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(57) ABSTRACT

[Object] To make it possible to suppress deterioration of
communication quality of a terminal device while reducing
interference from a small cell.

[Solution] There is provided a device including: an acquir-
ing unit configured to acquire information about a plurality
of small cells; and a control unit configured to assign blank
subframes in which no signal is transmitted and received to
each of the plurality of small cells. The control unit assigns
the same subframes to one or more small cells that are a part
of the plurality of small cells as the blank subframes and
does not assign the same subframes to the remaining small
cells among the plurality of small cells as the blank sub-
frames.
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DEVICE AND METHOD FOR ASSIGNING
SUBFRAMES AS BLANK SUBFRAMES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of U.S.
application Ser. No. 15/303,443, filed Oct. 11, 2016, which
is based on PCT filing PCT/JP2015/056429, filed Mar. 4,
2015, which claims priority to JP 2014-104238, filed May
20, 2014, the entire contents of each are incorporated herein
by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a device.
BACKGROUND ART
[0003] Currently, in cellular systems, a small cell on/off

technology is being focused on. Through the small cell
on/off technology, an on/off state of a small cell is adaptively
switched and thus it is possible to reduce interference with
a neighbor cell of the small cell. Various technologies for
switching the on/off state of a small cell are proposed.
[0004] Forexample, in Patent Literature 1, a technology in
which transmission power is controlled in an environment in
which the on/off state of a small cell is switched and thus
coverage is ensured is disclosed.

CITATION LIST

Patent Literature

[0005] Patent Literature 1 JP 2012-231366A
SUMMARY OF INVENTION
Technical Problem
[0006] However, there is a possibility of communication

quality of a terminal device deteriorating when a small cell
is switched to an off state. For example, when a small cell
positioned at a cell edge of a macro cell is switched to the
off state and a terminal device that was performing com-
munication in the small cell performs communication in the
macro cell, communication quality of the terminal device
may significantly deteriorate. That is, there is a possibility of
a coverage hole being generated when a small cell is
switched to the off state.

[0007] Therefore, it is preferable to provide a mechanism
through which it is possible to suppress deterioration of
communication quality of a terminal device while reducing
interference from a small cell.

Solution to Problem

[0008] According to the present disclosure, there is pro-
vided a device including: an acquiring unit configured to
acquire information about a plurality of small cells; and a
control unit configured to assign blank subframes in which
no signal is transmitted and received to each of the plurality
of small cells. The control unit assigns the same subframes
to one or more small cells that are a part of the plurality of
small cells as the blank subframes and does not assign the
same subframes to the remaining small cells among the
plurality of small cells as the blank subframes.

Feb. 20, 2020

[0009] According to the present disclosure, there is pro-
vided a device including: an acquiring unit configured to
acquire information indicating decision of switching of a
small cell from an on state to an off state; and a control unit
configured to request that the switching be canceled.
[0010] According to the present disclosure, there is pro-
vided a device including: a control unit configured to decide
to switch a small cell from an on state to an off state; and an
acquiring unit configured to acquire a request that the
switching be canceled. The control unit cancels the switch-
ing in response to the request.

Advantageous Effects of Invention

[0011] According to the present disclosure described
above, it is possible to suppress deterioration of communi-
cation quality of a terminal device while reducing interfer-
ence from a small cell. 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.

BRIEF DESCRIPTION OF DRAWINGS

[0012] FIG. 1 is an explanatory diagram for describing an
example of a small cell.

[0013] FIG. 2 is an explanatory diagram for describing an
example of a small cell cluster.

[0014] FIG. 3 is a sequence diagram illustrating an
example of a schematic flow of an on/off process of a small
cell.

[0015] FIG. 4 is a sequence diagram illustrating an
example of a schematic flow of an on/off process of a small
cell when a DRS is used.

[0016] FIG. 5 is an explanatory diagram for describing an
example of a measurement gap.

[0017] FIG. 6 is an explanatory diagram for describing a
first scenario of carrier aggregation (CA).

[0018] FIG. 7 is an explanatory diagram for describing a
second scenario of carrier aggregation (CA).

[0019] FIG. 8 is an explanatory diagram for describing a
third scenario of carrier aggregation (CA).

[0020] FIG. 9 is an explanatory diagram for describing an
example of an on/off state of a small cell.

[0021] FIG. 10 is an explanatory diagram illustrating an
example of a schematic configuration of a communication
system according to a first embodiment.

[0022] FIG. 11 is a block diagram illustrating an example
of a configuration of a control entity according to the first
embodiment.

[0023] FIG. 12 is an explanatory diagram for describing a
first example of assigning blank subframes.

[0024] FIG. 13 is an explanatory diagram for describing a
second example of assigning blank subframes.

[0025] FIG. 14 is an explanatory diagram for describing a
third example of assigning blank subframes.

[0026] FIG. 15 is an explanatory diagram for describing a
fourth example of assigning blank subframes.

[0027] FIG. 16 is a sequence diagram illustrating an
example of a schematic flow of a process according to the
first embodiment.

[0028] FIG. 17 is an explanatory diagram illustrating an
example of a schematic configuration of a communication
system according to a second embodiment.
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[0029] FIG. 18 is a block diagram illustrating an example
of a configuration of a terminal device according to a second
embodiment.

[0030] FIG. 19 is a block diagram illustrating an example
of a configuration of a control entity according to the second
embodiment.

[0031] FIG. 20 is a sequence diagram illustrating an
example of a schematic flow of a process according to the
second embodiment.

[0032] FIG. 21 is a sequence diagram illustrating an
example of a schematic flow of a cancellation determining
process according to the second embodiment.

[0033] FIG. 22 is a block diagram illustrating an example
of a schematic configuration of a server.

[0034] FIG. 23 is a block diagram illustrating a first
example of a schematic configuration of an eNB.

[0035] FIG. 24 is a block diagram illustrating a second
example of the schematic configuration of the eNB.
[0036] FIG. 25 is a block diagram illustrating an example
of a schematic configuration of a smartphone.

[0037] FIG. 26 is a block diagram illustrating an example
of a schematic configuration of a car navigation apparatus.

DESCRIPTION OF EMBODIMENT(S)

[0038] 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
drawings, elements that have substantially the same function
and structure are denoted with the same reference signs, and
repeated explanation is omitted.

[0039] In this specification and the appended claims, ele-
ments having substantially the same function and structure
may in some cases be distinguished by different letters
appended to the same sign. For example, multiple elements
having substantially the same function and structure are
distinguished as small base stations 15A, 15B and 15C as
necessary. On the other hand, when none of the multiple
elements having substantially the same function and struc-
ture is particularly distinguished, only the same sign will be
given. For example, the small base stations 15A, 15B and
15C will be simply designated as the small base station 15
when not particularly distinguished.

[0040] The description will proceed in the following order.
[0041] 1. Introduction

[0042] 1.1. Related technology

[0043] 1.2. Problems related to switching of on/off state of
small cell

[0044] 2. Schematic configuration of communication sys-

tem according to present embodiment

[0045] 3. First embodiment

[0046] 3.1. Configuration of communication system
[0047] 3.2. Configuration of control entity

[0048] 3.3. Process flow

[0049] 4. Second embodiment

[0050] 4.1. Configuration of communication system
[0051] 4.2. Configuration of terminal device

[0052] 4.3. Configuration of control entity

[0053] 4.4. Process flow

[0054] 5. Application examples

[0055] 5.1. Application examples for control entity
[0056] 5.2. Application examples for terminal device
[0057] 6. Conclusion

Feb. 20, 2020

1. INTRODUCTION

[0058] First, a technology related to an embodiment of the
present disclosure and problems related to switching of an
on/off state of a small cell will be described with reference
to FIG. 1 to FIG. 9.

<1.1. Related Technology>

[0059] A technology related to an embodiment of the
present disclosure will be described with reference to FIG.
1 to FIG. 8. Specifically, a small cell, a measurement and
carrier aggregation will be described.

(Small cell)

(a) Small Cell

[0060] A small cell is a cell smaller than a macro cell. For
example, the small cell partially or entirely overlaps the
macro cell. Hereinafter, an example of the small cell will be
described with reference to FIG. 1.

[0061] FIG. 1 is an explanatory diagram for describing an
example of a small cell. Referring to FIG. 1, a macro base
station 11, a macro cell 13, a small base station 15 and a
small cell 17 are shown. The macro base station 11 is a base
station of the macro cell 13. The small base station 15 is a
base station of the small cell 17. In other words, the macro
cell 13 is a coverage area of the macro base station 11 (that
is, a communication area), and the small cell 17 is a
coverage area of the small base station 15 (that is, a
communication area).

[0062] A base station of LTE is referred to as an evolved
node B (eNB). Here, a macro base station of LTE is referred
to as a macro eNB, and a small base station of LTE is
referred to as a small eNB. In addition, a terminal device of
LTE is referred to as user equipment (UE).

(b) Small Cell Cluster

[0063] Small cells arranged at a high density form a small
cell cluster. Hereinafter, an example of the small cell cluster
will be described with reference to FIG. 2.

[0064] FIG. 2 is an explanatory diagram for describing an
example of a small cell cluster. Referring to FIG. 2, the
macro base station 11, the macro cell 13 and the small cell
17 are shown. For example, small cells 17 arranged at a high
density form a small cell cluster 19.

(c) Small Cell On/Off

[0065] Ina case in which small cells are arranged at a high
density, inter-cell interference causes a serious problem. In
general, the small base station transmits a cell-specific
reference signal (CRS) regardless of the presence or absence
of traffic of the small cell. In the case in which small cells
are arranged at a high density, it is known that a CRS causes
large interference in a neighbor cell. Therefore, various
technologies for reducing interference are being studied.

[0066] As a technology for reducing such inter-cell inter-
ference, a small cell on/off technology has currently been
focused on. In the small cell on/off technology, an on/off
state of a small cell is adaptively switched, and thus it is
possible to suppress interference in a surrounding cell of the
small cell. While a trigger for switching an on/off state of the
small cell has not yet been specifically decided, a trigger for
switching based on, for example, a traffic amount, associa-
tion of a terminal device, or arrival of a packet is being
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studied. Hereinafter, an example of a small cell on/off
procedure will be described with reference to FIG. 3.

