10

15

20

25

30

Description

Title of Invention

DEVICE, METHOD, AND PROGRAM

Technical Field
[0001]
The present disclosure relates to a device, a method, and a program.
Background Art
[0002]

In recent years, as a representative of multicarrier modulation techniques
(that is, multiplexing techniques or multiple access technologies), orthogonal
frequency division multiplexing (OFDM) and orthogonal frequency division multiple
access (OFDMA) have been put to practical use in various wireless systems.
Application examples include digital broadcasting, a wireless LAN, and a cellular
system. OFDM has resistance with respect to a multipath propagation path and can
prevent the occurrence of inter-symbol interference caused by a multipath delay
wave by employing a cyclic prefix (CP). On the other hand, OFDM has a
disadvantage in that a level of out-of-band radiation is large. Further, a peak-to-
average power ratio (PAPR) tends to increase, and there is also a disadvantage in
which it is vulnerable to distortion occurring in transmission and reception devices.
[0003]

SC-FDE, in which single-carrier (SC) modulation and frequency domain
equalization (FDE) are combined, is used as a method of reducing the PAPR which is
a disadvantage of OFDM and providing resistance to the multipath propagation path.
[0004]

Besides, new modulation techniques capable of suppressing the out-of-band
radiation which is a disadvantage of OFDM have been developed. The present
modulation technique aims to suppress the out-of-band radiation by applying a pulse

shape filter to symbols that have undergone serial-to-parallel (S/P) conversion in



10

15

20

25

30

OFDM. The entire band, a predetermined number of subcarrier units (for example,
resource block units in LTE), each subcarrier, or the like is considered as a target of
filtering. The present modulation technique can be called various names such as
universal filtered-OFDM (UF-OFDM), universal filtered multi-carrier (UFMC), filter
bank multi-carrier (FBMC), generalized OFDM (GOFDM), and generalized
frequency division multiplexing (GFDM). In this specification, the present
modulation technique is referred to as a “GFDM,” but, of course, this term has no
narrow meaning. A basic technique related to GFDM is disclosed, for example, in

the following Patent Document 1 and Non-Patent Document 1.

Citation List

Patent Literature
[0005]

Patent Literature 1: [ON Patent Publication No.
2010/0189132
Non-Patent Literature
[0006]

Non-Patent Literature 1: N. Michailow, et al., “Generalized
Frequency Division Multiplexing for Sth Generation Cellular Networks,” IEEE Trans.
Commun., Vol. 62, no. 9, Sept. 2014.

Disclosure of Invention
Technical Problem
[0007]

However, in a transition period in which GFDM is introduced, there may be
legacy terminals not supporting GFDM in addition to terminals supporting GFDM.
In this regard, it is desirable to provide a mechanism capable of accommodating
legacy terminals not supporting GFDM in addition to terminals supporting GFDM
when GFDM is introduced.

Solution to Problem
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[0008]

According to the present disclosure, there is provided a device including: a
setting unit configured to variably set at least one of an interval between subcarriers
and a time length of a subsymbol included in a unit resource constituted by one or
more subcarriers or one or more subsymbols; and a transmission processing unit
configured to perform filtering for every predetermined number of subcarriers.

[0009]

In addition, according to the present disclosure, there is provided a method
including: variably setting at least one of an interval between subcarriers and a time
length of a subsymbol included in a unit resource constituted by one or more
subcarriers or one or more subsymbols; and performing, by a processor, filtering for
every predetermined number of subcarriers.

[0010]

In addition, according to the present disclosure, there is provided a program
causing a computer to function as: a setting unit configured to variably set at least
one of an interval between subcarriers and a time length of a subsymbol included in a
unit resource constituted by one or more subcarriers or one or more subsymbols; and
a transmission processing unit configured to perform filtering for every

predetermined number of subcarriers.

Advantageous Effects of Invention
[0011]

As described above, according to the present disclosure, a mechanism
capable of accommodate legacy terminals not supporting GFDM in addition to
terminals supporting GFDM when GFDM is introduced is provided. Note that the
effects described above are not necessarily limitative. With or in the place of the
above effects, there may be achieved any one of the effects described in this
specification or other effects that may be grasped from this specification.

[0012]
Further, in this specification and the drawings, there are cases in which

elements having substantially the same functional configuration are distinguished by
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adding different letters after the same reference numeral. For example, a plurality
of elements having substantially the same functional configuration are distinguished
as terminal devices 200A, 200B, and 200C as necessary. However, when it is not
necessary to particularly distinguish a plurality of elements having substantially the
same functional configuration, only the same reference numeral is attached. For
example, when it is not necessary to particularly distinguish terminal devices 200A,

200B and 200C, they are referred to simply as a “terminal device 200.”

Brief Description of Drawings
[0013]
[FIG. 1] FIG 1 is an explanatory diagram for describing an example of a
configuration of a transmission device supporting GFDM.
[FIG. 2] FIG 2 is an explanatory diagram for describing an example of a
configuration of a transmission device supporting OFDM.
[FIG. 3] FIG 3 is an explanatory diagram for describing an example of a
configuration of a transmission device supporting SC-FDE.
[FIG. 4] FIG. 4 is an explanatory diagram illustrating an example of a schematic
configuration of a system according to an embodiment of the present disclosure;
[FIG. 5] FIG. 5 is a block diagram illustrating an example of a configuration of a base
station according to the embodiment.
[FIG. 6] FIG. 6 is a block diagram illustrating an example of a configuration of a
terminal device according to the embodiment.
[FIG. 7] FIG. 7 is an explanatory diagram for describing technical features of a
system according to the embodiment.
[FIG. 8] FIG. 8 is an explanatory diagram for describing technical features of a
system according to the embodiment.
[FIG. 9] FIG. 9 is an explanatory diagram for describing technical features of a
system according to the embodiment.
[FIG. 10] FIG. 10 is an explanatory diagram for describing technical features of a
system according to the embodiment.

[FIG. 11] FIG. 11 is an explanatory diagram for describing technical features of a



system according to the embodiment.
[FIG. 12] FIG. 12 is an explanatory diagram for describing technical features of a
system according to the embodiment.
[FIG. 13] FIG. 13 is an explanatory diagram for describing technical features of a
system according to the embodiment.
[FIG. 14] FIG. 14 is an explanatory diagram for describing technical features of a
system according to the embodiment.
[FIG. 15] FIG. 15 is an explanatory diagram for describing technical features of a
system according to the embodiment.
[FIG. 16] FIG. 16 is an explanatory diagram for describing technical features of a
system according to the embodiment.
[FIG. 17] FIG. 17 is an explanatory diagram for describing technical features of a
system according to the embodiment.
[FIG. 18] FIG. 18 is an explanatory diagram for describing technical features of a
system according to the embodiment.
[FIG. 19] FIG. 19 is an explanatory diagram for describing technical features of a
system according to the embodiment.
[FIG. 20] FIG. 20 is an explanatory diagram for describing technical features of a
system according to the embodiment.
[FIG. 21] FIG. 21 is an explanatory diagram for describing technical features of a
system according to the embodiment.
[FIG. 22] FIG. 22 is an explanatory diagram for describing technical features of a
system according to the embodiment.
[FIG. 23] FIG. 23 is an explanatory diagram for describing technical features of a
system according to the embodiment.
[FIG. 24] FIG. 24 is an explanatory diagram for describing technical features of a
system according to the embodiment.
[FIG. 25] FIG. 25 is an explanatory diagram for describing technical features of a
system according to the embodiment.
[FIG. 26] FIG. 26 is an explanatory diagram for describing technical features of a

system according to the embodiment.
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[FIG. 27] FIG. 27 is an explanatory diagram for describing technical features of a
system according to the embodiment.

[FIG. 28] FIG. 28 is an explanatory diagram for describing technical features of a
system according to the embodiment.

[FIG. 29] FIG. 29 is an explanatory diagram for describing technical features of a
system according to the embodiment.

[FIG. 30] FIG. 30 is an explanatory diagram for describing technical features of a
system according to the embodiment.

[FIG. 31] FIG. 31 is an explanatory diagram for describing technical features of a
system according to the embodiment.

[FIG. 32] FIG. 32 is an explanatory diagram for describing technical features of a
system according to the embodiment.

[FIG. 33] FIG. 33 is an explanatory diagram for describing technical features of a
system according to the embodiment.

[FIG. 34] FIG. 34 is an explanatory diagram for describing technical features of a
system according to the embodiment.

[FIG. 35] FIG. 35 is an explanatory diagram for describing technical features of a
system according to the embodiment.

[FIG. 36] FIG. 36 is an explanatory diagram for describing technical features of a
system according to the embodiment.

[FIG. 37] FIG. 37 is a block diagram illustrating a first example of a schematic
configuration of an eNB.

[FIG. 38] FIG. 38 is a block diagram illustrating a second example of a schematic
configuration of an eNB.

[FIG. 39] FIG. 39 is a block diagram illustrating an example of a schematic
configuration of a smartphone.

[FIG. 40] FIG. 40 is a block diagram illustrating an example of a schematic

configuration of a car navigation device.

Mode(s) for Carrying Out the Invention



10

15

20

25

30

[0014]

Hereinafter, (a) preferred embodiment(s) of the present disclosure will be
described in detail with reference to the appended drawings. In this specification
and the appended drawings, structural elements that have substantially the same
function and structure are denoted with the same reference numerals, and repeated
explanation of these structural elements is omitted.

[0015]

Further, description will proceed in the following order.
1. Modulation schemes
2. Schematic configuration of system
3. Configuration of devices
3.1. Configuration of base station
3.2. Configuration of terminal device
4. Technical features
5. Application examples
6. Conclusion
[0016]
<<1. Modulation schemes>>

First, GFDM, OFDM, and SC-FDE will be described with reference to
FIGS. 1 to 3.

[0017]
(GFDM)

FIG. 1 is an explanatory diagram for describing an example of a
configuration of a transmission device supporting GFDM. Referring to FIG. 1, a bit
sequence (for example, a transport block) from an upper layer is processed, and a
radio frequency (RF) signal is output. The bit sequence undergoes forward error
correction (FEC) coding, rate matching, scrambling, interleaving, and mapping bit
sequences to symbols (which may be a complex symbols or are also referred to as
“signal points”) (bit-to-complex constellation mapping) and then undergoes
modulation as illustrated in FIG. 1. Various constellations such as BPSK, QPSK,
8PSK, 16QAM, 64QAM, 256QAM, or the like may be used for mapping the bit
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sequence to symbols. In the modulation, first, S/P conversion is performed,
resource element mapping, over-sampling, and pulse shaping are performed on each
of a plurality of divided signals, and the plurality of divided signals are combined
into one signal in a time domain (that is, a time waveform) by frequency to time
conversion (for example, inverse discrete Fourier transform (IDFT) or inverse fast
Fourier transform (IFFT)) which is subsequently performed. After the modulation,
cyclic prefix (CP) addition, analog processing, and RF processing are performed.
[0018]

In GFDM, over-sampling is performed on symbols on a subcarrier in order
to perform filtering (that is, pulse shaping) in predetermined units. Then, filtering is
performed on the symbols that have undergone the over-sampling. The frequency
to time conversion will be performed on these filtered symbols. In GFDM, it is
possible to suppress the out-of-band radiation which is a disadvantage of OFDM
through the filtering. Further, in GFDM, even when it is combined with multiple-
input and multiple-output (MIMO) or the like, it is possible to enable a reception
device side to perform all processes in a frequency domain. However, since inter-
symbol interference occurs for each element due to influence of filtering, an
interference canceller is used on the reception device side. Regarding this point, in
OFDM and SC-FDE, interference suppression is implemented by simple FDE.

[0019]

As described above, GFDM has a problem in that the reception device is
complicated in return for overcoming the disadvantage of the out-of-band radiation.
In devices in which low-cost low power consumption communication is desirable
such as machine type communication (MTC) devices and Internet of things (IoT)
devices, this problem can be fatal.

[0020]
(OFDM)

FIG. 2 is an explanatory diagram for describing an example of a
configuration of a transmission device supporting OFDM. Referring to FIG 2, a
difference with the transmission device supporting GFDM described with reference

to FIG. 1 lies in a modulation portion surrounded by a broken line. In description of
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this difference, first, S/P conversion is performed, and resource element mapping is
performed for each of a plurality of divided signals. As a result, symbols are
allocated to a predetermined subcarrier. Then, frequency to time conversion (for
example, IDFT or IFFT) is performed on a predetermined number of subcarriers, so
that the signals are combined into one signal in the time domain.

[0021]

As described above, OFDM has resistance with respect to the multipath
propagation path, and can prevent the occurrence of inter-symbol interference caused
by the multipath delay wave. On the other hand, OFDM has a disadvantage in that
a level of out-of-band radiation is large. Further, the PAPR tends to increase, and
there is also a disadvantage in which it is vulnerable to distortion occurring in
transmission and reception devices.

[0022]
(SC-FDE)

FIG 3 is an explanatory diagram for describing an example of a
configuration of a transmission device supporting SC-FDE. Referring to FIG. 3, a
difference with the transmission device supporting GFDM described with reference
to FIG. 1 lies in a modulation portion surrounded by a broken line. In description of
this difference, first, time to frequency conversion (for example, discrete Fourier
transform (DFT) or inverse fast Fourier transform (FFT)) is performed. Thereafter,
resource element mapping is performed in the frequency domain, and combination
into one signal in the time domain is performed by frequency to time conversion.
Thereafter, since the CP is added, the reception device can easily implement FDE.
[0023]

As described above, SC-FDE can have resistance with respect to the
multipath propagation path while reducing the PAPR. On the other hand, when it is
combined with MIMO, SC-FDE has a disadvantage in that a decoding process on the
reception device side is complicated (for example, turbo equalization and repeated
interference cancellation are performed).

[0024]

<<2. Schematic configuration of system>>
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Next, a schematic configuration of a system 1 according to an embodiment
of the present disclosure will be described with reference to FIG. 4. FIG. 4 is an
explanatory diagram illustrating an example of a schematic configuration of the
system 1 according to an embodiment of the present disclosure. Referring to FIG. 4,
the system 1 includes a base station 100 and a terminal device 200. Here, the
terminal device 200 is also referred to as a “user.” The user may also be referred to
as “user equipment (UE).” Here, the UE may be UE defined in LTE or LTE-A or
may mean a communication device more generally.

[0025]
(1) Base station 100

The base station 100 is a base station of a cellular system (or a mobile
communication system). The base station 100 performs radio communication with
a terminal device (for example, the terminal device 200) located within a cell 10 of
the base station 100. For example, the base station 100 transmits a downlink signal
to the terminal device and receives an uplink signal from the terminal device.

[0026]
(2) Terminal device 200

The terminal device 200 can perform communication in the cellular system
(or the mobile communication system). The terminal device 200 performs radio
communication with the base station of the cellular system (for example, the base
station 100). For example, the terminal device 200 receives a downlink signal from
the base station and transmits an uplink signal to the base station.

[0027]
(3) Multiplexing/multiple access

Particularly, in an embodiment of the present disclosure, the base station
100 performs radio communication with a plurality of terminal devices via
orthogonal multiple access/non-orthogonal multiple access. More specifically, the
base station 100 performs radio communication with a plurality of terminal devices
200 through multiplexing/multiple access using GFDM.

[0028]

For example, the base station 100 performs radio communication with a
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plurality of terminal devices 200 by multiplexing/multiple access using GFDM in the
downlink. More specifically, for example, the base station 100 multiplexes signals
destined for a plurality of terminal devices 200 using GFDM. In this case, for
example, the terminal device 200 removes one or more other signals serving as
interference from a multiplexed signal including a desired signal (that is, a signal
destined for the terminal device 200), and decodes the desired signal.

[0029]

The base station 100 may perform radio communication with a plurality of
terminal devices by multiplexing/multiple access using GFDM in the uplink instead
of the downlink or together with the downlink. In this case, the base station 100
may decode each of signals from the multiplexed signal including the signals
transmitted from a plurality of terminal devices.

[0030]
(4) Supplement

The present technology can also be applied to multi-cell systems such as
heterogeneous networks (HetNet) or small cell enhancement (SCE). Further, the
present technology can also be applied to MTC devices and IoT devices.

[0031]
<<3. Configuration of devices>>

Next, configurations of the base station 100 and the terminal device 200
according to the present disclosure will be described with reference to FIGS. 5 and 6.
[0032]
<3.1. Configuration of base station>

First, an example of a configuration of the base station 100 according to an
embodiment of the present disclosure will be described with reference to FIG. 5.
FIG. 5 is a block diagram illustrating an example of a configuration of the base
station 100 according to an embodiment of the present disclosure. Referring to FIG.
5, the base station 100 includes an antenna unit 110, a radio communication unit 120,
a network communication unit 130, a storage unit 140, and a processing unit 150.
[0033]

(1) Antenna unit 110
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The antenna unit 110 radiates signals outputted from the radio
communication unit 120 into space as radio waves. Further, the antenna unit 110
converts radio waves in space into signals, and outputs the signals to the radio
communication unit 120.

[0034]
(2) Radio communication unit 120

The radio communication unit 120 transmits and receives signals. For
example, the radio communication unit 120 transmits a downlink signal to the
terminal device, and receives an uplink signal from the terminal device.

[0035]
(3) Network communication unit 130

The network communication unit 130 transmits and receives information.
For example, the network communication unit 130 transmits information to other
nodes and receives information from the other nodes. Examples of other nodes
include other base stations and core network nodes.

[0036]
(4) Storage unit 140

The storage unit 140 temporarily or permanently stores programs and
various types of data for an operation of the base station 100.

[0037]
(5) Processing unit 150

The processing unit 150 provides various functions of the base station 100.
The processing unit 150 includes a setting unit 151 and a transmission processing
unit 153. Further, the processing unit 150 may further include components other
than these components. In other words, the processing unit 150 may also perform
operations other than the operations of these components.

