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(57) ABSTRACT

Provided is a communication control device including a
radio communication unit configured to perform radio com-
munication with a plurality of terminal apparatuses of a
primary system using communication resources of the pri-
mary system, and a generating unit configured to generate
resource information for notifying a secondary system sec-
ondarily using the communication resources of available
communication resources. The radio communication unit
transmits the resource information generated by the gener-
ating unit through a downlink control channel including a
common space that is decoded in common by the plurality
of terminal apparatuses and a plurality of individual spaces
that are decoded by only some of the plurality of terminal
apparatuses.
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METHODS AND APPARATUS FOR
COMMUNICATING RESOURCE
INFORMATION WITH A TERMINAL
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of and claims the
benefit under 35 U.S.C. §120 of U.S. patent application Ser.
No. 14/406,364, titled “METHODS AND APPARATUS
FOR COMMUNICATING RESOURCE INFORMATION
WITH A TERMINAL DEVICE,” filed on Dec. 8, 2014,
which is a National Stage of International Application No.
PCT/IP2013/061275, filed in the Japanese Patent Office as
a Receiving Office on Apr. 16, 2013, which claims priority
to Japanese Patent Application Number JP 2012-144048,
filed in the Japanese Patent Office on Jun. 27, 2012, each of
which is hereby incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to a communication
control device, a communication control method, and a
communication device.

BACKGROUND ART

[0003] High speed cellular radio communication schemes
such as Long Term Evolution (LTE) and WiMAX have been
put into practical use in recent years, remarkably increasing
communication rates of radio communication services for
mobile users. Furthermore, the introduction of the fourth
generation cellular radio communication schemes such as
LTE-Advanced (LTE-A) will be expected to increase com-
munication rates much more.

[0004] Meanwhile, more and more applications that
require high data rates are used with a rapid increase in the
number of mobile users. As a result, the development of
cellular radio communication schemes has not yet satisfied
all the needs of mobile users. Accordingly, techniques for
effective use of frequency resources are developed in order
to maintain or increase communication rates.

[0005] For example, Patent Literature 1 discloses a tech-
nique for helping share communication resources between a
plurality of secondary communication services.

CITATION LIST

Patent Literature

[0006] Patent Literature 1: JP 2012-34326A
SUMMARY OF INVENTION
Technical Problem
[0007] However, for example, when a communication

device of a secondary system checks resource blocks in an
idle state in an LTE radio communication system serving as
a primary system, a large load typically occurs in the
communication device of the secondary system. More spe-
cifically, since the communication device of the secondary
system has to perform blind decoding on all control channel
elements (CCEs) included in a physical downlink control
channel (PDCCH), a large load occurs in the communication
device of the secondary system.
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[0008] In this regard, it is desirable to provide a mecha-
nism capable of reducing a load occurring when the sec-
ondary system checks communication resources of the pri-
mary system in the idle state.

Solution to Problem

[0009] According to the present disclosure, there is pro-
vided a communication control device including a radio
communication unit configured to perform radio communi-
cation with a plurality of terminal apparatuses of a primary
system using communication resources of the primary sys-
tem, and a generating unit configured to generate resource
information for notifying a secondary system secondarily
using the communication resources of available communi-
cation resources. The radio communication unit transmits
the resource information generated by the generating unit
through a downlink control channel including a common
space that is decoded in common by the plurality of terminal
apparatuses and a plurality of individual spaces that are
decoded by only some of the plurality of terminal appara-
tuses.

[0010] Further, according to the present disclosure, there
is provided a communication control method including
performing radio communication with a plurality of terminal
apparatuses of a primary system using communication
resources of the primary system, generating resource infor-
mation for notifying a secondary system secondarily using
the communication resources of available communication
resources, and transmitting the generated resource informa-
tion through a downlink control channel including a com-
mon space that is decoded in common by the plurality of
terminal apparatuses and a plurality of individual spaces that
are decoded by only some of the plurality of terminal
apparatuses.

[0011] Further, according to the present disclosure, there is
provided a communication device including a radio com-
munication unit configured to receive resource information
for notifying a secondary system secondarily using commu-
nication resources of a primary system of available com-
munication resources through a downlink control channel
including a common space that is decoded in common by a
plurality of terminal apparatuses of the primary system and
a plurality of individual spaces that are decoded by only
some of the plurality of terminal apparatuses, and a control
unit configured to cause the radio communication unit to
perform radio communication using the available commu-
nication resources based on the resource information
acquired by decoding of the downlink control channel.

Advantageous Effects of Invention

[0012] As described above, according to the present dis-
closure, it is possible to reduce a load occurring when a
secondary system checks communication resources of a
primary system in an idle state.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG. 1 is an explanatory diagram for describing a
format of a downlink resource block in LTE.