[0067] FIG. 3 is a sequence diagram illustrating an
example of a schematic flow of a small cell on/off process.
The small cell on/off process is a process that is disclosed in
R1-134318 of the Third Generation Partnership Project
(3GPP). When data to be transmitted is generated, the UE
transmits an uplink signal to a macro eNB of a macro cell
that is a serving cell (S1001). Then, the macro eNB searches
for a small eNB in an off state that is positioned around the
UE, and instructs the appropriate small eNB to switch to an
on state when there is an appropriate small eNB (S1003).
Then, the small eNB performs switching from the off state
to the on state (S1005). Then, the small eNB transmits
downlink signals such as a primary synchronization signal
(PSS), a secondary synchronization signal (SSS), a cell-
specific reference signal (CRS) and a physical broadcast
channel (PBCH) signal (S1007). In addition, the UE per-
forms a cell search and RRM measurement (S1009), and
performs measurement reporting to the macro eNB (S1011).
Then, a handover of the UE from the macro cell to the small
cell is performed (S1013). Then, the UE and the small eNB
perform an access procedure (S1015) and perform data
transmission (S1017).

[0068] According to the procedure shown in FIG. 3, it is
possible to switch an on/off state of a small cell. However,
according to the procedure, a transition time may become
relatively longer. That is, according to the procedure, a time
from when a terminal device attempts to transmit data until
the terminal device actually transmits the data may become
relatively longer. Therefore, large improvement of through-
put is difficult. In order to improve the transition time, while
the small cell is in the off state, a measurement process that
serves as a main delay factor is preferably performed by the
terminal device.

(d) Discovery Reference Signal

[0069] Introduction of a discovery reference signal (DRS)
is being studied in order to reduce the transition time. The
DRS enables measurement of a small cell in the off state.
The DRS is also referred to as a discovery signal (DS). A
small base station (for example, a small eNB) transmits a
DRS while a small cell (or a small base station) is in the off
state, and a terminal device (for example, UE) performs
measurement based on a DRS. Hereinafter, an example of a
small cell on/off procedure when a DRS is used will be
described with reference to FIG. 4.

[0070] FIG. 4 is a sequence diagram illustrating an
example of a schematic flow of a small cell on/off process
when a DRS is used. The small cell on/off process is a
process that is disclosed in R1-134318 of the 3GPP. A macro
eNB instructs a small eNB to transmit a DS (S1031), and the
small eNB transmits the DS in downlink (S1033). The UE
performs measurement based on the DS (S1035) and reports
a result of the measurement to the macro eNB (that is, an
eNB of a macro cell that is a serving cell) (§1037). The UE
and the small eNB perform data transmission through sub-
sequent procedures (S1041 to S1049) (S1051).

[0071] According to the procedure shown in FIG. 4, while
the small cell is in the off state, the terminal device can
perform measurement. Therefore, the transition time is
removed and throughput may be improved.
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[0072] As various technologies for reducing interference,
enhancement on a transmission side and a reception side
such as muting, multiple instance and interference cancel-
lation is also being studied.

(Measurement)

(a) CRS Measurement

[0073] In LTE, a terminal device performs measurement
based on a CRS transmitted by a base station. Specifically,
the terminal device receives a CRS transmitted by a base
station and thus performs measurement of quality of a
propagation path between the base station and the terminal
device. The measurement is referred to as “radio resource
management (RRM) measurement,” or is simply referred to
as “measurement.”

[0074] A result of the measurement is used to select a cell
for a terminal device. As a specific example, the result of the
measurement is used for cell selection/cell reselection by a
terminal device that is in a radio resource control (RRC) idle
(RRC Idle) state. In addition, for example, the result of the
measurement is reported to a base station by a terminal
device that is in an RRC connected state and is used for a
handover decision by the base station.

(b) RSRP and RSRQ

[0075] In LTE, CRS measurement is measurement of
reference signal received power (RSRP) and/or reference
signal received quality (RSRQ). In other words, a terminal
device acquires RSRP and/or RSRQ as a result of the
measurement of the CRS. The RSRQ is calculated from the
RSRP and a received signal strength indicator (RSSI).
[0076] The RSRP is received power of a CRS for each
single resource element. That is, the RSRP is an average
value of received power of the CRS. The received power of
the CRS is obtained by detecting a correlation between a
reception signal in a resource element of the CRS and a
known signal CRS. The RSRP corresponds to a desired
signal “Signal (S).”

[0077] The RSSI is total power of signals for each
Orthogonal Frequency Division Multiple Access (OFDMA)
symbol. Therefore, the RSSI includes a desired signal, an
interference signal and noise. That is, the RSSI corresponds
to “Signal (S)+Interference (I)+Noise (N).”

[0078] The RSRQ is RSRP/(RSRI/N). N denotes the num-
ber of resource blocks used for calculating an RSSI. The
resource blocks are resource blocks that are arranged in a
frequency direction. Therefore, the RSRQ is a value that is
obtained by dividing the RSRP using the RSRI for each
resource block. That is, the RSRQ corresponds to a signal-
to-interference-plus-noise ratio (SINR).

[0079] As described above, according to the measurement
of the CRS, received power (that is, RSRP) and received
quality (that is, RSRQ) such as an SINR are obtained.

(c) Measurement Timing

[0080] Measurement of a frequency band that a terminal
device uses is referred to as intra-frequency measurement.
Conversely, measurement of a frequency band that a termi-
nal device does not use is referred to as inter-frequency
measurement.

[0081] The terminal device can receive a CRS transmitted
in a frequency band that is used without switching a fre-
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quency of a radio frequency (RF) circuit. That is, it is
unnecessary to switch a frequency of the RF circuit for
intra-frequency measurement.

[0082] Conversely, in order for the terminal device to
receive a CRS transmitted in a frequency band that is not
used, it is necessary to switch a frequency of a radio
frequency (RF) circuit. That is, it is necessary to switch a
frequency of the RF circuit for inter-frequency measure-
ment. Therefore, a period called a measurement gap is used
for inter-frequency measurement.

[0083] During the measurement gap, the base station does
not transmit a downlink signal addressed to a terminal
device. In addition, the measurement gap is shared between
the base station and the terminal device. For example, the
base station transmits a message (for example, an RRC
connection reconfiguration message) including information
indicating a measurement gap to the terminal device. For
example, the measurement gap is indicated by a measure-
ment gap length (MGL), a measurement gap repetition
period (MGRP) and a gap offset. In addition, a combination
of the MGL and the MGRP is determined as, for example,
a gap pattern. Hereinafter, an example of the measurement
gap will be described with reference to FIG. 5.

[0084] FIG. 5 is an explanatory diagram for describing an
example of a measurement gap. FIG. 5 shows a matrix
including columns of radio frames whose SFNs are 0 to 9
and rows of 10 subframes (subframes whose subframe
numbers are 0 to 9) included in radio frames. In this
example, the MGL is 6 milliseconds (ms), the MGRP is 40
ms, and the gap offset is 0. Therefore, the measurement gap
has a length of 6 ms and appears every 40 ms. More
specifically, for example, six subframes whose subframe
numbers are 0 to 5 among radio frames whose SFNs are 0,
4 and 8 are the measurement gap. Inter-frequency measure-
ment is performed during the measurement gap.

(d) Measurement Reporting

[0085] The terminal device reports a measurement result
to the base station. The reporting is referred to as measure-
ment reporting.

[0086] The measurement reporting is periodic reporting or
event-triggered reporting. The periodic reporting is report-
ing that is performed at set periods. Conversely, the event-
triggered reporting is reporting that is performed when a
reporting event is generated. Reporting events Al to A5 are
events associated with a handover within a system, and
reporting events Bl to B2 are events associated with a
handover between systems.

TABLE 1
Event Type Description
Event Al Serving becomes better than threshold
Event A2 Serving becomes worse than threshold
Event A3 Neighbour becomes offset better than serving
Event A4 Neighbour becomes better than threshold
Event A5 Serving becomes worse than thresholdl and
neighbor becomes better than threshold2
Event Bl Inter RAT neighbour becomes better than threshold
(Carrier Aggregation)
[0087] Carrier aggregation (CA) is a technology through

which communication is performed using a plurality of
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component carriers (CCs) at the same time. The component
carrier is a frequency band having a maximum of a 20 MHz
bandwidth. The carrier aggregation includes three scenarios.
Hereinafter, three scenarios of the carrier aggregation will be
described with reference to FIG. 6 to FIG. 8.

[0088] FIG. 6 to FIG. 8 are explanatory diagrams for
describing first to third scenarios of carrier aggregation
(CA). As illustrated in FIG. 6, in the first scenario (intra-
band contiguous) of CA, the terminal device uses CCs
adjacent in the same operating. As illustrated in FIG. 7, in
the second scenario (intra-band non-contiguous) of CA, the
terminal device uses CCs that are not adjacent in the same
operating. As illustrated in FIG. 8, in the third scenario
(inter-band non-contiguous) of CA, the terminal device uses
CCs that are not adjacent in different operating.

<1.2. Problems Related to Switching of On/Off State of
Small Cell>

[0089] Next, problems related to switching of the on/off
state of a small cell will be described with reference to FIG.
9.

[0090] On/off state switching of a small cell is performed
based on, for example, a traffic load, a cell association of a
terminal device and/or a packet arrival. For example, when
there is a terminal device in the small cell, the small cell is
specifically switched to the on state and a base station of the
small cell communicates with the terminal device. Con-
versely, when there is no terminal device in the small cell,
the small cell is switched to the off state in order to reduce
unnecessary interference.

[0091] When the on/off state of the small cell is switched
according to the above-described criteria, although efficient
on/off state switching seems to be possible, this may not
necessarily be the case. For example, in a case in which
terminal devices are equally distributed at a low density
within a small cell cluster, the number of small cells that are
switched to the off state is small and interference is not
easily reduced. Hereinafter, this will be described with
reference to a specific example of FIG. 9.

[0092] FIG. 9 is an explanatory diagram for describing an
example of the on/off state of a small cell. Referring to FIG.
9, the macro base station 11, the macro cell 13, the small
base stations 15A to 15F, the small cells 17A to 17F and
terminal devices 21 A to 21F are shown. The small cells 17A
to 17C are included in a small cell cluster 19A. The small
cells 17D to 17F are included in a small cell cluster 19B. For
example, in the small cell cluster 19A, since the terminal
devices 21A to 21C are located in the small cells 17Ato 17C,
respectively, the small cells 17A to 17C are switched to the
on state. Therefore, in the small cell cluster 19A, interfer-
ence is not suppressed. On the other hand, in the small cell
cluster 19B, since the terminal devices 21D to 21F are
concentrated at the small cell 17F, the small cell 17F is
switched to the on state, and the small cells 17D and 17E are
switched to the off state. Therefore, in the small cell cluster
19B, interference is suppressed.