[0038]

Operations of the setting unit 151 and the transmission processing unit 153
will be described below in detail.
[0039]

<3.2. Configuration of terminal device>
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First, an example of the configuration of the terminal device 200 according
to an embodiment of the present disclosure will be described with reference to FIG. 6.
FIG. 6 is a block diagram illustrating an example of a configuration of a terminal
device 200 according to an embodiment of the present disclosure. Referring to FIG
6, the terminal device 200 includes an antenna unit 210, a radio communication unit
220, a storage unit 230, and a processing unit 240.
[0040]
(1) Antenna unit 210

The antenna unit 210 radiates signals outputted from the radio
communication unit 220 into space as radio waves. Further, the antenna unit 210
converts radio waves in space into signals, and outputs the signals to the radio
communication unit 220.
[0041]
(2) Radio communication unit 220

The radio communication unit 220 transmits and receives signals. For
example, the radio communication unit 220 receives a downlink signal from the base
station and transmits an uplink signal to the base station.
[0042]
(3) Storage unit 230

The storage unit 230 temporarily or permanently stores programs and
various types of data for an operation of the terminal device 200.
[0043]
(4) Processing unit 240

The processing unit 240 provides various functions of the terminal device
200. The processing unit 240 includes a reception processing unit 241. The
processing unit 240 may further include components other than these components.
In other words, the processing unit 240 may also perform operations other than the
operations of these components.
[0044]

An operation of the reception processing unit 241 will be described below in

detail.
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[0045]
<<4. Technical features>>

Next, technical features of the system 1 will be described. Specifically,
technical features of the transmission device and the reception device included in the
system 1 will be described. In the following description, under the assumption of
the downlink, the base station 100 will be described as the transmission device, and
the terminal device 200 will be described as the reception device, and a similar
description applies to the uplink.

[0046]
(1) Overview

FIG. 7 is an explanatory diagram for describing an example of a
configuration of frequency resources and time resources in GFDM according to the
present embodiment. Component carriers (CCs) illustrated in FIG. 7 are allocated
to the system 1 according to the present embodiment. A bandwidth of the
component carrier is indicated by Bcc. Here, the component carrier may be a
component carrier defined in LTE or LTE-A or may mean a unit frequency band
more generally. In the component carrier, frequency resources are further divided
into blocks having a predetermined bandwidth Bgg called Ngp resource blocks (RBs).
In the case of implementing the multiple access, it is desirable that frequency
resources be allocated to the users in units of resource blocks. The resource block
is further divided into units called subcarriers.

[0047]

Here, in general GFDM (or OFDM), a fixed value is set as intervals of the
subcarriers (hereinafter, also referred to as “subcarrier intervals (subcarrier
spacing)”’) within a target system. For example, in OFDM of LTE, 15 kHz is
permanently set as the subcarrier interval. A subcarrier bandwidth may be regarded
as the subcarrier interval. A detailed definition will be described in detail below.
[0048]

In the present embodiment, this point is one of the features that enable the
transmission device (for example, the setting unit 151) to variably set the subcarrier

interval. Furthermore, in the present embodiment, as one of the features, as the
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subcarrier interval, a different value may be set for each resource block in the
component carrier, or further different values may be set within the resource block.
As a result, it is possible to set a subcarrier interval appropriate for a propagation
path state. Further, when communicating with a plurality of reception devices, the
transmission device can set an appropriate subcarrier interval in accordance with
performance and a request of each reception device. Therefore, the system 1 can
accommodate various types of reception devices.

[0049]

Regarding resources in the time direction, there is a unit called a subframe
as a unit serving as a reference. Here, the subframe may be a subframe defined in
LTE or LTE-A or may mean a unit time more generally. Basically, it is desirable
that a subframe length be fixedly set. The subframe is further divided into units
called GFDM symbols. A CP is added to each GFDM symbol. Basically, it is
desirable that a GFDM symbol length be fixedly set. Then, the GFDM symbol is
further divided into units called subsymbols. A time length of the subsymbol
(hereinafter, also referred to as a subsymbol length (a subsymbol period)) is fixedly
set in the general GFDM.

[0050]

In the present embodiment, this point is one of the features that enable the
transmission device (for example, the setting unit 151) to variably set the subsymbol
length. Similarly to the case of the subcarrier, in the present embodiment, as a
subsymbol length, a different value may be set for each resource block, or further
different values may be set within the resource block.

[0051]

The following table shows a list of parameters related to frequency
resources and time resources of GFDM according to the present embodiment.
Hatched parts in the table indicate differences from the general GFDM, which are
one of the features of the GFDM related to the present embodiment.

[0052]
[Table 1]
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Parameters Values Remarks

Bee 1.4,3,5,10, 15, 20MHz

component carrier

bandwidth

Ngrp 6, 15, 25, 50, 75, 100 fixed number for

number of resource blocks component carrier

per component carrier bandwidth

Brs 180KHz fixed

resource block bandwidth

Nsc variable positive integer

Number of subcarriers per

resource block

BSC variable BRB/NSC

subcarrier interval

Tsk 1 msec fixed

subframe (SF) length

ToroMm 66.7 microseconds not including CP length

GFDM symbol length

NcepMm 12, 14 positive integer

number of GFDM symbols

per subframe

TV variable Tarom/Nss

subsymbol length

Niss variable Positive integer

number of subsymbols per

GFDM symbol

Tep 4.7, 16.67 microseconds common in certain

CP length subframe section in
component carrier

[0053]

Here, the transmission device (for example, the setting unit 151) can set the

parameters so that compatibility with OFDM or SC-FDE is secured. For example,

the transmission device can secure backward compatibility by setting the subcarrier

interval and the subsymbol length to be the same as those in OFDM or to be the same

as those in SC-FDE. Accordingly, the system 1 can accommodate the legacy

terminals not supporting GFDM.

[0054]

FIG 8 illustrates an example of a flow of a process performed by the

transmission device that transmits a signal through such a resource configuration.

FIG. 8 is a flowchart illustrating an example of the flow of signal processing
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performed in the transmission device according to the present embodiment.
[0055]

As illustrated in FIG. 8, the transmission device (for example, the setting
unit 151) first variably sets at least one of the subcarrier interval and the subsymbol
length (step S102). Next, the transmission device (for example setting unit 151)
sets other parameters (step S104). Examples of other parameters include a filter
coefficient, an over-sampling parameter, the number of subcarriers, the number of
subsymbols, and the like. The setting of the parameters will be described in detail
below. Next, the transmission device (for example, the transmission processing unit
153 and the radio communication unit 120) performs transmission signal processing
on the basis of the above setting, and generates the RF signal (step S106).
Examples of the transmission signal processing to be performed include filtering,
over-sampling, and the like. The transmission signal processing will be described
below in detail. Then, the transmission device (for example, the antenna unit 110)
transmits the generated RF signal (step S108). Then, the process ends.

[0056]

The transmission signal processing (corresponding to step S106) will be
first described below in detail, and then the parameter setting (corresponding to steps
S102 and S104) will be described in detail.

[0057]
(2) Transmission signal processing

The transmission signal processing when the subcarrier interval and the
subsymbol time length are variably set will be described. Here, the transmission
device refers to, for example, the radio communication unit 120 that operates under
the control of the transmission processing unit 153. Further, here, the reception
device refers to, for example, the radio communication unit 220 that operates under
the control of the reception processing unit 241. Furthermore, here, the multi-cell
system such as HetNet or SCE is assumed.

[0058]
In the following description, it should be noted that an index corresponding

to a subframe is omitted unless otherwise stated. Further, indices 1 and u of a
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transmission device i and a reception device u may indicate IDs of cells to which the
devices belong or IDs of cells managed by the devices.
[0059]

A bit sequence to be transmitted from the transmission device i to the
reception device u in a subframe t is indicated by bi,. The bit sequence b;, may
constitute one transport block. The following description will proceed with an
example in which the transmission device i transmits one bit sequence to the
reception device u, but the transmission device i may transmit a plurality of bit
sequences to the reception device u, and in this case, the bit sequence may constitute
a plurality of transport blocks.

[0060]
(2.1) First example

FIGS. 9 to 11 are explanatory diagrams for describing an example of a
configuration of a first transmission device supporting GFDM according to the
present embodiment. First, the transmission device performs processing illustrated
in FIG 9 and then performs processing illustrated in FIG. 10 for each user.
Thereafter, the transmission device performs processing illustrated in FIG. 11 for
each transmitting antenna port. FIGS. 9 to 11 illustrate an exemplary configuration
when a GFDM signal is transmitted to one or more users through multiple antennas.
In other words, the number of users (or the number of reception devices) Ny =1,
and the number of transmitting antenna ports (or the number of transmitting
antennas) Nap = 1. In the drawings, the number of users is indicated by U, and the
number of transmitting antenna ports is indicated by P.

[0061]

In the first example, the transmission signal processing of OFDM illustrated
in FIG. 2 is extended to implement transmission signal processing of GFDM. The
transmission process will be described below with reference to FIGS. 9 to 11.

[0062]

As illustrated in FIG. 9, first, the transmission device performs CRC coding,

FEC coding (for example, a convolutional code, a turbo code, an LDPC code, or the

like), rate matching for adjusting a code rate, bit scrambling, bit interleaving, and the
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like. These processes are expressed as follows.
[0063]
[Math. 1]

bCRC,i,u = CRCENC (bi,ua
brgciu = FECpyc (bCRC,i,u9u’i’t)
bRM,i,u =R‘M(bFEC,i,usuai>t) ( 1 )

Bscrsu = SCR(by 0 thsist)
b

u, i,t)

INT,iu = ”(bSCR,i,u’u’lat)

[0064]

In each process, a processing configuration may change for each reception
device u, each transmission device i, or each subframe t. In Formula (1), the
process is regarded as a function, and a processing result of a preceding stage is dealt
as a parameter of a process at a subsequent stage.

[0065]

Subsequently, as illustrated in FIG. 10, the transmission device maps (that is,

converts) a bit sequence to a complex symbol after the above bit processing, and

further maps it to a spatial layer 1. These processes are expressed as follows.

[0066]

[Math. 2]
si,u,O
si,u = ( 2 )
| SiuNg,,1
si,u,l = _si,u,I,O Si,u,l,N—l]
[0067]

Here, various constellations such as BPSK, QPSK, 8PSK, 16QAM, 64QAM,
or 256QAM can be used for mapping to the complex symbols. Further, Ng i,
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indicates the number of spatial layers for the reception device u.

[0068]

After the mapping to the spatial layer, the transmission device performs

power allocation and precoding on the symbols as indicated in the following Formula.

[0069]
[Math. 3]
b S vvi,uPi,usi,u
Xi 400
| KiuNp-10
xi,u,O
| Xiu,Np-1
[0070]
[Math. 4]

[0071]
[Math. 5]
wi,u,0,0
W, =
Wi, N p,-1,0
[0072]

[Math. 6]

1,u,0,Ngg 777,-1

1,u,N4p~1,Ngp 7,-1

iu,p,Ng, rr ~1 J

i,u,0,Ng ;-1

Wi N p,-LNg -1

(4)

(3)

(5)
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i,u,0,0 o Pi,u,o,NSL ju-l
P, = : : = (6)

iu,Ng 1,0 E,":NSLJ,u_l’N-W-Jy"—l

[0073]

Here, Nap; indicates the number of transmitting antenna ports (or the
number of transmitting antennas) of the transmission device i, and basically, a
relation of Ngp; .=Nap; is desirable. Ngp 111 indicates the number of elements to be
described below. W indicates a precoding matrix, and it is desirable that an element
be a complex number or a real number. P indicates a power allocation matrix, and it
is desirable that an element is a real number, and it is desirable that it is a diagonal

matrix as indicated in the following Formula.

[0074]
[Math. 7]
_})t,u,0,0 0 0 ]
0 iu,ll
P =| . DT 7
LA S 0 )
i 0 E,u,Ns“—l,NSL',—l_
[0075]

After the power allocation and the precoding, the transmission device
multiplexes signals for each transmitting antenna port as indicated in the following
Formula. For multiplexing of signals, for example, superposition multiplexing,
superposition coding (SPC), multiuser superposition transmission (MUST), non-
orthogonal multiple access (NOMA), or the like can be employed.

[0076]
[Math. 8]
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xi=2xm = (8)

[0077]

Here, U; indicates a set of indices of the reception device u with which the
transmission device i multiplexes signals.
[0078]

A subsequent process is signal processing for each transmitting antenna port
p and for each GFDM symbol g. As illustrated in FIG. 11, first, the transmission
device develops the symbols in the frequency direction through S/P conversion and
then arranges the symbol on an element of a predetermined subsymbol and a
predetermined subcarrier through resource element mapping. A rule of the
arrangement may be decided by the transmission device i and may be decided for the
reception device u for which multiplexing is performed.

[0079]

The element arranged in the subcarrier in the resource block r (0 =r <Ngg)
as a result of resource element mapping will be described.
[0080]

The number of subcarriers in a GFDM symbol and a target resource block is
indicated by Nsc,, and the number of subsymbols is indicated by Nss;,. In this
case, the number of elements in the target GFDM symbol is Ngp¢=Nsc,rgXNss r.¢.
[0081]

An element arranged in a subsymbol m,, and a subcarrier k. is indicated by
Xpkrgmrg- 1he transmission device first oversamples the respective elements (that is,
for each subcarrier and each subsymbol) at a sampling rate Nsr ¢, and then filters
them using a filter coefficient hp o mreg(n). N is an index of a sample. In FIG. 11,
k is an index of a subcarrier, and K is a total number of subcarriers.

[0082]

A filtered sample is indicated as in the following Formula. An effect of

over-sampling is included in a term of a filter coefficient.

[0083]
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[Math. 9]

dp,k,,g,mw = l:dp,k,g,m,g (0) dp.k,h.,,m,“g (NSS,r,gNSR,r,g _1)]

dp)kr,g ’mr,g (n) = xpskr,g ’m",g hp’kf.g ’m’g (n - mr’gNSR’r’g )

(9)

[0084]

After the filtering, the transmission device performs modulation and
multiplexing at a frequency f(k) for each subcarrier. If a set of subcarrier indexes
included in the GFDM symbol g and the resource block r is indicated by K, c(n) of
the multiplexed GFDM symbol is expressed as in the following Formula.

[0085]
[Math. 10]

Cre = [cp,g (0) " Cpg (NSS,gNSR,g _1)J
r=1 Nssrg~1 (1 O)

o/ T
ru (=3 30 3 dyu,,, (m)expd j2nf (B2

r=0 m, =0 kek,, SR,r.g

[0086]

The transmission device adds a CP and a cyclic suffix (CS) to each
multiplexed GFDM symbol. The GFDM symbol to which the CP and the CS are
added is indicated as in the following Formula.

[0087]
[Math. 11]

Ccppg = |:cp,g (NSS,gNSR,g - NCP,g) t Cpg (NSS,gNSR,g - 1) Cre (0) vt Cpg (NSS,gNSR,g _1)]

= (11)
[0088]
Here, Ncpg indicates the number of samples of the CP added to the GFDM
symbol g.
[0089]

(2.2) Second example
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FIG. 12 is an explanatory diagram for describing an example of a
configuration of a second transmission device supporting GFDM according to the
present embodiment. The transmission device according to the second example
first performs the process illustrated in FIG. 9 and then performs the process
illustrated in FIG. 10 for each user, similarly to the first example. Thereafter, the
transmission device according to the second example performs the process illustrated
in FIG. 12 for each transmitting antenna port. A difference with the first example is
that in the second example, a signal processing domain passes through an order of
time, frequency, and time. Specifically, in the first example, a part in which the
process is regarded as the process for each user is regarded as a process in the time
domain in the second example.

[0090]

In the second example, the transmission signal processing of SC-FDE
illustrated in FIG. 3 is extended to implement the transmission signal processing of
GFDM. In the present transmission signal processing, particularly, there is a feature
in which a process of performing frequency conversion on a signal of a processing
target in the time domain takes place before the over-sampling. The transmission
process will be described below with reference to FIG. 12.

[0091]

As illustrated in FIG. 12, the transmission device first performs time-to
frequency conversion (for example, the DFT or the FFT) on the time symbol
sequence, and performs conversion into frequency components. If the time symbol
sequence allocated to the GFDM symbol g and the subcarrier k of the resource block
r is indicated by Xp.,, a frequency component that has undergone the frequency
conversion is indicated as in the following Formulas.

[Math. 12]

X, ke o (12)

[0092]
[Math. 13]
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ip’r’k-g = FNSS,r,k,g xiarag
_ _ T - (13)
= [xp,r,k,g,o xp,r,k,g,Nss_,},,g—I:I
[0093]
[Math. 14]
X, =[xp’,,g’0 xP-’.g,Nss,,k,g‘l:| - (14)
[0094]
[Math. 15]
[ 0-0 0-(N-1)
exp| —j2r— exp| —j2x ————=
TR
F, = : . :
(N-1)-0 (N-1)-(N-1)
exp| —j2x——| - exp|—-j27
() L gl 0
[0095]
Here, Fy indicates a Fourier transform matrix of a size N.
[0096]

~ (15)

After the conversion to the frequency component, the transmission device

performs the over-sampling for each subcarrier. Since the over-sampling process

corresponds to repetition of the frequency component in the frequency domain, it is

indicated as in the following Formula.
[0097]
[Math. 16]
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< _ <T
xp,r,lt:,,g - IOS,N&g,J,_g,Nm,*_g xp,r,k,g
- . T
= _xp,r,k,g,O xp,r,k,g,ng,*_gNm,,,g‘l:I ( 16 )
T
= fcp.r.k.g,o T X ke N gl Xprkgo X prg.Nss, -1
0-th (Nsey pg-1)-th
[0098]
[Math. 17]
T
Loswur =| Iy Iy o (17)
—— [
0-th (M-1)-th
5 [0099]

Here, a matrix IN is a unit matrix of a size N. In other words, Iosnm 1S @
matrix in which M matrices Iy are arranged.
[0100]
The transmission device performs filtering on each of a predetermined
10 number of subcarriers after the over-sampling. For example, the transmission
device implements the filtering by multiplying each frequency component by a
frequency filter coefficient. The predetermined number may be 1 or may be an
arbitrary number of 1 or more. An arbitrary number of 1 or more may be, for
example, the number of subcarriers included in a unit resource to be described below.
15  The filtered signal is indicated as in the following Formula.
[0101]
[Math. 18]
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=L, X

p.rk.g p.rk.eg“prk.eg
r— — T
= _dp,r,k,g (0) dp,r,k,g (NSS,r,k,gNSR,r,k,g - 1):' -+ (18)
| 7p’r’k’g’0’0 o 7}"’”"g’O’NSS,pr.k,gNm,p.rk.s'1
1_ﬂp,r.k,.g = :
_7P:’=k=g’Nss‘.p.rJr.gNﬂ,p.r,k.g'1’0 B 7p’r’k’g'NSvaJr,gNmN,k,g “LNss prkeNsrprhg1
[0102]

Here, a matrix I is a filtering coefficient. This matrix can be generally a
diagonal matrix. In other words, the matrix I' may be indicated as in the following

5  Formula.

[0103]
[Math. 19]
}7p,r,k,g,0,0 0 e 0 0
0 0
| : AR : - (19)
0 0
L 0 0 0 7p”’k’g’NSS,p;chNm.pr.k.g “LNss prkgNsrprig=! |
[0104]
10 After the filtering, the transmission device performs mapping of the

frequency components in accordance with a predetermined rule and performs
frequency to time conversion (for example, the IDFT, the IFFT, or the like). The
processes are indicated as in the following Formulas.
[0105]

15 [Math. 20]

dp,r,g = Z Ap,r,k,gdp,r,k,g

kek, ,

_ . T
= l:dp,r,g (O) el (NIDFT _1)._.|

- (20)
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[0106]
[Math. 21]

Ngg-1

— H 3
cP:g _FNIDFI' ZO dPJ.g
r=

=[cp,g (0) " Cpg (N1D _1)]

o (21)
T

[0107]

Here, Fy is a Hermitian matrix of F. Further, A is a frequency mapping
matrix of a size NpprXNss koXNsrrke. A (Kk’) component of a frequency
mapping matrix A is 1 when a frequency component k’ after the filtering on each
subcarrier is arranged in a final frequency component k. The (K,k’) component of a
frequency mapping matrix A is 0 when the frequency component k’ after the filtering
on each subcarrier is not arranged in the final frequency component k. It is
desirable that in the frequency mapping matrix A, a sum of elements of each row be
1 or less, and a sum of elements of each column be 1 or less.

