to the channel state measurement
unit 2308, and, in the channel state measurement unit 2308,
the channel state and/or interference is measured, and further
CSl is calculated based on the measured channel state and/or
interference. The control unit 2306 indicates the uplink
control information generation unit 2310 to generate an
HARQ-ACK (DTX (not transmitted yet), ACK (detection
success), or NACK (detection failure)) and to map the
HARQ-ACK to a downlink subframe, based on a determi-
nation result of whether the transport block is correctly
detected. The terminal apparatus performs these processes
on the downlink subframe of each of multiple cells. In the
uplink control information generation unit 2310, a PUCCH
including the calculated CSI and/or HARQ-ACK is gener-
ated. In the uplink subframe generation unit 2309, the
PUSCH including the uplink data transmitted from the
higher layer 2307 and the PUCCH generated by the uplink
control information generation unit 2310 are mapped to RBs
in an uplink subframe, and an uplink subframe is generated.
The uplink subframe is subjected to the SC-FDMA modu-
lation in the SC-FDMA signal transmission unit 2311 to
generate an SC-FDMA signal, and the SC-FDMA signal
transmission unit 2311 transmits the SC-FDMA signal via
the transmit antenna 2313.

[0084] For example, in the present embodiment, some of
or all the following signals may be transmitted. Some of or
all the following signals may be transmitted in the downlink.
Some of or all the following signals may be transmitted in
the uplink. Some of or all the following signals may be
transmitted in both the downlink and the uplink.

[0085] Signal associated with synchronization
[0086] Signal associated with initial access
[0087] Signal associated with control
[0088] Signal associated with data
[0089] Reference signal
[0090] Some of or all the above signals may be transmitted

from the base station apparatus for one terminal apparatus
and/or another base station apparatus. Specifically, some of
or all the above signals may be transmitted from the base
station apparatus for one terminal apparatus and/or another
base station apparatus at a certain time. “At a certain time”
can be rephrased as in a certain radio frame, in a certain
subframe, in a certain slot, in a certain symbol, or the like.
[0091] Some of or all the above signals may be transmitted
from the base station apparatus for multiple terminal appa-
ratuses and/or multiple other base station apparatuses. Spe-
cifically, some of or all the above signals may be transmitted
from the base station apparatus for multiple terminal appa-
ratuses and/or other base station apparatuses at a certain
time. “At a certain time” can be rephrased as in a certain
radio frame, in a certain subframe, in a certain slot, in a
certain symbol, or the like. “Transmitted for multiple ter-
minal apparatuses and/or other base station apparatuses”
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may mean that some of or all the above signals are time-
multiplexed (time division multiplexed), frequency-multi-
plexed (frequency division multiplexed), spatial multi-
plexed, or code-multiplexed, for multiple terminal
apparatuses and/or other base station apparatuses. “At a
certain time” can be rephrased as in a certain radio frame, in
a certain subframe, in a certain slot, in a certain symbol, or
the like.

[0092] Reference signals for some or all the above signals
may be transmitted together with some or all the above
signals. Reference signals may be associated with some or
all the above signals. Reference signals may correspond
with some or all the above signals. Reference signals may be
different (independent) for some or all the above signals. For
example, a first reference signal may be transmitted for a
first signal, a second reference signal may be transmitted for
a second signal, . . ., and an x-th reference signal may be
transmitted for an x-th signal. A reference signal may be
common to multiple signals. For example, the first reference
signal may be transmitted for the first signal, the first
reference signal may be transmitted for the second signal,
and a third reference signal may be transmitted for a third
signal. A reference signal may be transmitted at the same
time and/or frequency with that of the associated signal. For
example, the reference signal may be transmitted in the same
radio frame as that of the associated signal, in the same
subframe as that of the associated signal, in the same slot as
that of the associated signal, in the same symbol as that of
the associated signal, at the same carrier frequency as that of
the associated signal, at the same band as that of the
associated signal, in the same subcarrier as that of the
associated signal, or the like. The reference signal may be
used for channel compensation of the associated signal. The
reference signal may be used to calculate channel informa-
tion (channel state information) of the associated signal. The
reference signal may be used to demodulate the associated
signal. The reference signals may be categorized into a
downlink reference signal (reference signal transmitted in
the downlink) and an uplink reference signal (reference
signal transmitted in the uplink). Each reference signal may
be transmitted in common for multiple terminal apparatuses
or may be transmitted individually for each terminal appa-
ratus.

[0093] The Cyclic Prefix (CP, guard interval) may be
applied to some of or all the above signals. Not that “CP is
applied” may mean that a CP is transmitted, a CP is added,
a CP is applied to an associated signal, or a CP for an
associate signal is applied to the signal. The CPs may be
categorized according to length. For example, the CPs may
be categorized into an Extended CP (Long CP), a Normal CP
(Regular CP), a Short CP, and the like.

[0094] A “signal” in the present embodiment can be
rephrased as a radio resource, a resource, a channel, a
physical channel, a logical channel, a carrier, a frequency, a
carrier frequency, a band, a bandwidth, a radio wave, a
signal waveform, a radio frame, a frame, a subframe, a slot,
a resource block, a resource block set, a resource element, a
resource element set, a symbol, a symbol set, an OFDM
symbol, a DFT-S-OFDM symbol (SCFDMA symbol), a
subcarrier, a subframe, a cell, a serving cell, a transport
block, a Transmission Time interval (TTI), or the like.

[0095] In the present embodiment, it is apparent that a
radio resource, a resource, a channel, a physical channel, a
logical channel, a carrier, a frequency, a carrier frequency, a
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band, a bandwidth, a radio wave, a signal waveform, a radio
frame, a frame, a subframe, a slot, a resource block, a
resource block set, a resource element, a resource element
set, a symbol, a symbol set, an OFDM symbol, a DFT-S-
OFDM symbol (SCFDMA symbol), a subcarrier, a sub-
frame, a cell, a serving cell, a transport block, a Transmis-
sion Time Interval (TTT), and the like can be rephrased as a
“signal”.

[0096] Some of or all the above signals may be transmitted
at prescribed subcarrier spacing. The “prescribed subcarrier
spacing” may be referred to as a Predefined subcarrier
spacing. The “subcarrier spacing” can be rephrased as a
“subcarrier bandwidth”, “subcarrier band”, “subcarrier fre-
quency” or a “subcarrier spacing”.

[0097] For example, the above-described prescribed sub-
carrier spacing may be determined based on some or all
Element (1) to Element (4) below. The prescribed subcarrier
spacing may be determined based on any combination of
Element (1) to Element (4) below. Although “element” is
used for explanation in the present embodiment, “element”
can be rephrased as “condition”, “requirement”, “cause”,
“factor”, or the like. “Determination” in the present embodi-

ment can be rephrased as “configuration”, “notification”,
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“transmission”, “application”, or the like.

[0098] Element (1): Defined (specified) by a specifica-
tion

[0099] Element (2): Explicitly configured and/or indi-
cated

[0100] Element (3): Implicitly configured and/or indi-
cated

[0101] Element (4): Capability information of a termi-

nal apparatus (configured and/or indicated based on

capability information of the terminal apparatus)
[0102] Element (2) may mean being configured and/or
indicated based on explicitly notified information.
[0103] Element (3) may mean being configured and/or
indicated based on implicitly notified information.
[0104] Elements are not limited to Element (1) to Element
(4) and may use other elements than Element (1) to Element
(4) or may use some of Element (1) to Element (4).
[0105] An example of a subcarrier spacing determination
method based on Element (1) will be described.
[0106] “Defined (specified) by a specification” in Element
(1) can be rephrased as “predefined”, “predefined by a
specification”, “restricted by a specification”, “allowed by a
specification”, or the like. The “specification” can be
rephrased as “written specification”, “standard”, or “written
standard”.
[0107] The subcarrier spacing applicable to Element (1)
may be defined by a table as in FIG. 17. The subcarrier
spacing to be applied among defined subcarrier spacings
may be determined based on some or all Element (1) to
Element (4). For example, the terminal apparatus may
identify the subcarrier spacing to be applied, by being
notified by the base station apparatus of an index (index
number) in the table in FIG. 17.
[0108] The subcarrier spacing applicable to Element (1)
may relate to an operation mode. For example, the operation
mode may be defined by a table as in FIG. 18. The operation
mode to be applied may be determined based on some or all
Element (1) to Element (4). For example, the terminal
apparatus may identify the operation mode to be applied, by
being notified by the base station apparatus of an index
(index number) in the table in FIG. 18. The terminal
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apparatus identifying the operation mode to be applied may
mean the operation mode being configured for the terminal
apparatus.

[0109] The subcarrier spacing applicable to Element (1)
may be more than one. In other words, the subcarrier spacing
applicable to Element (1) may be defined as an “applicable
subcarrier spacing set”. For example, the applicable subcar-
rier spacing set may be managed by a table as in FIG. 19. For
example, the terminal apparatus may identify the applicable
subcarrier spacing set, by being notified by the base station
apparatus of an index (index number) in the table in FIG. 19.
The applicable subcarrier spacing may relate to an operation
mode as described above. Furthermore, the applicable sub-
carrier spacing in the applicable subcarrier spacing set (an
actually applied subcarrier spacing in the applicable subcar-
rier spacing set) may be determined based on some or all
Element (1) to Element (4).

[0110] The applicable subcarrier spacing in Element (1)
may relate to an operating band. For example, the operating
band may be defined by a table as in FIG. 20. The operating
band to be applied is preferably determined based on some
or all Element (1) to Element (4). For example, the terminal
apparatus may identify the operating band to be applied, by
being notified by the base station apparatus of an index
(index number, number for managing the operating band, or
an index indicating the operating band number) in the table
in FIG. 20. In other words, the terminal apparatus may
identify the applicable subcarrier spacing, by being notified
by the base station apparatus of an index in the table in FIG.
20. In other words, the terminal apparatus may (implicitly)
identify the applicable subcarrier spacing, based on infor-
mation indicating the configured operating band. The ter-
minal apparatus identifying the operating band to be applied
may mean the operating band being configured for the
terminal apparatus, the terminal apparatus communicating
using the operating band, or the like.