[0093] In the above-described case, for example, when the
terminal device is handed over to the macro cell, more small
cells can be switched to the off state. However, in such a
technique, for example, when a small cell positioned at a cell
edge of the macro cell is switched to the off state and the
terminal device that was performing communication in the
small cell performs communication in the macro cell, com-
munication quality of the terminal device may significantly
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deteriorate. That is, there is a possibility of a coverage hole
being generated when the small cell is switched to the off
state.

[0094] Therefore, it is preferable to provide a mechanism
through which it is possible to reduce interference from the
small cell and suppress deterioration of communication
quality of the terminal device.

3. FIRST EMBODIMENT

[0095] Next, a first embodiment of the present disclosure
will be described with reference to FIG. 10 to FIG. 16.

<3.1. Schematic Configuration of Communication System>

[0096] First, a schematic configuration of a communica-
tion system 1 according to the first embodiment will be
described with reference to FIG. 10. FIG. 10 is an explana-
tory diagram illustrating an example of a schematic con-
figuration of the communication system 1 according to the
first embodiment. As illustrated in FIG. 10, the communi-
cation system 1 includes a control entity 100 and a plurality
of small base stations 31. The communication system 1 is a
system supporting, for example, LTE, LTE-Advanced, or a
communication standard equivalent thereto.

[0097] The small base station 31 is a base station of a
small cell 33. For example, the small cell 33 is included in
a small cell cluster 35. For example, the small base station
31 wirelessly communicates with a terminal device. Spe-
cifically, for example, the small base station 31 transmits a
downlink signal to the terminal device and receives an
uplink signal from the terminal device.

[0098] The control entity 100 performs control of the
small cell 33. The control entity 100 is, for example, an
existing or new core network node. Alternatively, the control
entity 100 may be a base station.

[0099] Specifically, in the first embodiment, the control
entity 100 assigns blank subframes in which no signal is
transmitted and received to each of the plurality of small
cells 33. The control entity 100 assigns the same subframes
to one or more small cells 33 that are a part of the plurality
of small cells 33 as the blank subframes and does not assign
the same subframes to the remaining small cells 33 among
the plurality of small cells 33 as the blank subframes.
Accordingly, for example, it is possible to suppress deterio-
ration of communication quality of the terminal device while
reducing interference from a small cell.

<3.2. Configuration of Control Entity>

[0100] Next, an example of a configuration of the control
entity 100 according to the first embodiment will be
described with reference to FIG. 11 to FIG. 15. FIG. 11 is a
block diagram illustrating an example of a configuration of
the control entity 100 according to the first embodiment. As
illustrated in FIG. 11, the control entity 100 includes a
communication unit 110, a storage unit 120 and a processing
unit 130.

(Communication Unit 110)

[0101] The communication unit 110 transmits and
receives information. For example, the communication unit
110 transmits information to another node and receives
information from the other node. For example, the other
node includes a core network and a base station. As an
example, the other node includes the small base station 31.
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(Storage Unit 120)

[0102] The storage unit 120 temporarily or permanently
stores programs and data for operations of the control entity
100.

(Processing Unit 130)

[0103] The processing unit 130 provides various functions
of the control entity 100. The processing unit 130 includes
an information acquiring unit 131 and a control unit 133.
Alternatively, the processing unit 130 may further include a
component other than these components. That is, the pro-
cessing unit 130 may perform an operation other than
operations of these components.

(Information Acquiring Unit 131)

[0104] The information acquiring unit 131 acquires infor-
mation about the plurality of small cells 33 (hereinafter
referred to as “small cell information™).

(a) Small Cell Information

[0105] For example, the small cell information includes
identification information for identifying each of the small
cells 33. More specifically, for example, the identification
information is a cell ID of each of the small cells 33. For
example, cell IDs of the plurality of small cells 33 are stored
in the storage unit 120, and the information acquiring unit
131 acquires a cell ID from the storage unit 120.

[0106] For example, the small cell information includes
traffic amount information indicating an amount of traffic in
each of the plurality of small cells 33. For example, the small
base station 31 of each of the plurality of small cells 33
transmits traffic amount information indicating an amount of
traffic in the small cell 33 to the control entity 100, and the
traffic amount information is stored in the storage unit 120.
The information acquiring unit 131 acquires the traffic
amount information from the storage unit 120 at any timing
thereafter.

[0107] The small cell information is not limited to the
above-described example. As an example, the small cell
information may not include the traffic amount information.
As another example, the small cell information may further
include another piece of information.

(b) Plurality of Small Cells

[0108] Forexample, the plurality of small cells 33 are a set
of adjacent small cells 33. More specifically, for example,
the plurality of small cells 33 are small cells 33 that are
included in the same small cell cluster 35. The plurality of
small cells 33 may be all of the small cells 33 that are
included in the small cell cluster 35 or a part of the small
cells 33 that are included in the small cell cluster 35.
[0109] The plurality of small cells 33 may not be included
in the small cell cluster, but may be a simple set of small
cells.

(Control Unit 133)

[0110] The control unit 133 assigns blank subframes in
which no signal is transmitted and received to each of the
plurality of small cells 33. The control unit 133 assigns the
same subframes to one or more small cells 33 that are a part
of the plurality of small cells 33 as the blank subframes, and
does not assign the same subframes to the remaining small
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cells 33 among the plurality of small cells 33 as the blank
subframes. Accordingly, for example, interference from the
remaining small cells 33 to the one or more small cells 33
may be removed. In addition, when the small cells 33 are not
completely switched to the off state and do not transmit a
signal in a subframe unit, the terminal device can continue
communication in the small cell 33. Therefore, deterioration
of communication quality of the terminal device may be
suppressed.

(a) Amount of Blank Subframes Assigned to Small Cell

[0111] (a-1) Assignment Based on Amount of Traffic
[0112] For example, the control unit 133 assigns blank
subframes to each of the plurality of small cells 33 based on
an amount of traffic in each of the plurality of small cells 33.
[0113] More specifically, for example, the control unit 133
assigns fewer blank subframes to the first small cell 33
having a greater amount of traffic among the plurality of
small cells 33 and assigns more blank subframes to the
second small cell 33 having a smaller amount of traffic
among the plurality of small cells 33. Hereinafter, this will
be described with reference to a specific example of FIG. 12.
[0114] FIG. 12 is an explanatory diagram for describing a
first example of assigning blank subframes. As illustrated in
FIG. 12, one radio frame (10 subframes) and five small cells
33A to 33E are shown. For example, an amount of traffic in
the small cell 33B is greatest and an amount of traffic in the
small cell 33C is smallest. Therefore, for example, three
subframes (subframes 2 to 4) are assigned to the small cell
33B as blank subframes and one subframe (a subframe 5) is
assigned to the small cell 33C as a blank subframe. Two
subframes are assigned to each of the small cell 33A, the
small cell 33D and the small cell 33E as blank subframes.
[0115] Accordingly, for example, it is possible to use more
radio resources in the small cell 33 having a greater amount
of traffic. Therefore, it is possible to avoid generation of a
great amount of delay in the small cell 33 having a great
amount of traffic.

(a-2) Equal Assignment

[0116] The control unit 133 may equally assign blank
subframes to each of the plurality of small cells 33. Here-
inafter, this will be described with reference to a specific
example of FIG. 13.

[0117] FIG. 13 is an explanatory diagram for describing a
second example of assigning blank subframes. As illustrated
in FIG. 13, one radio frame (10 subframes) and five small
cells 33A to 33E are shown. For example, regardless of an
amount of traffic in each of the small cells 33A to 33E, two
subframes are assigned to each of the small cells 33A to 33E
as blank subframes.

[0118] Accordingly, for example, it is possible to assign
blank subframes without collecting information about the
small cell 33. That is, assigning blank subframes may be
performed more easily.

(b) Transmission of Signal in Same Subframes

[0119] (b-1) Case in which Transmission of Signal is
Possible in One Small Cell

[0120] For example, the control unit 133 assigns the same
subframes to small cells excluding one small cell among the
plurality of small cells as the blank subframes and does not
assign the same subframes to the one small cell as the blank
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subframes. That is, in the same subframes, a signal is
transmitted only in one small cell.

[0121] For example, referring again to FIG. 12, each
subframe is assigned only to one small cell 33. In addition,
referring again to FIG. 13, each subframe is assigned only to
one small cell 33.

[0122] Accordingly, for example, interference between the
plurality of small cells 33 may be removed.

(b-2) Case in which Transmission of Signal is Possible in
Two or More Small Cells

[0123] The control unit 133 assigns each of at least one
subframe to small cells excluding two or more small cells
among the plurality of small cells as the blank subframe, and
may not assign each of at least one subframe to the two or
more small cells as the blank subframe. That is, in at least
one subframe, a signal may be transmitted in two or more
small cells. Hereinafter, this will be described with reference
to a specific example of FIG. 14.

[0124] FIG. 14 is an explanatory diagram for describing a
third example of assigning blank subframes. As illustrated in
FIG. 14, one radio frame (10 subframes) and five small cells
33A to 33E are shown. For example, a subframe 2 is
assigned to two small cells (the small cells 33A and 33B) as
a blank subframe. In addition, a subframe 4 is assigned to
two small cells (the small cells 33B and 33C) as a blank
subframe. In addition, a subframe 5 is assigned to three
small cells (the small cells 33B, 33C and 33D) as a blank
subframe. A subframe 8 is assigned to two small cells (the
small cells 33D and 33E) as a blank subframe.

[0125] Accordingly, for example, more opportunities to
transmit a signal are provided in the individual small cell 33.
As a result, throughput may be improved.

(c) No Assignment of Specific Subframe

[0126] The control unit 133 may not assign a specific
subframe to any of the small cells 33 as the blank subframe.
[0127] For example, the specific subframe may be a sub-
frame in which a synchronization signal (SS) is transmitted.
Hereinafter, this will be described with reference to a
specific example of FIG. 15.

[0128] FIG. 15 is an explanatory diagram for describing a
fourth example of assigning blank subframes. As illustrated
in FIG. 15, one radio frame (10 subframes) and five small
cells 33A to 33E are shown. For example, since a synchro-
nization signal is transmitted in a subframe 0 and a subframe
5, the subframe 0 and the subframe 5 are not assigned to any
of the small cells 33 as blank subframes. On the other hand,
the other subframes are assigned as blank subframes.
[0129] Accordingly, for example, the terminal device can
be synchronized in the small cell 33.

[0130] For example, as described above, the control unit
133 assigns the blank subframes to each of the plurality of
small cells. For example, the control unit 133 notifies the
small base station 31 of each of the plurality of small cells
33 of the assigned blank subframes. Accordingly, the small
base station 31 may apply the assigned blank subframes. As
a result, interference between the small cells 33 may be
suppressed.