[0108]

The transmission device adds the CP to each GFDM symbol after the
frequency to time conversion. The GFDM symbol to which the CP is added is
indicated as in the following Formula.

[0109]
[Math. 22]

Ccrpe = [cp,g (N ss.gNsrg ~N CP,g) " Cpg (N ssgNorg = 1) ¢p5(0) = €y (N ss.Vsrg _1)]

(2 2)

[0110]

Here, Ncp ¢ is the number of samples of CP added to the GFDM symbol g.
[0111]
(2.3) Comparison of first example and second example

The transmission device according to the first example and the transmission

device according to the second example generate the same waveform theoretically.



10

15

20

25

30

29

However, when subsymbols of different lengths and/or subcarriers of different
intervals are multiplexed as described below, there is a difference in simplicity of
implementation.

[0112]

Specifically, in the case of the first example, when subcarriers with different
intervals are mixed, it is difficult to use a high-speed operation such as the IDFT or
the IFFT for multiplexing subcarriers. This is because it is difficult to input a signal
whose resolution is not constant for the IDFT and the IFFT.

[0113]

On the other hand, in the case of the second example, it is possible to use
the high-speed operations such as the IDFT or the IFFT for the frequency to time
conversion by setting the parameters appropriately. In other words, the
transmission device according to the second example is more useful than the
transmission device according to the first example since it is easier to implement.
[0114]

(3) Parameter setting

The parameter setting by the transmission device (for example, the setting
unit 151) according to the present embodiment will be described below.
[0115]

(3.1) Filtering parameter setting

The transmission device (for example, the setting unit 151) according to the
present embodiment variably sets at least one of intervals of subcarriers and time
lengths of subsymbols included in a unit resource configured with one or more
subcarriers or one or more subsymbols. Here, the unit resources may be a unit of a
frequency resource (for example, a resource block or a component carrier), a unit of
a time resource (for example, a GFDM symbol, a subframe, or the like), or a
combination of a frequency resource and a time resource. The transmission device
(for example, the transmission processing unit 153) performs the filtering on the
basis of this setting. Specifically, the transmission device (for example, the
transmission processing unit 153) variably sets the bandwidth of the filter on the

basis of the set intervals of the subcarriers. In the first or second configuration
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described above, since it is possible to perform the filtering for each of a
predetermined number of subcarriers, it is possible to implement a resource
configuration of implementing the intervals of the subcarriers which are variably set
and the time lengths of the subsymbols which are variably set. For example, the
transmission device according to the present embodiment can multiplex subsymbols
of different time lengths and/or subcarriers of different intervals in the same GFDM
symbol period. An example of the configuration of the GFDM symbol is illustrated
in FIG. 13.

[0116]

As illustrated in FIG. 13, the transmission device (for example, the setting
unit 151) can set different values as the subsymbol length and the subcarrier interval
for each unit resource. However, the transmission device sets the same value as the
subcarrier interval and the subsymbol length within the unit resource. For example,
in the example illustrated in FIG. 13, the subcarrier interval and subsymbol length are
the same in one resource block. In a multi-user system, when a resource block is
set as a frequency resource allocation unit, such a setting makes it possible to set
subsymbol length and subcarrier interval to predetermined values for one user.
Thus, it is possible to simplify the transmission process and the reception process.
The transmission device (for example, the setting unit 151) can set different values as
the subsymbol length and the subcarrier interval in units of GFDM symbols or in
units of subframes.

[0117]

Further, it is desirable that different unit resources be the same in a value of
the product of the number of subcarriers and the number of subsymbols. For
example, in the example illustrated in FIG. 13, the products of the number of
subcarriers and the number of subsymbols of a plurality of resource blocks
multiplexed in the same GFDM symbol period are all eight. As a result, it is
possible to simplify the configuration of the transmission device and the
configuration of the reception device (that is, the transmission process and the
reception process) when a variable parameter is introduced.

[0118]
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The transmission device (for example, the setting unit 151) can variably set
the subcarrier interval. For example, the transmission device may set an integer
multiple of a minimum settable value set in the system 1 as the subcarrier interval.
Further, the transmission device can set a value by which the bandwidth of the unit
resource is divisible as the subcarrier interval.  Through this setting, the
transmission device is able to use up all usable frequency resources without waste.
The minimum value of the subcarrier interval is preferably equal to the subcarrier
interval when the number of subsymbols in the GFDM symbol is 1.

[0119]

The transmission device (for example, the setting unit 151) can variably set
the subsymbol length. For example, the transmission device may set an integer
multiple of a minimum settable value set in the system 1 as the subsymbol length.
Further, the transmission device may set a value by which a time length of the unit
resource is divisible as the subsymbol length. Through this setting, the transmission
device is able to use up all usable time resources without waste. The minimum
value of the subsymbol length is preferably equal to the subsymbol length when the
number of subcarriers in the resource block is 1.

[0120]

The following table shows an example of a range of parameters related to
resources that can be used in the system 1 according to the present embodiment.
[0121]

[Table 2]
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Parameters Values Remarks
subsymbol minimum | same as subsymbol length
length value when number of
subcarriers is 1
maximum | same as GFDM symbol
value length
number of | minimum | 1 value of product of
subsymbols value number of subsymbols
and number of
subcarriers is constant
maximum | maximum value of number | value of product of
value of subcarriers number of subsymbols
and number of
subcarriers is constant
subcarrier minimum | same as subcarrier interval
interval value when number of
subsymbols is 1
maximum | same as resource block
value bandwidth (or same as
value of product of
resource block bandwidth
and total number of
resource blocks allocated
to target signal)
number of | minimum | 1 value of product of
subcarriers value number of subsymbols
and number of
subcarriers is constant
maximum | maximum value of number | value of product of
value of subsymbols number of subsymbols
and number of
subcarriers is constant
[0122]

In FIG. 13, a state before the CP is added is illustrated. The transmission

device (for example, the transmission processing unit 153) adds the CP of the same

time length to one or more unit resources of an addition target.

state after the CP is added is illustrated in FIG. 14.

An example of a

In the example illustrated in FIG.

14, a copy of a predetermined length part in a second half of the GFDM symbol

covering the entire area of the component carrier is added to a head of the GFDM

symbol.
[0123]
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(3.2) Setting of subcarrier interval and subsymbol length

FIG. 15 is a flowchart illustrating an example of the flow of the parameter
setting process performed in the transmission device (for example, the setting unit
151) according to the present embodiment. Here, as an example, possible values of
the subsymbol length and the subcarrier interval are assumed to be discrete values.
Further, the transmission device is assumed to select the subsymbol length and the
subcarrier interval to be set from combinations of a plurality of subsymbol lengths
and subcarrier intervals predetermined in the system 1.

[0124]

As illustrated in FIG. 15, the transmission device identifies a resource block
to which a target signal is allocated (step S202). Then, the transmission device
acquires a combination of parameters usable in the identified resource block (step
S204).

[0125]

Then, the transmission device identifies the reception device for the target
signal (step S206). In place of or in addition to this step, the transmission device
may identify a type of reception device of the target signal. Then, the transmission
device acquires conditions of parameters (that is, the subsymbol length and the
subcarrier interval) corresponding to the identified reception device (and/or the type
of reception device) (step S208). The conditions of the parameters corresponding to
the reception device will be described below.

[0126]

Then, the transmission device identifies a type of information carried by the
target signal (step S210). In place of or in addition to this step, the transmission
device may identify a type of application related to the information carried by the
target signal. Then, the transmission device acquires conditions of parameters
corresponding to the identified type of information (and/or the type of application)
(step S212). The conditions of the parameters corresponding to the type of
information will be described below.

[0127]

Then, the transmission device sets the subsymbol length on the basis of the
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combination of parameters acquired in step S204 and the conditions acquired in step
S208 (step S214). Further, the transmission device sets the subcarrier interval on
the basis of the combination of parameters acquired in step S204 and the conditions
acquired in step S212 (step S216).
[0128]

Then, the process ends.
[0129]

Next, the conditions of parameters corresponding to the reception device
will be described. An example of the conditions is shown in the following table.
[0130]

[Table 3]

Type of reception | Conditions of parameter

device Subcarrier interval | Filter coefficient Subsymbol length

there is | small sharp band limitation | small
interference
cancellation
capability

there is | large gentle band limitation | large
interference
cancellation
capability

[0131]

As shown in the above table, the subcarrier interval, the filter coefficient,
and the subsymbol length may be set in accordance with to the type of reception
device. Specifically, the transmission device (for example, the setting unit 151)
may set a filter according to an interference cancellation capability of the reception
device of the transmission target. In accordance with this setting, for example, the
transmission device (for example, the transmission processing unit 153) may apply a
filter in which a filter coefficient with a sharp band limitation is set when the
reception device has the interference cancellation capability or a high interference
cancellation capability.  Further, the transmission device (for example, the
transmission processing unit 153) may apply a filter in which a filter coefficient with
a gentle band limitation is set when the reception device has no interference

cancellation capability or a low interference cancellation capability. As a result,
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when the reception device has no or low interference cancellation capability, at the
reception device side, interference cancellation is unnecessary, and the load of the
interference cancellation process can be reduced. This is advantageous particularly
when a device which is small and requires low power consumption such as the MTC
device or the IoT device is accommodated in the system 1. The filter coefficient
with the gentle band limitation may be a filter coefficient corresponding to a root-
raised-cosine (RRC) filter. Further, the filter coefficient with the sharp band
limitation may be a filter coefficient corresponding to a raised-cosine (RC) filter.
Further, when the filter coefficient with the gentle band limitation is set, a larger
subcarrier interval may be set than when the filter coefficient with the gentle band
limitation is not set. From another point of view, the filter coefficient with the sharp
band limitation has a smaller roll-off factor, and the filter coefficient with the gentler
band limitation has a characteristic of having larger roll-off factor.

[0132]

Further, the transmission device may set the large subcarrier interval for the
reception device with the low signal processing capability such as the MTC device or
the IoT device. Thus, it is possible to reduce influence of inter-subsymbol
interference and inter-subcarrier interference, and it is possible to reduce the load of
the interference cancellation process in the reception device.

[0133]

As described above, the transmission device can set the parameters in
accordance with the performance or the request of the reception device. Thus, the
transmission device can deal with various data rates, delay amounts, signal
processing complexity, or the like.

[0134]

Next, the conditions of parameters corresponding to the type of the
information (for example, application) carried by the target signal will be described.
An example of the conditions is shown in the following table.

[0135]
[Table 4]
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About QoS About parameter
QCI Resource Priority Packet Packet Example Exampl | Example
Type Delay Error Services e of | of
Budget Loss subsym | subcarrie
Rate bol r interval
length
Guaranteed 2 100 msec | 10/-2 VoIP Call Tss.1 AFsc )
2 Bit Rate 4 150 msec | 10~-3 | Video Call Tss2 AFgc,
3 3 50 msec Online Tss3 AFsc3
Gaming (Real
Time)
4 5 300 msec 107-6 Video TSS,4 AFSC,4
Streaming
5 Non- 1 100 msec IMS Signaling | Tsss AFsc s
Guaranteed
Bit Rate :
6 6 300 msec Video, TCP | Tsse AFsc 6
Based
Services (e.g.
Email, Chat,
FTP, etc.)
7 7 100 msec | 107-3 Voice, Video, | Tss7 AFsc;
Interactive
Gaming
8 8 300 msec 107-6 VidCO, TCP Tssyg AFgcyg
Based
Services (e.g.
Email, Chat,
FTP, etc.)
9 9 Tsso AFsco
[0136]

In the above table, an example of conditions of corresponding applications

(that is, services) and corresponding parameters of each QOS class identifier (QCI)

obtained by classifying a quality of service (QoS) is shown.

For example, the

transmission device (for example, the setting unit 151) may set at least one of the

subsymbol length and the subcarrier interval in accordance with the processing

capacity of the reception device and the application type (for example, the QCI) with

reference to the above table.

[0137]

A setting example based on delay tolerance (Packet Delay Budget in the

above table) will be described as an example of the setting method. For example,
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the transmission device may set the subsymbol length such that the subsymbol length
decreases as the delay tolerance decreases. Further, the transmission device may set
the subcarrier interval such that the subcarrier interval increases as the delay
tolerance decreases. This is because as the delay tolerance decreases, a shorter
delay time is required, and it is desirable that reception and the reception device side
perform demodulation promptly in order. Thus, the transmission device can set the
subsymbol length and the subcarrier interval so that a relation of the following
Formula is satisfied.

[0138]

[Math. 23]

Tss,s <T ss1= Tss,s =T 557 S T, ss2 = Tss,4 = Tss,s =T 588 = Tss,g’

AFSC,9 = AFsc,s = AF:vc,s = AFsc,4 < AFsc,z SAF; =AF s =AF, < AFsc,s

sC,7 SC,5 sc1 =

[0139]

As another example of the setting method, a setting example based on a
priority (Priority in the above table) will be described. For example, the
transmission device may set the subsymbol length such that as the priority increases,

the subsymbol length decreases. For example, the transmission device may set the

subcarrier interval such that as the priority increases, the subcarrier interval increases.

Thus, the transmission device can set the subsymbol length and the subcarrier
interval so that a relation of the following Formula is satisfied.

[0140]

[Math. 24]

TSS,S = T.'S‘S,l < 7:5‘8,3 < TSS,Z < T.'S'S,4 = T:S‘S,6 = TSS,? = TSS,8 s TSS,9’

AF:S‘C,9 = AES'C,S = AF:S’C,? e AF'SC,G < AF"SC,4 = AFSC,Z = AES’C,S = AI;‘SC,I < AF,

[0141]

Further, the transmission device may set the parameters in accordance with
a moving speed of the reception device. The conditions of the parameters
corresponding to the moving speed of the reception device will be described below.

An example of the conditions is shown in the following table. The transmission

(23)

SC,5 (2 4)
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device (for example, the setting unit 151) may set at least one of the subsymbol
length and the subcarrier interval in accordance with the moving speed of the

reception device with reference to the above table.

[0142]
[Table 5]
Mobility category | Moving speed of | Examples of | Examples of
index device (e.g., km/h) | subsymbol length | subcarrier interval
0 VoS v<vy Tss.0 AFscp
1 VISV<V Tss.1 AFsc.1
2 Vi Sv<vy Tss. AFsc,
3 V3=Ev<vy Tss3 AFsc 1
[0143]

In the above table, a mobility category index, the moving speed, an example
of the subsymbol length, and an example of the subcarrier interval are associated
with one another. In the table above, as the mobility category index increases, the
moving speed increases.

[0144]

In GFDM, the subcarrier interference is considered to occur due to the
Doppler effect and the Doppler spread caused by movement. For this reason, the
transmission device sets the subsymbol length and the subcarrier interval
corresponding to the moving speed or the mobility category index. As a result, it is
possible to prevent degradation in transmission quality.  Specifically, the
transmission device can set the subsymbol length and the subcarrier interval so that a
relation the following Formula is satisfied.

[0145]
[Math. 25]

T:S‘S,3 2 TSS,Z 2 T:S’S,l 27T,

$5,0 - (25)
AFg. o, S AFy., < AF,

<AF,

SC,2 — SC,3

[0146]
In other words, it is desirable that as the moving speed increases, the

subcarrier interval is increased relatively, or the subsymbol length is decreased
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relatively.
[0147]
(3.3) Setting of number of subcarriers and number of subsymbols

The transmission device (for example, the setting unit 151) variably sets the
subcarrier interval and the subsymbol length. In other words, the transmission
device can variably set the number of subcarriers and the number of subsymbols.
The transmission device may set the parameters so that a predetermined relation is
established between the number of subcarriers and the number of subsymbols in
order to further improve the stability of the operation.

[0148]

For example, the transmission device may be set so that at least one of the
number of subcarriers and the number of subsymbols is an odd number. Through
this setting, the stability of the equalization process in the reception device can be
improved.

[0149]

As a method of counting the number of subsymbols here, it is desirable to
count the number of subsymbols per GFDM symbol in the system 1. Further, as the
method of counting the number of subcarriers here, it is desirable to count the
number of subcarriers in a total bandwidth of the system 1. However, when a unit
of a predetermined frequency bandwidth such as a resource block is introduced, the
number of subcarriers per resource block may be counted as the method of counting
the number of subcarriers.

[0150]

Further, as the method of counting the number of subcarriers and the
number of subsymbols, it is desirable to count subcarriers and subsymbols on which
information is actually carried. In other words, it is desirable to exclude a
subcarrier that is present on the system but does not actually carry information such
as a null subcarrier from a counting target.