[0111] The subcarrier spacing applicable to one operating
band may be more than one. In other words, the “applicable
subcarrier spacing set” may be defined for one operating
band. For example, the subcarrier spacing set applicable to
one operating band may be managed by a table as in FIG. 21.
For example, the terminal apparatus may identify the oper-
ating band to be applied by being notified by the base station
apparatus of an index (index number, number for managing
the operating band, or an index indicating the operating band
number) in the table in FIG. 21. In other words, the terminal
apparatus may identify the applicable subcarrier spacing set
by being notified by the base station apparatus of an index
in the table in FIG. 21. In other words, the terminal apparatus
may (implicitly) identify the applicable subcarrier spacing
set, based on information indicating the configured operat-
ing band. Furthermore, the applicable subcarrier spacing
may be determined based on some or all Element (1) to
Element (4) in the applicable subcarrier spacing set (actually
applied subcarrier spacing in the applicable subcarrier spac-
ing set).

[0112] The applicable subcarrier spacings may be defined
independently for the uplink operating band and the down-
link operating band. For example, the applicable subcarrier
spacings may be managed by a table as in FIG. 24. For
example, a first uplink operating band and a first downlink
operating band may correspond to a first operating band, and
the subcarrier spacing applicable to the first uplink operating
band may be a first subcarrier spacing while a subcarrier
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spacing applicable to the first downlink operating band may
be a second subcarrier spacing.

[0113] The applicable subcarrier spacing sets may be
defined independently for the uplink operating band and the
downlink operating band. For example, the applicable sub-
carrier spacing sets may be managed by a table as in FIG. 25.
For example, the first uplink operating band and the first
downlink operating band may correspond to the first oper-
ating band, and the subcarrier spacing set applicable to the
first uplink operating band may be a first subcarrier spacing
set while a subcarrier spacing set applicable to the first
downlink operating band may be a second subcarrier spac-
ing set. The subcarrier spacings included in the first subcar-
rier spacing set and the second subcarrier spacing set may
overlap with each other.

[0114] For example, in a case that operating bands are
managed by a table as in FIG. 20, FIG. 21, FIG. 24, or FIG.
25, the operating bands may be preferably managed by a
table, and a corresponding index is given to each operating
band managed by the table. The index is linked to a
corresponding uplink operating band, a corresponding
downlink operating band, and a duplex mode. Note that the
uplink operating band is an operating band used for recep-
tion at the base station apparatus and transmission at the
terminal apparatus. The downlink operating band is an
operating band used for transmission at the base station
apparatus and reception at the terminal apparatus. Each of
the uplink operating band and the downlink operating band
may be preferably given by a lower limit frequency and an
upper limit frequency (associated frequency band). The
duplex mode may be preferably given by TDD or FDD. The
duplex mode may be other than TDD and FDD. For
example, the duplex mode may be a transmission burst
(optionally including at least a downlink burst or an uplink
burst). The duplex mode of the table may be a Frame
structure type. Frame structure type 1 is applicable to
Frequency Division Duplex (FDD). Frame structure type 2
is applicable to Time Division Duplex (TDD). Frame struc-
ture type 3 is applicable to the operation of the Licensed
Assisted Access (LAA) cell or the operation of the Licensed
Assisted Access (LAA) secondary cell.

[0115] Although an example of notifying a subcarrier
spacing to be applied based on information indicating the
operating band or an applicable subcarrier set has been
described, the subcarrier spacing to be applied or the appli-
cable subcarrier spacing set may be notified based on
information associated with indicating a parameter managed
by a table as in FIG. 20, FIG. 21, FIG. 24, or FIG. 25. For
example, information indicating an uplink operating band
may be notified, and the subcarrier spacing to be applied or
the applicable subcarrier spacing set may be notified based
on information indicating the uplink operating band. For
example, information indicating a downlink operating band
is notified, and the subcarrier spacing to be applied or the
applicable subcarrier spacing set may be notified based on
information indicating the downlink operating band. For
example, information indicating the duplex mode or a Frame
structure type may be notified, and the subcarrier spacing to
be applied or the applicable subcarrier spacing set may be
notified based on information indicating the duplex mode or
the Frame structure type.

[0116] For example, in a case that the operating bands are
managed by a table as in FIG. 20, FIG. 21, FIG. 24, or FIG.
25, operating bands associated with an index “1” to an index
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“44” may be licensed bands (bands which are not LAA), and
operating bands associated with an index “45” may be an
unlicensed band (LAA band).

[0117] Although not illustrated, other operating bands may
be included in FIG. 20, FIG. 21, FIG. 24, and FIG. 25. For
example, operating bands associated with an index “252” to
an index “255” may be unlicensed bands (LLAA bands). Note
that the uplink operating band is not preferably applied to the
index “252” (n/a, not applicable). The 5150 MHz to 5250 Hz
is preferably applied to the downlink operating band. FDD
is preferably applied to the duplex mode. Furthermore, for
the index “253”, the uplink operating band is preferably
reserved (reserved to be used in future), and the downlink
operating band is preferably reserved. FDD is preferably
applied to the duplex mode. Furthermore, for the index
“254”, the uplink operating band is preferably reserved
(reserved to be used in future), and the downlink operating
band is preferably reserved. FDD is preferably applied to the
duplex mode. Note that the uplink operating band is not
preferably applied to the index “255” (n/a, not applicable).
The 5725 MHz to 5850 Hz is preferably applied to the
downlink operating band. FDD is preferably applied to the
duplex mode. Note that 5150 MHz to 5250 Hz and 5725
MHz to 5850 Hz are preferably unlicensed bands (LAA
bands).

[0118] The “operating band” can be rephrased as a “band”,
a “frequency” a “carrier frequency”, or the like.

[0119] The applicable subcarrier spacing may be defined
in the frequency domain. In other words, the applicable
subcarrier spacing may be restricted in the frequency
domain. For example, the subcarrier spacing applicable to
the carrier frequency may be defined by a specification. In
a case that multiple subcarrier spacings are applicable to a
carrier frequency, a subcarrier spacing set applicable to the
carrier frequency may be defined by a specification. The
“applicable subcarrier spacing set” may include all or some
of subcarrier spacings applicable to the carrier frequency.
The adaptable subcarrier spacing may be defined indepen-
dently for each carrier frequency. The adaptable subcarrier
spacing set may be defined independently for each carrier
frequency.

[0120] A “carrier frequency” can be rephrased as a radio
resource, a resource, a channel, a physical channel, a logical
channel, a carrier, a frequency, a band, a bandwidth, a radio
wave, a signal waveform, a radio frame, a frame, a sub-
frame, a slot, a resource block, a resource block set, a
resource element, a resource element set, a symbol, a symbol
set, an OFDM symbol, a DFT-S-OFDM symbol (SCFDMA
symbol), a subcarrier, a subframe, a cell, a serving cell, a
transport block, a Transmission Time interval (TTT), or the
like.

[0121] The applicable subcarrier spacing may be defined
in the tune domain. In other words, the applicable subcarrier
spacing may be restricted in the time domain. For example,
the applicable subcarrier spacing may be defined by a
specification, based on a unit (e.g., radio frame number,
subframe number, slot number, or symbol number) defined
in the time domain. In a case that multiple subcarrier
spacings are applicable to the unit defined in the time
domain, a subcarrier spacing set applicable to the unit
defined in the time domain may be defined by a specifica-
tion. The “applicable subcarrier spacing set” may include all
or some of subcarrier spacings applicable to the unit defined
in the time domain.
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[0122] The applicable subcarrier spacing may be defined
in the frequency domain and the time domain. In other
words, the applicable subcarrier spacing may be restricted in
the frequency domain and the time domain.

[0123] The applicable subcarrier spacing may be defined
for each type of channel and/or type of communication (type
of information carried by a signal). In other words, the
applicable subcarrier spacing may be restricted according to
each type of channel and/or communication (type of infor-
mation carried by a signal).

[0124] For example, a subcarrier spacing applicable to a
first channel (or a subcarrier spacing set applicable to the
first channel) may be defined, a subcarrier spacing appli-
cable to a second channel (or a subcarrier spacing set
applicable to the second channel) may be defined, . . . , and
a subcarrier spacing applicable to an x-th channel (or a
subcarrier spacing set applicable to the x-th channel) may be
defined. At least some of or all the following channels may
be included in the first channel to the x-th channel.

[0125] Channel associated with transmission of down-
link control information (e.g., Physical Downlink Con-
trol Channel, Enhanced Physical Downlink Control
Channel)

[0126] Channel associated with transmission of uplink
control information (e.g., Physical Uplink Control
Channel)

[0127] Channel associated with transmission of down-
link data (e.g., Physical Downlink Shared Channel)

[0128] Channel associated with transmission of uplink
data (e.g., Physical Uplink Shared Channel)

[0129] Channel associated with random access (e.g.,
Physical Random Access Channel)

[0130] Broadcast Channel (e.g., Physical Broadcast
Channel)
[0131] Channel associated with transmission of infor-

mation for notification of the region in which informa-
tion associated with control is transmitted (e.g., Physi-
cal Control Format Indicator Channel)

[0132] Channel associated with transmission of a
HARQ indicator (HARQ feedback or response infor-
mation) indicating an ACKnowledgement (ACK) or a
Negative ACKnowledgement (NACK) for received
data (e.g., Physical Hybrid automatic repeat request
Indicator Channel)

[0133] Channel associated with multicast (e.g., Physical
Multicast Channel)

[0134] The downlink data may be referred to as downlink
user data, and the uplink data may be referred to as uplink
user data.

[0135] The downlink data and/or uplink data may be
referred to simply as data or user data.

[0136] In a case that multiple subcarrier spacings are
applicable to a channel, a subcarrier spacing set applicable
to the channel may be defined by a specification. The
“applicable subcarrier spacing set” may include all or some
of subcarrier spacings applicable to the channel.