[0014] FIG. 2 is an explanatory diagram for describing an
example of a general technique of transmitting scheduling
information through PDCCH.



US 2017/0041937 Al

[0015] FIG. 3 is an explanatory diagram illustrating exem-
plary schematic configurations of a primary system and a
secondary system according to an embodiment of the pres-
ent disclosure.

[0016] FIG. 4 is a block diagram illustrating an exemplary
configuration of an eNodeB of a primary system according
to the present embodiment.

[0017] FIG. 5 is an explanatory diagram for describing an
exemplary technique of transmitting resource information
through a PDCCH.

[0018] FIG. 6 is an explanatory diagram for describing
exemplary information uniquely identifying a radio frame
including a resource block in an idle state among a plurality
of devices.

[0019] FIG. 7 is an explanatory diagram for describing
exemplary information uniquely identifying a resource
block in an idle state among a plurality of devices.

[0020] FIG. 8 is an explanatory diagram for describing an
example of transmitting uplink scheduling information
through a PDCCH.

[0021] FIG. 9 is a block diagram illustrating an exemplary
configuration of an eNodeB of a secondary system accord-
ing to the present embodiment.

[0022] FIG. 10 is a flowchart illustrating an exemplary
schematic flow of a communication control process of an
eNodeB side of a primary system according to the present
embodiment.

[0023] FIG. 11 is a flowchart illustrating an exemplary
schematic flow of a communication control process of a
home eNodeB side of a secondary system according to the
present embodiment.

[0024] FIG. 12 is a flowchart illustrating an exemplary
schematic flow of a communication control process of an
eNodeB side of a primary system according to a modified
example of the present embodiment.

[0025] FIG. 13 is a flowchart illustrating an exemplary
schematic flow of a communication control process of a
home eNodeB side of a secondary system according to a
modified example of the present embodiment.

DESCRIPTION OF EMBODIMENTS

[0026] Hereinafter, preferred embodiments of the present
invention will be described in detail with reference to the
appended drawings. Note that, 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.

[0027] The description will proceed in the following order.
[0028] 1. Introduction

[0029] 1.1. Technical field of effective use of frequency
resources

[0030] 1.2. Frequency secondary use for effectively using

frequency resources in idle state

[0031] 1.3. Primary system and secondary system
[0032] 1.4. Technical problems
[0033] 2. Schematic configurations of primary system and

secondary system

[0034] 3. Configurations of respective devices
[0035] 3.1. Configuration of eNodeB

[0036] 3.2. Configuration of home eNodeB
[0037] 4. Processing flow

[0038] 5. Modified example

[0039] 5.1. Configuration of eNodeB

[0040] 5.2. Configuration of home eNodeB
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[0041] 5.3. Processing tlow
[0042] 6. Conclusion
1. INTRODUCTION
[0043] First, the technical field of effective use of fre-

quency resources, a frequency secondary use for effectively
using frequency resources in a temporally or spatially idle
state, a primary system and a secondary system, a resource
block in LTE, and a technical problem will be described.

1.1. Technical Field for Effective Use of Frequency
Resource

[0044] First of all, the technical field for effective use of a
frequency resource will be described. For example, the
following technical fields are representative of the technical
field for effective use of a frequency resource.

[0045] frequency sharing within a single operator

[0046] frequency sharing between different operators

[0047] frequency secondary use for effectively using a
frequency resource in a temporally or spatially idle
state

[0048] real-time auction of a frequency resource in an
idle state

[0049] First, frequency sharing within a single operator is

a technique of improving utilization efficiency of a fre-
quency resource with the frequency resource leased between
communication systems of the same operator in different
communication schemes. The different communication
schemes are Wideband Code Division Multiple Access
(W-CDMA) and Long Term Evolution (LTE) as an example.
For example, a rapidly increased traffic volume in a LTE
network and a small traffic volume in a W-CDMA network
temporarily allow a part of the frequency resource in the
W-CDMA network to be used in the LTE network. As a
result, it becomes possible to increase the communication
capacity of the LTE network, which leads to an increase in
the total traffic volumes of both W-CDMA network and LTE
network. In other words, it becomes possible to increase the
number of terminal apparatuses that can be accommodated
in both W-CDMA network and LTE network.

[0050] Second, frequency sharing between different
operators is a technique of improving utilization efficiency
of a frequency resource with the frequency resource leased
between communication systems of the different operators.
It is assumed in this frequency sharing that different opera-
tors (such as an operator A and an operator B) are concur-
rently providing radio communication services in the same
area. For example, the operator A and the operator B each
provide a radio communication service of LTE. For
example, a rapidly increased traffic volume in a LTE net-
work of the operator B and a small traffic volume in a LTE
network of the operator A temporarily allow a part of the
frequency resource in the LTE network of the operator A to
be used in the LTE network of the operator B. As a result,
it becomes possible to increase the communication capacity
of the LTE network of the operator B, which leads to an
increase in the traffic volume in the LTE network of the
operator B.