[0151]
On the basis of the above-described methods, a relation between the number

of subcarriers and the number of subsymbols is summarized in the following table.
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Parameters whose stability is “OK” indicate a setting in which the operation of the
reception device is stable (that is, a desirable system configuration). Hatched
parameters whose stability is “NG” in the table indicate a setting in which the

operation of the reception device is unstable (that is, an undesirable system

configuration).
[0152]
[Table 6]
Number of | Number of | Number of | Number of | Stability
subcarriers subsymbols subcarriers on | subsymbols on | (desired
(per resource | (per GFDM | which which system
block) symbol) information is | information is | configuration)
actually actually
carried  (per | carried  (per
resource GFDM
block) symbol)
even number even number even number even number NG
even number even number even number odd number OK
even number even number odd number even number OK
even number even number odd number odd number OK
even number odd number even number even number NG
even number odd number even number odd number OK
even number odd number odd number even number OK
even number odd number odd number odd number OK
odd number even number even number even number NG
odd number even number even number odd number OK
odd number even number odd number even number OK
odd number even number odd number odd number OK
odd number odd number even number even number NG
odd number odd number even number odd number OK
odd number odd number odd number even number OK
odd number odd number odd number odd number OK
[0153]

(3.4) Setting of filter coefficient
(Transmission device side)

As described above, the transmission device (for example, the transmission
processing unit 153) performs filtering for each subcarrier. The type of filter may
be the same irrespective of the subcarrier interval or may differ in accordance with

the subcarrier interval.

[0154]
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For example, the transmission device may select a filter in accordance with
the subcarrier interval. Thus, the transmission device can control the influence of
inter-subsymbol interference and inter-subcarrier interference. Specifically, the
transmission device may apply a filter in which a filter coefficient with a sharper
band limitation as the subcarrier interval decreases is set and apply a filter in which a
filter coefficient with a gentler band limitation as the subcarrier interval decreases is
set. As a result, the load of the interference cancellation process in the
corresponding reception device can be reduced. In addition to the filter, the
transmission device may set a roll-off coefficient of the filter in accordance with the
subcarrier interval.

[0155]

FIG 16 is a flowchart illustrating an example of the flow of the filter
coefficient setting process performed in the transmission device according to the
present embodiment.

[0156]

As illustrated in FIG. 16, first, the transmission device sets the subcarrier
interval (step S302). For example, as described above with reference to FIG. 15, the
transmission device may set the subcarrier interval in accordance with the type of
reception device and the type of information carried by the signal.

[0157]

Then, the transmission device determines whether or not the subcarrier
interval is a determined to be threshold value or more (step S304). When the
subcarrier interval is a threshold value or more (YES in step S304), the transmission
device sets the filter coefficient with the gentle band limitation (step S306).
Specifically, the transmission device may set the filter coefficient corresponding to
the RRC filter. On the other hand, when the subcarrier interval is determined to be
less than a threshold value (NO in step S304), the transmission device sets the filter
coefficient with the sharp band limitation (step S308).  Specifically, the
transmission device may set the filter coefficient corresponding to the RC filter.
[0158]

Then, the process ends.



10

15

20

25

30

42

[0159]
(Reception device side)

As described above, the transmission device variably sets the subcarrier
interval and the subsymbol length. For this reason, the reception device (for
example, the reception processing unit 241) performs the reception process in
accordance with the parameters set in the transmission device.

[0160]

For example, the reception device may switch whether or not the
interference cancellation function is enabled or disabled in accordance with the
subcarrier interval. An example of this process will be described in detail with
reference to FIG. 17.

[0161]

FIG. 17 is a flowchart illustrating an example of the flow of a process of
switching the interference cancellation function performed in the reception device
according to the present embodiment.

[0162]

As illustrated in FIG. 17, first, the reception device checks the subcarrier
interval (step S402). For example, the reception device acquires information
indicating the subcarrier interval from system information or control information.
[0163]

Then, the reception device determines whether or not the subcarrier interval
is a threshold value or more (step S404). When the subcarrier interval is
determined to be a threshold value or more (YES in step S404), the reception device
disables the interference cancellation function (step S406). Here, as a reception
method when the interference cancellation function is disabled, for example, a
matched filter may be employed. This is because the band limitation by the filter is
gentle, and the influence of inter-subsymbol interference and inter-subcarrier
interference is suppressed. On the other hand, when the subcarrier interval is
determined to be less than a threshold value (NO in step S404), the reception device
enables the interference cancellation function (step S408). Here, as a reception

method when the interference cancellation function is enabled, Zero-Forcing (ZF),
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minimum mean squared error (MMSE), successive interference cancellation (SIC),
parallel interference cancellation (PIC), iterative interference cancellation (iterative
cancellation), or turbo interference cancellation (turbo cancellation) may be
employed.
[0164]

Then, the process ends.
[0165]
(Filter coefficient)

Next, the filter coefficient corresponding to the subcarrier interval will be
described in further detail with reference to FIGS. 18 and 19.

[0166]

FIG. 18 is a diagram for describing the filter coefficient corresponding to the
subcarrier interval according to the present embodiment. FIG. 18 illustrates a graph
in which a horizontal axis indicates the roll-off factor, and a vertical axis indicates a
condition number of an equivalent channel matrix of GFDM. A difference in line
type corresponds to a difference in the subcarrier interval. C = 1 corresponds to a
subcarrier interval in OFDM of the related art, C = 3 corresponds to a subcarrier
interval which is three times the subcarrier interval in OFDM of the related art, and C
= 7 corresponds to a subcarrier interval which is 7 times the subcarrier interval in
OFDM of the related art.

[0167]

The reception device basically decodes signals through a process of
correcting the equivalent channel matrix of GFDM (for example, equalization by an
inverse matrix, zero forcing, a least square error technique, or the like). As the
condition number of the equivalent channel matrix decreases, the accuracy of the
inverse matrix increases, and thus degradation in performance of the reception
process can be also expected to be prevented. In other words, a filter coefficient in
which the condition number is minimum is an optimum filter coefficient. Referring
to FIG. 18, the optimum roll-off factor in which the condition number is minimum
differs in accordance with the subcarrier interval and has a value that decreases as the

subcarrier interval increases. For example, in the case of C = 1 in which the
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subcarrier interval is smallest in FIG. 18, the optimum roll-off factor is around 0.1.
In the case of C = 3 in which the subcarrier interval is intermediate in FIG. 18, the
optimum roll-off factor is 0.04736. In the case of C = 7 in which the subcarrier
interval is largest in FIG. 18, the optimum roll-off factor is 0.02. Therefore, it is
desirable to employ the roll-off factor that decreases as the subcarrier interval
increases.

[0168]

In addition to the condition number of the equivalent channel matrix, the
accuracy of the inverse matrix can be expected to increase as a rank number of the
equivalent channel matrix increases (is closer to a full rank).

[0169]

FIG. 19 is a diagram for describing the filter coefficient corresponding to the
subcarrier interval according to the present embodiment. FIG. 19 illustrates a
simulation result of a bit error rate (BER) characteristic with respect to Eb/NO using
the roll-off factor as a parameter. In FIG. 19, the BER (RCn, C = 1) of a signal of
the subcarrier interval serving as a reference and the BER (RCw, C = 3) of a signal of
the subcarrier interval which is three times the reference are plotted. Further, for a
roll-off factor a, 0.9, 0.04736 (an optimum value of the roll-off factor in the case of
C =3 in FIG 18) and O are plotted. The zero forcing may be employed as the
reception method. As illustrated in FIG. 19, when the case in which the roll-off
factor is 0 for RCw is compared with the case where the roll-off factor is 0.4736
which is the optimum value, the improvement effect of the BER by optimization of
the roll-off factor is confirmed. In other words, it is confirmed that optimization of
the roll-off factor leads to not only optimization of the condition number of the
equivalent channel matrix illustrated in FIG. 18 but also improvement in terms of the
reception performance (BER characteristics).

[0170]

In the GFDM system, the subcarrier interval and the filter coefficient may
be set as continuous values or may be set as a plurality of discrete values. If it is
considered that the setting of the subcarrier interval and the filter coefficient is

exchanged as the control information between the transmission device and the
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reception device, that the latter case is suitable for reducing the overhead of the
control information. On the other hand, in the former case, it is possible to perform
an optimum setting finely in accordance with a radio wave propagation environment,
a type of data to be transmitted and received, or a type of service.

[0171]

The transmission device (for example, the transmission processing unit 153)
includes information indicating setting content of the subcarrier interval and the filter
coefficient in the control information and transmits the resulting control information
to the reception device. Here, when the subcarrier interval and the filter coefficient
are set as a plurality of discrete values, for example, a combination of an index and
set values of the subcarrier interval and the filter coefficient indicated by the index is
recognized in common between the devices in the system 1 in advance. Then, the
transmission device includes the index corresponding to the set subcarrier interval
and the filter coefficient in the control information, and notifies the reception device
of the set value. An example of the combination of the index and the set values
indicated by the regarding the subcarrier interval and the filter coefficient is
illustrated in the following Table 7.

[0172]

In the following Table 7, the subcarrier interval and the roll-off factor are
defined for each index of the subcarrier interval. It is also possible to interpret the
roll-off factor as being linked with the subcarrier interval.

[0173]
[Table 7]
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Subcarrier Subcarrier Roll-off Factor | Remarks

Spacing Spacing

Index

0 AfO (<=Af1) o0 (>=al) minimum value of

subcarrier interval may be
used as reference (default)
of subcarrier interval of
entire system

1 Af1 (<=Af2) al (>=a2)

Af2 (<=Af3) 02 (>=a3)

3 Af3 (<=Af4) 03 (>=ad)
[0174]

A notification of a set value other than the subcarrier interval and the filter
coefficient may also be given using an index in a similar manner to that described
above. Other examples of the combination of the index and the set values indicated
by the index are illustrated in the following Tables 8 to 12.

[0175]

In the following Table 8, the number of subcarriers (for example, the

number of subcarriers per resource block) and the roll-off factor are defined for each

index of the subcarrier interval.

[0176]
[Table 8]
Subcarrier Number of | Roll-off Remarks
Spacing Index Subcarriers Factor
(per Resource
Block)

0 NscO (>=Nscl) | a0 (>=al) number of subcarriers when
subcarrier interval is
minimum may be used as
reference (or default) of
number of subcarriers of
entire system

1 Nscl (>=Nsc2) | al (>=02)

Nsc2 (>=Nsc3) | a2 (>=a3)

3 Nsc3 (>=Nsc4) | a3 (>=04)

[0177]
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In the following Table 9, the subsymbol length and the roll-off factor are

defined for each index of the subsymbol length.

[0178]

[Table 9]

Subsymbol Subsymbol Roll-off Factor | Remarks

Length Index Length

0 TssO (>=Tssl) | a0 (>=al) subsymbol length  when
subcarrier interval is
minimum may be used as
reference (or default) of
subsymbol length of entire
system

1 Tssl (>=Tss2) | al (>=02)

2 Tss2 (>=Tss3) | a2 (>=03)

3 Tss3 (>=Tss4) | a3 (>=04)

5 [0179]

In the following Table 10, the number of subsymbols (for example, the

number of subcarriers per GFDM symbol) and the roll-off factor are defined for each

index of the subsymbol length.

[0180]
10  [Table 10]
Subsymbol Number of | Roll-off Factor | Remarks
Length Index Subsymbols
(per GFDM
Symbol)

0 NssO (<=Nssl) | a0 (>=al) number of subsymbols when
subcarrier interval is
minimum may be used as
reference (default) of
number of subsymbols of
entire system

1 Nssl (<=Nss2) | al (>=02)

2 Nss2 (<=Nss3) | a2 (>=03)

3 Nss3 (<=Nss4) | a3 (>=04)

[0181]

In the following Table 11, TTI and a ratio of TTI to a GFDM symbol length

are defined for each TTI index.
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[0182]
[Table 11]
TTI Index TTI Ratio of TTI | Remarks
to GFDM
Symbol
Length
0 TTIO 50 (>=01) TTTI is directly designated or
(>=TTI1) indirectly — designated as
ratio to GFDM symbol
length
1 TTI1 ol (>=82)
(>=TTI2)
2 TTI2 02 (>=33)
(>=TTI3)
3 TTI3 03 (>=84)
(>=TTI4)
[0183]

In the following Table 12, a CP length and a ratio of a CP length to a GFDM

symbol length are defined for each index of CP length.

[0184]
[Table 12]
CP Length Index | CP Length Ratio of CP | Remarks
Length to
GFDM
Symbol
Length
0 Tep0O (>=Tepl) | 10 (>=11) CP length is directly
designated or indirectly
designated as ratio to
GFDM symbol length
1 Tepl (>=Tcp2) | 1l (>=12)
2 Tep2 (>=Tss3) | 12 (>=13)
3 Tep3 (>=Tss4) | 13 (>=14)
[0185]

(3.5) Over-sampling parameter setting

The over-sampling parameters may be set in accordance with the

transmission process.

[0186]
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For example, for the first transmission device illustrated in FIGS. 9 to 11, it
is desirable that the sampling rate Ngsr,o is a total number of subcarriers or more.
Further, when the subsymbol length and the subcarrier interval are variable, the
actual number of subcarriers may be set as the total number of subcarriers (that is, a
guard interval may not be considered). Alternatively, the number of subcarriers
when a minimum value that can be used in the system 1 is used as all the subcarrier
intervals (that is, a maximum of the total number of subcarriers that can be used in
the system 1) may be set as the total number of subcarriers. Further, when
multiplexing of subcarriers is performed through the IDFT or the IFFT, the IDFT size
or IFFT size may be set in the over-sampling parameter Ngg ..

[0187]

For example, as the over-sampling parameter for the second transmission
device illustrated in FIG. 12, a smaller value than that in the case of the first
transmission device may be set. For example, when a transmission filter coefficient
corresponding to the RC filter or the RRC filter is employed, it is enough if the
number of over-samplings is at most two. Of course, even in this case, the number
over-samplings may be 2 or more.

[0188]
(3.6) Non-use frequency domain
- Difference between allocation bandwidth and use bandwidth

The transmission device (for example, the setting unit 151) sets a non-use
frequency domain (that is, bandwidth) in unit resources configured with one or more
subcarriers or one or more subsymbols, and variably sets at least one of the
subcarrier interval and the subsymbol length in the other usable frequency domains.
The transmission device (for example, the transmission processing unit 153)
transmits signals using the use frequency domain (that is, bandwidth). The
bandwidth of the unit resource is also referred to as an “allocation bandwidth.”
Further, a bandwidth which is actually used excluding the non-use frequency domain
from the allocation bandwidth is also referred to as a “use bandwidth.” Through the
setting of the non-use frequency domain, it is possible to simplify the transmission

and reception process as will be described below. Here, the frequency resources of
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the unit resources are typically resource blocks. Besides, here, the unit resources
may be an arbitrary frequency channel such as a subband or a component carrier.
[0189]

The transmission device switches whether or not the non-use frequency
domain is set in accordance with whether or not the subcarrier intervals or the
subsymbol time lengths are the same in a plurality of unit resources on the same time
resources. Specifically, the transmission device sets the non-use frequency domain
when the subcarrier intervals or the subsymbol time lengths are different in a
plurality of unit resources on the same time resources. Thus, it is possible to reduce
inter-unit resource interference in a situation in which orthogonality between the unit
resources (more accurately, between the subcarriers) collapses. Conversely, the
transmission device does not set the non-use frequency domain when the subcarrier
intervals or the subsymbol time lengths are the same in a plurality of unit resources
on the same time resources. Thus, it is possible to use the frequency resources
without waste in the situation where orthogonality between the unit resources is held.
Here, a plurality of unit resources may refer to unit resources included in one
frequency channel (for example, a component carrier or the like) or may indicate unit
resources included in a plurality of frequency channels. Further, bandwidths of the
unit resources are assumed to be the same on the same time resources.

[0190]

Hereinafter, a definition of the subcarrier interval will be described with
reference to FIG. 20.

[0191]

FIG. 20 is a diagram for describing the definition of the subcarrier interval.
A left drawing illustrates an example in which neighboring subcarriers overlap, and a
right drawing illustrates an example in which neighboring subcarriers do not overlap.
A plurality of definitions can be given to the subcarrier, and three definitions will be
described here.

[0192]
A first definition is a definition in which the subcarrier interval is an interval

of frequencies indicating specific positions of neighboring subcarriers. For example,
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an interval indicated by reference numeral 310A in FIG. 20 is the subcarrier interval.
With reference to the reference numeral 310A, the subcarrier interval is an interval
between peak positions of the subcarriers but is not necessarily required to be the
interval between peak positions. For example, the subcarrier interval may be an
interval between 3 dB frequencies on the lower sides of the subcarriers, an interval
between 3 dB frequencies on the upper sides of the subcarriers, an interval between
(n-th) zero-cross frequencies on the lower sides, an interval between (n-th) zero-cross
frequencies on the upper sides, or the like.

[0193]

A second definition is a definition in which the subcarrier interval is an
interval of frequencies of specific positions of the subcarriers. For example, an
interval indicated by reference numeral 310B in FIG. 20 is the subcarrier interval.
Specific positions may be an interval of 3 dB frequencies on the lower side and the
upper side of one subcarrier, an interval between (n-th) zero-cross frequencies on the
lower side and the upper side, or the like.

[0194]

A third definition is a definition in which the subcarrier interval is a
reciprocal of the symbol length or the subsymbol length. Here, it is desirable that
the length of the CP is not included in the symbol length or the subsymbol length
used for a calculation of the reciprocal.

[0195]

The definitions of the subcarrier interval have been described above. Next,
an example of setting the allocation bandwidth and the use bandwidth will be
described with reference to FIG. 21.

[0196]

FIG. 21 is a diagram illustrating an example of setting the allocation
bandwidth and the use bandwidth according to the present embodiment. In FIG. 21,
six examples of setting the allocation bandwidth and the use bandwidth are indicated
by reference numerals 320 to 325. Bk indicates the allocation bandwidth, B’k
indicates the use bandwidth, and bk indicates the subcarrier interval or a bandwidth

of one subcarrier. k is an integer indicating an index of an example.



10

15

20

25

52

[0197]

In FIG. 21, b0 is set as a reference subcarrier interval. Further, b0 is
assumed to be a minimum subcarrier interval that can be set in the system 1. In FIG.
21, a side lobe part of a frequency component of the subcarrier is omitted, but, in fact,
there may be side lobes. Further, in FIG. 21, the side lobe part is not included in the
bandwidth of the subcarrier. Here, the subcarriers are assumed to be non-
orthogonal, but may be orthogonal.