[0137] The “applicable subcarrier spacing” may be
rephrased as a “candidate for subcarrier spacing” or the like.
The “applicable subcarrier spacing set” may be rephrased as
a “set of candidates for subcarrier spacing” or the like.
[0138] In a case that multiple applicable subcarrier spac-
ings are determined (case that an applicable subcarrier
spacing set is determined) based on Element (1), an appli-
cable subcarrier spacing (subcarrier spacing to be actually
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applied in the applicable subcarrier spacing set) may further
be determined based on some or all Element (1) to Element
4.
[0139] An example of a subcarrier spacing determination
method based on Element (2) will be described.
[0140] Here, Element (2) may include some of or all
Element (2-1) to Element (2-5) below. Alternatively, Ele-
ment (2) may be determined based on any combination of
Element (2-1) to Element (2-5) below.
[0141] Element (2-1): configured and/or indicated
based on higher layer information
[0142] Element (2-2): configured and/or indicated
based on broadcast information
[0143] Element (2-3): configured and/or indicated
based on information transmitted in the physical layer
[0144] Element (2-4): configured and/or indicated
based on information transmitted individually for each
terminal apparatus
[0145] Element (2-5): configured and/or indicated
based on information transmitted in common for mul-
tiple terminal apparatuses
[0146] Elements are not limited to Flement (2-1) to Ele-
ment (2-5), and may use other elements than Element (2-1)
to Element (2-5) or may use some of Element (2-1) to
Element (2-5).
[0147] An example of a subcarrier spacing determination
method based on Element (2-1) will be described.
[0148] The “higher layer information” in Element (2-1)
can be rephrased as higher layer information, information
transmitted in a higher layer, information provided through
higher layer signaling, higher layer signaling, a higher layer,
or the like. The higher layer is preferably a layer higher than
the physical layer and may be a Medium Access Control
(MAC) layer or a Radio Resource Control (RRC) layer. The
higher layer information may be dedicated signaling (Dedi-
catedsignaling). The “Dedicated signaling” may be terminal
apparatus dedicated signaling or Dedicated RRC signaling.
[0149] The “higher layer information” in Element (2-1)
may be transmitted in the Radio Resource Control (RRC)
layer by using RRC signaling or may be transmitted in the
Medium Access Control (MAC) layer by using a MAC CE.
Here, the RRC signaling and/or the MAC CE is also referred
to as higher layer signaling. The RRC signaling and/or the
MAC CE is included in a transport block.
[0150] The transport block and HARQ retransmission of
the transport block are mapped to one serving cell. The
transport block in the downlink may be MAC layer data
transmitted on the DownlLink Shared CHannel (DL-SCH).
[0151] In the uplink, “transport block”, “MAC Protocol
Data Unit (PDU)”, “MAC layer data”, “DL-SCH”, “DL-
SCH data”, and “uplink data” are assumed to mean the same.
[0152] For example, the higher layer information may be
information relating to an applicable subcarrier spacing.
[0153] For example, the higher layer information may be
information relating to an applicable subcarrier spacing set.
[0154] For example, the higher layer information may be
information relating to a subcarrier spacing used for signal
transmission. The higher layer information can be rephrased
as “information relating to a subcarrier spacing to be used
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for signal transmission”, “information relating to a subcar-

rier spacing used for signal transmission”, “information

relating to a subcarrier spacing to be actually used for signal
» o«

transmission”, “information relating to a subcarrier spacing
actually used for signal transmission”, or the like.
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[0155] For example, the higher layer information may be
information based on Element (1). For example, information
transmitted in a higher layer may be information defined by
a specification.

[0156] The information relating to the applicable subcar-
rier spacing may be transmitted and/or configured indepen-
dently for each carrier frequency.

[0157] In a case that multiple applicable subcarrier spac-
ings are determined (case that an applicable subcarrier
spacing set is determined) based on FElement (2-1), an
applicable subcarrier spacing (subcarrier spacing to be actu-
ally applied in the applicable subcarrier spacing set) may
further be determined based on some or all Element (1) to
Element (4).

[0158] An example of a subcarrier spacing determination
method based on Element (2-2) will be described.

[0159] The “broadcast information” in Element (2-2) can
be rephrased as information transmitted on a Broadcast
Channel (e.g., Physical Broadcast Channel), information to
be broadcast, system information, or the like. “Broadcast”
may mean the same information (information used in com-
mon for multiple terminal apparatuses) being transmitted for
multiple terminal apparatuses.

[0160] A Master Information Block (MIB) (Broadcast
Channel (BCH)) is preferably used for “broadcast™, and the
Master Information Block may be transmitted on a Broad-
cast Channel (e.g., Physical Broadcast Channel) or a channel
associated with transmission of downlink user data (e.g.,
Physical Downlink Shared Channel).

[0161] A System information Block (MIB) (Broadcast
Channel (BCH)) is preferably used for “broadcast™, and the
System Information Block may be transmitted on a Broad-
cast Channel (e.g., Physical Broadcast Channel) or a channel
associated with transmission of downlink user data (e.g.,
Physical Downlink Shared Channel).

[0162] The broadcast information may be transmitted on a
channel associated with multicast (e.g., e.g., Physical Mul-
ticast Channel).

[0163] For example, the broadcast information may be
information relating to an applicable subcarrier spacing.

[0164] For example, the broadcast information may be
information relating to an applicable subcarrier spacing set.

[0165] For example, the broadcast information may be
information relating to a subcarrier spacing used for signal
transmission. The broadcast information can be rephrased as
“information relating to a subcarrier spacing to be used for
signal transmission”, “information relating to subcarrier
spacing used for signal transmission”, “information relating
to a subcarrier spacing to be actually used for signal trans-

mission”, “information relating to a subcarrier spacing actu-
ally used for signal transmission”, or the like.

[0166] For example, the broadcast information may be
information based on Element (1). For example, the broad-
cast information may be information defined by a specifi-
cation.

[0167] The information relating to the applicable subcar-
rier spacing may be transmitted and/or configured indepen-
dently for each carrier frequency.

[0168] In a case that multiple applicable subcarrier spac-
ings are determined (case that an applicable subcarrier
spacing set is determined) based on FElement (2-2), an
applicable subcarrier spacing (subcarrier spacing to be actu-
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ally applied in the applicable subcarrier spacing set) may
further be determined based on some or all Element (1) to
Element (4).

[0169] An example of a subcarrier spacing determination
method based on Element (2-3) will be described.

[0170] The “information transmitted in the physical layer”
in Element (2-3) can be rephrased as information transmitted
via physical layer signalling, information transmitted on the
physical channel, information transmitted in Layer 1 (L1),
L1 signalling, or the like.

[0171] The “information transmitted in the physical layer”
in Element (2-3) may be transmitted on some or all the
following channels.

[0172] Channel associated with transmission of down-
link control information (e.g., Physical Downlink Con-
trol Channel or Enhanced Physical Downlink Control
Channel)

[0173] Channel associate with transmission of uplink
control information (e.g., Physical Uplink Control
Channel)

[0174] Channel associated with transmission of down-
link user data (e.g., Physical Downlink Shared Chan-
nel)

[0175] Channel associated with transmission of uplink

user data (e.g., Physical Uplink Shared Channel)
[0176] Channel associated with random access (e.g.,
Physical Random Access Channel)

[0177] Broadcast Channel (e.g., Physical Broadcast
Channel)
[0178] Channel associated with transmission of infor-

mation for notification of the region in which informa-
tion associated with control is transmitted (e.g., Physi-
cal Control Format Indicator Channel)

[0179] Channel associated with transmission of a
HARQ indicator (HARQ feedback or response infor-
mation) indicating an ACKnowledgement (ACK) or a
Negative ACKnowledgement (HACK) for received
data (e.g., Physical Hybrid automatic repeat request
Indicator Channel)

[0180] Channel associated with multicast (e.g., Physical
Multicast Channel)

[0181] The “channel” can be rephrased as a “signal”, a
“signal associated with a channel”, a “signal for transmitting
a channel”, or the like.

[0182] For example, first information may be transmitted
on some of or all the above channels. The first information
may be information relating to an applicable subcarrier
spacing and/or information relating to an applicable subcar-
rier spacing set. The first information may be information
relating to a subcarrier spacing to be actually applied in the
applicable subcarrier spacing set.

[0183] For example, the first information may be trans-
mitted on some of or all the above channels, and further
second information transmission may be transmitted on
some of or all the above channels. The first information may
be information relating to an applicable subcarrier spacing
set, and the second information may be information relating
to a subcarrier spacing to be actually applied in the appli-
cable subcarrier spacing set indicated by the first informa-
tion. The first information may be transmitted by using
higher layer signaling, and the second information may be
transmitted by using physical layer signalling.

[0184] For example, first information may be transmitted
on some of or all the above channels. The first information
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may be downlink allocation information (downlink channel
assignment information or PDSCH assignment information)
or uplink assignment information (uplink channel assign-
ment information or PUSCH assignment information), and
a subcarrier spacing may be specified based on whether the
first information is downlink assignment information or
uplink assignment information. In other words, in a case that
the first information is downlink assignment information, a
first subcarrier spacing is applied to a channel assigned by
the first information (downlink channel); in a case that the
first information is uplink assignment information, a second
subcarrier spacing is applied to a channel assigned by the
first information (uplink channel). In other words, depending
on whether the channel assignment information is for down-
link channel assignment or not (for uplink allocation), a
subcarrier spacing to be applied to a channel assigned by the
information is preferably determined (specified).

[0185] The first information may be information based on
Element (1). For example, the first information may be
information defined by a specification.

[0186] For example, the above “first information” may be
transmitted as downlink control information, “Transmitted
as downlink control information” may mean being set in a
field (e.g., Subcarrier-space indication field or Subcarrier-
spacing indication field) defined in a format for downlink
control information (e.g., Downlink Control Information
Format) for transmission. The format for downlink control
information may be transmitted on a channel associated with
transmission of downlink control information (e.g., Physical
Downlink Control Channel or Enhanced Physical Downlink
Control Channel.

[0187] In a case that the first information is included in the
downlink control information, the downlink control infor-
mation may further include a field (Downlink assignment
field) for assigning a channel associated with transmission of
downlink user data (e.g., Physical DownlinkShared Chan-
nel) and/or a field (Uplink assignment field) for assigning a
channel associated with transmission of uplink user data
(e.g., Physical Uplink Shared Channel). The subcarrier
spacing indicated by the first information may be applied to
transmission of downlink user data and/or uplink data
assigned by the field for assigning a channel associated with
transmission of downlink user data and/or the field for
assigning a channel associated with transmission of uplink
user data.

[0188] In other words, a subcarrier spacing for the second
channel may be determined based on the first information
transmitted on the first channel. The first channel and the
second channel may be the same.

[0189] In a case that multiple applicable subcarrier spac-
ings are determined (case that an applicable subcarrier
spacing set is determined) based on FElement (2-3), an
applicable subcarrier spacing (subcarrier spacing to be actu-
ally applied in the applicable subcarrier spacing set) may
further be determined based on some or all Element (1) to
Element (4).

[0190] An example of a subcarrier spacing determination
method based on Element (2-4) will be described.

[0191] The “information transmitted individually for each
terminal apparatus” in Element (2-4) may be information
relating to an applicable subcarrier spacing.