<3.3. Process Flow>

[0131] Next, an example of a process according to the first
embodiment will be described with reference to FIG. 16.
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[0132] FIG. 16 is a sequence diagram illustrating an
example of a schematic flow of a process according to the
first embodiment.

[0133] The small base station 31 transmits traffic amount
information indicating an amount of traffic in the small cell
33 to the control entity 100 (S201).

[0134] The control entity 100 (the control unit 133)
assigns blank subframes in which no signal is transmitted
and received to each of the plurality of small cells 33 (S203).
For example, the control entity 100 assigns the blank sub-
frames to each of the plurality of small cells 33 based on an
amount of traffic in each of the plurality of small cells 33.
[0135] The control entity 100 (the control unit 133) noti-
fies the small base station 31 of each of the plurality of small
cells 33 of the assigned blank subframes (S205).

[0136] The small base station 31 applies the assigned
blank subframes (S207). As a result, for example, the small
base station 31 does not transmit and receive a signal in the
assigned blank subframes.

[0137] The control entity 100 may perform the above
process, for example, for each set of a plurality of small
cells.

(Other Variations)

[0138] The control entity 100 may assign the blank sub-
frames to each of the plurality of small cells 33 regardless of
the amount of traffic. In this case, the traffic amount infor-
mation may not be transmitted to the control entity 100 by
the small base station 31. As an example, the control entity
100 may equally assign the blank subframes to each of the
plurality of small cells 33.

[0139] In addition, the small base station 31 may transmit
another piece of information to the control entity 100 instead
of the traffic amount information or along with the traffic
amount information. For example, the small base station 31
may transmit information indicating an association of the
terminal device and/or a packet arrival to the control entity
100.

[0140] In addition, the control entity 100 may decide to
switch the on/off state of the small cell.

4. SECOND EMBODIMENT

[0141] Next, a second embodiment of the present disclo-
sure will be described with reference to FIG. 17 to FIG. 21.

<4.1. Schematic Configuration of Communication System>

[0142] First, a schematic configuration of a communica-
tion system 2 according to the second embodiment will be
described with reference to FIG. 17. FIG. 17 is an explana-
tory diagram illustrating an example of a schematic con-
figuration of the communication system 2 according to the
second embodiment. As illustrated in FIG. 17, the commu-
nication system 2 includes a terminal device 300 and a
control entity 400.

[0143] The terminal device 300 wirelessly communicates
with a base station. For example, the terminal device 300
receives a downlink signal from the base station and trans-
mits an uplink signal to the base station.

[0144] The control entity 400 performs control of a small
cell. The control entity 400 is, for example, an existing or
new core network node. Alternatively, the control entity 400
may be the base station.
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[0145] Specifically, in the second embodiment, the control
entity 400 decides to switch the small cell from the on state
to the off state. The terminal device 300 acquires informa-
tion indicating the decision of switching the small cell from
the on state to the off state and requests that the switching be
canceled. The control entity 400 cancels the switching in
response to the request to cancel the switching. Accordingly,
for example, it is possible to suppress deterioration of
communication quality of the terminal device while reduc-
ing interference from the small cell.

<4.2. Configuration of Terminal Device>

[0146] Next, an example of a configuration of the terminal
device 300 according to the second embodiment will be
described with reference to FIG. 18. FIG. 18 is a block
diagram illustrating an example of a configuration of the
terminal device 300 according to the second embodiment.
As illustrated in FIG. 18, the terminal device 300 includes an
antenna unit 310, a wireless communication unit 320, a
storage unit 330 and a processing unit 340.

(Antenna Unit 310)

[0147] The antenna unit 310 emits a signal to be output by
the wireless communication unit 320 into space as radio
waves. [n addition, the antenna unit 310 converts the spatial
radio waves into a signal and outputs the signal to the
wireless communication unit 320.

(Wireless Communication Unit 320)

[0148] The wireless communication unit 320 transmits
and receives signals. For example, the wireless communi-
cation unit 320 receives a downlink signal from the base
station and transmits an uplink signal to the base station.

(Storage Unit 330)

[0149] The storage unit 330 temporarily or permanently
stores programs and data for operations of the terminal
device 300.

(Processing Unit 340)

[0150] The processing unit 340 provides various functions
of the terminal device 300. The processing unit 340 includes
an information acquiring unit 341 and a control unit 343.
Alternatively, the processing unit 340 may further include a
component other than these components. That is, the pro-
cessing unit 340 may perform an operation other than
operations of these components.

(Information Acquiring Unit 341)

[0151] The information acquiring unit 341 acquires infor-
mation indicating the decision of switching the small cell
from the on state to the off state (hereinafter referred to as
“switching information™).

(a) Small Cell

[0152] For example, the small cell is a serving cell.
Further, when the terminal device 300 supports, for
example, carrier aggregation, the small cell is, for example,
a primary cell of carrier aggregation.

[0153] The small cell is not limited to the above-described
example. For example, the small cell may be a secondary
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cell rather than the primary cell. Alternatively, the small cell
may be a cell (for example, a neighbor cell) other than the
serving cell.

(b) On/Off State

[0154] For example, the “on state” of a small cell is a state
in which a base station of the small cell transmits and
receives signals (a data signal and a control signal) in the
small cell.

[0155] For example, the “off state” of a small cell is a state
in which a base station of the small cell does not transmit and
receive signals except some control signals (for example, a
DRS) in the small cell. Alternatively, the “off state” of a
small cell may be a state in which a base station of the small
cell does not transmit and receive signals in the small cell at
all.

(c) Specific Technique

[0156] For example, the control entity 400 transmits the
switching information to the terminal device 300 through a
serving base station of the terminal device 300 when the
switching is decided. Specifically, for example, the control
entity 400 transmits a message of an upper layer (for
example, Non-Access Stratum (NAS)) including the switch-
ing information to the terminal device 300. Alternatively, the
control entity 400 may transmit the switching information to
the serving base station of the terminal device 300, and the
base station may transmit the switching information to the
terminal device 300. The switching information is received
by the terminal device 300 and is stored in the storage unit
330. The information acquiring unit 341 acquires the switch-
ing information from the storage unit 330 at any timing
thereafter.

(Control Unit 343)

[0157] The control unit 343 requests that the switching be
canceled (that is, the switching of the small cell from the on
state to the off state).

(a) Predetermined Condition

[0158] For example, when a predetermined condition
regarding a result of measurement performed by the terminal
device 300 is satisfied, the control unit 343 requests the
cancellation. Accordingly, for example, a request for can-
cellation is suppressed. Therefore, the small cell is switched
to the off state, and interference from the small cell may be
reduced.

[0159] For example, the predetermined condition is a
condition that a measurement result of the small cell be more
favorable than a first threshold and a measurement result of
each of the other cells be less favorable than a second
threshold.

[0160] More specifically, for example, the measurement
result is reference signal received power (RSRP) or refer-
ence signal received quality (RSRQ). In addition, the pre-
determined condition is a condition that a measurement
result of the small cell be greater than the first threshold and
a measurement result of the other cells be smaller than the
second threshold. That is, the predetermined condition is a
condition that communication quality of the small cell be
favorable and communication quality of the other cells be
unfavorable.
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[0161] Accordingly, for example, when the small cell is
switched to the off state and thus communication quality of
the terminal device 300 is assumed to be unfavorable, the
switching may be cancelled. Therefore, deterioration of
communication quality of the terminal device 300 may be
suppressed.

[0162] The other cells include, for example, a macro cell
and other small cells.

(b) Specific Technique

[0163] For example, the control unit 343 transmits a
cancellation request message for requesting the cancellation
through the antenna unit 310 and the wireless communica-
tion unit 320.

[0164] For example, the control unit 343 transmits the
cancellation request message to the control entity 400
through the serving base station. Alternatively, the control
unit 343 transmits the cancellation request message to the
serving base station, and the serving base station may
transmit the cancellation request message or a message
similar thereto to the control entity 400.

[0165] As described above, the cancel is requested.
Accordingly, for example, the small cell maintains the on
state without switching to the off state as necessary. There-
fore, deterioration of communication quality of the terminal
device 300 may be suppressed. In addition, interference
from the small cell may be suppressed according to the
switching of the on/off state of the small cell.

<4.3. Configuration of Control Entity>

[0166] Next, an example of a configuration of the control
entity 400 according to the second embodiment will be
described with reference to FIG. 19. FIG. 19 is a block
diagram illustrating an example of a configuration of the
control entity 400 according to the second embodiment. As
illustrated in FIG. 19, the control entity 400 includes a
communication unit 410, a storage unit 420 and a processing
unit 430.

(Communication Unit 410)

[0167] The communication unit 410 transmits and
receives information. For example, the communication unit
410 transmits information to another node and receives
information from the other node. For example, the other
node includes a core network, a base station and a terminal
device. As an example, the other node includes a small base
station and the terminal device 300.

(Storage Unit 420)

[0168] The storage unit 420 temporarily or permanently
stores programs and data for operations of the control entity
400.

(Processing Unit 430)

[0169] The processing unit 430 provides various functions
of the control entity 400. The processing unit 430 includes
an information acquiring unit 431 and a control unit 433.
Alternatively, the processing unit 430 may further include a
component other than these components. That is, the pro-
cessing unit 430 may perform an operation other than
operations of these components.
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(Information Acquiring Unit 431)

(a) Request to Cancel

[0170] The information acquiring unit 431 acquires a
request to cancel switching of the small cell from the on state
to the off state.

[0171] For example, the request refers to a cancellation
request message for requesting the cancel. For example, the
cancellation request message is transmitted to the control
entity 400 by the terminal device 300. Alternatively, the
cancellation request message may be transmitted to the
control entity 400 by the base station according to a request
from the terminal device 300.

(b) Small Cell Onformation

[0172] For example, the information acquiring unit 431
acquires information about a small cell (hereinafter referred
to as “small cell information™).

[0173] For example, the small cell information includes
information indicating a cell ID of a small cell, an amount
of traffic in a small cell, a cell association of a terminal
device and/or a packet arrival.

[0174] For example, a small base station of the small cell
transmits the small cell information to the control entity 400,
and the control entity 400 receives the small cell informa-
tion. Then, the small cell information is stored in the storage
unit 420. The information acquiring unit 431 acquires the
small cell information at any timing thereafter.

(Control Unit 433)

(a) Decision of Switching

[0175] The control unit 433 decides to switch the on/off
state of the small cell.

[0176] For example, the control unit 433 decides to switch
the small cell from the on state to the off state. Specifically,
for example, the control unit 433 decides the switching
based on the small cell information.