[0198]

The following Table 13 shows various set values in the respective settings
indicated by reference numerals 320 to 325 in FIG. 21. Nk in the table indicates the
number of subcarriers in the allocated bandwidth. The use bandwidth is calculated
by B’k = bk x Nk as a value obtained by multiplying the subcarrier interval by the

number of subcarriers.

[0199]

[Table 13]

Reference allocation subcarrier number of subcarriers | use bandwidth[Hz]
numerals in | bandwidth[Hz] | interval [Hz] in allocation

FIG. 21 bandwidth

320 BO b0 NO>=1 B’0==B0
321 B1==B0 bl==b0 1<=N1<NO B’1<=B1
322 B2==B0 b2>=b0 N2==1<N0 B’2==B2
323 B3==B0 b3>=b0 1<=N3<N0 B’3==B3
324 B4==B0 b4>=b0 N4==1<N0 B’4<=B4
325 B5==B0 b5>=b0 1<=N5<N0 B’5<=B5
[0200]

The cases indicated by reference numerals 320 to 325 will be described
below in detail.
[0201]

In the case indicated by reference numeral 320, the allocation bandwidth
and the use bandwidth are the same, and the reference subcarrier interval is
employed. This case relates to a method of using a band seen in the existing
OFDMA or LTE. This case may be regarded as a reference or default setting of the
system 1.

[0202]
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In the case indicated by reference numeral 321, the use bandwidth is
narrower than the allocation bandwidth, and the reference subcarrier interval is
employed. In the case indicated by reference numeral 321, since both ends of the
allocation bandwidth are empty, it is possible to mitigate interference from the
adjacent areas (for example, neighboring resource blocks).

[0203]

As can be seen from a comparison of reference numerals 320 and 321, the
system 1 may set the number of subcarriers (for example, N1) included in the unit
resource in which a non-use domain is set to be the number of subcarriers (for
example, NO) included in the unit resource in which a non-use domain is not set.
As a result, the non-use frequency domain is set.

[0204]

In the cases indicated by reference numerals 322 and 323, the allocation
bandwidth and use bandwidth are the same, and a subcarrier interval larger than the
reference subcarrier interval is employed. In the case indicated by reference
numeral 322, unit resources are formed by one subcarrier, and in the case illustrated
by reference numeral 323, unit resources are formed by two subcarriers. In the
system 1, it is possible to simultaneously accommodate subcarriers of different
subcarrier intervals in the CC, and these cases are cases that occur at this time.

[0205]

In the case indicated by reference numeral 324, the use bandwidth is
narrower than the allocation bandwidth, the unit resources are formed by one
subcarrier, and a subcarrier interval larger than the reference subcarrier interval is
employed. A subcarrier with an extended interval enables decoding with a simple
reception algorithm and implements strong resistance with respect to the Doppler
effect under the high-speed mobile environment. However, when the reception
algorithm 1is simplified, it is desirable to pay attention to interference from a
neighboring subcarrier (such as a subcarrier in a neighboring resource block). In
this case, since both ends of the allocation bandwidth are empty, it is possible to
mitigate interference from the adjacent areas, and it is possible to apply the simple

reception algorithm.
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[0206]

In the case indicated by reference numeral 325, the use bandwidth is
narrower than the allocation bandwidth, the unit resources are formed by two
subcarriers, and a subcarrier interval wider than the reference subcarrier interval is
employed. In this case, similarly to the case indicated by reference numeral 324,
since both ends of the allocation bandwidth are empty, it is possible to mitigate
interference from the adjacent areas, and it is possible to apply a simple reception
algorithm. However, in this case, since the subcarriers overlap each other within
the allocation bandwidth, it is desirable that the reception algorithm in which inter-
subcarrier interference is considered be employed.

[0207]

As can be seen from a comparison of reference numerals 322 and 324 and
reference numerals 323 and 325, the system 1 may set the interval of the subcarrier
(for example, b3 or b5) included in the unit resource in which a non-use domain is
set to be an interval of the subcarrier (for example, b2 or b4) or less included in the
unit resource in which the non-use domain is not set. As a result, the non-use
frequency domain is set.

[0208]

In the above, the cases indicated by reference numerals 320 to 325 have
been described in detail. The system 1 can mixedly accommodate one or more
cases in one frequency channel (for example, the CC) at the same time among the
cases indicated by reference numerals 320 to 325.

[0209]

The allocation bandwidth Bk is preferably an integer multiple of the
minimum subcarrier interval b0 assumed in the system. In other words, Bk = n x
b0 is desirable. However, n is a positive integer.

[0210]

For a unit of the allocation bandwidth (for example, the resource block),
when there are a plurality of subcarriers in one unit, it is desirable that the
bandwidths of the subcarriers are equal. In other words, it is desirable that all

values of Bk of the subcarriers arranged in the allocation bandwidth Bk are equal.
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[0211]
- Arrangement of subcarriers

An arrangement of subcarriers when there is a difference between the
allocation bandwidth and the use bandwidth will be described in detail. It is
desirable that the arrangement of subcarriers satisfy at least one of the following
conditions.

[0212]

A first condition is that the center of the allocation bandwidth Bk and the
center of B’k are identical or substantially identical to each other.
[0213]

A second condition is that empty (that is, the non-use frequency domain) is
set at both ends of the allocation bandwidth Bk. In other words, the second
condition is that only one side of the bandwidth Bk is not empty.

[0214]

A third condition is that two empty bandwidths set at both ends of the
allocation bandwidth Bk are set to be identical.
[0215]

A fourth condition is that the empty bandwidths (including an empty area
other than both ends) in the allocation bandwidth Bk are set to be identical.
[0216]

A fifth condition is that when the number of subcarriers included in the
allocation bandwidth Bk is odd, the center frequency of at least one of the subcarriers
included in the allocation bandwidth Bk is identical or substantially identical to the
center frequency of the allocation bandwidth Bk.

[0217]

A sixth condition is that when the number of subcarriers included in the
allocation bandwidth Bk is even, the center frequencies of all subcarriers included in
allocation bandwidth Bk are neither identical nor substantially identical to the center
frequency of allocation bandwidth Bk.

[0218]

When the frequencies are substantially identical, it may mean that it is
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within an absolute allowable range or may mean that, for example, a deviation of
several Hz to several tens of Hz is allowed. Also, when the frequencies are
substantially identical, it may mean that it is within a relative allowable range or may
mean that a deviation of several % or several tens of % with respect to the subcarrier
interval is allowed.

[0219]

The transmission device sets the arrangement of subcarriers so that at least
one of the conditions is satisfied. An exemplary arrangement in that case will be
described with reference to FIGS. 22 to 25.

[0220]

FIG 22 is a diagram for describing an example of the arrangement of
subcarriers according to the present embodiment. FIG. 22 illustrates an example
arrangement of subcarriers in the case in which the use bandwidth is narrower than
the allocation bandwidth, and the unit resources are formed by three subcarriers. As
indicated by reference numeral 331, the first condition is satisfied. ~As indicated by
reference numeral 332, the second condition is satisfied. ~As indicated by reference
numeral 333, the third condition is satisfied. ~As indicated by reference numeral 334,
the fourth condition is satisfied. As indicated by reference numeral 335, the fifth
condition is satisfied.

[0221]

FIG 23 is a diagram for describing an example of the arrangement of
subcarriers according to the present embodiment. FIG. 23 illustrates an exemplary
arrangement of subcarriers in the case in which the use bandwidth is narrower than
allocation bandwidth, and the unit resources are formed by three subcarriers. As
indicated by reference numeral 341, the first condition is satisfied. ~As indicated by
reference numeral 342, the second condition is satisfied. As indicated by reference
numeral 343, the third condition is satisfied. ~As indicated by reference numeral 344,
the fourth condition is satisfied. As indicated by reference numeral 345, the fifth
condition is satisfied.

[0222]

FIG. 24 is a diagram for describing an example of the arrangement of
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subcarriers according to the present embodiment. FIG. 24 illustrates an example
arrangement of subcarriers in the case in which the use bandwidth is narrower than
the allocation bandwidth, and the unit resources are formed by two subcarriers. As
indicated by reference numeral 351, the first condition is satisfied. ~As indicated by
reference numeral 352, the second condition is satisfied. ~As indicated by reference
numeral 353, the third condition is satisfied. ~As indicated by reference numeral 354,
the fourth condition is satisfied. As indicated by reference numeral 356, the sixth
condition is satisfied.

[0223]

FIG. 25 is a diagram for describing an example of the arrangement of
subcarriers according to the present embodiment. FIG. 25 illustrates an example
arrangement of subcarriers in the case in which the use bandwidth is narrower than
the allocation bandwidth, and the unit resources are formed by two subcarriers. As
indicated by reference numeral 361, the first condition is satisfied. ~As indicated by
reference numeral 362, the second condition is satisfied. ~As indicated by reference
numeral 363, the third condition is satisfied. ~As indicated by reference numeral 364,
the fourth condition is satisfied. As indicated by numeral 366, the sixth condition is
satisfied.

[0224]

The example arrangements of subcarriers have been described above.
[0225]

In the cases indicated by reference numerals 321, 324, and 325 illustrated in
FIG. 21, at least one of the above conditions is satisfied. However, even in the cases
indicated by reference numerals 320, 322 and 323 illustrated in FIG. 21, at least one
of the above conditions is satisfied when an empty bandwidth is considered to be
zero. In other words, in all the cases illustrated in FIG. 21, the arrangement control
is enabled on the basis of the above conditions.

[0226]

The system 1 can cause influence of interference applied to the subcarrier to

be uniform by performing an arrangement in which at least one of the above

conditions is satisfied. Here, the interference means interference which a subcarrier
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in a certain allocation bandwidth receives from a subcarrier of another bandwidth
and interference which a subcarrier in a certain allocation bandwidth receives from
another subcarrier in the same bandwidth.

[0227]

Next, the flow of the processing related to the setting of the non-use
frequency domain will be described with reference to FIG. 26.

[0228]

FIG. 26 is a flowchart illustrating an example of the flow of the process of
setting the non-use frequency domain according to the present embodiment. As
illustrated in FIG. 26, the transmission device (for example, the setting unit 151) first
variably sets at least one of the subcarrier interval and the subsymbol length (step
S502). Then, the transmission device (for example, the setting unit 151) determines
whether or not the subcarrier interval or the subsymbol length differs in a plurality of
unit resources on the same time resources (step S504). Then, the transmission
device (for example, the setting unit 151) sets the non-use frequency domain (step
S506) when the subcarrier interval or the subsymbol length differs in a plurality of
unit resources on the same time resources, and does not set the non-use frequency
domain (step S508) when the subcarrier interval or the subsymbol length is the same
in a plurality of unit resources on the same time resources. Then, the transmission
device (for example setting unit 151) sets the remaining parameters (step S510).
Examples of the remaining parameters include the filter coefficient, the over-
sampling parameter, the number of subcarriers, and the number of subsymbols.
Then, the transmission device (for example, the transmission processing unit 153 and
the radio communication unit 120) performs transmission signal processing on the
basis of the above setting, and generates an RF signal (step S512). Then, the
transmission device (for example, the antenna unit 110) transmits the generated RF
signal (step S514). Then, the process ends.

[0229]
(3.6) Parameter limitation
- Content of limitation

Limitations may be imposed on the parameters of the transmission device
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and/or the reception device. As a result, the overhead is reduced, and
implementation is easy. In general, since the terminal device has a lot of limitations
for the implementation of hardware and software, it is desirable that a limit be
imposed on the parameters of the terminal device.

[0230]

In this regard, the base station 100 (for example, the setting unit 151) limits
the number of parameter candidates that can be set in a plurality of unit resources on
the same time resources by the terminal device 200 (corresponding to the
transmission device or the reception device) to a predetermined number. Thus, it is
possible to solve the problem of limitations on the implementation of hardware and
software of the terminal device. Here, a plurality of unit resources may refer to unit
resources included in one frequency channel (for example, a component carrier or the
like) or may refer to unit resources included in a plurality of frequency channels. In
other words, limitations may be imposed on the parameters in one unit resource, or
limitations may be imposed on the parameters in a plurality of unit resources.

[0231]

The number of parameter candidates may be limited to a predetermined
number in a plurality of frequency channels, and the number of parameter candidates
may be limited to a predetermined number minus one in one frequency channel.
[0232]

The predetermined number may be 1 or an arbitrary number of 1 or more.
[0233]

Parameter limitation may be imposed for each predetermined time resource.
As the predetermined time resource, for example, a transmission time interval (TTI),
a subframe, a plurality of TTIs, a plurality of subframes, a radio frame, or the like is
considered. For example, the parameters of the transmission device are limited so
that the same parameters are set in the same time resources. However, different
parameters are allowed to be set in different time resources. Similarly, the
parameters of the reception device are limited so that the same parameters are set in
the same time resources. However, different parameters can be allowed to be set in

different time resources
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[0234]

However, different parameter limitations are allowed to be imposed in
different time resources. This is because one device can be used in parallel in a
plurality of different use cases. As a use case, for example, broadband
communication (Enhanced Mobile Broadband (eMBB)), ultra reliable and low
latency communication (URLLC)), machine type communication (MTC), or the like
is considered. For example, different limitations in which a different use case is
assumed for each time resource may be imposed. In other words, the parameter
limitation imposed on each time resource may be switched. Of course, switching
need not be performed over a plurality of time resources.

[0235]

Further, parameter limitation may be imposed for each predetermined
frequency resource. As the predetermined frequency resource, for example, the
entire frequency of the system, the frequency channel (for example, the component
carrier), the frequency block (for example, the resource block), or the like is
considered. For example, the parameters of the transmission device are limited so
that the same parameter is set in the same frequency resource. The same applies to
the parameters of the reception device. However, different parameter limitations
may be allowed to be imposed in different frequency resources.

[0236]

The parameter limitation may differ between respective reception devices or
may be common to a plurality of reception devices. Similarly, the parameter
limitation may differ between respective transmission devices or may be common to
a plurality of transmission devices.

[0237]

Further, the parameter limitation may only be imposed on some parameters.
For example, some parameters such as the subcarrier interval and the subsymbol
length may not be limited, and other parameters such as the CP length and the TTI
length may be limited.

[0238]

The parameter limitation in the downlink communication of the cellular
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system will be specifically described below with reference to FIGS. 27 to 32. Of
course, the parameter limitation may be similarly performed in the uplink
communication, sidelink communication in device-to-device (D2D) communication,
and the like.

[0239]

FIG. 27 is a diagram for describing an example of the parameter limitation
according to the present embodiment. As illustrated in FIG. 27, the base station 100
is a transmission device, and terminal devices 200A and 200B are reception devices.
Resources 400A are resources used for signals destined for the terminal device 200A,
and resources 400 B are resources used for signals destined for the terminal device
200B. As illustrated in FIG. 27, the same parameters (here, the subcarrier interval
and the subsymbol length) are set within the same time resources (here, the TTI) for
each terminal device 200. As described above, in the example illustrated in FIG. 27,
limitations are imposed on the parameters.

[0240]

FIG. 28 is a diagram for describing an example of the parameter limitation
according to the present embodiment. As illustrated in FIG. 28, the base station 100
is a transmission device, and the terminal devices 200A and 200B are reception
devices. Resources 410A and 412A are resources used for signals destined for the
terminal device 200A, and resources 410B and 412B are resources used for signals
destined for the terminal device 200B. As illustrated in FIG. 28, different
parameters (here, the subcarrier interval and the subsymbol length) are set within the
same time resources (here, the TTI) in the resources 410A and 412A used for signals
destined for the terminal device 200A. Further, different parameters are set in the
same time resources in the resources 410B and 412B used for signals destined for the
terminal device 200B. As described above, some different parameters may be
allowed to be set. However, limitations may be imposed on other parameters such
as the CP length and/or the TTI length.

[0241]
Here, in the examples illustrated in FIGS. 27 and 28, the parameter

limitation is imposed in one frequency channel (for example, a component carrier).
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On the other hand, the parameter limitation may be imposed in a plurality of
frequency channels as illustrated in FIGS. 29 and 30.
[0242]

FIG. 29 is a diagram for describing an example of the parameter limitation
according to the present embodiment. As illustrated in FIG. 29, the base station 100
is a transmission device, and the terminal devices 200A and 200B are reception
devices. Resources 420A and 422A are resources used for signals destined for the
terminal device 200A, and resources 420B and 422B are resources used for signals
destined for the terminal device 200B. As illustrated in FIG. 29, the same
parameters (here, the subcarrier interval and the subsymbol length) are set in the
same time resources (here, the TTI) even in different component carriers for each
terminal device 200. As described above, in the example illustrated in FIG. 27,
limitations are imposed on the parameters related to a plurality of component carriers.
Due to such limitations, even when the number of component carriers increases, it is
possible to efficiently implement the reception process by causing the parameters for
signal processing to shared.

[0243]

FIG. 30 is a diagram for describing an example of the parameter limitation
according to the present embodiment. As illustrated in FIG. 30, the base station 100
is a transmission device, and the terminal devices 200A and 200B are reception
devices. Resources 430A and 432A are resources used for signals destined for the
terminal device 200A, and resources 430B and 432B are resources used for signals
destined for the terminal device 200B. As illustrated in FIG. 30, different
parameters (here, the subcarrier interval and the subsymbol length) are set in the
same time resources (here, the TTI) in the resources 430A and 432A used for signals
destined for the terminal device 200A. Different parameters are set in the same
time resources in different component carriers in the resources 430B and 432B used
for signals destined for the terminal device 200B. As described above, different
parameters may be allowed to be set. However, limitations may be imposed on
other parameters such as the CP length and/or the TTI length.

[0244]
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Here, the parameter limitation imposed on the same time resources has been
described with reference to FIGS. 27 to 30. On the other hand, as illustrated in
FIGS. 31 and 32, different parameter limits may be imposed on different time
resources.

[0245]

FIG. 31 is a diagram for describing an example of the parameter limitation
according to the present embodiment. As illustrated in FIG. 31, the base station 100
is a transmission device, and the terminal devices 200A and 200B are reception
devices. Resources 440A and 442A are resources used for signals destined for the
terminal device 200A, and resources 440B and 442B are resources used for signals
destined for the terminal device 200B. As illustrated in FIG. 31, different
parameters (here, the subcarrier interval and the subsymbol length) are set in
different time resources (here, TTIs) for each terminal device 200. As described
above, in the example illustrated in FIG 31, it is allowed to impose different
parameter limitations between respective time resources.