[0192] The “information transmitted individually for each
terminal apparatus” in Element (2-4) may be information
relating to an applicable subcarrier spacing set.
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[0193] The “information transmitted individually for each
terminal apparatus” in Element (2-4) may be information
relating to a subcarrier spacing to be used for signal trans-
mission. The “information relating to a subcarrier spacing to
be used for signal transmission” can be rephrased as “infor-
mation relating to subcarrier spacing used for signal trans-
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mission”, “information relating to a subcarrier spacing to be
actually used for signal transmission”, “information relating
to a subcarrier spacing actually used for signal transmis-
sion”, or the like.
[0194] The “information transmitted individually for each
terminal apparatus” in Element (2-4) may be information
based on Element (1). For example, information transmitted
in a higher layer may be information defined by a specifi-
cation.
[0195] In a case that multiple applicable subcarrier spac-
ings are determined (case that an applicable subcarrier
spacing set is determined) based on Element (2-4), an
applicable subcarrier spacing (subcarrier spacing to be actu-
ally applied in the applicable subcarrier spacing set) may
further be determined based on some or all Element (1) to
Element (4).
[0196] An example of a subcarrier spacing determination
method based on Element (2-5) will be described.
[0197] The “information transmitted in common for mul-
tiple terminal apparatuses” in Element (2-5) may be infor-
mation relating to an applicable subcarrier spacing.
[0198] The “information transmitted in common for mul-
tiple terminal apparatuses” in Element (2-5) may be infor-
mation relating to an applicable subcarrier spacing set.
[0199] The “information transmitted in common for mul-
tiple terminal apparatuses” in Element (2-5) may be infor-
mation relating to a subcarrier spacing to be used for signal
transmission. The “information relating to a subcarrier spac-
ing to be used for signal transmission” can be rephrased as
“information relating to subcarrier spacing used for signal
transmission”, “information relating to a subcarrier spacing
to be actually used for signal transmission”, “information
relating to a subcarrier spacing actually used for signal
transmission”, or the like.
[0200] The “information transmitted in common for mul-
tiple terminal apparatuses” in Element (2-5) may be infor-
mation based on Element (1). For example, information
transmitted in a higher layer may be information defined by
a specification.
[0201] In a case that multiple applicable subcarrier spac-
ings are determined (case that an applicable subcarrier
spacing set is determined) based on Element (2-5), an
applicable subcarrier spacing (subcarrier spacing to be actu-
ally applied in the applicable subcarrier spacing set) may
further be determined based on some or all Element (1) to
Element (4).
[0202] An example of a subcarrier spacing determination
method based on Element (3) will be described.
[0203] Here, Element (3) may include some of or all
Element (3-1) to Element (3-6) below. Alternatively, Ele-
ment (3) may be determined based on any combination of
Element (3-1) to Element (3-6) below.
[0204] Element (3-1): configured and/or indicated
based on information obtained by blind detection
[0205] Element (3-2): configured and/or indicated
based on service (based on information associated with
service)
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[0206] Element (3-3): configured and/or indicated
based on Logical Channel ID (LCID)

[0207] Element (3-4): configured and/or indicated
based on a bearer

[0208] Element (3-5): configured and/or indicated
based on a band (carrier frequency)

[0209] Element (3-6): configured and/or indicated
based on a signal (channel) transmission pattern
[0210] Elements are not limited to Flement (3-1) to Ele-
ment (3-6) and may use other elements than Flement (3-1)
to Element (3-6) or may use some of Element (3-1) to

Element (3-6).

[0211] An example of a subcarrier spacing determination
method based on Element (3-1) will be described.

[0212] The “blind detection” in Element (3-1) means that
information on the subcarrier spacing at which the first
signal is to be transmitted is unknown to a receiver (terminal
apparatus) and is detected by the receiver without any prior
information (in a blind manner). The “detection” can be
rephrased as “decoding”, “demodulation”, “sensing”, or the
like.

[0213] The “blind detection” in Element (3-1) means that
detection of a signal (or channel) is attempted for each
(monitored/possible) subcarrier candidate.

[0214] For example, the subcarrier spacing for the first
signal is unknown to the terminal apparatus, and the terminal
apparatus detects a subcarrier spacing for the first signal
without any prior information (in a blind manner). For
example, in a case that the terminal apparatus attempts to
receive the first signal at multiple subcarrier spacings and
successfully receives the first signal by using a certain one
of the subcarrier spacings, the terminal apparatus detects
(interprets) this subcarrier spacing as a subcarrier spacing
used for transmission of the first signal.

[0215] Alternatively, a subcarrier spacing candidate hav-
ing a possibility of being used for transmission of the first
signal (or a subcarrier spacing candidate set having a pos-
sibility of being used for transmission of the first signal) may
be determined and/or configured. For example, in a case that
the terminal apparatus (receiver) attempts to receive the first
signal by using the determined and/or configured subcarrier
spacing candidates and successfully receives the first signal
by using a certain subcarrier spacing, the terminal apparatus
detects (interprets) this subcarrier spacing as a subcarrier
spacing used for transmission of the first signal. The “sub-
carrier spacing candidate having a possibility of being used
for transmission of the first signal (or a subcarrier spacing
candidate set having a possibility of being used for trans-
mission of the signal)” may be determined based on some of
or all Element (1) to Element (4). The “subcarrier spacing
candidate having a possibility of being used for transmission
of the first signal (or a subcarrier spacing candidate set
having a possibility of being used for transmission of the
signal)” may be rephrased as a “subcarrier spacing candidate
for the first signal” or the like.

[0216] A success in receiving the first signal may be
determined based on Cyclic Redundancy Check (CRC)
(CRC code or CRC parity bits).

[0217] In a case that the terminal apparatus that has
successfully detected a subcarrier spacing for the first signal
receives the first signal (attempts to receive the first signal)
at another frequency and/or time, the terminal apparatus may
attempt the reception by assuming that the first signal is
being transmitted by using the detected subcarrier spacing.
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[0218] The “first signal” can be rephrased as a “signal”, an
“x-th signal (where x is any number)”, a “certain signal”, a
“specific signal”, or the like.

[0219] In a case that multiple applicable subcarrier spac-
ings are determined (case that an applicable subcarrier
spacing set is determined) based on Element (3-1), an
applicable subcarrier spacing (subcarrier spacing to be actu-
ally applied in the applicable subcarrier spacing set) may
further be determined based on some or all Element (1) to
Element (4).

[0220] An example of a subcarrier spacing determination
method based on Element (3-2) will be described.

[0221] The “service” in Element (3-2) may be service in
Which the terminal apparatus is interested or may be service
for which the terminal apparatus is approved. The “service”
can be rephrased as a “specific service”, a “certain service”,
a “first service”, an “x-th service (where x is any number)”,
or the like. The “service” may be different for Device to
Device communication (D2D), communication between a
base station and a terminal apparatus (cellular communica-
tion), Machine to Machine communication (M2M), Internet
of Things (IoT), unicast transmission, multicast transmis-
sion (communication associated with MBSFN), MBSFN
group, traveling speed of terminal apparatus, and the like.
[0222] For example, in a case that the terminal apparatus
receives a signal associated with the first service, the signal
associated with the first service is preferably received (re-
ception of the signal is preferably attempted) by assuming
that the signal is transmitted at the first subcarrier spacing.
The “case that the terminal apparatus receives a signal
associated with the first service” can be rephrased as a “case
that the terminal apparatus receives a signal for the first
service”, a “case that the terminal apparatus receives a signal
associated with specific service”, a “case that the terminal
apparatus receives a signal for specific service”, or the like.
The first subcarrier spacing assumed by the terminal appa-
ratus may be determined based on some or all Element (1)
to Element (4).

[0223] Alternatively, a subcarrier spacing candidate hav-
ing a possibility of being used for the first service (or a
subcarrier spacing candidate set having a possibility of being
used for the first service) may be determined and/or config-
ured. The “subcarrier spacing candidate having a possibility
of being used for the first service (or a subcarrier spacing
candidate set having a possibility of being used for the first
service)” may be determined based on some of or all
Element (1) to Element (4). The subcarrier spacing actually
used for the first service among the subcarrier spacing
candidates having a possibility of being used for the first
service may be determined based on some of or all Element
(1) to Element (4). “Used for the first service” may be
rephrased as “used for signal transmission for the first
service” or the like.

[0224] In a case that multiple applicable subcarrier spac-
ings are determined (case that an applicable subcarrier
spacing set is determined) based on Element (3-2), an
applicable subcarrier spacing (subcarrier spacing to be actu-
ally applied in the applicable subcarrier spacing set) may
further be determined based on some or all Element (1) to
Element (4).

[0225] An example of a subcarrier spacing determination
method based on Element (3-3) will be described.

[0226] The “Logical Channel ID (LCID)” in Element
(3-3) may be one of constituent elements of a MAC header
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and may be an identifier (ID) associated with indicating
(instructing) an attribute or destination of corresponding
MAC data. For example, the LCID indicates whether or not
the corresponding MAC data is a signal for control. For
example, the LCID indicates whether or not the correspond-
ing MAC data is a signal for data (user data). For example,
the LCID indicates whether the corresponding MAC data is
a signal for control or a signal for data (user data). For
example, the LCID indicates whether or not the correspond-
ing MAC data is a signal for paging.

[0227] For example, in a case that the terminal apparatus
receives a MAC header including an L.CID, the subcarrier
spacing for the signal associated with the LCID may be
determined based on the LCID. The “signal associated with
the LCID” may be a signal in which the MAC data corre-
sponding to the LCID is transmitted.

[0228] For example, in a case that the terminal apparatus
receives a MAC header including an L.CID, the subcarrier
spacing for the signal associated with the LCID may be
determined based on the attribute and/or destination of the
MAC data indicated by the LCID. The “signal associated
with the LCID” may be a signal in which the MAC data
corresponding to the LCID is transmitted. “Based on the
attribute and/or destination of the MAC data indicated by the
LCID” may mean being based on the LCID indicating
whether the corresponding MAC data is a signal for control
or a signal for data (user data).

[0229] The subcarrier spacing for the signal associated
with the LCID may be determined based on some or all
Element (1) to Element (4).

[0230] Alternatively, a subcarrier spacing candidate hav-
ing a possibility of being used for the signal associated with
the LCID (or a subcarrier spacing candidate set having a
possibility of being used for the signal associated with the
LCID) may be determined and/or configured. The “subcar-
rier spacing candidate having a possibility of being used for
the signal associated with the LCID (or a subcarrier spacing
candidate set having a possibility of being used for the signal
associated with the LCID)” may be determined based on
some of or all Element (1) to Element (4). The subcarrier
spacing to be actually used as the signal associated with the
LCID among the subcarrier spacing candidates having a
possibility of being used for the signal associated with the
LCID may be determined based on some of or all Element
(1) to Element (4).