[0051] Third, frequency secondary use for efficiently
using a frequency resource in a temporally or spatially idle
state is a technique of improving utilization efficiency of a
frequency resource with the frequency resource leased
between a primary system and a secondary system. The
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primary system is also referred to as primary system. The
secondary system is also referred to as secondary system.
The primary system is a main system having priority. For
example, the primary system is a radio communication
system of LTE. For example, the secondary system is a
dedicated radio communication system of LTE including a
radio L AN system or a home eNodeB and a User Equipment
(UE) in the neighborhood thereof. For example, when the
primary system has a frequency resource unused, the sec-
ondary system temporarily uses this frequency resource.
[0052] Fourth, the real-time auction of frequency
resources in the idle state is a technique of lending frequency
resources to an operator who desires to use the frequency
resources in the idle state through an auction.

[0053] The present disclosure focuses on the frequency
secondary use for effectively using the frequency resources
in the temporally or spatially idle state. In the present
disclosure, for example, a technique necessary when this
technique is applied in an LTE platform will be described.

1.2. Frequency Secondary Use for Effectively
Using Frequency Resources in Idle State

[0054] (Premise of Frequency Secondary Use in LTE)
[0055] In the LTE radio communication system, resource
blocks (RBs) are uplink and downlink scheduling units. The
resource blocks are communication resources of 12 sub
carriersx7 OFDM symbols. The communication resources
can be divided in the frequency direction and the time
direction as described above. User equipment (UE) can use
communication resources of resource block units. Further,
downlink and uplink communication resources are allocated
to the UE in units of resource blocks

[0056] In the LTE radio communication system, not all
resource blocks are necessarily used all the time. In other
words, when the number of UEs in a cell is small or when
uplink or downlink traffic of the UE is small, there are
resource blocks in the idle state. When the communication
resources in the idle state are released by the primary system
and effectively used by the secondary system, throughput
can be improved.

[0057] (Units of Communication Resources to be Effec-
tively Used)
[0058] As described above, the resource blocks that are the

communication resources of 12 sub carriersx7 OFDM sym-
bols have been described as the communication resources in
the idle state. The resource block is a minimum scheduling
unit. As a first example, units of the communication
resources in the idle state released to the secondary system
are the resource blocks. As a second example, units of the
communication resources in the idle state released to the
secondary system are subframes. In other words, commu-
nication resources of a frequency band (for example, com-
ponent carrier)x1 millisecond (ms) are released to the sec-
ondary system.

[0059] The frequency at which release of communication
resources is decided is considered to differ according to units
of released communication resources in the idle state.
[0060] For example, when units of released communica-
tion resources in the idle state are resource blocks, the
frequency at which the release is decided may be very high.
In other words, the communication resources in the idle state
may be very dynamically released. This is because, since a
UE using a resource block is decided for each resource
block, a resource block directly after a resource block in the
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idle state may not be in the idle state. Thus, for example, the
frequency at which the release of the resource block is
decided is 1 ms (a length of a subframe).

[0061] Meanwhile, for example, when units of released
communication resources in the idle state are subframes, the
frequency at which the release is decided may be low. In
other words, the communication resources in the idle state
may be released semi-statically. For example, the frequency
at which the release of communication resources of sub-
frame units is decided is several periods of 10 ms. In this
case, communication resources of subframe units released in
a radio frame of 10 ms are used by the secondary system
during several periods of 10 ms.

[0062] The present disclosure is focused on the release of
communication resources of small units such as resource
blocks. The secondary use of communication resources of
small units such as resource blocks makes it possible to use
all communication resources in the idle state, but dynamic
control is necessary.

[0063] (Resource Blocks in LTE)

[0064] As described above, the present disclosure focuses
on the release of communication resources of small units
such as resource blocks, and thus resource blocks will be
described in further detail. This point will be specifically
described below with reference to FIG. 1.

[0065] FIG. 1 is an explanatory diagram for describing a
format of a downlink resource block in LTE. Referring to
FIG. 1, two resource blocks in a subframe are illustrated. As
described above, each subframe is a communication
resource of 12 sub carriersx7 OFDM symbols (1 slot). As
described above, two resource blocks per subframe are
present in a bandwidth of 12 sub carriers in a time (1)
direction. Further, several resource blocks corresponding to
a bandwidth of a frequency band being used are present in
a frequency (f) direction. For example, in the frequency
direction, there are a maximum of 110 resource blocks for
each component carrier having a bandwidth of a maximum
of 20 MHz. In communication resources of the I'TE radio
communication system, communication resources extending
in the frequency direction and the time direction are divided
into a number of resource blocks in the frequency direction
and the time direction as described above. Further, commu-
nication resources are allocated to UEs in units of resource
blocks. In other words, the UE can communication resources
of resource block units.