[0177] Further, for example, the control unit 433 notifies
the terminal device 300 of the decided switching. For
example, the control unit 433 transmits information indicat-
ing the decided switching (that is, switching information) to
the terminal device 300 through the serving base station of
the terminal device 300 when the switching is decided.
Specifically, for example, the control unit 433 transmits a
message of an upper layer (for example, NAS) including the
switching information to the terminal device 300 through the
serving base station. Alternatively, the control unit 433
transmits the switching information to the serving base
station of the terminal device 300, and the serving base
station may transmit the switching information (or informa-
tion similar thereto) to the terminal device 300.

(b) Cancellation of Switching

[0178] The control unit 433 cancels the switching in
response to the request.

[0179] For example, the terminal device 300 transmits a
cancellation request message for requesting the cancellation.
Then, the control unit 433 cancels the switching according
to the cancellation request message.
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<4.4. Process Flow>

[0180] Next, an example of a process according to the
second embodiment will be described with reference to FIG.
20 and FIG. 21.

(Overall Process Flow)

[0181] FIG. 20 is a sequence diagram illustrating an
example of a schematic flow of a process according to the
second embodiment.

[0182] A small base station transmits information about a
small cell (that is, small cell information) to a control entity
500 (S501).

[0183] The control entity 400 (the control unit 433)
decides to switch the small cell from the on state to the off
state (S503). For example, the control entity 400 decides the
switching based on the small cell information.

[0184] Then, the control entity 400 (the control unit 433)
notifies the terminal device 300 of the decided switching
(8505).

[0185] Then, the terminal device 300 (the control unit

343) performs a cancellation determining process (S510).
That is, the terminal device 300 determines whether to
request that the switching be canceled. Specifically, for
example, the terminal device 300 determines whether a
predetermined condition regarding a result of measurement
performed by the terminal device 300 is satisfied. Then, for
example, the terminal device 300 determines to request that
the switching be canceled.

[0186] The terminal device 300 (the control unit 343)
requests that the switching be canceled (that is, switching of
the small cell from the on state to the off state) (S521).
[0187] Then, the control entity 400 (the control unit 431)
cancels the switching (S523).

(Cancellation Determining Process)

[0188] FIG. 21 is a sequence diagram illustrating an
example of a schematic flow of a cancellation determining
process according to the second embodiment.

[0189] The control unit 343 determines whether a mea-
surement result of a small cell is more favorable than the first
threshold (S511).

[0190] When the measurement result is less favorable than
the first threshold (NO in S511), the control unit 343 decides
not to request that switching be canceled (S513). Then, the
process ends.

[0191] On the other hand, when the measurement result is
more favorable than the first threshold (YES in S511), the
control unit 343 determines whether a measurement result of
each of the other cells is less favorable than the second
threshold (S515).

[0192] When the measurement result is less unfavorable
than the second threshold (NO in S515), the control unit 343
decides not to request that switching be canceled (S513).
Then, the process ends.

[0193] On the other hand, when the measurement result is
less favorable than the second threshold (YES in S515), the
control unit 343 decides to request that switching be can-
celed (S517). Then, the process ends.

5. APPLICATION EXAMPLES

[0194] The technology according to the present disclosure
is applicable to various products. For example, the control
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entity (that is, the control entity 100 or the control entity
400) may be implemented as any type of server such as a
tower server, a rack server or a blade server. In addition, at
least a part of components of the control entity may be
implemented in a module (for example, an integrated circuit
module that includes a single die or a card or a blade that is
inserted into a slot of a blade server) mounted in a server.
[0195] The control entity (i.e., the control entity 100 or the
control entity 400) may also be implemented, for example,
as any type of evolved Node B (eNB) such as macro eNBs
and small eNBs. Small eNBs may cover smaller cells than
the macrocells of pico eNBs, micro eNBs, or home (femt)
eNBs. Instead, the control entity may be implemented as
another type of base station such as Nodes B or base
transceiver stations (BTSs). The control entity may include
the main apparatus (which is also referred to as base station
apparatus) that controls wireless communication and one or
more remote radio heads (RRHs) that are disposed at
different locations from that of the main apparatus. Further,
various types of terminals as will be discussed later may
temporarily or semi-persistently execute the base station
function to operate as the control entity. Further, at least part
of components of the control entity may be implemented in
a base station device or a module for the base station device.
[0196] The terminal device 300 may be implemented as a
mobile terminal such as smartphones, tablet personal com-
puters (PCs), notebook PCs, portable game terminals, por-
table/dongle mobile routers, and digital cameras, or an
in-vehicle terminal such as car navigation apparatuses. The
terminal device 300 may also be implemented as a terminal
(which is also referred to as machine type communication
(MTC) terminal) that performs machine to machine (M2M)
communication. Furthermore, at least part of components of
the terminal device 300 may be implemented as a module
(e.g. integrated circuit module constituted with a single die)
that is mounted on these terminals.

<5.1. Application Examples for Control Entity>

First Application Example

[0197] FIG. 22 is a block diagram illustrating an example
of a schematic configuration of a server 700 to which the
technology according to the present disclosure may be
applied. The server 700 includes a processor 701, a memory
702, a storage 703, a network interface 704, and a bus 706.
[0198] The processor 701 may be, for example, a central
processing unit (CPU) or a digital signal processor (DSP),
and controls various functions of the server 700. The
memory 702 includes a random access memory (RAM) and
a read only memory (ROM), and stores a program executed
by the processor 701 and data. The storage 703 can include
a storage medium such as semiconductor memories and hard
disks.

[0199] The network interface 704 is a wired communica-
tion interface for connecting the server 700 to a wired
communication network 705. The wired communication
network 705 may be a core network such as evolved packet
cores (EPCs), or a packet data network (PDN) such as the
Internet.

[0200] The bus 706 connects the processor 701, the
memory 702, the storage 703, and the network interface 704
to each other. The bus 706 may include two or more buses
each having different speed (e.g. high speed bus and low
speed bus).
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[0201] Inthe server 700 illustrated in FIG. 22, one or more
components (the information acquiring unit 131 and/or the
control unit 133) included in the processing unit 130
described above with reference to FIG. 11 may be mounted
in the processor 701. As an example, a program causing the
processor to function as one or more of the components
above (that is, a program causing the processor to perform
the operation of one or more of the components above) may
be installed in the server 700, and the processor 701 may
execute the program. As another example, the server 700
may include a module including the processor 701 and the
memory 702, and one or more of the components above may
be mounted in the module. In this case, the module may
store the program causing the processor to function as one
or more of the components above in the memory 702, and
the program may be executed by the processor 701. As
described above, the server 700 or the module may be
provided as an apparatus including one or more of the
components above, and the program causing the processor
to function as one or more of the components above may be
provided. A readable recording medium in which the pro-
gram is recorded may be provided. For these points, one or
more components (the information acquiring unit 431 and/or
the control unit 433) included in the processing unit 430
described with reference to FIG. 19 are similar to the one or
more components included in the processing unit 130.

Second Application Example

[0202] FIG. 23 is a block diagram illustrating a first
example of a schematic configuration of an eNB to which
the technology according to the present disclosure may be
applied. An eNB 800 includes one or more antennas 810 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.

[0203] Each of the antennas 810 includes a single or a
plurality of antenna elements (e.g. a plurality of antenna
elements constituting a MIMO antenna) and is used for the
base station apparatus 820 to transmit and receive a wireless
signal. The eNB 800 may include the plurality of the
antennas 810 as illustrated in FIG. 23, and the plurality of
antennas 810 may, for example, correspond to a plurality of
frequency bands used by the eNB 800. It should be noted
that while FIG. 23 illustrates an example in which the eNB
800 includes the plurality of antennas 810, the eNB 800 may
include the single antenna 810.

[0204] The base station apparatus 820 includes a control-
ler 821, a memory 822, a network interface 823, and a
wireless communication interface 825.

[0205] The controller 821 may be, for example, a CPU or
a DSP, and operates various functions of an upper layer of
the base station apparatus 820. For example, the controller
821 generates a data packet from data in a signal processed
by the wireless communication interface 825, and transfers
the generated packet via the network interface 823. The
controller 821 may generate a bundled packet by bundling
data from a plurality of base band processors to transfer the
generated bundled packet. The controller 821 may also have
a logical function of performing control such as radio
resource control, radio bearer control, mobility manage-
ment, admission control, and scheduling. The control may
be performed in cooperation with a surrounding eNB or a
core network. The memory 822 includes a RAM and a
ROM, and stores a program executed by the controller 821
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and a variety of control data (such as, for example, terminal
list, transmission power data, and scheduling data).

[0206] The network interface 823 is a communication
interface for connecting the base station apparatus 820 to the
core network 824. The controller 821 may communicate
with a core network node or another eNB via the network
interface 823. In this case, the controller 821 may be
mutually connected to the eNB 800 and a core network node
or another eNB through a logical interface (e.g. 51 interface
or X2 interface). The network interface 823 may be a wired
communication interface or a wireless communication inter-
face for wireless backhaul. When the network interface 823
is a wireless communication interface, the network interface
823 may use a higher frequency band for wireless commu-
nication than a frequency band used by the wireless com-
munication interface 825.

[0207] The wireless communication interface 825 sup-
ports a cellular communication system such as long term
evolution (LTE) or LTE-Advanced, and provides wireless
connection to a terminal located within the cell of the eNB
800 via the antenna 810. The wireless communication
interface 825 may typically include a base band (BB)
processor 826 and an RF circuit 827. The BB processor 826
may, for example, perform encoding/decoding, modulation/
demodulation, multiplexing/demultiplexing, and the like,
and performs a variety of signal processing on each layer
(e.g. L1, medium access control (MAC), radio link control
(RLC), and packet data convergence protocol (PDCP)). The
BB processor 826 may have part or all of the logical
functions as discussed above instead of the controller 821.
The BB processor 826 may be a module including a memory
having a communication control program stored therein, a
processor to execute the program, and a related circuit, and
the function of the BB processor 826 may be changeable by
updating the program. The module may be a card or blade
to be inserted into a slot of the base station apparatus 820,
or a chip mounted on the card or the blade. Meanwhile, the
RF circuit 827 may include a mixer, a filter, an amplifier, and
the like, and transmits and receives a wireless signal via the
antenna 810.