[0231] Element (3-3) may mean being configured and/or
indicated based on priority of the channel (logical channel)
associated with the LCID. For example, the priority of the
channel (logical channel) associated with the LCID is pref-
erably determined based on whether the MAC data corre-
sponding to the LCID is a signal for control or a signal for
data (user data), and the signal for control may be given
higher priority than that of the signal for data (user data).
[0232] In a case that multiple applicable subcarrier spac-
ings are determined (case that an applicable subcarrier
spacing set is determined) based on FElement (3-3), an
applicable subcarrier spacing (subcarrier spacing to be actu-
ally applied in the applicable subcarrier spacing set) may
further be determined based on some or all Element (1) to
Element (4).

[0233] An example of a subcarrier spacing determination
method based on Element (3-4) will be described.

[0234] An example of a subcarrier spacing determination
method based on Element (3-4) will be described.
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[0235] Downlink data and uplink data may include Sig-
nalling Radio Bearer (SRB) data and Data Radio Bearer
(DRB) data. The SRB is defined as a radio bearer used only
for transmission of a Radio Resource Control (RRC) mes-
sage and a Non Access Stratum (NAS) message. The DRB
is defined as a radio bearer for transmitting user data.
[0236] The SRB may include SRB0O, SRB1, and SRB2.
SRBO is an SRB for an RRC message using a CCCH logical
channel. SRB1 is an SRB for an RRC message using a
DCCH logical channel (the RRC message may include a
piggy-back NAS message). SRB1 is an SRB for a NAS
message using a DCCH logical channel (the NAS message
is a NAS message prior to establishment of SRB2). SRB2 is
an SRB for an RRC message using a DCCH logical channel
(the RRC message includes logged measurement informa-
tion). The logged measurement information may be mea-
surement information regularly logged with time. SRB2 has
a lower priority than that of SRB1. SRB2 is configured by
an E-UTRAN after security is activated.

[0237] “Based on a bearer” in Element (3-4) may mean
being based on downlink data and/or uplink data including
(or being based on downlink data and/or uplink data not
including) Signalling Radio Bearer (SRB) data. For
example, in a case that downlink data and/or uplink data
includes Signalling Radio Bearer (SRB) data, the first sub-
carrier spacing may be applied to transmission or reception
of the downlink data and/or the uplink data. In other cases
(a case that downlink data and/or uplink data does not
include Signalling Radio Bearer (SRB) data or a case that
downlink data and/or uplink data includes Data Radio
Bearer (DRB) data), the second subcarrier spacing may be
applied to transmission or reception of the downlink data
and/or the uplink data.

[0238] “Based on a bearer” in Element (3-4) may mean
being based on downlink data and/or uplink data including
(or being based on downlink data and/or uplink data not
including) Data Radio Bearer (DRB) data. For example, in
a case that downlink data and/or uplink data includes Data
Radio Bearer (DRB) data, the first subcarrier spacing may be
applied to transmission or reception of the downlink data
and/or the uplink data. In other cases (case that downlink
data and/or uplink data does not include Data Radio Bearer
(DRB) data or case that downlink data and/or uplink data
includes Signalling Radio Bearer (SRB) data), the second
subcarrier spacing may be applied to transmission or recep-
tion of the downlink data and/or the uplink data.

[0239] “Based on a bearer” in Element (3-4) may mean
being based on any of SRB0, SRB1, and SRB2 included in
the SRB. For example, in a case that SRBO is included in the
SRB, the first subcarrier spacing may be applied; in a case
that SRB1 is included in the SRB, the second subcarrier
spacing may be applied; in a case that SRB2 is included in
the SRB, the third subcarrier spacing may be applied.
[0240] In a case that multiple applicable subcarrier spac-
ings are determined (case that an applicable subcarrier
spacing set is determined) based on Element (3-4), an
applicable subcarrier spacing (subcarrier spacing to be actu-
ally applied in the applicable subcarrier spacing set) may
further be determined based on some or all Element (1) to
Element (4).

[0241] An example a subcarrier spacing determination
method based on Element (3-5) will be described.

[0242] The “band (carrier frequency)” in Element (3-5)
may mean band (carrier frequency) used for transmission
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and/or reception of some or all signals. Transmission and/or
reception of some or all signals may be performed by a
terminal apparatus or a base station apparatus.

[0243] The “band (carrier frequency)” in Element (3-5)
may mean band (carrier frequency) having a possibility of
being used for transmission and/or reception of some or all
signals. An assumption of having a possibility that some or
all signals are transmitted and/or received may be made by
a terminal apparatus or a base station apparatus.

[0244] The “band (carrier frequency)” in Element (3-5)
may mean band (carrier frequency) for which transmission
and/or reception of some or all signals is assumed. An
assumption (expectation) of transmission and/or reception
of some or all signals may be made by a terminal apparatus
or a base station apparatus. In other words, the “band (carrier
frequency)” in Element (3-5) may mean a band (carrier
frequency) for which transmission and/or reception of some
or all signals is assumed. An assumption of transmission
and/or reception of some or all signals may be made by a
terminal apparatus or a base station apparatus.

[0245] “Assumption” in the present embodiment may be
rephrased as “expectation”, “attempt”, “attempt detection”,
or the like.

[0246] “Transmit” in the present embodiment may be
rephrased as “attempt transmission” or the like. “Receive” in
the present embodiment may be rephrased as “attempt
reception”, “attempt detection”, or the like.

[0247] The “band” in the present embodiment may be
rephrased as an “operating band”, and an uplink operating
band and a downlink operating band may correspond to the
operating band. At least a downlink operating band may
correspond to the operating band. In other words, the
operating band may not necessarily include an uplink oper-
ating band.

[0248] For example, in a case that the terminal apparatus
receives some or all signals above at a first carrier frequency,
the terminal apparatus may receive the signals by assuming
that the first subcarrier spacing is applied at the first carrier
frequency (a signal using the first subcarrier spacing is
transmitted).

[0249] In other words, the first carrier frequency and the
first subcarrier spacing may correspond to each other. In
other words, the first subcarrier spacing may be applied to
some or all signals above transmitted and/or received at the
first carrier frequency.

[0250] For example, in a case that the terminal apparatus
receives some or all signals at the first carrier frequency, the
terminal apparatus may receive the signals by assuming that
any of subcarrier spacings included in the first subcarrier
spacing candidate set is applied at the first carrier frequency.
“Any of subcarrier spacings included in the first subcarrier
spacing candidate set is applied” may be determined based
on some or all Element (1) to Element (4).

[0251] In other words, the first carrier frequency and the
first subcarrier spacing candidate set may correspond to each
other. Specifically, any one subcarrier spacing included in
the first subcarrier spacing candidate set may be applied to
some or all signals above transmitted and/or received at the
first carrier frequency. For example, multiple subcarrier
spacings may be included in the first subcarrier spacing
candidate set. For example, the first subcarrier spacing to the
x-th subcarrier spacing (where x is any number) may be
included in the first subcarrier spacing candidate set. The
subcarrier spacing actually applied among the first subcar-
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rier spacing to the x-th subcarrier spacing (where x is any
number) may be determined based on some or all Element
(1) to Element (4).

[0252] An example of a subcarrier spacing determination
method based on Element (3-6) will be described.

[0253] The “signal (channel) transmission pattern” in Ele-
ment (3-6) may be different depending on frequency (fre-
quency position) and/or time (time position) at which a
signal is transmitted. For Example, a first signal transmitted
at a first frequency and/or a first time may be a first signal
transmitted in a first transmission pattern; a first signal
transmitted at a second frequency and/or a second time may
be a first signal transmitted in a second transmission pattern.
Although “transmission” of a base station apparatus has
been described here, this may be rephrased as “reception” of
a terminal apparatus. In other words, “transmission” in the
present embodiment may be rephrased as “reception”, and a
“signal (channel) transmission pattern” may be rephrased as
a “signal reception pattern”.

[0254] For example, in a case that the terminal apparatus
has received the first signal transmitted in the first transmis-
sion pattern, the terminal apparatus may receive the second
signal by assuming that the first subcarrier spacing is applied
to transmission of the second signal; in a case that the
terminal apparatus has received the first signal transmitted in
the second transmission pattern, the terminal apparatus may
receive the second signal by assuming that the second
subcarrier spacing is applied to transmission of the second
signal. A prescribed subcarrier spacing (predefined subcar-
rier spacing or subcarrier spacing defined in a written
specification or the like) may be applied to the transmission
of the first signal.

[0255] For example, in a case that the terminal apparatus
has received a Synchronization signal transmitted in the first
transmission pattern, the terminal apparatus may receive a
signal for data by assuming that the first subcarrier spacing
is applied to transmission of the signal for data; in a case that
the terminal apparatus has received a Synchronization signal
transmitted in the second transmission pattern, the terminal
apparatus may receive a signal for data by assuming that the
second subcarrier spacing is applied to transmission of the
signal for data. A prescribed subcarrier spacing (predefined
subcarrier spacing or subcarrier spacing defined in a written
specification or the like) may be applied to the transmission
of the Synchronization signal.

[0256] For example, in a case that the terminal apparatus
has received a Synchronization signal transmitted in the first
transmission pattern, the terminal apparatus may receive a
signal for system information (Broadcast Channel) by
assuming that the first subcarrier spacing is applied to
transmission of the signal for system information; in a case
that the terminal apparatus has received a Synchronization
signal transmitted in the second transmission pattern, the
terminal apparatus may receive a signal for system infor-
mation by assuming that the second subcarrier spacing is
applied to transmission of the signal for system information.
A prescribed subcarrier spacing (predefined subcarrier spac-
ing or subcarrier spacing defined in a written specification or
the like) may be applied to the transmission of the Synchro-
nization signal.

[0257] An example of a subcarrier spacing determination
method based on Element (4) will be described.

[0258] The “capability information of a terminal appara-
tus” in Element (4) may be capability information of a
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terminal apparatus associated with the terminal apparatus
supporting (or not supporting) specific communication. The
“specific communication” may be communication (commu-
nication system) to which multiple subcarrier spacings are
adaptable.