[0066] Information indicating a resource block and a UE
using a resource block, that is, scheduling information, is
transmitted through a downlink control channel. More spe-
cifically, the scheduling information is transmitted through a
PDCCH serving as a region of 3 OFDM symbols at the head
of each subframe. The scheduling information includes a
downlink assignment serving as downlink scheduling infor-
mation and an uplink grant serving as uplink scheduling
information. The downlink assignment designates a down-
link resource block in a subframe, and the uplink grant
designates an uplink resource block in a subframe after 4 or
more subframes.

[0067] Further, most regions of 4th and subsequent OFDM
symbols of each subframe serve as a physical downlink
shared channel (PDSCH). Control information is transmitted
through the PDCCH, and user data and some control infor-
mation are transmitted through the PDSCH.
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1.3. Primary System and Secondary System

[0068] (Overview)

[0069] Next, a common primary system and a common
secondary system will be described. The primary system is
a system having a priority for use of communication
resources. Meanwhile, the secondary system is a system
using communication resources in the idle state under con-
ditions of having no influence on the primary system when
there are communication resources in the idle state among
communication resources of the primary system. Thus, the
primary system has priority over the secondary system. The
primary system and the secondary system may use different
radio access techniques.

[0070] (Example of Primary System and Secondary Sys-
tem)
[0071] For example, the primary system is an LTE radio

communication system. Meanwhile, for example, the sec-
ondary system is a wireless LAN communication system. As
another example, the secondary system may be a radio
communication system including UEs of LTE operating in a
P2P mode. Further, as another example, the secondary
system may be a radio communication system including an
independent eNodeB (for example, a home eNodeB or a
Pico eNodeB) and a UE communicating with the eNodeB.
[0072] (Relation Between Primary System and Secondary
System in LTE)

[0073] As described above, the primary system is high in
priority, and the secondary system is low in priority. In this
case, it is difficult to imagine the secondary system trans-
mitting a certain signal to the primary system. In other
words, it is difficult to imagine the secondary system trans-
mitting an inquiry to the primary system about the commu-
nication resources in the idle state. This is because such an
inquiry may increase a load of the primary system. Gener-
ally, the secondary system does not perform transmission
and reception of signals with the primary system, but
independently determines communication resources of the
primary system in the idle state and uses the determined
communication resources without influencing the primary
system. Here, when the secondary system has influence on
the primary system, for example, it means that a signal
transmitted by the secondary system using the communica-
tion resources serves as an interference source to the primary
system and thus the throughput of the primary system is
lowered.

[0074] Further, when the primary system is an LTE radio
communication system, since the radio communication sys-
tem is a system of a cellular scheme, a certain cell in the
primary system neighbors another cell in the primary sys-
tem. In this case, when there are communication resources
in the idle state in a certain cell, and the secondary system
uses the communication resources, it is desirable to consider
that a transmission signal of the secondary system may serve
as an interference source to a neighboring cell.

[0075] As described above, generally, transmission and
reception of signals are not performed between the primary
system and the secondary system according to the related
art. For this reason, the secondary system measures radio
waves of the primary system during a sufficiently long
period of time, and then determines whether or not commu-
nication resources are being used in the primary system (that
is, whether or not there are communication resources in the
idle state). Then, when it is determined that there are
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communication resources in the idle state, the secondary
system uses the communication resources considered to be
in the idle state.

[0076] However, the technique of determining the com-
munication resources in the idle state through the measuring
of the secondary system carries a risk because communica-
tion of the primary system may start directly after the
determining. Further, since it takes a long time to measure,
it is difficult to secondarily use communication resources in
the idle state that become available in a period shorter than
a period of time necessary for the measuring.

[0077] Thus, when the LTE radio communication system
is the primary system and the communication resources of
the primary system are secondarily used, it is desirable that
the secondary system notify the secondary system of the
communication resources in the idle state. As the notifying
technique, a technique of notifying the secondary system of
the communication resources in the idle state using an LTE
radio access of the primary system is considered. This is
because a technique in which an eNodeB of the primary
system gives a notification to the secondary system via a
core network (and the Internet) is considered to take a long
time and be unable to efficiently release the communication
resources in the idle state.

1.4. Technical Problems

[0078] Technical problems when the frequency secondary
use for effectively using the frequency resources in the
temporally or spatially idle state described above is imple-
mented will be described. Here, communication resources of
small units such as resource blocks are assumed to be
released. The description will proceed with an example in
which the above-described frequency secondary use is
implemented on, for example, an LTE or LTE-A platform.