[0246]

FIG. 32 is a diagram for describing an example of the parameter limitation
according to the present embodiment. As illustrated in FIG. 32, the base station 100
is a transmission device, and the terminal devices 200A and 200B are reception
devices. Resources 450A and 452A are resources used for signals destined for the
terminal device 200A, and resources 450B and 452B are resources used for signals
destined for the terminal device 200B. As illustrated in FIG. 32, the same
parameters (here, the subcarrier interval and the subsymbol length) are set in
different time resources (here, TTIs) for each terminal device 200. As described
above, in the example illustrated in FIG. 32, the same parameter limitation is
imposed even in different time resources. The implementation is easy when it is not
allowed to impose different parameter limitations in different time resources. Of
course, switching of the parameter limitation may be allowed in units of a plurality of
TTIs, a plurality of subframes, or one or more radio frame units, or the like.

[0247]

The following Table 14 shows a table in which the parameters of the
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transmission device are summarized. Further, the following Table 15 shows a table

in which the parameters of the reception device are summarized.

[0248]
[Table 14]
Applicable cases Number of | Number of | Particularly
reception devices | combinations of | desirable one in
(type of reception | parameters usable | terms of
device) for transmission of | implementation
multiplexed in | signal destined for
predetermined one reception
time resources device in
predetermined time
resources
Downlink/uplink/side | 1(terminal 1 Particularly
link device/base desirable
station)
Downlink/uplink/side | 1(terminal plural
link device/base
station)
Downlink/sidelink plural  (terminal | 1 Particularly
device) desirable
Downlink/sidelink plural  (terminal | plural
device)
[0249]

[Table 15]
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Applicable cases Number of | Number of | Particularly
transmission combinations of | desirable one in
devices (type of | parameters assumed | terms of
transmission with  regard to | implementation
device) reception of signals
multiplexed in | from one
predetermined transmission device
time resources in  predetermined

time resources

Downlink/uplink/sidel | 1(terminal 1 Particularly

ink device/base desirable
station)

Downlink/uplink/sidel | 1(terminal plural

ink device/base
station)

Uplink/sidelink plural  (terminal | 1 Particularly
device) desirable

Uplink/sidelink plural  (terminal | plural
device)

[0250]

- Control information transmitted from base station to terminal device

Control information transmitted from the base station 100 (for example, the
transmission device) to the terminal device 200 (for example, the reception device)
when limitations are imposed on the parameters will be described.

[0251]

The base station 100 (for example, the setting unit 151) sets a parameter
selected from settable parameter candidates. The base station 100 (the transmission
processing unit 153) includes information indicating the selected parameter in the
control information, transmits the resulting control information to the terminal device
200, and then transmits the data signal in accordance with the selected parameter.
[0252]

An example of the control information when the number of parameter
candidates that can be set on the same time resources is limited to 1 is shown in the
following Table 16. Hatched parts are the control information related to the
parameters on which the limitations are imposed. As illustrated in Table 16, the

parameters on which the limitations are imposed include at least one of the subcarrier
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interval, the subsymbol time length, the TTI length, and the CP length. The
transmission of the control information may be omitted when a set value corresponds
to a predetermined value (for example, a default value or a reference value of the
system 1). As a result, the transmission/reception load of the control information is
reduced. Here, the default parameter is assumed to be a parameter that is neither a
minimum value nor a maximum value that is usable in the system 1.

[0253]

An example of the control information when the number of parameter
candidates that can be set on the same time resources is limited to 2 or more is shown
in the following Table 17. Hatched parts are the control information related to the
parameters on which the limitations are imposed. For example, the system 1 can
support two or more parameter candidates by preparing the control information
related to the parameters on which the limitations are imposed in units of resource
blocks. Although not shown in the same table, the control information related to
the parameters may be prepared in units of frequency channels (for example,
component carriers) in addition to units of resource blocks.

[0254]
[Table 16]
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Information Elements

Meaning

Supplement

Carrier Indicator

indicates bandwidth  of
frequency channel

Flag for Control Information
Format

indicates control

information format

Frequency Hopping Flag indicates whether or not
frequency  hopping  is
applied

Resource Block Assignment | indicates allocation

location of resource block

Subcarrier Spacing Index

indicates subcarrier interval

See Tables 7 and 8. It
may be indicated by
number of subcarriers

Subsymbol Length Index

indicates subsymbol length

It is desirable to have
candidate value table
similar to Tables 7 and
8. It may be
indicated by number of
subsymbols. See
Tables 9 and 10.

TTI Index

indicates TTI length

It is desirable to have
candidate value table
similar to Tables 7 and
8. See Table 11.

CP Length Index

indicates CP length

It is desirable to have
candidate value table
similar to Tables 7 and
8. It may be
indicated by ratio to
symbol  length  or
subsymbol length.
See Table 12

Hopping Resource

Allocation

indicates
hopping pattern

frequency

Modulation and

Scheme

Coding

indicates PSK/QAM
modulation scheme, error
correcting coding scheme,
and code rate

Redundancy Version indicates redundancy
version

New Data Indicator indicates whether or not it
is new data or
retransmission data

Transmit Power Control | indicates transmission

Command for Scheduled | power control parameter or

Channel

command
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[0255]
[Table 17]
Information Elements Meaning Supplement
Carrier Indicator indicates  bandwidth  of
frequency channel
Flag for Control Information Format indicates control
information format
Frequency Hopping indicates whether or not
frequency  hopping  is
applied
Resource Block Assignment indicates allocation location
of resource block
Subcarrier Subcarrier Spacing Index | indicates subcarrier interval | See Table 7.
Spacing  Index | for Resource Block 1 of allocated first resource | Notification of
Set block corresponding
subcarrier spacing
index 1is issued as
Subcarrier Spacing Index | indicates subcarrier interval | many time as number
for Resource Block 2 of allocated second resource | Of allocated resource
block blocks  which s
indicated by Resource
Block Assignment
Subcarrier Spacing Index | indicates subcarrier interval
for Resource Block Nagg | of allocated Narg-th
resource block
Subsymbol Similar to Subcarrier
Length Index Set Spacing Index Set
TTI Index Set Similar to Subcarrier
Spacing Index Set
CP Length Index Similar to Subcarrier
Set Spacing Index Set

Hopping Resource Allocation

indicates frequency hopping
pattern

Modulation and Coding Scheme

indicates PSK/QAM
modulation scheme, error
correcting coding scheme,
and code rate

Redundancy Version

indicates
version

redundancy

New Data Indicator

indicates whether or not it is
new data or retransmission
data

Transmit Power Control Command for

Scheduled Channel

indicates transmission
power control parameter or
command
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[0256]

A transmission timing of the control information can be variously
considered. For example, the control information may be transmitted constantly,
may be transmitted for each subframe, or may be transmitted each time the parameter
is set (for example, at intervals of scheduling unit times or at intervals of a plurality
of scheduling unit times). The flow of the process in the latter case will be
described with reference to FIGS. 33 and 34.

[0257]

FIG. 33 is a flowchart illustrating an example of the flow of a transmission
process of control information related to downlink communication performed in the
base station 100 according to the present embodiment. As illustrated in FIG. 33, the
base station 100 first sets a parameter for one terminal device 200 (step S602).
Then, the base station 100 determines whether or not the set value of the parameter
to be limited corresponds to a predetermined value (for example, a default value or a
reference value of the system 1) (step S604). Here, the parameters to be limited are
the parameters hatched in Tables 16 and 17. The default value may be, for example,
the subcarrier interval corresponding to (0) in Table 13 for the subcarrier interval or
may be, for example, the same value (for example, 1 msec) as the subframe for the
TTI. When the set value of the parameter to be limited is determined to correspond
to a predetermined value (YES in step S604), the base station 100 skips the
generation of the control information related to the parameter to be limited (step
S606). On the other hand, when the set value of the parameter to be limited is
determined to be different from a predetermined value (NO in step S604), the base
station 100 generates the control information related to the parameter to be limited
(step S608). Then, the base station 100 generates control information related to
other parameters other than the parameter to be limited (step S610). Then, the base
station 100 transmits a group of the generated control information (step S612).
Then, the base station 100 performs transmission signal processing such as encoding
and modulation corresponding to the control information group on the real data (step
S614), and transmits the signal subjected to transmission signal processing on the

physical channel corresponding to the control information group (Step S616). Then,
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the process ends.
[0258]

FIG. 34 is a flowchart illustrating an example of the flow of a transmission
process of control information related to uplink communication performed in the
base station 100 according to the present embodiment. As illustrated in FIG. 34, the
base station 100 first sets a parameter for one terminal device 200 (step S702).
Then, the base station 100 determines whether or not the set value of the parameter
to be limited corresponds to a predetermined value (for example, a default value or a
reference value of the system 1) (step S704). When the set value of the parameter
to be limited is determined to correspond to a predetermined value (YES in step
S704), the base station 100 skips the generation of the control information related to
the parameter to be limited (step S706). On the other hand, when the set value of
the parameter to be limited is determined not to correspond to a predetermined value
(NO in step S704), the base station 100 generates the control information related to
the parameter to be limited (step S708). Then, the base station 100 generates
control information related to parameters other than parameter of limitation target
(step S710). Then, the base station 100 transmits a group of the generated control
information (step S712). Then, the base station 100 receives the signal transmitted
from the terminal device 200 in accordance with the control information group (step
S714). Then, the base station 100 performs reception signal processing such as
decoding and demodulation corresponding to the group of control information on the
reception signal, and acquires data (step S716). Then, the process ends.

[0259]
- Control information transmitted from terminal device to base station

The control information transmitted from the terminal device 200 to the
base station 100 when limitations can be imposed on the parameters will be
described.

[0260]

For example, this control information is UE capability information

indicating capabilities of the terminal device 200. The UE capability information

includes information about a capability for transmission signal processing of the
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terminal device 200 and a capability for reception signal processing. The base
station 100 can perform scheduling and setting and notification of the parameter on
the basis of the received UE capability information

An example of the UE capability information is shown in the following
Table 18. As shown in Table 18, the UE capability information may include
information common to both transmission and reception (for example, a UE category
indicating a category of the terminal device 200) in addition to information related to
transmission signal processing and reception signal processing.
[0261]
[Table 18]
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Capability Sub Information | Formats Supplement
Information Elements
Elements
Common UE Category Integer (0,1,2,...
Capability Support  Subcarrier | Integer (0,1,2,...
Information Spacing
Support Cyclic | Integer (0,1,2,...
Prefix Length
Support Symbol | Integer (0,1,2,...
Length
Support TTI Integer (0,1,2,...
Transmitter Filtering Capability | Yes/No
Capability Windowing Yes/No
Information Capability
Support Filtering | Integer (0,1,2,... May be added only
Type when Filtering
Capability is Yes
Support Windowing | Integer (0,1,2,... May be added only
Type when  Windowing
Capability is Yes
Receiver Filtering Capability | Yes/No
Capability Windowing Yes/No
Information Capability
Support Filtering | Integer (0,1,2,... May be added only
Type when Filtering
Capability is Yes
Support Windowing | Integer (0,1,2,... May be added only
Type when  Windowing
Capability is Yes
Cancellation Yes/No
Capability
Support Cancellation | Integer (0,1,2,... May be added only
Type when  Windowing
Capability is Yes
[0262]

It is desirable that the UE capability information be received by the base

station 100 before dynamic scheduling of the data channel by the base station 100.

It is desirable that a timing is exchanged during the RRC connection procedure or the

handover procedure.

The flow of the process related to the transmission of the UE

capability information will be described with reference to FIG. 35 and FIG. 36.
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[0263]

FIG. 35 is a sequence diagram illustrating an example of a flow of a
transmission process of the UE capability information related to downlink
communication performed in the system 1 according to the present embodiment. In
this sequence, the base station 100 and the terminal device 200 are involved. As
illustrated in FIG. 35, first, the base station 100 transmits the system information to
the terminal device 200 via a physical broadcast channel (PBCH) or a physical
downlink shared channel (PDSCH) (step S802). Then, the terminal device 200
transmits the UE capability information to the base station 100 via a Physical Uplink
Control Channel (PUCCH) or a physical uplink shared channel (PUSCH) (step S804).
Then, the base station 100 performs scheduling on the basis of the received UE
capability information (step S806). Through this scheduling, the parameters to be
used when the target terminal device 200 receives the PDSCH (the subframe, the
resource block, the subcarrier interval, the number of subcarriers, the CP length, the
TTI, and the like) are set. Then, the base station 100 transmits the control
information including the parameters corresponding to a scheduling result to the
terminal device 200 through a Physical Downlink Control Channel (PDCCH) (or an
enhanced EPDCCH (EPDCCH)) or the PDSCH (step S808). Then, the base station
100 transmits the data signal to the terminal device 200 through the PDSCH or a
physical multicast channel (PMCH) (step S810). Then, the terminal device 200
performs the reception process of the data signal in accordance with the received
control information and transmits a response (ACK/NACK) to the base station 100
through the PUCCH or the PUSCH (step S812). Then, the process ends.

[0264]

FIG. 36 is a sequence diagram illustrating an example of a flow of a
transmission process of the UE capability information related to uplink
communication performed in the system 1 according to the present embodiment. In
this sequence, the base station 100 and the terminal device 200 are involved. As
illustrated in FIG. 36, the base station 100 first transmits the system information to
the terminal device 200 through the PBCH or the PDSCH (step S902). Then, the

terminal device 200 transmits the UE capability information to the base station 100
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through the PUCCH or the PUSCH (step S904). Then, the base station 100
performs scheduling on the basis of the received UE capability information (step
S906). Through this scheduling, the parameters to be used when the target terminal
device 200 transmits the PUSCH (the subframe, the resource block, the subcarrier
interval, the number of subcarriers, the CP length, the TTI, and the like) are set.
Then, the base station 100 transmits the control information including the parameters
corresponding to a scheduling result to the terminal device 200 through the PDCCH
(or the ePDCCH) or the PDSCH (step S908). Then, the terminal device 200
transmits the data signal to the base station 100 through the PUSCH in accordance
with the received control information (step S910). Then, the base station 100
performs the reception process of the data signal in accordance with the set
parameters and transmits a response (ACK/NACK) to the terminal device 200
through the PDCCH (step S912). Then, the process ends.
[0265]
<<5. Application Examples>>

The technology of an embodiment of the present disclosure is applicable to
various products. For example, the base station 100 may be realized as any type of
evolved Node B (eNB) such as a macro eNB or a small eNB. A small eNB may be
an eNB that covers a cell smaller than a macro cell, such as a pico eNB, micro eNB,
or home (femto) eNB. Instead, the base station 100 may be realized as any other
types of base stations such as a NodeB and a base transceiver station (BTS). The
base station 100 may include a main body (that is also referred to as a base station
apparatus) configured to control radio communication, and one or more remote radio
heads (RRH) disposed in a different place from the main body. Additionally,
various types of terminals to be discussed below may also operate as the base station
100 by temporarily or semi-permanently executing a base station function.
Furthermore, at least a part of elements of the base station 100 may be realized in the
base station apparatus or a module for the base station apparatus.
[0266]

For example, the terminal device 200 may be realized as a mobile terminal

such as a smartphone, a tablet personal computer (PC), a notebook PC, a portable



10

15

20

25

30

75

game terminal, a portable/dongle type mobile router, and a digital camera, or an in-
vehicle terminal such as a car navigation apparatus. The terminal device 200 may
also be realized as a terminal (that is also referred to as a machine type
communication (MTC) terminal) that performs machine-to-machine (M2M)
communication. Furthermore, at least a part of elements of the terminal device 200
may be realized in a module (such as an integrated circuit module including a single
die) mounted on each of the terminals.

[0267]

<5.1. Application example regarding base station>

(First application example)

FIG 37 is a block diagram illustrating a first example of a schematic
configuration of an eNB to which the technology of an embodiment of the present
disclosure may be applied. An eNB 800 includes one or more antennas 8§10 and a
base station apparatus 820. Each antenna 810 and the base station apparatus 820
may be connected to each other via an RF cable.

[0268]

Each of the antennas 810 includes a single or multiple antenna elements
(such as multiple antenna elements included in an MIMO antenna), and is used for
the base station apparatus 820 to transmit and receive radio signals. The eNB 800
may include the multiple antennas 810, as illustrated in FIG. 37. For example, the
multiple antennas 810 may be compatible with multiple frequency bands used by the
eNB 800. Although FIG. 37 illustrates the example in which the eNB 800 includes
the multiple antennas 810, the eNB 800 may also include a single antenna 810.
[0269]

The base station apparatus 820 includes a controller 821, a memory 822, a
network interface 823, and a radio communication interface 825.

[0270]

The controller 821 may be, for example, a CPU or a DSP, and operates
various functions of a higher layer of the base station apparatus 820. For example,
the controller 821 generates a data packet from data in signals processed by the radio

communication interface 825, and transfers the generated packet via the network
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interface 823. The controller 821 may bundle data from multiple base band
processors to generate the bundled packet, and transfer the generated bundled packet.
The controller 821 may have logical functions of performing control such as radio
resource control, radio bearer control, mobility management, admission control, and
scheduling. The control may be performed in corporation with an eNB or a core
network node in the vicinity. The memory 822 includes RAM and ROM, and stores
a program that is executed by the controller 821, and various types of control data
(such as a terminal list, transmission power data, and scheduling data).

[0271]

The network interface 823 is a communication interface for connecting the
base station apparatus 820 to a core network 824. The controller 821 may
communicate with a core network node or another eNB via the network interface 823.
In that case, the eNB 800, and the core network node or the other eNB may be
connected to each other through a logical interface (such as an S1 interface and an
X2 interface). The network interface 823 may also be a wired communication
interface or a radio communication interface for radio backhaul. If the network
interface 823 is a radio communication interface, the network interface 823 may use
a higher frequency band for radio communication than a frequency band used by the
radio communication interface 825.