[0208] The wireless communication interface 825 may
include a plurality of the BB processors 826 as illustrated in
FIG. 23, and the plurality of BB processors 826 may, for
example, correspond to a plurality of frequency bands used
by the eNB 800. The wireless communication interface 825
may also include a plurality of the RF circuits 827, as
illustrated in FIG. 23, and the plurality of RF circuits 827
may, for example, correspond to a plurality of antenna
elements. FIG. 23 illustrates an example in which the
wireless communication interface 825 includes the plurality
of BB processors 826 and the plurality of RF circuits 827,
but the wireless communication interface 825 may include
the single BB processor 826 or the single RF circuit 827.
[0209] In the eNB 800 illustrated in FIG. 23, one or more
components included in the processing unit 130 described
above with reference to FIG. 11 (the information acquiring
unit 131 and/or the control unit 133) may be mounted in the
controller 821. Alternatively, at least some of the compo-
nents may be mounted in the wireless communication inter-
face 825. As an example, the eNB 800 may be equipped with
a module including some or all components of the wireless
communication interface 825 (for example, the BB proces-
sor 826) and/or the controller 821, and one or more of the
components above may be mounted in the module. In this
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case, the module may store a program causing the processor
to function as one or more of the components above (that is,
a program causing the processor to perform the operation of
one or more of the components above) and execute the
program. As another example, the program causing the
processor to function as one or more of the components
above may be installed in the eNB 800, and the wireless
communication interface 825 (for example, the BB proces-
sor 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 an apparatus
including one or more of the components above, and the
program causing the processor to function as one or more of
the components above may be provided. A readable record-
ing medium in which the program is recorded may be
provided. For these points, one or more components
included in the processing unit 430 described above with
reference to FIG. 19 (the information acquiring unit 431
and/or the control unit 433) are the same as one or more of
the components above included in the processing unit 130.

Third Application Example

[0210] FIG. 24 is a block diagram illustrating a second
example of a schematic configuration of an eNB to which
the technology according to 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 of the
antennas 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 by a high speed
line such as optical fiber cables.

[0211] Each of the antennas 840 includes a single or a
plurality of antenna elements (e.g. antenna elements consti-
tuting a MIMO antenna), and is used for the RRH 860 to
transmit and receive a wireless signal. The eNB 830 may
include a plurality of the antennas 840 as illustrated in FIG.
24, and the plurality of antennas 840 may, for example,
correspond to a plurality of frequency bands used by the
eNB 830. FIG. 24 illustrates an example in which the eNB
830 includes the plurality of antennas 840, but the eNB 830
may include the single antenna 840.

[0212] The base station apparatus 850 includes a control-
ler 851, a memory 852, a network interface 853, a wireless
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. 23.

[0213] The wireless communication interface 855 sup-
ports a cellular communication system such as LTE and
LTE-Advanced, and provides wireless connection to a ter-
minal located in a sector corresponding to the RRH 860 via
the RRH 860 and the antenna 840. The wireless communi-
cation interface 855 may typically include a BB processor
856. The BB processor 856 is the same as the BB processor
826 described with reference to FIG. 23 except that the BB
processor 856 is connected to an RF circuit 864 of the RRH
860 via the connection interface 857. The wireless commu-
nication interface 855 may include a plurality of the BB
processors 856, as illustrated in FIG. 24, and the plurality of
BB processors 856 may, for example, correspond to a
plurality of frequency bands used by the eNB 830 respec-
tively. FIG. 24 illustrates an example in which the wireless
communication interface 855 includes the plurality of BB
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processors 856, but the wireless communication interface
855 may include the single BB processor 856.

[0214] The connection interface 857 is an interface for
connecting the base station apparatus 850 (wireless com-
munication interface 855) to the RRH 860. The connection
interface 857 may be a communication module for commu-
nication on the high speed line which connects the base
station apparatus 850 (wireless communication interface
855) to the RRH 860.

[0215] The RRH 860 includes a connection interface 861
and a wireless communication interface 863.

[0216] The connection interface 861 is an interface for
connecting the RRH 860 (wireless communication interface
863) to the base station apparatus 850. The connection
interface 861 may be a communication module for commu-
nication on the high speed line.

[0217] The wireless communication interface 863 trans-
mits and receives a wireless signal via the antenna 840. The
wireless communication interface 863 may typically include
the RF circuit 864. The RF circuit 864 may include a mixer,
a filter, an amplifier and the like, and transmits and receives
a wireless signal via the antenna 840. The wireless commu-
nication interface 863 may include a plurality of the RF
circuits 864 as illustrated in FIG. 24, and the plurality of RF
circuits 864 may, for example, correspond to a plurality of
antenna elements. FIG. 24 illustrates an example in which
the wireless communication interface 863 includes the plu-
rality of RF circuits 864, but the wireless communication
interface 863 may include the single RF circuit 864.

[0218] In the eNB 830 illustrated in FIG. 24, one or more
components included in the processing unit 130 described
above with reference to FIG. 11 (the information acquiring
unit 131 and/or the control unit 133) may be mounted in the
controller 851. Alternatively, at least some of the compo-
nents may be mounted in the wireless communication inter-
face 855 and/or the wireless communication interface 863.
As an example, the eNB 830 may be equipped with a module
including some or all components of the wireless commu-
nication interface 855 (for example, the BB processor 856)
and/or the controller 851, and one or more of the compo-
nents above may be mounted in the module. In this case, the
module may store a program causing the processor to
function as one or more of the components above (that is, a
program causing the processor to perform the operation of
one or more of the components above) and execute the
program. As another example, the program causing the
processor to function as one or more of the components
above may be installed in the eNB 830, and the wireless
communication interface 855 (for example, the BB proces-
sor 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 an apparatus
including one or more of the components above, and the
program causing the processor to function as one or more of
the components above may be provided. A readable record-
ing medium in which the program is recorded may be
provided. In these points, one or more components included
in the processing unit 430 described above with reference to
FIG. 19 (the information acquiring unit 431 and/or the
control unit 433) are the same as one or more of the
components above included in the processing unit 130.
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<5.2. Application Examples for Terminal Device>

First Application Example

[0219] FIG. 25 is a block diagram illustrating an example
of a schematic configuration of a smartphone 900 to which
the technology according to 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 wireless
communication interface 912, one or more antenna switches
915, one or more antennas 916, a bus 917, a battery 918, and
a secondary controller 919.

[0220] The processor 901 may be, for example, a CPU or
a system on chip (SoC), and controls the functions of an
application layer and other layers of the smartphone 900.
The memory 902 includes a RAM and a ROM, and stores a
program executed by the processor 901 and data. The
storage 903 may include a storage medium such as semi-
conductor memories and hard disks. The external connec-
tion interface 904 is an interface for connecting the smart-
phone 900 to an externally attached device such as memory
cards and universal serial bus (USB) devices.

[0221] The camera 906 includes an image sensor such as
charge coupled devices (CCDs) and complementary metal
oxide semiconductor (CMOS), and generates a captured
image. The sensor 907 may include a sensor group includ-
ing, for example, a positioning sensor, a gyro sensor, a
geomagnetic sensor, and an acceleration sensor. The micro-
phone 908 converts a sound that is input into the smartphone
900 to an audio signal. The input device 909 includes, for
example, a touch sensor which detects that a screen of the
display device 910 is touched, a key pad, a keyboard, a
button, or a switch, and accepts an operation or an infor-
mation input from a user. The display device 910 includes a
screen such as liquid crystal displays (LCDs) and organic
light emitting diode (OLED) displays, and displays an
output image of the smartphone 900. The speaker 911
converts the audio signal that is output from the smartphone
900 to a sound.

[0222] The wireless communication interface 912 sup-
ports a cellular communication system such as LTE or
LTE-Advanced, and performs wireless communication. The
wireless communication interface 912 may typically include
the BB processor 913, the RF circuit 914, and the like. The
BB processor 913 may, for example, perform encoding/
decoding, modulation/demodulation, multiplexing/demulti-
plexing, and the like, and performs a variety of types of
signal processing for wireless communication. On the other
hand, the RF circuit 914 may include a mixer, a filter, an
amplifier, and the like, and transmits and receives a wireless
signal via the antenna 916. The wireless communication
interface 912 may be a one-chip module in which the BB
processor 913 and the RF circuit 914 are integrated. The
wireless communication interface 912 may include a plu-
rality of BB processors 913 and a plurality of RF circuits 914
as illustrated in FIG. 25. FIG. 25 illustrates an example in
which the wireless communication interface 912 includes a
plurality of BB processors 913 and a plurality of RF circuits
914, but the wireless communication interface 912 may
include a single BB processor 913 or a single RF circuit 914.
[0223] Further, the wireless communication interface 912
may support other types of wireless communication system
such as a short range wireless communication system, a near
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field communication system, and a wireless local area net-
work (LAN) system in addition to the cellular communica-
tion system, and in this case, the wireless communication
interface 912 may include the BB processor 913 and the RF
circuit 914 for each wireless communication system.
[0224] Each antenna switch 915 switches a connection
destination of the antenna 916 among a plurality of circuits
(for example, circuits for different wireless communication
systems) included in the wireless communication interface
912.

[0225] Each of the antennas 916 includes one or more
antenna elements (for example, a plurality of antenna ele-
ments constituting a MIMO antenna) and is used for trans-
mission and reception of the wireless signal by the wireless
communication interface 912. The smartphone 900 may
include a plurality of antennas 916 as illustrated in FIG. 25.
FIG. 25 illustrates an example in which the smartphone 900
includes a plurality of antennas 916, but the smartphone 900
may include a single antenna 916.

[0226] Further, the smartphone 900 may include the
antenna 916 for each wireless communication system. In
this case, the antenna switch 915 may be omitted from a
configuration of the smartphone 900.

[0227] The bus 917 connects the processor 901, the
memory 902, the storage 903, the external connection inter-
face 904, the camera 906, the sensor 907, the microphone
908, the input device 909, the display device 910, the
speaker 911, the wireless communication interface 912, and
the secondary controller 919 to each other. The battery 918
supplies electric power to each block of the smartphone 900
illustrated in FIG. 25 via a feeder line that is partially
illustrated in the figure as a dashed line. The secondary
controller 919, for example, operates a minimally necessary
function of the smartphone 900 in a sleep mode.

[0228] In the smartphone 900 illustrated in FIG. 25, one or
more components included in the processing unit 340
described above with reference to FIG. 18 (the information
acquiring unit 341 and/or the control unit 343) may be
mounted in the wireless communication interface 912. Alter-
natively, at least some of the components may be mounted
in the processor 901 or the secondary controller 919. As an
example, the smartphone 900 may be equipped with a
module including some or all components of the wireless
communication interface 912 (for example, the BB proces-
sor 913), the processor 901, and/or the secondary controller
919, and one or more of the components above may be
mounted in the module. In this case, the module may store
a program causing the processor to function as one or more
of the components above (that is, a program causing the
processor to perform the operation of one or more of the
components above) and execute the program. As another
example, the program causing the processor to function as
one or more of the components above may be installed in the
smartphone 900, and the wireless communication interface
912 (for example, the BB processor 913), the processor 901,
and/or the secondary controller 919 may execute the pro-
gram. As described above, the smartphone 900 or the
module may be provided as an apparatus including one or
more of the components above, and the program causing the
processor to function as one or more of the components
above may be provided. A readable recording medium in
which the program is recorded may be provided.