[0079] First, as a premise, in the LTE radio communica-
tion system, scheduling information is transmitted through
the PDCCH in each subframe as described above. For this
reason, the UE of the primary system can check downlink
resource blocks in a subframe allocated to its own device
from the scheduling information transmitted through the
PDCCH in the subframe. Further, the UE of the primary
system can check uplink resource blocks in a subframe after
4 or more subframes which is allocated to its own device
from the scheduling information transmitted through the
PDCCH in the subframe. A general technique of transmit-
ting the scheduling information through the PDCCH will be
specifically described with reference to FIG. 2.

[0080] FIG. 2 is an explanatory diagram for describing a
general technique of transmitting the scheduling information
through the PDCCH. Referring to FIG. 2, a PDCCH and a
PDSCH in a subframe are illustrated. As described above,
the scheduling information is transmitted through the
PDCCH, but in order to reduce a load of blind coding of a
UE, a search space is specified for the PDCCH. More
specifically, the PDCCH includes two types of spaces, that
is, a common search space (CSS) and a UE-specific common
search space (USS). In the PDCCH, first, a CSS is present,
and thereafter a plurality of USSs follow. The CSS is a
search space that is decoded in common by all UEs, and each
of a plurality of USSs is a search space that is decoded by
only some UEs serving as a target of individual USSs. Each
UE performs blind coding on the CSS, and then performs
blind coding on the USS corresponding to its own device.
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[0081] As described above, in the LTE radio communica-
tion system, the scheduling information is transmitted. For
this reason, when the primary system is the LTE radio
communication system, the secondary system can check
whether or not there is a downlink resource block in the idle
state in the subframe based on the scheduling information
transmitted through the PDCCH in the subframe. Further,
the secondary system can check whether or not there is an
uplink resource block in the idle state in a subframe after 4
or more subframes based on the scheduling information.
[0082] However, when the secondary system checks
whether or not there is a resource block in the idle state, a
large load typically occurs in the communication device of
the secondary system. Specifically, the secondary system
performs blind decoding on all CCEs of the PDCCH in order
to check whether or not there is a resource block in the idle
state. In other words, the secondary system performs blind
coding on all CCEs including a CCE of a CSS and CCEs of
a plurality of USSs. Thus, a large load occurs in the
communication device of the secondary system.

[0083] Further, the secondary system may not check
whether or not there is a resource block in the idle state
unless information of the PDCCH is checked to the end.
Thus, it may be difficult to secure a time necessary to
secondarily use communication resources, particularly for
the downlink.

[0084] Further, the checking of the resource block in the
idle state causes a large problem. Since the CCEs of the USS
of the PDCCH are scrambled while being masked by IDs of
some UEs serving as a target of the USS, each UE performs
demasking, descrambling, and decoding using an ID of its
own device. Then, when it is determined that there is no
error through a cyclic redundancy check (CRC), the UE can
acquire the scheduling information and perform the check-
ing. However, in order to check the resource block in the idle
state, the secondary system performs demasking, descram-
bling, and decoding using all IDs for all CCEs. For this
reason, when the secondary system checks the resource
block in the idle state, a large load occurs in the communi-
cation device of the secondary system.

[0085] In this regard, in an embodiment of the present
disclosure, it is possible to reduce a load occurring when the
secondary system checks the communication resources of
the primary system in the idle state. Next, specific content of
<<2. Schematic configurations of primary system and sec-
ondary system>> <<3. Configurations of respective
devices>>, <<4. Processing flow>>, and <<5. Modified
example>> will be described.

2. SCHEMATIC CONFIGURATIONS OF
PRIMARY SYSTEM AND SECONDARY
SYSTEM

[0086] First, schematic configurations of a primary system
and a secondary system according to an embodiment of the
present disclosure will be described with reference to FIG.
3. FIG. 3 is an explanatory diagram illustrating exemplary
schematic configurations of a primary system and a second-
ary system according to an embodiment of the present
disclosure. Referring to FIG. 3, a primary system including
an eNodeB 100 and a UE 200 and a secondary system
including a home eNodeB 300 and a UE 400 are illustrated.
As described above, the primary system and the secondary
system are LTE or LTE-A radio communication systems, for
example.
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[0087] (Primary System)

[0088] For example, the primary system includes the
eNodeB 100 and the UE 200 as described above. The
eNodeB 100 performs radio communication with the UE
200 using a frequency band of the primary system in a cell
10 of the primary system. For example, the frequency band
is a component carrier (CC). The CC has a bandwidth of a
maximum of 20 MHz.

[0089] The eNodeB 100 performs radio communication
with the UE 200 in units of time in radio communication. A
unit of time in radio communication is a radio frame of 10
ms. Further, since a radio frame includes 10 subframes, a
unit of time in radio communication is also referred to as a
subframe of 1 ms.