[0272]

The radio communication interface 825 supports any cellular
communication scheme such as Long Term Evolution (LTE) and LTE-Advanced, and
provides radio connection to a terminal positioned in a cell of the eNB 800 via the
antenna 810. The radio communication interface 825 may typically include, for
example, a baseband (BB) processor 826 and an RF circuit 827. The BB processor
826 may perform, for example, encoding/decoding, modulating/demodulating, and
multiplexing/demultiplexing, and performs various types of signal processing of
layers (such as L1, medium access control (MAC), radio link control (RLC), and a
packet data convergence protocol (PDCP)). The BB processor 826 may have a part
or all of the above-described logical functions instead of the controller 821. The

BB processor 8§26 may be a memory that stores a communication control program, or
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a module that includes a processor and a related circuit configured to execute the
program. Updating the program may allow the functions of the BB processor 826
to be changed. The module may be a card or a blade that is inserted into a slot of
the base station apparatus 820. Alternatively, the module may also be a chip that is
mounted on the card or the blade. Meanwhile, the RF circuit 827 may include, for
example, a mixer, a filter, and an amplifier, and transmits and receives radio signals
via the antenna 810.

[0273]

The radio communication interface 825 may include the multiple BB
processors 826, as illustrated in FIG. 37. For example, the multiple BB processors
826 may be compatible with multiple frequency bands used by the eNB 800. The
radio communication interface 825 may include the multiple RF circuits 827, as
illustrated in FIG. 37. For example, the multiple RF circuits 827 may be compatible
with multiple antenna elements. Although FIG. 37 illustrates the example in which
the radio communication interface 825 includes the multiple BB processors 826 and
the multiple RF circuits 827, the radio communication interface 825 may also include
a single BB processor 826 or a single RF circuit 827.

[0274]

In the eNB 800 illustrated in FIG. 37, one or more components (the setting
unit 151 and/or the transmission processing unit 153) included in the base station 100
described with reference to FIG. 5 may be implemented in the radio communication
interface 825. Alternatively, at least some of the components may be implemented
in the controller 821. As an example, the eNB 800 may include a module that
includes a part (for example, the BB processor 826) or all of the radio
communication interface 825 and/or the controller 821, and one or more components
described above may be mounted in the module. In this case, the module may store
a program causing a processor to function as one or more components described
above (in other words, a program causing a processor to perform operations of one or
more components described above) and perform the program. As another example,
a program causing a processor to function as one or more components described

above may be installed in the eNB 800 and the radio communication interface 825
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(for example, the BB processor 826) and/or the controller 821 may execute the
program. As described above, the eNB 800, the base station apparatus 820, or the
module may be provided as a device including one or more components described
above, and a program causing a processor to function as one or more components
described above may be provided. Further, a readable recording medium having a
program recorded therein may be provided.

[0275]

Furthermore, in the eNB 800 illustrated in FIG. 37, the radio communication
unit 120 described by using FIG. 5 may be implemented by the radio communication
interface 825 (e.g., the RF circuit 827). In addition, the antenna unit 110 may be
implemented by the antenna 810. Further, the network communication unit 130
may be implemented in the controller 821 and/or the network interface 823. Further,
the storage unit 140 may be mounted in the memory 822.

[0276]
(Second application example)

FIG. 38 is a block diagram illustrating a second example of a schematic
configuration of an eNB to which the technology of an embodiment of the present
disclosure may be applied. An eNB 830 includes one or more antennas 840, a base
station apparatus 850, and an RRH 860. Each antenna 840 and the RRH 860 may
be connected to each other via an RF cable. The base station apparatus 850 and the
RRH 860 may be connected to each other via a high speed line such as an optical
fiber cable.

[0277]

Each of the antennas 840 includes a single or multiple antenna elements
(such as multiple antenna elements included in an MIMO antenna), and is used for
the RRH 860 to transmit and receive radio signals. The eNB 830 may include the
multiple antennas 840, as illustrated in FIG. 38. For example, the multiple antennas
840 may be compatible with multiple frequency bands used by the eNB 830.
Although FIG. 38 illustrates the example in which the eNB 830 includes the multiple
antennas 840, the eNB 830 may also include a single antenna 840.

[0278]
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The base station apparatus 850 includes a controller 851, a memory 852, a
network interface 853, a radio communication interface 855, and a connection
interface 857. The controller 851, the memory 852, and the network interface 853
are the same as the controller 821, the memory 822, and the network interface 823
described with reference to FIG. 37.

[0279]

The radio communication interface 855 supports any cellular
communication scheme such as LTE and LTE-Advanced, and provides radio
communication to a terminal positioned in a sector corresponding to the RRH 860
via the RRH 860 and the antenna 840. The radio communication interface 855 may
typically include, for example, a BB processor 856. The BB processor 856 is the
same as the BB processor 826 described with reference to FIG. 37, except the BB
processor 856 is connected to the RF circuit 864 of the RRH 860 via the connection
interface 857. The radio communication interface 855 may include the multiple BB
processors 856, as illustrated in FIG. 38. For example, the multiple BB processors
856 may be compatible with multiple frequency bands used by the eNB 830.
Although FIG. 38 illustrates the example in which the radio communication interface
855 includes the multiple BB processors 856, the radio communication interface 855
may also include a single BB processor 856.

[0280]

The connection interface 857 is an interface for connecting the base station
apparatus 850 (radio communication interface 855) to the RRH 860. The
connection interface 857 may also be a communication module for communication in
the above-described high speed line that connects the base station apparatus 850
(radio communication interface 855) to the RRH 860.

[0281]

The RRH 860 includes a connection interface 861 and a radio

communication interface 863.
[0282]
The connection interface 861 is an interface for connecting the RRH 860

(radio communication interface 863) to the base station apparatus 850. The
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connection interface 861 may also be a communication module for communication in
the above-described high speed line.
[0283]

The radio communication interface 863 transmits and receives radio signals
via the antenna 840. The radio communication interface 863 may typically include,
for example, the RF circuit 864. The RF circuit 864 may include, for example, a
mixer, a filter, and an amplifier, and transmits and receives radio signals via the
antenna 840. The radio communication interface 863 may include multiple RF
circuits 864, as illustrated in FIG. 38. For example, the multiple RF circuits 864
may support multiple antenna elements. Although FIG. 38 illustrates the example
in which the radio communication interface 863 includes the multiple RF circuits
864, the radio communication interface 863 may also include a single RF circuit 864.
[0284]

In the eNB 830 illustrated in FIG. 38, one or more components (the setting
unit 151 and/or the transmission processing unit 153) included in the base station 100
described with reference to FIG. 5 may be implemented in the radio communication
interface 855 and/or the radio communication interface 863. Alternatively, at least
some of the components may be implemented in the controller 851. As an example,
the eNB 830 may include a module that includes a part (for example, the BB
processor 856) or all of the radio communication interface 855 and/or the controller
851, and one or more components described above may be mounted in the module.
In this case, the module may store a program causing a processor to function as one
or more components described above (in other words, a program causing a processor
to perform operations of one or more components described above) and perform the
program. As another example, a program causing a processor to function as one or
more components described above may be installed in the eNB 830 and the radio
communication interface 855 (for example, the BB processor 856) and/or the
controller 851 may execute the program. As described above, the eNB 830, the
base station apparatus 850, or the module may be provided as a device including one
or more components described above, and a program causing a processor to function

as one or more components described above may be provided. Further, a readable
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recording medium having a program recorded therein may be provided.
[0285]

Furthermore, for example, in the eNB 830 illustrated in FIG. 38, the radio
communication unit 120 described by using FIG. 5 may be implemented by the radio
communication interface 863 (e.g., the RF circuit 864). In addition, the antenna
unit 110 may be implemented by the antenna 840. Further, the network
communication unit 130 may be implemented in the controller 851 and/or the
network interface 853. Further, the storage unit 140 may be mounted in the
memory 852.

[0286]
<5.2. Application example regarding terminal device>
(First application example)

FIG 39 is a block diagram illustrating an example of a schematic
configuration of a smartphone 900 to which the technology of an embodiment of the
present disclosure may be applied. The smartphone 900 includes a processor 901, a
memory 902, a storage 903, an external connection interface 904, a camera 906, a
sensor 907, a microphone 908, an input device 909, a display device 910, a speaker
911, a radio communication interface 912, one or more antenna switches 915, one or
more antennas 916, a bus 917, a battery 918, and an auxiliary controller 919.

[0287]

The processor 901 may be, for example, a CPU or a system on a chip (SoC),
and controls functions of an application layer and another layer of the smartphone
900. The memory 902 includes RAM and ROM, and stores a program that is
executed by the processor 901, and data. The storage 903 may include a storage
medium such as a semiconductor memory and a hard disk. The external connection
interface 904 is an interface for connecting an external device such as a memory card
and a universal serial bus (USB) device to the smartphone 900.

[0288]

The camera 906 includes an image sensor such as a charge coupled device

(CCD) and a complementary metal oxide semiconductor (CMOS), and generates a

captured image. The sensor 907 may include a group of sensors such as a
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measurement Sensor, a gyro sensor, a geomagnetic sensor, and an acceleration sensor.
The microphone 908 converts sounds that are input to the smartphone 900 to audio
signals. The input device 909 includes, for example, a touch sensor configured to
detect touch onto a screen of the display device 910, a keypad, a keyboard, a button,
or a switch, and receives an operation or an information input from a user. The
display device 910 includes a screen such as a liquid crystal display (LCD) and an
organic light-emitting diode (OLED) display, and displays an output image of the
smartphone 900. The speaker 911 converts audio signals that are output from the
smartphone 900 to sounds.

[0289]

The radio communication interface 912 supports any cellular
communication scheme such as LTE and LTE-Advanced, and performs radio
communication. The radio communication interface 912 may typically include, for
example, a BB processor 913 and an RF circuit 914. The BB processor 913 may
perform, for example, encoding/decoding, modulating/demodulating, and
multiplexing/demultiplexing, and performs various types of signal processing for
radio communication. Meanwhile, the RF circuit 914 may include, for example, a
mixer, a filter, and an amplifier, and transmits and receives radio signals via the
antenna 916. The radio communication interface 912 may also be a one chip
module that has the BB processor 913 and the RF circuit 914 integrated thereon.
The radio communication interface 912 may include the multiple BB processors 913
and the multiple RF circuits 914, as illustrated in FIG 39. Although FIG 39
illustrates the example in which the radio communication interface 912 includes the
multiple BB processors 913 and the multiple RF circuits 914, the radio
communication interface 912 may also include a single BB processor 913 or a single
RF circuit 914.

[0290]

Furthermore, in addition to a cellular communication scheme, the radio
communication interface 912 may support another type of radio communication
scheme such as a short-distance wireless communication scheme, a near field

communication scheme, and a radio local area network (LAN) scheme. In that case,
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the radio communication interface 912 may include the BB processor 913 and the RF
circuit 914 for each radio communication scheme.
[0291]

Each of the antenna switches 915 switches connection destinations of the
antennas 916 among multiple circuits (such as circuits for different radio
communication schemes) included in the radio communication interface 912.

[0292]

Each of the antennas 916 includes a single or multiple antenna elements
(such as multiple antenna elements included in an MIMO antenna), and is used for
the radio communication interface 912 to transmit and receive radio signals. The
smartphone 900 may include the multiple antennas 916, as illustrated in FIG. 39.
Although FIG. 39 illustrates the example in which the smartphone 900 includes the
multiple antennas 916, the smartphone 900 may also include a single antenna 916.
[0293]

Furthermore, the smartphone 900 may include the antenna 916 for each
radio communication scheme. In that case, the antenna switches 915 may be
omitted from the configuration of the smartphone 900.

[0294]

The bus 917 connects the processor 901, the memory 902, the storage 903,
the external connection interface 904, the camera 906, the sensor 907, the
microphone 908, the input device 909, the display device 910, the speaker 911, the
radio communication interface 912, and the auxiliary controller 919 to each other.
The battery 918 supplies power to blocks of the smartphone 900 illustrated in FIG. 39
via feeder lines, which are partially shown as dashed lines in the figure. The
auxiliary controller 919 operates a minimum necessary function of the smartphone
900, for example, in a sleep mode.

[0295]

In the smartphone 900 illustrated in FIG. 39, one or more components
(reception processing unit 241) included in the terminal device 200 described with
reference to FIG. 6 may be implemented in the radio communication interface 912.

Alternatively, at least some of the components may be implemented in the processor



10

15

20

25

30

84

901 or the auxiliary controller 919. As an example, the smartphone 900 may
include a module that includes a part (for example, the BB processor 913) or all of
the radio communication interface 912, the processor 901 and/or the auxiliary
controller 919, and one or more components described above may be mounted in the
module. In this case, the module may store a program causing a processor to
function as one or more components described above (in other words, a program
causing a processor to perform operations of one or more components described
above) and perform the program. As another example, a program causing a
processor to function as one or more components described above may be installed in
the smartphone 900 and the radio communication interface 912 (for example, the BB
processor 913), the processor 901 and/or the auxiliary controller 919 may execute the
program. As described above, the smartphone 900, the base station apparatus 820,
or the module may be provided as a device including one or more components
described above, and a program causing a processor to function as one or more
components described above may be provided. Further, a readable recording
medium having a program recorded therein may be provided.

[0296]

Furthermore, for example, in the smartphone 900 illustrated in FIG. 39, the
radio communication unit 220 described by using FIG. 6 may be implemented by the
radio communication interface 912 (e.g., the RF circuit 914). In addition, the
antenna unit 210 may be implemented by the antenna 916. Further, the storage unit
230 may be mounted in the memory 902.

[0297]
(Second application example)

FIG. 40 is a block diagram illustrating an example of a schematic
configuration of a car navigation apparatus 920 to which the technology of an
embodiment of the present disclosure may be applied. The car navigation apparatus
920 includes a processor 921, a memory 922, a global positioning system (GPS)
module 924, a sensor 925, a data interface 926, a content player 927, a storage
medium interface 928, an input device 929, a display device 930, a speaker 931, a

radio communication interface 933, one or more antenna switches 936, one or more
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antennas 937, and a battery 938.
[0298]

The processor 921 may be, for example, a CPU or a SoC, and controls a
navigation function and another function of the car navigation apparatus 920. The
memory 922 includes RAM and ROM, and stores a program that is executed by the
processor 921, and data.

[0299]

The GPS module 924 uses GPS signals received from a GPS satellite to
measure a position (such as latitude, longitude, and altitude) of the car navigation
apparatus 920. The sensor 925 may include a group of sensors such as a gyro
sensor, a geomagnetic sensor, and a sensor. The data interface 926 is connected to,
for example, an in-vehicle network 941 via a terminal that is not shown, and acquires
data generated by the vehicle, such as vehicle speed data.

[0300]

The content player 927 reproduces content stored in a storage medium (such
as a CD and a DVD) that is inserted into the storage medium interface 928. The
input device 929 includes, for example, a touch sensor configured to detect touch
onto a screen of the display device 930, a button, or a switch, and receives an
operation or an information input from a user. The display device 930 includes a
screen such as a LCD or an OLED display, and displays an image of the navigation
function or content that is reproduced. The speaker 931 outputs sounds of the
navigation function or the content that is reproduced.

[0301]

The radio communication interface 933 supports any cellular
communication scheme such as LET and LTE-Advanced, and performs radio
communication. The radio communication interface 933 may typically include, for
example, a BB processor 934 and an RF circuit 935. The BB processor 934 may
perform, for example, encoding/decoding, modulating/demodulating, and
multiplexing/demultiplexing, and performs various types of signal processing for
radio communication. Meanwhile, the RF circuit 935 may include, for example, a

mixer, a filter, and an amplifier, and transmits and receives radio signals via the
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antenna 937. The radio communication interface 933 may be a one chip module
having the BB processor 934 and the RF circuit 935 integrated thereon. The radio
communication interface 933 may include the multiple BB processors 934 and the
multiple RF circuits 935, as illustrated in FIG. 40. Although FIG. 40 illustrates the
example in which the radio communication interface 933 includes the multiple BB
processors 934 and the multiple RF circuits 935, the radio communication interface
933 may also include a single BB processor 934 or a single RF circuit 935.

[0302]

Furthermore, in addition to a cellular communication scheme, the radio
communication interface 933 may support another type of radio communication
scheme such as a short-distance wireless communication scheme, a near field
communication scheme, and a radio LAN scheme. In that case, the radio
communication interface 933 may include the BB processor 934 and the RF circuit
935 for each radio communication scheme.

[0303]

Each of the antenna switches 936 switches connection destinations of the
antennas 937 among multiple circuits (such as circuits for different radio
communication schemes) included in the radio communication interface 933.

[0304]

Each of the antennas 937 includes a single or multiple antenna elements
(such as multiple antenna elements included in an MIMO antenna), and is used for
the radio communication interface 933 to transmit and receive radio signals. The
car navigation apparatus 920 may include the multiple antennas 937, as illustrated in
FIG. 40. Although FIG. 40 illustrates the example in which the car navigation
apparatus 920 includes the multiple antennas 937, the car navigation apparatus 920
may also include a single antenna 937.

[0305]

Furthermore, the car navigation apparatus 920 may include the antenna 937
for each radio communication scheme. In that case, the antenna switches 936 may
be omitted from the configuration of the car navigation apparatus 920.

[0306]
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The battery 938 supplies power to blocks of the car navigation apparatus
920 illustrated in FIG. 40 via feeder lines that are partially shown as dashed lines in
the figure. The battery 938 accumulates power supplied from the vehicle.

[0307]

In the car navigation apparatus 920 illustrated in FIG. 40, one or more
components (reception processing unit 241) included in the terminal device 200
described with reference to FIG. 6 may be implemented in the radio communication
interface 933. Alternatively, at least some of the components may be implemented
in the processor 921. As an example, the car navigation apparatus 920 may include
a module that includes a part (for example, the BB processor 934) or all of the radio
communication interface 933, and/or the processor 921, and one or more components
described above may be mounted in the module. In this case, the module may store
a program causing a processor to function as one or more components described
above (in other words, a program causing a processor to perform operations of one or
more components described above) and perform the program. As another example,
a program causing a processor to function as one or more components described
above may be installed in the car navigation apparatus 920 and the radio
communication interface 933 (for example, the BB processor 934), and/or the
processor 921 may execute the program. As described above, the car navigation
apparatus 920, the base station apparatus 820, or the module may be provided as a
device including one or more components described above, and a program causing a
processor to function as one or more components described above may be provided.
Further, a readable recording medium having a program recorded therein may be
provided.

[0308]

Furthermore, for example, in the car navigation apparatus 920 illustrated in
FIG. 40, the radio communication unit 220 described by using FIG. 6 may be
implemented by the radio communication interface 933 (e.g., the RF circuit 935).
In addition, the antenna unit 210 may be implemented by the antenna 937. Further,
the storage unit 230 may be mounted in the memory 922.