[0259] The “capability information of a terminal appara-
tus” in Element (4) may be capability information of a
terminal apparatus associated with a subcarrier spacing.
[0260] The “capability information of a terminal appara-
tus” may be capability information of a terminal apparatus
associated with supporting (or not supporting) transmission
and/or reception using multiple subcarrier spacings. “Trans-
mission and/or reception using multiple subcarrier spacings”
may mean that multiple subcarrier spacings are applicable to
signal transmission and/or reception. “Transmission and/or
reception using multiple subcarrier spacings” may mean that
variable subcarrier spacings are applicable to signal trans-
mission and/or reception.

[0261] The “capability information of a terminal appara-
tus” may be capability information of a terminal associated
with supporting (or not supporting) transmission and/or
reception using a prescribed subcarrier spacing.

[0262] The above “capability information of a terminal
apparatus” may indicate the number of channels (cells or
component carriers) that the terminal apparatus can receive
simultaneously and the subcarrier spacing corresponding to
each of the channels (cells or component carriers). For
example, the above “capability information of a terminal
apparatus” may indicate that two channels (cells or compo-
nent carriers) using the first subcarrier spacing and one
channel (cell or component carrier) using the second sub-
carrier spacing can be received simultaneously.

[0263] The above “capability information of a terminal
apparatus” may indicate the number of channels (cells or
component carriers) that the terminal apparatus can transmit
simultaneously and the subcarrier spacing corresponding to
each of the channels. For example, the above “capability
information of a terminal apparatus” may indicate that two
channels (cells or component carriers) using the first sub-
carrier spacing and one channel (cell or component carrier)
using the second subcarrier spacing can be transmitted
simultaneously.

[0264] The above “capability information of a terminal
apparatus” may be defined for each carrier frequency (each
band). For example, the terminal apparatus may hold and
transmit the “capability information of a terminal apparatus”
for each carrier frequency (each band).

[0265] The above “capability information of a terminal
apparatus” may be defined independently for uplink and
downlink. Specifically, the above “capability information of
a terminal apparatus” may be defined independently for
capability information for the terminal apparatus associated
with uplink communication and capability information of
the terminal apparatus for downlink communication. For
example, the terminal apparatus may hold and transmit the
“capability information of a terminal apparatus” indepen-
dently for uplink and downlink and perform transmission
accordingly.

[0266] The terminal apparatus may transmit the “capabil-
ity information of the terminal apparatus”, based on the
capability information associated with a subcarrier spacing
usable for a base station or network and the subcarrier
spacing supported by the terminal apparatus. The “capability
information associated with a subcarrier spacing usable for
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a base station or network” may be broadcast by a base
station apparatus or transmitted as system information.
[0267] For example, in a case that the terminal apparatus
having a capability associated with transmitting and/or
receiving a signal using the first to third subcarrier spacings
finds out that the first subcarrier spacing and the third
subcarrier spacing are the subcarrier spacings usable for a
base station or network, based on the “capability informa-
tion associated with a subcarrier spacing usable for a base
station or network”, the terminal apparatus may transmit
information of having the capability associated with trans-
mitting and/or receiving a signal using the first subcarrier
spacing and the third subcarrier spacing, as the “capability
information of a terminal apparatus”.

[0268] The “capability information of a terminal appara-
tus” may be transmitted in a case of receiving a terminal
capability enquiry (UECapabilityEnquiry) message from a
base station.

[0269] An example of a procedure for transmitting the
“capability information of a terminal apparatus” will be
described.

[0270] The base station apparatus transmits a terminal
capability enquiry (UECapabilityEnquiry) message to a ter-
minal apparatus. The terminal capability enquiry message is
used for requesting transmission of the radio access capa-
bility of the terminal apparatus. The terminal apparatus
transmits a terminal capability information (UECapability-
Information) message to the base station apparatus, based on
the terminal capability enquiry message. The terminal capa-
bility information message is used for transmitting the radio
access capability of the terminal apparatus that has been
requested by the base station apparatus. The terminal capa-
bility information message includes a terminal capability
(UE-EUTRA-Capability) information element. The UE-EU-
TRA-Capability is used to convey, to the network, the radio
access capability parameter of the terminal apparatus at the
base station apparatus and a Feature group indicator (FGI)
for mandatory features.

[0271] The UE-DEUTRA-Capability includes at least
parameters related to the radio frequency (RF-Parameters)
and parameters related to the physical layer (PhyLayerPa-
rameters). The RF-Parameters includes at least a list of the
bands supported by the terminal apparatus (supportedBan-
dListEUTRA) and/or a combination of the bands supported
by the terminal apparatus (supportedBandCombination).
The supportedBandListEUTRA is a list of the bands (Sup-
portedBandEUTRA) supported by the terminal apparatus.
The supportedBandCombination is a list of the parameters
(BandCombinationParameters) related to the combination of
the bands supported by the terminal apparatus.

[0272] The SupportedBandEUTRA includes at least an
indicator (FreqBandIndicator) indicating the band supported
by the terminal apparatus and information (halfDulplex)
indicating whether half-duplex communication or full-du-
plex communication is supported in the band. The number of
bands in which communication is supported by the terminal
apparatus is not limited. In other words, the terminal appa-
ratus may support communication in one band only, or the
terminal apparatus may support communication in multiple
bands.

[0273] The BandCombinationParamaters includes param-
eters (BandParameters) related to each band in the combi-
nation of the bands supported by the terminal apparatus. The
BandParameters includes an indicator (FreqBandIndicator)
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indicating the band, parameters (BandParametersUL)
related to the uplink in the band, and parameters (BandPa-
rametersDL) related to the downlink in the band. The
BandParametersUL is a list of the parameters (CA-MIMO-
ParametersUL) related to CA and MIMO in the uplink. The
BandParametersDL is a list of the parameters (CA-MIMO-
ParametersDL) related to CA and MIMO in the downlink.
The CA-MIMO-ParametersUL includes information (CA-
BandwidthClass) indicating the CA bandwidth class in the
uplink, and information (MIMO-CapabilityUL) related to
the number of MIMO layers supported in the uplink. The
CA-MIMO-ParametersDL includes information (CA-Band-
widthClass) indicating the CA bandwidth class in the down-
link, and information (MIMO-CapabilityDL) related to the
number of MIMO layers supported in the downlink. The
terminal apparatus explicitly includes all the supported CA
bandwidth classes in the signalling related to the band
combination in the CA-BandwidthClass.

[0274] In a case that multiple applicable subcarrier spac-
ings are determined (case that an applicable subcarrier
spacing set is determined) based on Element (4), an appli-
cable subcarrier spacing (a subcarrier spacing to be actually
applied in the applicable subcarrier spacing set) may further
be determined based on some or all Element (1) to Element
4).

[0275] In a case that a subcarrier spacing for a signal is
determined based on some of or all Element (1) to Element
(4) above, a reference signal for the signal and/or a CP (CP
length) for the signal may be determined based on the
determined subcarrier spacing. In other words, a reference
signal for the signal and/or a CP (CP length) for the signal
may be determined based on the subcarrier spacing for the
signal being determined. The “reference signal for the signal
is determined” may mean the subcarrier spacing for the
reference signal being determined. The determined CP (CP
length) may be applied also to the determined reference
signal.

[0276] For example, the reference signal corresponding to
the subcarrier spacing (subcarrier spacing of the reference
signal) and/or CP (CP length) may be defined by a specifi-
cation. In other words, the reference signal corresponding to
the subcarrier spacing (subcarrier spacing of the reference
signal) and/or CP (CP length) for part of or entire signal may
be defined by a specification.

[0277] The reference signal for the signal (subcarrier
spacing of the reference signal) and/or CP (CP length) may
be notified by a base station.

[0278] The reference signal for the signal (subcarrier
spacing of the reference signal) and/or the CP (CP length)
may be defined by a specification. For example, the refer-
ence signal for the signal (subcarrier spacing of the reference
signal) and/or CP (CP length) may correspond to a carrier
frequency (band). In other words, the terminal apparatus
may identify the reference signal for the signal (subcarrier
spacing of the reference signal) and/or the CP (CP length) by
identifying the carrier frequency (band) for the signal.
[0279] A terminal apparatus according to an aspect of the
present invention includes: a control unit configured to
identify a subcarrier spacing set applicable to a data channel,
based on a first parameter included in higher layer signaling;
and a reception unit configured to receive a control channel
including data channel assignment information. Based on
the type of the data channel assignment information, the
terminal apparatus selects, from the subcarrier spacing set, a
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subcarrier spacing applicable to the data channel assigned
based on the data channel assignment information.

[0280] A terminal apparatus according to an aspect of the
present invention is the above-described terminal apparatus,
and the first parameter relates to an operating band.

[0281] A terminal apparatus according to an aspect of the
present invention is the above-described terminal apparatus,
and an uplink operating band and a downlink operating band
correspond to the operating band, and a subcarrier spacing
applicable to the uplink operating band and a subcarrier
spacing applicable to the downlink operating band are
defined independently.

[0282] A terminal apparatus according to an aspect of the
present invention is the above-described terminal apparatus,
and the type of the data channel assignment information
includes a first type associated with uplink data channel
assignment information and a second type associated with
downlink data channel assignment information.

[0283] A terminal apparatus according to an aspect of the
present invention is the above-described terminal apparatus,
wherein the terminal apparatus applies a first subcarrier
spacing in the applicable subcarrier spacing set to the uplink
data channel in a case that the type of the data channel
assignment information is the first type, while applying a
second subcarrier spacing in the applicable subcarrier spac-
ing set to the downlink data channel in a case that the type
of the data channel assignment information is the second
type.

[0284] A terminal apparatus according to an aspect of the
present invention is the above-described terminal apparatus,
and the subcarrier spacing set includes a first subset and a
second subset. The terminal apparatus applies a first sub-
carrier spacing included in the first subset to the uplink data
channel in a case that the type of the data channel assign-
ment information is the first type, while applying a second
subcarrier spacing included in the second subset to the
downlink data channel in a case that the type of the data
channel assignment information is the second type.

[0285] A terminal apparatus according to an aspect of the
present invention is the above-described terminal apparatus,
and the first subcarrier spacing and/or the second subcarrier
spacing is indicated by using broadcast information, infor-
mation common to multiple terminal apparatuses, informa-
tion dedicated to a single terminal apparatus, physical layer
information, and/or higher layer information.

[0286] A base station apparatus according to an aspect of
the present invention includes: a transmission unit config-
ured to transmit higher layer signaling including a first
parameter associated with indicating a subcarrier spacing set
applicable to a data channel; a transmission unit configured
to transmit a control channel including data channel assign-
ment information; and a transmission unit configured to
transmit a data channel by using an applicable subcarrier
spacing based on the type of the data channel assignment
information. The applicable subcarrier spacing is included in
the subcarrier spacing set.