[0090] The eNodeB 100 performs uplink and downlink
scheduling in units of resource blocks. In other words, the
eNodeB 100 allocates uplink communication resources and
downlink communication resources in units of resource
blocks to the UE 200. A CC includes a maximum of 110
resource blocks in the frequency direction, and a subframe
includes 2 resource blocks in the time direction. In other
words, a CC includes a maximum of 220 resource blocks for
each subframe. The eNodeB 100 transmits the scheduling
information through the PDCCH.

[0091] (Secondary System)

[0092] For example, the secondary system includes the
home eNodeB 300 and the UE 400 as described above. The
secondary system secondarily uses the frequency band of the
primary system. In other words, the home eNodeB 300
performs communication with the UE 400 using communi-
cation resources in the idle state which are not used in the
primary system. Particularly, in an embodiment of the
present disclosure, communication resources of small units
such as resource blocks in the idle state are used by the
secondary system. In other words, the home eNodeB 300
performs communication with the UE 400 using resource
blocks that are not used by the primary system.

3. CONFIGURATIONS OF RESPECTIVE
DEVICES

[0093] Next, exemplary configurations of an eNodeB of
the primary system and a home eNodeB of the secondary
system will be described with reference to FIGS. 4 t0 9.

3.1. Configuration of eNodeB

[0094] First, an exemplary configuration of the eNodeB
100 of the primary system according to the present embodi-
ment will be described with reference to FIGS. 4 to 8. FIG.
4 is a block diagram illustrating an exemplary configuration
of the eNodeB 100 of the primary system according to the
present embodiment. Referring to FIG. 4, the eNodeB 100
includes a radio communication unit 110, a network com-
munication unit 120, a storage unit 130, and a control unit
140.

[0095] (Radio Communication Unit 110)

[0096] The radio communication unit 110 performs radio
communication with a plurality of UEs 200 of the primary
system using communication resources of the primary sys-
tem. For example, the communication resources are the
resource blocks. The primary system has one or more
frequency bands (for example, 1 or more component carri-
ers). The frequency band is divided in units of 12 sub
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carriers, and communication resources corresponding to 1
slot (0.5 subframes) of the 12 sub carriers are used as the
resource block.

[0097] The radio communication unit 110 transmits
resource information generated by the control unit 140 (a
resource information generating unit 143) through a down-
link control channel including a common space that is
decoded in common by the plurality of UEs and a plurality
of individual spaces that are decoded by only some of the
plurality of terminal apparatuses. The resource information
is information for notifying the secondary system second-
arily using communication resources of the primary system
of available communication resources.

[0098] More specifically, for example, the radio commu-
nication unit 110 transmits the resource information through
the PDCCH including the common search space (CSS) and
a plurality of UE-specific common search spaces (USSs).
The resource information is information for notifying the
secondary system of a resource block in the idle state. The
number of resource blocks in the idle state notified of
through the resource information is not limited to one and
may be 2 or more. Further, the resource block in the idle
state notified of through the resource information may be
either or both of the downlink resource block and the uplink
resource block.

[0099] Further, for example, the resource information
includes position information indicating a position of a
resource block in the idle state in a subframe in the time
direction and a position of a resource block in the idle state
in a subframe in the frequency direction. For example, the
position in the time direction is a slot (a first slot or a second
slot) in which there is a resource block. Further, the position
in the frequency direction is a frequency of the resource
block in the idle state. Further, when a plurality of resource
blocks in the idle state are consecutive in the frequency
direction, the resource information may indicate the entire
bandwidth of the plurality of resource blocks in the idle state
instead of the position in the frequency direction.

[0100] As described above, when the information of the
resource block in the idle state is transmitted, the commu-
nication device of the secondary system can check the
resource block in the idle state based on the information.
Thus, the communication device of the secondary system
need not check all the scheduling information of the
PDCCH. As a result, the load of the communication device
of the secondary system is reduced.

[0101] Further, for example, the downlink control channel
includes the common space, the plurality of individual
spaces, and a secondary system space the having the same
format as the individual space. The radio communication
unit 110 transmits the resource information using the sec-
ondary system space.

[0102] More specifically, the PDCCH includes a CSS, a
plurality of USSs, and a secondary spectrum use search
space (SSUSS) having the same format as the USS. The
radio communication unit 110 transmits the resource infor-
mation using the SSUSS. This point will be specifically
described below with reference to FIG. 5.

[0103] FIG. 5 is an explanatory diagram for describing an
exemplary technique of transmitting the resource informa-
tion through the PDCCH. Referring to FIG. 5, a PDCCH and
a PDSCH in a subframe are illustrated. The PDCCH
includes a CSS, a plurality of USSs, and an SSUSS. Since
the SSUSS has the same format as the USS, for example, the
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CCEs of the SSUSS are scrambled while being masked by
a certain ID. Thus, the certain ID is shared by the commu-
nication devices of the secondary system. The communica-
tion device (for example, the home eNodeB 300) of the
secondary system can acquire the resource information by
performing demasking, descrambling, and decoding using
the certain ID. Further, when there are a plurality of sec-
ondary systems, a different ID may be used according to a
secondary system. Meanwhile, in the primary system, the
UE 200 of the primary system does not decode the SSUSS
since the SSUSS has the same format as the USS rather than
the CSS.