[0229] In the smartphone 900 illustrated in FIG. 25, for
example, the wireless communication unit 320 described

Feb. 20, 2020

above with reference to FIG. 18 may be mounted in the
wireless communication interface 912 (for example, the RF
circuit 914). The antenna unit 310 may be mounted in the
antenna 916.

Second Application Example

[0230] FIG. 26 is a block diagram illustrating an example
of a schematic configuration of a car navigation apparatus
920 to which the technology according to the present
disclosure may be applied. The car navigation apparatus 920
includes a processor 921, a memory 922, a global position-
ing 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
wireless communication interface 933, one or more antenna
switches 936, one or more antennas 937, and a battery 938.
[0231] The processor 921 may be, for example, a CPU or
an SoC, and controls the navigation function and the other
functions of the car navigation apparatus 920. The memory
922 includes a RAM and a ROM, and stores a program
executed by the processor 921 and data.

[0232] The GPS module 924 uses a GPS signal received
from a GPS satellite to measure the position (e.g. latitude,
longitude, and altitude) of the car navigation apparatus 920.
The sensor 925 may include a sensor group including, for
example, a gyro sensor, a geomagnetic sensor, and an air
pressure sensor. The data interface 926 is, for example,
connected to an in-vehicle network 941 via a terminal that
is not illustrated, and acquires data such as vehicle speed
data generated on the vehicle side.

[0233] The content player 927 reproduces content stored
in a storage medium (e.g. CD or DVD) inserted into the
storage medium interface 928. The input device 929
includes, for example, a touch sensor which detects that a
screen of the display device 930 is touched, a button, or a
switch, and accepts operation or information input from a
user. The display device 930 includes a screen such as LCDs
and OLED displays, and displays an image of the navigation
function or the reproduced content. The speaker 931 outputs
a sound of the navigation function or the reproduced content.
[0234] The wireless communication interface 933 sup-
ports a cellular communication system such as LTE or
LTE-Advanced, and performs wireless communication. The
wireless communication interface 933 may typically include
the BB processor 934, the RF circuit 935, and the like. The
BB processor 934 may, for example, perform encoding/
decoding, modulation/demodulation, multiplexing/demulti-
plexing, and the like, and performs a variety of types of
signal processing for wireless communication. On the other
hand, the RF circuit 935 may include a mixer, a filter, an
amplifier, and the like, and transmits and receives a wireless
signal via the antenna 937. The wireless communication
interface 933 may be a one-chip module in which the BB
processor 934 and the RF circuit 935 are integrated. The
wireless communication interface 933 may include a plu-
rality of BB processors 934 and a plurality of RF circuits 935
as illustrated in FIG. 26. FIG. 26 illustrates an example in
which the wireless communication interface 933 includes a
plurality of BB processors 934 and a plurality of RF circuits
935, but the wireless communication interface 933 may be
a single BB processor 934 or a single RF circuit 935.
[0235] Further, the wireless communication interface 933
may support other types of wireless communication system
such as a short range wireless communication system, a near
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field communication system, and a wireless LAN system in
addition to the cellular communication system, and in this
case, the wireless communication interface 933 may include
the BB processor 934 and the RF circuit 935 for each
wireless communication system.

[0236] Each antenna switch 936 switches a connection
destination of the antenna 937 among a plurality of circuits
(for example, circuits for different wireless communication
systems) included in the wireless communication interface
933.

[0237] Each of the antennas 937 includes one or more
antenna elements (for example, a plurality of antenna ele-
ments constituting a MIMO antenna) and is used for trans-
mission and reception of the wireless signal by the wireless
communication interface 933. The car navigation apparatus
920 includes a plurality of antennas 937 as illustrated in FIG.
26. FIG. 26 illustrates an example in which the car naviga-
tion apparatus 920 includes a plurality of antennas 937, but
the car navigation apparatus 920 may include a single
antenna 937.

[0238] Further, the smartphone 920 may include the
antenna 937 for each wireless communication system. In
this case, the antenna switch 936 may be omitted from a
configuration of the car navigation apparatus 920.

[0239] The battery 950 supplies electric power to each
block of the car navigation apparatus 930 illustrated in FIG.
26 via a feeder line that is partially illustrated in the figure
as a dashed line. The battery 950 accumulates the electric
power supplied from the vehicle.

[0240] In the car navigation apparatus 920 illustrated in
FIG. 26, one or more components included in the processing
unit 340 described above with reference to FIG. 18 (the
information acquiring unit 341 and/or the control unit 343)
may be mounted in the wireless communication interface
933. Alternatively, at least some of the components may be
mounted in the processor 921. As an example, the car
navigation apparatus 920 may be equipped with a module
including some or all components of the wireless commu-
nication interface 933 (for example, the BB processor 934),
and/or the processor 921, and one or more of the compo-
nents above may be mounted in the module. In this case, the
module may store a program causing the processor to
function as one or more of the components above (that is, a
program causing the processor to perform the operation of
one or more of the components above) and execute the
program. As another example, the program causing the
processor to function as one or more of the components
above may be installed in the car navigation apparatus 920,
and the wireless 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 or the module may be provided as an appa-
ratus including one or more of the components above, and
the program causing the processor to function as one or more
of the components above may be provided. A readable
recording medium in which the program is recorded may be
provided.

[0241] In the car navigation apparatus 920 illustrated in
FIG. 26, for example, the wireless communication unit 320
described above with reference to FIG. 18 may be mounted
in the wireless communication interface 933 (for example,
the RF circuit 935). The antenna unit 310 may be mounted
in the antenna 937.
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[0242] Further, the technique according to the present
disclosure may be implemented as an in-vehicle system (or
a vehicle) 940 including one or more blocks of the above-
described car navigation apparatus 920, an in-vehicle net-
work 941 and a vehicle side module 942. The in-vehicle
system (or the vehicle) 940 may be provided as an apparatus
including one more of the components above (the informa-
tion acquiring unit 341 and/or the control unit 343). The
vehicle side module 942 generates vehicle side data such as
vehicle speed, engine speed and failure information and
outputs the generated data to the in-vehicle network 961.

11. CONCLUSION

[0243] Each communication apparatus and each process
according to the embodiments of the present disclosure have
been described above with reference to FIGS. 9 to 26.

First Embodiment

[0244] In the first embodiment, the control entity 100
includes the information acquiring unit 131 configured to
acquire information about a plurality of small cells and the
control unit 133 configured to assign blank subframes in
which no signal is transmitted and received to each of the
plurality of small cells. The control unit 133 assigns the
same subframes to one or more small cells that are a part of
the plurality of small cells as the blank subframes and does
not assign the same subframes to the remaining small cells
among the plurality of small cells as the blank subframes.
[0245] Accordingly, for example, it is possible to suppress
deterioration of communication quality of the terminal
device while reducing interference from the small cell. More
specifically, for example, interference from the remaining
small cells to the one or more small cells may be removed.
In addition, when the small cells are not completely
switched to the off state and do not transmit a signal in a
subframe unit, the terminal device can continue communi-
cation in the small cell.

[0246] Therefore, deterioration of communication quality
of the terminal device may be suppressed.

Second Embodiment

[0247] In the second embodiment, the terminal device 300
includes the information acquiring unit 341 configured to
acquire information indicating decision of switching the
small cell from the on state to the off state and the control
unit 343 configured to request that the switching be can-
celed.

[0248] In addition, in the second embodiment, the control
entity 400 includes the control unit 433 configured to decide
to switch the small cell from the on state to the off state and
the acquiring unit 431 configured to acquire a request that
the switching be canceled. The control unit 433 cancels the
switching in response to the request.

[0249] Accordingly, for example, it is possible to suppress
deterioration of communication quality of the terminal
device while reducing interference from the small cell. More
specifically, for example, the small cell maintains the on
state without switching to the off state as necessary. There-
fore, deterioration of communication quality of the terminal
device 300 may be suppressed. In addition, interference
from the small cell may be suppressed according to the
switching of the on/off state of the small cell.
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[0250] The preferred embodiment of the present disclo-
sure has been described above with reference to the accom-
panying drawings, whilst the present disclosure is not lim-
ited 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.

[0251] For example, while an example in which a com-
munication system supports LTE or LTE-A has been
described in embodiments of the present disclosure, the
present disclosure is not limited thereto. For example, the
communication system may be a system that supports
another communication standard.

[0252] Further, it is not always necessary to execute the
processing steps in the processing in the present specifica-
tion in chronological order in order described in the flow-
charts or the sequence diagrams. For example, the process-
ing steps in the above-described processing may be executed
in order different from the order described in the flowcharts
or the sequence diagrams or may be executed in parallel.
[0253] Further, it is also possible to create a computer
program for making a processor (such as, for example, a
CPU and a DSP) provided at apparatuses (such as, for
example, the control entity, the terminal device, or the
modules thereof) in the present specification function as
components (such as, for example, an information acquiring
unit and the control unit) of the above-described apparatuses
(in other words, a computer program for making the pro-
cessor execute operation of the components of the above-
described apparatuses). Further, it is also possible to provide
a recording medium having the above-described computer
program recorded therein. Further, it is also possible to
provide an apparatus (such as, for example, a finished
product and a module (such as parts, processing circuits and
chips) for the finished product) including a memory having
the above-described computer program stored therein and
one or more processors which can execute the above-
described computer program. Further, a method including
the operation of the components (for example, an informa-
tion acquiring unit and the control unit) of the above-
described apparatuses is included in the technique according
to the present disclosure.

[0254] In addition, the effects described in the present
specification are merely illustrative and demonstrative, and
not limitative. In other words, the technology according to
the present disclosure can exhibit other effects that are
evident to those skilled in the art along with or instead of the
effects based on the present specification.

[0255] Additionally, the present technology may also be
configured as below.