[0287] A base station apparatus according to an aspect of
the present invention is the above-described base station
apparatus, and the first parameter relates to an operating
band.

[0288] A base station apparatus according to an aspect of
the present invention is the above-described base station
apparatus, and an uplink operating band and a downlink
operating band correspond to the operating band, and a
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subcarrier spacing applicable to the uplink operating band
and a subcarrier spacing applicable to the downlink operat-
ing band are defined independently.

[0289] A base station apparatus according to an aspect of
the present invention is the above-described base station
apparatus, and the type of the data channel assignment
information includes a first type associated with uplink data
channel assignment information and a second type associ-
ated with downlink data channel assignment information.
[0290] A base station apparatus according to an aspect of
the present invention is the above-described base station
apparatus, wherein the base station apparatus applies a first
subcarrier spacing in the applicable subcarrier spacing set to
the uplink data channel in a case that the type of the data
channel assignment information is the first type, while
applying a second subcarrier spacing in the applicable
subcarrier spacing set to the downlink data channel in a case
that the type of the data channel assignment information is
the second type.

[0291] A base station apparatus according to an aspect of
the present invention is the above-described base station
apparatus, and the subcarrier spacing set includes a first
subset and a second subset. The base station apparatus
applies a first subcarrier spacing in the first subset to the
uplink data channel in a case that the type of the data channel
assignment information is the first type, while applying a
second subcarrier spacing in the second subset to the down-
link data channel in a case that the type of the data channel
assignment information is the second type.

[0292] A base station apparatus according to an aspect of
the present invention is the above-described base station
apparatus, and the first subcarrier spacing and/or the second
subcarrier spacing is indicated by using broadcast informa-
tion, information common to multiple terminal apparatuses,
information dedicated to one terminal apparatus, physical
layer information, and/or higher layer information.

[0293] A communication method for a terminal apparatus
according to an aspect of the present invention includes the
steps of: identifying a subcarrier spacing set applicable to a
data channel, based on a first parameter included in higher
layer signaling; receiving a control channel including data
channel assignment information; and selecting, based on the
type of the data channel assignment information, a subcar-
rier spacing applicable to the data channel associated with
the data channel assignment information, from the subcar-
rier spacing set.

[0294] A communication method for a base station appa-
ratus according to an aspect of the present invention includes
the steps of: transmitting higher layer signaling including a
first parameter associated with indicating a subcarrier spac-
ing set applicable to a data channel; transmitting a control
channel including data channel assignment information; and
transmitting a data channel by using an applicable subcarrier
spacing based on the type of the data channel assignment
information. The applicable subcarrier spacing is included in
the subcarrier spacing set.

[0295] A terminal apparatus according to an aspect of the
invention includes: a reception unit configured to receive a
control channel with a control information format including
a first field and a second field; a reception control unit
configured to identify a subcarrier spacing, based on a value
of the first field; and a reception unit configured to receive
a data channel assigned based on a value of the second field
by using the identified subcarrier spacing.
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[0296] A terminal apparatus according to an aspect of the
present invention is the above-described terminal apparatus,
wherein the terminal apparatus is notified of whether or not
the first field is present, through higher layer signaling, and
receives, in a case of being notified that the first field is
present, the control information format of a payload size
with the first field, while receiving, in a case of not being
notified that the first field is present, the control information
format of a payload size without the first field.

[0297] A terminal apparatus according to an aspect of the
present invention is the above-described terminal apparatus,
wherein the terminal apparatus is notified of whether or not
the control channel and the data channel have different
subcarrier spacings, through higher layer signaling, and
receives, in a case of being notified that the control channel
and the data channel have different subcarrier spacings, the
control information format of a payload size with the first
field, while receiving, in a case of not being notified that the
control channel and the data channel have different subcar-
rier spacings, the control information format of a payload
size without the first field.

[0298] A base station apparatus according to an aspect of
the present invention includes: a transmission unit config-
ured to transmit a control channel with a control information
format including a first field and a second field; and a
transmission unit configured to transmit a data channel
assigned based on a value of the second field by using a
subcarrier spacing based on a value of the first field.
[0299] A base station apparatus according to an aspect of
the present invention is the above-described base station
apparatus, wherein the base station apparatus makes notifi-
cation of whether or not the first field is present, through
higher layer signaling, and transmits, in a case of making
notification that the first field is present, the control infor-
mation format of a payload size with the first field, while
transmitting, in a case of not making notification that the first
field is present, the control information format of a payload
size without the first field.

[0300] A base station apparatus according to an aspect of
the present invention is the above-described base station
apparatus, wherein the base station apparatus makes notifi-
cation of whether or not the control channel and the data
channel have different subcarrier spacings, through higher
layer signaling, and transmits, in a case of making notifica-
tion that the control channel and the data channel have
different subcarrier, the control information format of a
payload size with the first field, while transmitting, in a case
of not making notification that the control channel and the
data channel have different subcarrier spacing, the control
information format of a payload size without the first field.
[0301] A communication method for a terminal apparatus
according to an aspect of the invention includes the steps of:
receiving a control channel with a control information
format including a first field and a second field; identifying
a subcarrier spacing, based on a value of the first field; and
receiving a data channel assigned based on a value of the
second field by using the identified subcarrier spacing.
[0302] A communication method for a base station appa-
ratus according to an aspect of the present invention includes
the steps of: transmitting a control channel with a control
information format including a first field and a second field;
and transmitting a data channel assigned based on a value of
the second field by using a subcarrier spacing based on a
value of the first field.
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[0303] A terminal apparatus according to an aspect of the
invention includes: a reception unit configured to receive a
Synchronization signal by using a prescribed first subcarrier
spacing; a reception control unit configured to identify a
second subcarrier spacing to be used for transmission of a
first signal, based on the received Synchronization signal;
and a reception unit configured to receive the first signal by
using the identified second subcarrier spacing.

[0304] A terminal apparatus according to an aspect of the
present invention is the above-described terminal apparatus,
and the first signal is a signal different from the signal, and
the first signal is used for data transmission.

[0305] A terminal apparatus according to an aspect of the
present invention is the above-described terminal apparatus,
and the terminal apparatus identifies the second subcarrier
spacing to be used for transmission of the first signal, based
on a pattern in which the Synchronization signal is trans-
mitted.

[0306] A terminal apparatus according to an aspect of the
invention includes: a reception unit configured to receive a
Synchronization signal by using a prescribed first subcarrier
spacing; a reception unit configured to receive system infor-
mation after synchronization based on the Synchronization
signal; a reception control unit configured to identify a
second subcarrier spacing to be used for transmission of a
first signal, based on first information included in the system
information; and a reception unit configured to receive the
first signal by using the identified second subcarrier spacing.
[0307] A terminal apparatus according to an aspect. of the
present invention is the above-described terminal apparatus,
and the system information is received by using the first
subcarrier spacing.

[0308] A terminal apparatus according to an aspect of the
present invention is the above-described terminal apparatus,
and the first information is information indicating an oper-
ating mode.

[0309] A communication method for a terminal apparatus
according to an aspect of the invention includes the steps of:
receiving a Synchronization signal by using a prescribed
first subcarrier spacing; identifying a second subcarrier
spacing to be used for transmission of a first signal, based on
the received Synchronization signal; and receiving the first
signal by using the identified second subcarrier spacing.

[0310] A communication method for a terminal apparatus
according to an aspect of the present invention is the
above-described communication method for a terminal
apparatus, and the first signal is a signal different from the
signal, and the first signal is used for data transmission.

[0311] A communication method for a terminal apparatus
according to an aspect of the present invention is the
above-described communication method for a terminal
apparatus, and the second subcarrier spacing to be used for
transmission of the first signal is identified based on a pattern
in which the Synchronization signal is transmitted.

[0312] A communication method for a terminal apparatus
according to an aspect of the invention includes the steps of:
receiving a Synchronization signal by using a prescribed
first subcarrier spacing; receiving system information after
synchronization based on the Synchronization signal; iden-
tifying a second subcarrier spacing to be used for transmis-
sion of a first signal, based on first information included in
the system information; and receiving the first signal by
using the identified second subcarrier spacing.
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[0313] A communication method for a terminal apparatus
according to an aspect of the present invention is the
above-described communication method for a terminal
apparatus, and the system information is received by using
the first subcarrier spacing.

[0314] A communication method for a terminal apparatus
according to an aspect of the present invention is the
above-described communication method for a terminal
apparatus, and the first information is information indicating
an operating mode.

[0315] A program running on each of the base station
apparatus and the terminal apparatus according to the pres-
ent invention may serve as a program that controls a Central
Processing Unit (CPU) and the like (a program for causing
a computer to operate) in such a manner as to enable the
functions according to the above-described embodiment of
the present invention. The information handled in these
apparatuses is temporarily stored in a Random Access
Memory (RAM) while being processed. Thereafter, the
information is stored in various types of Read Only Memory
(ROM) such as a Flash ROM and a Hard Disk Drive (HDD),
and when necessary, is read by the CPU to be modified or
rewritten.

[0316] Note that the terminal apparatus and the base
station apparatus —1 or the base station apparatus -2 accord-
ing to the above-described embodiments may be partially
realized by the computer. In this case, this configuration may
be realized by recording a program for realizing such control
functions on a computer-readable recording medium and
causing a computer system to read the program recorded on
the recording medium for execution.

[0317] The “computer system” here is defined as a com-
puter system built into the terminal apparatus or the base
station apparatus —1 or the base station apparatus -2, and the
computer system includes an OS and hardware components
such as peripheral devices. Furthermore, the “computer-
readable recording medium” refers to a portable medium
such as a flexible disk, a magneto-optical disk, a ROM, and
a CD-ROM, and a storage device such as a hard disk built
into the computer system.

[0318] Moreover, the “computer-readable recording
medium” may include a medium that dynamically retains
the program for a short period of time, such as a commu-
nication line that is used to transmit the program over a
network such as the Internet or over a communication line
such as a telephone line, and a medium that retains, in that
case, the program for a fixed period of time, such as a
volatile memory within the computer system which func-
tions as a server or a client. Furthermore, the program may
be configured to realize some of the functions described
above, and also may be configured to be capable of realizing
the functions described above in combination with a pro-
gram already recorded in the computer system.