[0104] As described above, using the SSUSS, the com-
munication device of the secondary system need not perform
processing using various 1Ds, and processing of the UE 200
of the primary system is not increased. In other words, the
load of the communication device of the secondary system
can be reduced without increasing the load of the UE of the
primary system.

[0105] Further, since the SSUSS has the same format as
the format of the USS rather than the format of the CSS, the
CSS is similar to that of the existing system. For this reason,
when the CSS is arranged in the PDCCH similarly to the
existing system, the UE of the primary system decodes the
CSS similarly to the existing system. Furthermore, the
SSUSS is viewed to be similar to the USS by the UE of the
primary system. The SSUSS is not decoded by any UE of the
primary system. Thus, regardless of the presence or absence
of the SSUSS, the UE of the primary system decodes the
USS corresponding to its own device in addition to the CSS,
similarly to the existing system. As described above, the
presence of the SSUSS does not have influence on an
operation of the UE of the primary system. Thus, backward
compatibility with the existing system can be secured.
[0106] Further, for example, the secondary system space is
positioned ahead of all or some of the plurality of individual
spaces in the time direction in the downlink control channel.
[0107] More specifically, the SSUSS is positioned ahead
of all or some of a plurality of USSs in the time direction in
the PDCCH. In other words, the radio communication unit
110 transmits a signal of the SSUSS in the PDCCH before
all or some of a plurality of USSs. Referring back to FIG. 5,
the SSUSS is positioned between the CSS and a plurality of
USSs in the processing process. For example, the USS is
transmitted through a first OFDM symbol of a subframe, and
each of a plurality of USSs is transmitted through any one
of first to third OFDM symbols.

[0108] As the SSUSS is positioned forward in the time
direction as described above, the SSUSS can be decoded
early, and thus a preparation time necessary for the second-
ary system to use the resource block can be further
increased.

[0109] Further, for example, the radio communication unit
110 transmits the system information of the frequency band
of the primary system. The system information is generated
by a system information generating unit 145 which will be
described later.

[0110] (Network Communication Unit 120)

[0111] The network communication unit 120 communi-
cates with other communication nodes. For example, the
network communication unit 120 communicates with the
home eNodeB 300 of the secondary system directly or a
certain communication node.
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[0112] (Storage Unit 130)

[0113] The storage unit 130 stores a program and data that
are necessary for an operation of the eNodeB 100. For
example, the storage unit 130 includes a storage medium
such as a hard disk or a semiconductor memory.

[0114] (Control Unit 140)

[0115] The control unit 140 provides various kinds of
functions of the eNodeB 100. For example, the control unit
140 corresponds to a processor such as a CPU or a DSP, and
executes a program stored in the storage unit 130 or any
other storage medium to provide various kinds of functions.
The control unit 140 includes a scheduling unit 141, the
resource information generating unit 143, and the system
information generating unit 145.

[0116] (Scheduling Unit 141)

[0117] The scheduling unit 141 performs uplink and
downlink scheduling. For example, the scheduling unit 141
performs the scheduling in units of resource blocks. In other
words, the eNodeB 100 allocates uplink communication
resources and downlink communication resources in units of
resource blocks to the UE 200.

[0118] (Resource Information Generating Unit 143)
[0119] The resource information generating unit 143 gen-
erates resource information for notifying the secondary
system secondarily using the communication resources of
the primary system of available communication resources.
[0120] More specifically, the resource information gener-
ating unit 143 specifies a resource block in the idle state, for
example, based on the downlink and uplink scheduling
result performed by the scheduling unit 141. Then, the
resource information generating unit generates the resource
information for notifying of the specified resource block.
[0121] As the resource information is generated, it is
possible to notify the secondary system of the communica-
tion resources in the idle state.

[0122] Further, for example, the resource information
includes identification information uniquely identifying the
available communication resources among a plurality of
devices. This point will be concretely described below with
reference to FIGS. 6 and 7.

[0123] FIG. 6 is an explanatory diagram for describing
exemplary information uniquely identifying a radio frame
including a resource block in the idle state among a plurality
of devices. Referring to FIG. 6, 1024 radio frames (which
are also referred to as “system frames™) and system frame
numbers (SFNs) identifying the respective radio frames are
illustrated. As described above, in LTE, it is possible to
uniquely identify each of 1024 radio frames (radio frames
within a duration of 10.23 seconds) among a plurality of
devices using the SFN added to the radio frame.