[0309]
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The technology of an embodiment of the present disclosure may also be
realized as an in-vehicle system (or a vehicle) 940 including one or more blocks of
the car navigation apparatus 920, the in-vehicle network 941, and a vehicle module
942. That is, the in-vehicle system (or a vehicle) 940 may be provided as an
apparatus including the reception processing unit 241. The vehicle module 942
generates vehicle data such as vehicle speed, engine speed, and trouble information,
and outputs the generated data to the in-vehicle network 941.

[0310]
<<6. Conclusion>>

The exemplary embodiments of the present disclosure have been described
in detail with reference to FIGS. 1 to 40. As described above, the transmission
device according to the present embodiment variably sets at least one of the intervals
of the subcarriers and the time lengths of the subsymbols included in the unit
resources configured with one or more subcarriers or one or more subsymbols and
performs filtering for each subcarrier. In other words, the transmission device
according to the present embodiment can variably set at least one of the subcarrier
interval and the subsymbol time length in the network supporting GFDM.
Therefore, when introducing GFDM, the system 1 can accommodate the legacy
terminals not supporting GFDM in addition to the terminals supporting GFDM.
[0311]

The preferred embodiment(s) of the present disclosure has/have been
described above with reference to the accompanying drawings, whilst the present
disclosure is not limited to the above examples. A person skilled in the art may find
various alterations and modifications within the scope of the appended claims, and it
should be understood that they will naturally come under the technical scope of the
present disclosure.

[0312]

Further, in this specification, the processes described with reference to the
flowcharts and the sequence diagrams need not be necessarily performed in the
illustrated order. Some process steps may be performed in parallel. Further,

additional process steps may be employed, or some process steps may be omitted.
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[0313]

Further, the effects described in this specification are merely illustrative or
exemplified effects, and are not limitative. That is, with or in the place of the above
effects, the technology according to the present disclosure may achieve other effects
that are clear to those skilled in the art from the description of this specification.
[0314]

Additionally, the present technology may also be configured as below.

(1

A device, including:

a setting unit configured to variably set at least one of an interval between
subcarriers and a time length of a subsymbol included in a unit resource constituted
by one or more subcarriers or one or more subsymbols; and

a transmission processing unit configured to perform filtering for every
predetermined number of subcarriers.

(2)

The device according to (1),

wherein the transmission processing unit performs the filtering on the basis
of a setting configured by the setting unit.

3)

The device according to (2),

wherein the transmission processing unit variably sets a bandwidth of a
filter on the basis of the set interval between the subcarriers.

4

The device according to (2) or (3),

wherein the transmission processing unit applies a filter in which a filter
coefficient with a sharp band limitation characteristic is set to a subcarrier having a
small interval, and applies a filter in which a filter coefficient with a gentle band
limitation characteristic is set to a subcarrier having a large interval.
®)

The device according to (4),

wherein the filter coefficient with the sharp band limitation characteristic is
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a filter coefficient corresponding to a raised-cosine filter, and the filter coefficient
with the gentle band limitation characteristic is a filter coefficient corresponding to a
root-raised-cosine filter.
(6)

The device according to (4) or (5),

wherein the filter coefficient with the sharp band limitation characteristic
has a small roll-off factor, and the filter coefficient with the gentle band limitation
characteristic has a large roll-off factor.
(7

The device according to any one of (2) to (6),

wherein the transmission processing unit applies a filter according to an
interference cancellation capability of a reception device serving as a transmission
target.
8)

The device according to any one of (1) to (7),

wherein the setting unit sets the intervals between the subcarriers and the
time lengths of the subsymbols to be the same within the unit resources.
©)

The device according to any one of (1) to (8),

wherein the transmission processing unit adds a cyclic prefix of a same time
length to one or more of the unit resources serving as addition targets.
(10)

The device according to any one of (1) to (9),

wherein values of products of the number of subcarriers and the number of
subsymbols are the same in the unit resources that are different from each other.
(11

The device according to any one of (1) to (10),

wherein the setting unit sets an integer multiple of a minimum settable value
as the time length of the subsymbol.
(12)

The device according to any one of (1) to (11),
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wherein the setting unit sets a value by which a time length of the unit
resource is divisible as the time length of the subsymbol.
(13)

The device according to any one of (1) to (12),

wherein the setting unit sets an integer multiple of a minimum settable value
as the interval between the subcarriers.
(14)

The device according to any one of (1) to (13),

wherein the setting unit sets a value by which a bandwidth of the unit
resources is divisible as the interval between the subcarriers.
(15)

The device according to any one of (1) to (14),

wherein the transmission processing unit performs over-sampling for each
subcarrier at a stage prior to the filtering.
(16)

The device according to (15),

wherein the transmission processing unit performs frequency conversion on
a signal of a time domain of a processing target at a stage prior to the over-
sampling.
(17)

The device according to any one of (1) to (16),

wherein the setting unit sets at least one of the number of subcarriers and the
number of subsymbols to be odd.
(18)

The device according to any one of (1) to (17),

wherein the predetermined number is 1.
(19)

The device according to any one of (1) to (18),

wherein the predetermined number is the number of subcarriers included in
the unit resource.

(20)
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The device according to at least any one of (1) to (20),

wherein the setting unit sets at least one of the interval between the
subcarriers and the time length of the subsymbol in accordance with a moving speed
of a reception device.
(2D

The device according to (1),

wherein the setting unit limits the number of parameter candidates settable
by a terminal device in a plurality of the unit resources on a same time resource to a

predetermined number.

(22)

The device according to (21),

wherein the plurality of unit resources are included in one frequency
channel.
(23)

The device according to (21),

wherein the plurality of unit resources are included in a plurality of
frequency channels.
(24)

The device according to any one of (21) to (23),

wherein the number of parameter candidates is limited to the predetermined
number in a plurality of frequency channels, and the number of parameter candidates
is limited to the predetermined number minus one in one frequency channel.
(25)

The device according to any one of (21) to (23),

wherein the predetermined number is one.
(26)

The device according to any one of (21) to (25),

wherein information indicating a set parameter is included in control
information and reported to the terminal device.
27)

The device according to (26),
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wherein the information indicating the set parameter is included in the
control information and reported to the terminal device when the set parameter is
different from a default parameter.
(28)

The device according to (27),

wherein the default parameter is a parameter that is neither a minimum

possible value nor a maximum possible value.

(29)
The device according to any one of (26) to (28),
wherein the control information is transmitted for each subframe.
(30)
The device according to any one of (26) to (28),
wherein the control information is transmitted at one or more scheduling
unit times.
(3D

The device according to any one of (26) to (30),

wherein the parameter includes at least one of the interval between the
subcarriers, the time length of the subsymbol, a TTI length, and a CP length.

(32)

The device according to any one of (21) to (31),

wherein the terminal device transmits information indicating a capability to
a base station.

(33)

A device, including:

a setting unit configured to set a non-use frequency domain in a unit
resource constituted by one or more subcarriers or one or more subsymbols and
variably set at least one of an interval between the subcarriers or a time length of the
subsymbol in use frequency domains other than the non-use frequency domain.

(34)
The device according to (33),

wherein the setting unit variably sets at least one of the interval between the



10

15

20

25

30

94

subcarriers or the time length of the subsymbol included in the unit resource, and
switches whether or not to set the non-use frequency domain in accordance with
whether or not the intervals between the subcarriers or the time lengths of
subsymbols in a plurality of the unit resources on a same time resource are the same.
(35)

The device according to (34),

wherein the setting unit variably sets at least one of the interval between the
subcarriers or the time length of the subsymbol included in the unit resource, and sets
the non-use frequency domain when the intervals between the subcarriers or the time
lengths of the subsymbols in the plurality of unit resources on the same time resource

are different.

(36)

The device according to (34) or (35),

wherein the plurality of unit resources are included in one frequency
channel.
(37)

The device according to (34) or (35),

wherein the plurality of unit resources are included in a plurality of
frequency channels.
(38)

The device according to any one of (34) to (34),

wherein respective bandwidths of the plurality of unit resources are the
same on a same time resource.
(39)

The device according to any one of (33) to (38),

wherein the unit resource is a resource block.
(40)

The device according to any one of (33) to (39),

wherein the setting unit sets an interval between subcarriers included in the
unit resource in which the non-use domain is set to be equal to or less than an

interval between subcarriers included in the unit resource in which the non-use
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domain is not set.
(41)

The device according to (33) to (40),

wherein the setting unit sets the number of subcarriers included in the unit
resource in which the non-use domain is set to be equal to or less than the number of
subcarriers included in the unit resource in which the non-use domain is not set.
(42)

The device according to any one of (33) to (41),

wherein when the number of subcarriers included in the unit resource in
which the non-use domain is set is odd, the setting unit sets a center frequency of at
least one of the subcarriers included in the unit resource to be identical or
substantially identical to a center frequency of the unit resource.
(43)

The device according to any one of (33) to (42),

wherein when the number of subcarriers included in the unit resource in
which the non-use domain is set is even, the setting unit sets a center frequency of
none of the subcarriers included in the unit resource is identical or substantially
identical to a center frequency of the unit resource.
(44)

The device according to any one of (33) to (43),

wherein the setting unit sets the non-use frequency domain at both ends of
the unit resource in a frequency direction.
(45)

The device according to any one of (33) to (44),

wherein the setting unit sets bandwidths of two non-use frequency domains
set at both ends of the unit resource in a frequency direction to be the same.
(46)

The device according to any one of (33) to (45), further including,

a transmission processing unit configured to include information indicating
content of a setting configured by the setting unit in control information and transmit

the control information.
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(47)

A method, including:

variably setting at least one of an interval between subcarriers and a time
length of a subsymbol included in a unit resource constituted by one or more
subcarriers or one or more subsymbols; and

performing, by a processor, filtering for every predetermined number of
subcarriers.

(48)

A program causing a computer to function as:

a setting unit configured to variably set at least one of an interval between
subcarriers and a time length of a subsymbol included in a unit resource constituted
by one or more subcarriers or one or more subsymbols; and

a transmission processing unit configured to perform filtering for every

predetermined number of subcarriers.

Reference Signs List
[0315]
1 system 1

100 base station

110 antenna unit

120 radio communication unit
130 network communication unit
140 storage unit

150 processing unit

151 setting unit

153 transmission processing unit
200 terminal device

210 antenna unit

220 radio communication unit

230 storage unit

240 processing unit



241

reception processing unit
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CLAIMS
Claim 1

A device, comprising:

a setting unit configured to variably set at least one of an interval between
subcarriers and a time length of a subsymbol included in a unit resource constituted
by one or more subcarriers or one or more subsymbols; and

a transmission processing unit configured to perform filtering for every

predetermined number of subcarriers.

Claim 2
The device according to claim 1,
wherein the transmission processing unit performs the filtering on the basis

of a setting configured by the setting unit.

Claim 3
The device according to claim 2,
wherein the transmission processing unit variably sets a bandwidth of a

filter on the basis of the set interval between the subcarriers.

Claim 4

The device according to claim 2,

wherein the transmission processing unit applies a filter in which a filter
coefficient with a sharp band limitation characteristic is set to a subcarrier having a
small interval, and applies a filter in which a filter coefficient with a gentle band

limitation characteristic is set to a subcarrier having a large interval.

Claim 5

The device according to claim 4,

wherein the filter coefficient with the sharp band limitation characteristic is
a filter coefficient corresponding to a raised-cosine filter, and the filter coefficient

with the gentle band limitation characteristic is a filter coefficient corresponding to a
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root-raised-cosine filter.

Claim 6

The device according to claim 4,

wherein the filter coefficient with the sharp band limitation characteristic
has a small roll-off factor, and the filter coefficient with the gentle band limitation

characteristic has a large roll-off factor.

Claim 7

The device according to claim 2,

wherein the transmission processing unit applies a filter according to an
interference cancellation capability of a reception device serving as a transmission

target.

Claim 8
The device according to claim 1,
wherein the setting unit sets the intervals between the subcarriers and the

time lengths of the subsymbols to be the same within the unit resources.

Claim 9
The device according to claim 1,
wherein the transmission processing unit adds a cyclic prefix of a same time

length to one or more of the unit resources serving as addition targets.

Claim 10
The device according to claim 1,
wherein values of products of the number of subcarriers and the number of

subsymbols are the same in the unit resources that are different from each other.

Claim 11

The device according to claim 1,
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wherein the setting unit sets an integer multiple of a minimum settable value

as the time length of the subsymbol.

Claim 12
The device according to claim 1,
wherein the setting unit sets a value by which a time length of the unit

resource is divisible as the time length of the subsymbol.

Claim 13
The device according to claim 1,
wherein the setting unit sets an integer multiple of a minimum settable value

as the interval between the subcarriers.

Claim 14
The device according to claim 1,
wherein the setting unit sets a value by which a bandwidth of the unit

resources is divisible as the interval between the subcarriers.

Claim 15
The device according to claim 1,
wherein the transmission processing unit performs over-sampling for each

subcarrier at a stage prior to the filtering.

Claim 16

The device according to claim 15,

wherein the transmission processing unit performs frequency conversion on
a signal of a time domain of a processing target at a stage prior to the over-

sampling.

Claim 17

The device according to claim 1,
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wherein the setting unit sets at least one of the number of subcarriers and the

number of subsymbols to be odd.

Claim 18
The device according to claim 1,

wherein the predetermined number is 1.

Claim 19
The device according to claim 1,
wherein the predetermined number is the number of subcarriers included in

the unit resource.

Claim 20

The device according to claim 1,

wherein the setting unit sets at least one of the interval between the
subcarriers and the time length of the subsymbol in accordance with a moving speed

of a reception device.

Claim 21

The device according to claim 1,

wherein the setting unit limits the number of parameter candidates settable
by a terminal device in a plurality of the unit resources on a same time resource to a

predetermined number.

Claim 22
The device according to claim 21,
wherein the plurality of unit resources are included in one frequency

channel.

Claim 23

The device according to claim 21,
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wherein the plurality of unit resources are included in a plurality of

frequency channels.

Claim 24

The device according to claim 21,

wherein the number of parameter candidates is limited to the predetermined
number in a plurality of frequency channels, and the number of parameter candidates

is limited to the predetermined number minus one in one frequency channel.

Claim 25
The device according to claim 21,

wherein the predetermined number is one.

Claim 26
The device according to claim 21,
wherein information indicating a set parameter is included in control

information and reported to the terminal device.

Claim 27

The device according to claim 26,

wherein the information indicating the set parameter is included in the
control information and reported to the terminal device when the set parameter is

different from a default parameter.

Claim 28
The device according to claim 27,
wherein the default parameter is a parameter that is neither a minimum

possible value nor a maximum possible value.

Claim 29

The device according to claim 26,
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wherein the control information is transmitted for each subframe.

Claim 30
The device according to claim 26,
wherein the control information is transmitted at one or more scheduling

unit times.

Claim 31
The device according to claim 26,
wherein the parameter includes at least one of the interval between the

subcarriers, the time length of the subsymbol, a TTI length, and a CP length.

Claim 32
The device according to claim 21,
wherein the terminal device transmits information indicating a capability to

a base station.

Claim 33

A device, comprising:

a setting unit configured to set a non-use frequency domain in a unit
resource constituted by one or more subcarriers or one or more subsymbols and
variably set at least one of an interval between the subcarriers or a time length of the

subsymbol in use frequency domains other than the non-use frequency domain.

Claim 34

The device according to claim 33,

wherein the setting unit variably sets at least one of the interval between the
subcarriers or the time length of the subsymbol included in the unit resource, and
switches whether or not to set the non-use frequency domain in accordance with
whether or not the intervals between the subcarriers or the time lengths of

subsymbols in a plurality of the unit resources on a same time resource are the same.
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Claim 35

The device according to claim 34,

wherein the setting unit sets the non-use frequency domain when the
intervals between the subcarriers or the time lengths of the subsymbols in the

plurality of unit resources on the same time resource are different.

Claim 36
The device according to claim 34,
wherein the plurality of unit resources are included in one frequency

channel.

Claim 37
The device according to claim 34,
wherein the plurality of unit resources are included in a plurality of

frequency channels.

Claim 38
The device according to claim 34,
wherein respective bandwidths of the plurality of unit resources are the

same on a same time resource.

Claim 39
The device according to claim 33,

wherein a frequency resource of the unit resource is a resource block.

Claim 40

The device according to claim 33,

wherein the setting unit sets an interval between subcarriers included in the
unit resource in which the non-use domain is set to be equal to or less than an

interval between subcarriers included in the unit resource in which the non-use
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domain is not set.

Claim 41

The device according to claim 33,

wherein the setting unit sets the number of subcarriers included in the unit
resource in which the non-use domain is set to be equal to or less than the number of

subcarriers included in the unit resource in which the non-use domain is not set.

Claim 42

The device according to claim 33,

wherein when the number of subcarriers included in the unit resource in
which the non-use domain is set is odd, the setting unit sets a center frequency of at
least one of the subcarriers included in the unit resource to be identical or

substantially identical to a center frequency of the unit resource.

Claim 43

The device according to claim 33,

wherein when the number of subcarriers included in the unit resource in
which the non-use domain is set is even, the setting unit sets a center frequency of
none of the subcarriers included in the unit resource is identical or substantially

identical to a center frequency of the unit resource.

Claim 44
The device according to claim 33,
wherein the setting unit sets the non-use frequency domain at both ends of

the unit resource in a frequency direction.

Claim 45
The device according to claim 33,
wherein the setting unit sets bandwidths of two non-use frequency domains

set at both ends of the unit resource in a frequency direction to be the same.
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Claim 46

The device according to claim 33, further comprising,

a transmission processing unit configured to include information indicating
content of a setting configured by the setting unit in control information and transmit

the control information.

Claim 47

A method, comprising:

variably setting at least one of an interval between subcarriers and a time
length of a subsymbol included in a unit resource constituted by one or more
subcarriers or one or more subsymbols; and

performing, by a processor, filtering for every predetermined number of

subcarriers.

Claim 48

A program causing a computer to function as:

a setting unit configured to variably set at least one of an interval between
subcarriers and a time length of a subsymbol included in a unit resource constituted
by one or more subcarriers or one or more subsymbols; and

a transmission processing unit configured to perform filtering for every

predetermined number of subcarriers.