[0319] The base station apparatus -1 or base station
apparatus —2 according to the above-described embodiments
can be realized as an aggregation (apparatus group) consti-
tuted of multiple apparatuses. Each of the apparatuses con-
stituting the apparatus group may be equipped with some or
all portions of each function or each functional block of the
base station apparatus -1 or base station apparatus -2
according to the above-described embodiments. It is only
required that the apparatus group itself include general
functions or general functional blocks of the base station
apparatus —1 or base station apparatus —2. Furthermore, the
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terminal apparatus in the above-described embodiments can
also communicate with the base station apparatus as an
aggregate.

[0320] Furthermore, the base station apparatus -1 or base
station apparatus -2 according to the above-described
embodiments may be an Evolved Universal Terrestrial
Radio Access Network (EUTRAN). Furthermore, the base
station apparatus —1 or base station apparatus -2 according
to the above-described embodiments may have some or all
portions of a function of a higher node for an eNodeB.
[0321] Furthermore, some or all portions of each of the
terminal apparatus and the base station apparatus -1 or base
station apparatus -2 according to the above-described
embodiments may be typically achieved as a Large-Scale
Integration (LSI) that is an integrated circuit or may be
realized as a chip set. The functional blocks of each of the
terminal apparatus and the base station apparatus -1 or base
station apparatus —2 may be individually realized as a chip,
or some or all of the functional blocks may be integrated into
a chip. Furthermore, a circuit integration technique is not
limited to the L.SI, and may realized with a dedicated circuit
or a general-purpose processor. Furthermore, in a case that
with advances in semiconductor technology, a circuit inte-
gration technology with which an L.SI is replaced appears, it
is also possible to use an integrated circuit based on the
technology.

[0322] Furthermore, according to the above-described
embodiments, a cellular mobile station apparatus is
described as one example of a terminal apparatus or a
communication device, but the invention of this application
is not limited to this, and can be applied to a fixed-type
electronic apparatus installed indoors or outdoors, or a
stationary-type electronic apparatus, for example, a terminal
apparatus or a communication device, such as an Audio-
Video (AV) apparatus, a kitchen apparatus, a cleaning or
washing machine, an air-conditioning apparatus, office
equipment, a vending machine, and other household appa-
ratuses.

[0323] The embodiments of the present invention have
been described in detail above referring to the drawings, but
the specific configuration is not limited to the embodiments
and includes, for example, an amendment to a design that
falls within the scope that does not depart from the gist of the
present invention. Furthermore, various modifications are
possible within the scope of the present invention defined by
claims, and embodiments that are made by suitably com-
bining technical means disclosed according to the different
embodiments are also included in the technical scope of the
present invention. Furthermore, a configuration in which a
constituent element that achieves the same effect is substi-
tuted for the one that is described in the embodiments is also
included in the technical scope of the present invention.

CROSS-REFERENCE OF RELATED
APPLICATION

[0324] This application claims the benefit of priority to JP
2016-019536 filed in Japan on Feb. 4, 2016, which is
incorporated herein by reference in its entirety.

REFERENCE SIGNS LIST

[0325] 2201 Higher layer
2202 Control unit
2203 Codeword generation unit
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2204 Downlink subframe generation unit
2205 Downlink reference signal generation unit
2206 OFDM signal transmission unit
2207 Base station transmit antenna
2208 Base station receive antenna
2209 SC-FDMA signal reception unit
2210 Uplink subframe processing unit
2211 Uplink control information extraction unit
2301 Terminal receive antenna
2302 OFDM signal reception unit
2303 Downlink subframe processing unit
2304 Downlink reference signal extraction unit
2305 Transport block extraction unit
2306 Control unit
2307 Higher layer
2308 Channel state measurement. unit
2309 Uplink subframe generation unit
2310 Uplink control information generation unit
2311, 2312 SC-FDMA signal transmission unit
2113, 2314 Terminal transmit antenna
1-8. (canceled)
9. A user equipment, comprising:
a reception circuit configured to monitor a Physical
Downlink Control CHannel (PDCCH); and
a reception control circuit configured to identify a sub-
carrier spacing;
wherein the reception control circuit identifies, based on
information included in a Master Information Block,
the subcarrier spacing, and
the reception circuit receives the PDCCH of the identified
subcarrier spacing.
10. The user equipment according to claim 9, wherein
Cyclic Redundancy Check scrambled by a Temporary
Cell-Radio Network Temporary identifier is added to
the PDCCH.
11. A method at a user equipment, the method comprising
the steps of:
monitoring a Physical Downlink Control CHannel (PD-
CCH);
identifying, based on information included in a Master
Information Block, the subcarrier spacing; and
receiving the PDCCH of the identified subcarrier spacing.
12. The method according to claim 11, wherein
Cyclic Redundancy Check scrambled by a Temporary
Network Temporary Identifier is added to the PDCCH.
13. A base station, comprising:
a transmission control circuit configured to determine a
subcarrier spacing; and
a transmission circuit configured to transmit a Physical
Downlink Control CHannel (PDCCH) of the subcarrier
spacing;
wherein the transmission circuit transmits a Master Infor-
mation Block which includes information indicating
the subcarrier spacing.
14. The base station according to claim 13, wherein
Cyclic Redundancy Check scrambled by a Temporary
Cell-Radio Network Temporary Identifier is added to
the PDCCH.
15. A method at a base station, the method comprising the
steps of:
determining a subcarrier spacing;
transmitting a Physical Downlink Control CHannel (PD-
CCH) of the subcarrier spacing; and
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transmitting a Master Information Block which includes
information indicating the subcarrier spacing.

16. The method according to claim 15, wherein

Cyclic Redundancy Check scrambled by a Temporary
Cell-Radio Network Temporary Identifier is added to
the PDCCH.
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REIVINDICACIONES

[Reivindicacion 1]

Un aparato terminal que comprende:

una unidad de recepcion configurada para monitorizar un canal de control de
enlace descendente fisico (PDCCH);

una unidad de control de recepcién configurada para identificar una separacién
entre subportadoras; donde

la unidad de control de recepcioén identifica, basandose en informacion incluida
en un bloque de informacion maestro (MIB), la separacién entre subportadoras, el bloque
de informacién maestro (MIB) siendo transmitido en un canal de difusién fisico (PBCH), y

la unidad de recepcidn recibe el canal de control de enlace descendente fisico

(PDCCH) de la separacion entre subportadoras identificada.

[Reivindicacion 2]
El aparato terminal de acuerdo con la reivindicacion 1, en donde se afiade al canal
de control de enlace descendente fisico (PDCCH) bits de verificacion de redundancia ciclica

(CRC) cifrados mediante un identificador temporal de red de radio de celdas (C-RNTI).

[Reivindicacion 3]
El aparato terminal de acuerdo con la reivindicacion 1, en donde
una cuadricula de recursos esta definida por una pluralidad de subportadoras y

de simbolos de Multiplexacion por Divisién de Frecuencias Ortogonales (OFDM),
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cada elemento en la cuadricula de recursos se denomina un elemento de recurso

y se identifica mediante un indice de subportadora y un indice de un simbolo OFDM.

[Reivindicacion 4]
Un método de comunicacion para un aparato terminal, el método de

comunicacion comprende las etapas de:

monitorizar un canal de control de enlace descendente fisico (PDCCH);

identificar una separacion entre subportadoras, basandose en informacion
incluida en un bloque de informacidén maestro (MIB), el bloque de informacién maestro (MIB)
siendo transmitido en un canal de difusién fisico (PBCH); y

recibir el canal de de control de enlace descendente fisico (PDCCH) de la

separacion entre subportadoras identificada.

[Reivindicacion 5]
El método de acuerdo con la reivindicacién 4, en donde se afiade al canal de
control de enlace descendente fisico (PDCCH) bits de verificacion de redundancia ciclica

(CRC) cifrados mediante un identificador temporal de red de radio de celdas (C-RNTI).

[Reivindicacion 6]

El método de acuerdo con la reivindicacion 4, en donde

una cuadricula de recursos esta definida por una pluralidad de subportadoras y
de simbolos de Multiplexacion por Division de Frecuencias Ortogonales (OFDM),
cada elemento en la cuadricula de recursos se denomina un elemento de recurso y se identifica
mediante un indice de subportadora y un indice de un simbolo OFDM.

[Reivindicacion 7]
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Un aparato de estacion base que comprende:

una unidad de control de transmision configurada para determinar una
separacion entre subportadoras; y

una unidad de transmision configurada para transmitir un canal de control de
enlace descendente fisico (PDCCH) de la separacion entre subportadoras; donde la unidad
de transmision transmite un bloque de informacion maestro (MIB) que incluye informacion

indicando la separacion entre subportadoras en un canal de difusion fisico (PBCH).

[Reivindicacion 8]
El aparato de estacion base de acuerdo con la reivindicacion 7, en donde se
anade al canal de control de enlace descendente fisico (PDCCH) bits de verificacion de
redundancia ciclica (CRC) cifrados mediante un identificador temporal de red de radio de celdas

(C-RNTI).

[Reivindicacion 9]

El aparato de estacion base de acuerdo con la reivindicacion 7, en donde

una cuadricula de recursos esta definida por una pluralidad de subportadoras y
de simbolos de Multiplexacion por Division de Frecuencias Ortogonales (OFDM),

cada elemento en la cuadricula de recursos se denomina un elemento de recurso

y se identifica mediante un indice de subportadora y un indice de un simbolo OFDM.

[Reivindicacion 10]
Un método de comunicacion para un aparato de estacion base, el método de
comunicacion comprende las etapas de:

determinar una separacion entre subportadoras;
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transmitir un canal de control de enlace descendente fisico (PDCCH) de la
separacion entre subportadoras; y
transmitir un bloque de informacién maestro (MIB) que incluye informacion

indicando la separacion entre subportadoras en un canal de difusion fisico (PBCH).

[Reivindicacion 11]
El método de acuerdo con la reivindicacion 10, en donde se afiade al canal de
control de enlace descendente fisico (PDCCH) bits de verificacion de redundancia ciclica

(CRC) cifrados mediante un identificador temporal de red de radio de celdas (C-RNTI).

[Reivindicacion 12]

El método de acuerdo con la reivindicaciéon 10, en donde

una cuadricula de recursos esta definida por una pluralidad de subportadoras y
de simbolos de Multiplexacion por Division de Frecuencias Ortogonales (OFDM),
cada elemento en la cuadricula de recursos se denomina un elemento de recurso y se identifica

mediante un indice de subportadora y un indice de un simbolo OFDM.
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