[0256] (1)

[0257] A device including:

[0258] an acquiring unit configured to acquire information
about a plurality of small cells; and

[0259] a control unit configured to assign blank subframes
in which no signal is transmitted and received to each of the
plurality of small cells,

[0260] wherein the control unit assigns the same sub-
frames to one or more small cells that are a part of the
plurality of small cells as the blank subframes and does not
assign the same subframes to the remaining small cells
among the plurality of small cells as the blank subframes.
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[0261] (2)

[0262] The device according to (1),

[0263] wherein the control unit assigns the blank sub-
frames to each of the plurality of small cells based on an
amount of traffic in each of the plurality of small cells.
[0264] (3)

[0265] The device according to (2),

[0266] wherein the control unit assigns fewer blank sub-
frames to a first small cell having a greater amount of traffic
among the plurality of small cells and assigns more blank
subframes to a second small cell having a smaller amount of
traffic among the plurality of small cells.

[0267] (4

[0268] The device according to (1),

[0269] wherein the control unit equally assigns the blank
subframes to each of the plurality of small cells.

[0270] (5)

[0271] The device according to any one of (1) to (4),
[0272] wherein the control unit does not assign a specific
subframe to any of the small cells as the blank subframe.
[0273] (6)

[0274] The device according to (5),

[0275] wherein the specific subframe is a subframe in
which a synchronization signal is transmitted.

[0276] (7)

[0277] The device according to any one of (1) to (6),

[0278] wherein the control unit assigns the same sub-
frames to small cells excluding one small cell among the
plurality of small cells as the blank subframes, and does not
assign the same subframes to the one small cell as the blank
subframes.

[0279] (8)

[0280] The device according to any one of (1) to (6),
[0281] wherein the control unit assigns each of at least one
subframe to small cells excluding two or more small cells
among the plurality of small cells as the blank subframe, and
does not assign each of the at least one subframe to the two
or more small cells as the blank subframe.

[0282] (9)

[0283] The device according to any one of (1) to (8),
[0284] wherein the plurality of small cells are a set of
adjacent small cells.

[0285] (10)

[0286] The device according to (9)

[0287] wherein the plurality of small cells are small cells
that are included in the same small cell cluster.

[0288] (11)

[0289] The device according to any one of (1) to (10),
[0290] wherein the control unit notifies a base station of
each of the plurality of small cells of the assigned blank
subframes.

[0291] (12)

[0292] A device including:

[0293] an acquiring unit configured to acquire information
indicating decision of switching of a small cell from an on
state to an off state; and

[0294] a control unit configured to request that the switch-
ing be canceled.

[0295] (13)

[0296] The device according to (12),

[0297] wherein, when a predetermined condition regard-
ing a result of measurement performed by a terminal device
is satisfied, the control unit requests the cancellation.
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[0298] (14)

[0299] The device according to (13),

[0300] wherein the predetermined condition is a condition
that a measurement result of the small cell be more favorable
than a first threshold and a measurement result of each of the
other cells be less favorable than a second threshold.
[0301] (15)

[0302] The device according to (14),

[0303] wherein the measurement result is reference signal
received power (RSRP) or reference signal received quality
(RSRQ), and

[0304] the predetermined condition is a condition that the
measurement result of the small cell be greater than the first
threshold and the measurement result of the other cells is
smaller than the second threshold.

[0305] (16)

[0306] The device according to (14) or (15),

[0307] wherein the other cells include a macro cell and
other small cells.

[0308] (17)

[0309] The device according to any one of (12) to (16),
[0310] wherein the small cell is a serving cell.

[0311] (18)

[0312] The device according to any one of (12) to (17),
[0313] wherein the device is a terminal device or a module

for a terminal device.

[0314] (19)

[0315] A device including:

[0316] a control unit configured to decide to switch a small
cell from an on state to an off state; and

[0317] an acquiring unit configured to acquire a request
that the switching be canceled,

[0318] wherein the control unit cancels the switching in
response to the request.

[0319] (20)

[0320] The device according to (19),

[0321] wherein the control unit notifies a terminal device
of the decision of the switching.

[0322] (21)

[0323] A method including:

[0324] acquiring information about a plurality of small
cells; and

[0325] assigning, by a processor, blank subframes in

which no signal is transmitted and received to each of the
plurality of small cells,

[0326] wherein the assigning of the blank subframes to
each of the plurality of small cells includes assigning the
same subframes to one or more small cells that are a part of
the plurality of small cells as the blank subframes and not
assigning the same subframes to the remaining small cells
among the plurality of small cells as the blank subframes.

[0327] (22)

[0328] A program for causing a processor to execute:
[0329] acquiring information about a plurality of small
cells; and

[0330] assigning blank subframes in which no signal is

transmitted and received to each of the plurality of small
cells,

[0331] wherein the assigning of the blank subframes to
each of the plurality of small cells includes assigning the
same subframes to one or more small cells that are a part of
the plurality of small cells as the blank subframes and not
assigning the same subframes to the remaining small cells
among the plurality of small cells as the blank subframes.
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[0332] (23)

[0333] A readable recording medium having a program
recorded thereon, the program causing a processor to
execute:

[0334] acquiring information about a plurality of small
cells; and
[0335] assigning blank subframes in which no signal is

transmitted and received to each of the plurality of small
cells,

[0336] wherein the assigning of the blank subframes to
each of the plurality of small cells includes assigning the
same subframes to one or more small cells that are a part of
the plurality of small cells as the blank subframes and not
assigning the same subframes to the remaining small cells
among the plurality of small cells as the blank subframes.
[0337] (24)

[0338] A method including:

[0339] acquiring information indicating decision of
switching of a small cell from an on state to an off state; and

[0340] requesting, by a processor, that the switching be
canceled.

[0341] (25)

[0342] A program for causing a processor to execute:
[0343] acquiring information indicating decision of

switching of a small cell from an on state to an off state; and

[0344] requesting that the switching be canceled.
[0345] (26)
[0346] A readable recording medium having a program

recorded thereon, the program causing a processor to
execute:

[0347] acquiring information indicating decision of
switching of a small cell from an on state to an off state; and

[0348] requesting that the switching be canceled.

[0349] (27)

[0350] A method including:

[0351] deciding, by a processor, to switch a small cell

from an on state to an off state; and

[0352] acquiring a request that the switching be canceled,
[0353] wherein the switching is cancelled in response to
the request.

[0354] (28)

[0355] A program for causing a processor to execute:
[0356] deciding to switch a small cell from an on state to
an off state; and acquiring a request that the switching be
canceled,

[0357] wherein the switching is cancelled in response to
the request.

[0358] (29)

[0359] A readable recording medium having a program
recorded thereon, the program causing a processor to
execute:

[0360] deciding to switch a small cell from an on state to
an off state; and

[0361] acquiring a request that the switching be canceled,
[0362] wherein the switching is cancelled in response to
the request.

REFERENCE SIGNS LIST

[0363] 1 communication system
[0364] 2 communication system
[0365] 100 control entity

[0366] 131 information acquiring unit
[0367] 133 control unit

[0368] 300 terminal device
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[0369] 341 information acquiring unit
[0370] 343 control unit

[0371] 400 control entity

[0372] 431 information acquiring unit
[0373] 433 control unit

1. A control apparatus controlling one or more base station
apparatuses serving one or more cells, the control apparatus
comprising:

an interface configured to communicate with a base

station apparatus; and

circuitry configured to:

receive, via the interface, cell information from the
base station apparatus, the cell information including
one or more cell identities respectively correspond-
ing to the one or more cells;

decide whether a state of each cell of the one or more
cells is to be off or on;

assign, to the one or more cells, one or more subframes
in which one or more synchronization signals are not
transmitted, the one or more synchronization signals
being transmitted on other subframes than the
assigned one or more subframes; and

notify the base station apparatus of information indi-
cating the assigned one or more subframes where the
one or more synchronization signals are not trans-
mitted.

2. The control apparatus according to claim 1, wherein the
control apparatus is another base station apparatus.

3. The control apparatus according to claim 1, wherein the
circuitry is further configured to decide, whether the state of
each cell of the one or more cells is to be off or on, based on
a traffic load.

4. A base station apparatus from among one or more base
station apparatuses controlled by a control apparatus, the
base station comprising:

an interface configured to communicate with the control

apparatus; and

circuitry configured to:

serve one or more cells; and

send, via the interface, cell information to the control
apparatus, the cell information including one or more
cell identities respectively corresponding to the one
or more cells, wherein

a state of each cell of the one or more cells is decided to

be off or on by the control apparatus,

one or more subframes, in which one or more synchro-

nization signals are not transmitted, are assigned to the
one or more cells by the control apparatus, the one or
more synchronization signals being transmitted on
other subframes than the assigned one or more sub-
frames, and

the circuitry is further configured to receive, from the

control apparatus via the interface, information indi-
cating the assigned one or more subframes where the
one or more synchronization signals are not transmit-
ted.
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5. The base station apparatus according to claim 4,
wherein the control apparatus is another base station appa-
ratus.

6. The base station apparatus according to claim 4,
wherein the control apparatus decides, whether the state of
each cell of the one or more cells to be off or on, based on
a traffic load.

7. A method for a control apparatus controlling a base
station apparatus serving one or more cells, the method
comprising:

receiving, via an interface between the control apparatus

and the base station apparatus, cell information from
the base station apparatus, the cell information includ-
ing one or more cell identities respectively correspond-
ing to the one or more cells;

deciding whether a state of each cell of the one or more

cells is to be off or on;

assigning, to the one or more cells, one or more subframes

in which one or more synchronization signals are not
transmitted, the one or more synchronization signals
being transmitted on other subframes than the assigned
one or more subframes; and

notifying the base station apparatus of information indi-

cating the assigned one or more subframes where the
one or more synchronization signals are not transmit-
ted.

8. The method according to claim 7, wherein the control
apparatus is another base station apparatus.

9. The method according to claim 7, wherein the deciding,
whether the state of each cell of the one or more cells is to
be off or on, is based on a traffic load.

10. A method for a base station apparatus from among one
or more base station apparatuses controlled by a control
apparatus, the method comprising:

serving one or more cells, and

sending, via an interface between the control apparatus

and a base station apparatus, cell information to the
control apparatus, the cell information including one or
more cell identities respectively corresponding to the
one or more cells, wherein

a state of each cell of the one or more cells is decided to

be off or on by the control apparatus,

one or more subframes, in which one or more synchro-

nization signals are not transmitted, are assigned to the
one or more cells by the control apparatus, the one or
more synchronization signals being transmitted on
other subframes than the assigned one or more sub-
frames, and

the method further comprises receiving, from the control

apparatus via the interface, information indicating the
assigned one or more subframes where the one or more
synchronization signals are not transmitted.

11. The method according to claim 10, wherein the control
apparatus is another base station apparatus.

12. The method according to claim 10, wherein the
deciding, whether the state of each cell of the one or more
cells to be off or on, is based on a traffic load.
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