[0124] FIG. 7 is an explanatory diagram for describing
exemplary information uniquely identifying a resource
block in the idle state among a plurality of devices. Refer-
ring to FIG. 7, 10 subframes included in a radio frame
having an SFN of 4 are illustrated. The subframes included
in the radio frame are uniquely identified by subframe
numbers #0 to #9. Further, resource blocks included in the
subframe of the subframe #3 are illustrated. Generally, in
LTE, identification information uniquely identifying the
resource blocks in the subframe is not specified. Thus, for
example, the resource information generating unit 143 allo-
cates serial numbers to the resource blocks in the idle state
in the subframe as the identification information. For
example, as illustrated in FIG. 7, the resource information
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generating unit 143 first allocates the serial number to the
resource block in the idle state in the first slot in ascending
order of frequency, and then allocates the serial number to
the resource block in the idle state in the second slot in
ascending order of frequency.

[0125] As described above, a radio frame, a subframe, and
a resource block can be uniquely identified among a plural-
ity of devices. For example, identification information of a
resource block is indicated by (an SFN, a subframe number,
and a serial number of the resource block in the idle state).
For example, identification information of a resource block
that is second lowest in frequency in the second slot in the
subframe #3 in the radio frame having the SFN 4 is indicated
by (4,3,4).

[0126] Based on the identification information, it is pos-
sible to uniquely identify the resource block that is in the idle
state during a maximum of about 10 seconds among a
plurality of devices. Thus, for example, when a plurality of
communication devices of the secondary system use the
resource blocks in the idle state, the plurality of communi-
cation devices can identify the resource block in the idle
state using the same identification information. Thus, the
plurality of communication devices can adjust which com-
munication device uses which resource block. Thus, as the
plurality of communication devices use the resource blocks
in the idle state at the same time, the occurrence of a
collision can be prevented.

[0127] Further, since the adjustment can be performed
between the secondary systems based on the identification
information, the load of the primary system is not increased.
More specifically, for example, when the eNodeB 100 of the
primary system detects IDs of a plurality of communication
devices of the secondary system and allocates the resource
blocks in the idle state to the plurality of communication
devices, the load of the eNodeB 100 of the primary system
may be increased However, when the adjustment is per-
formed between the secondary systems based on the iden-
tification information regardless of the primary system, the
load of the primary system is not increased.

[0128] The plurality of communication devices of the
secondary system may be communication devices of differ-
ent secondary systems or may be communication devices of
the same secondary system.

[0129] An algorithm for the adjustment performed among
a plurality of communication devices may be freely desig-
nated according to the secondary system. For example, when
there are 10 communication devices in the secondary sys-
tem, the resource blocks in the idle state may be equally
distributed to the 10 communication devices.

[0130] Further, for example, the resource information
includes information for notifying the secondary system of
available uplink communication resources of the primary
system.

[0131] More specifically, the resource information
includes information for notifying the secondary system of
the resource blocks in the idle state among the uplink
resource blocks of the primary system. In other words, the
SSUSS is used to notify of the uplink resource block in the
idle state of the primary system.

[0132] As described above, as the notification of the
uplink resource block in the idle state is given, the load of
the communication device of the secondary system that
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desires to check the resource block in the idle state can be
reduced. This point will be specifically described below with
reference to FIG. 8.

[0133] FIG. 8 is an explanatory diagram for describing an
example of transmitting the uplink scheduling information
through the PDCCH. Referring to FIG. 8, 10 subframes
included in a radio frame are illustrated. The uplink sched-
uling information as well as the downlink scheduling infor-
mation is transmitted through the PDCCH of each subframe.
The downlink scheduling information designates a resource
block in the idle state in a subframe in which the scheduling
information is transmitted. Meanwhile, as illustrated in FIG.
8, the uplink scheduling information designates a resource
block in a subframe after 4 or more subframes from a
subframe in which the scheduling information is transmit-
ted. Thus, in order to check the uplink resource block in the
idle state from the uplink scheduling information, the com-
munication device of the secondary system has to perform
blind coding on all CCEs of a previous subframe and hold
obtained information. Thus, when the uplink resource block
in the idle state is checked from the scheduling information,
the load of the secondary system is larger than when the
downlink resource block in the idle state is checked from the
scheduling information. Thus, the resource information gen-
erating unit 143 generates the resource information includ-
ing the information for notifying the secondary system of the
uplink resource block of the primary system in the idle state.
Thus, it is possible to particularly to reduce the load of the
communication device of the secondary system that desires
to check the resource block in the idle state.

[0134] Further, for example, the uplink resource block in
the idle state notified through the resource information is a
resource block in a subframe directly after a subframe in
which the resource information is transmitted.

[0135]
[0136] The system information generating unit 145 gen-

erates the system information of the frequency band of the
primary system.

(System Information Generating Unit 145)

3.2. Configuration of Home eNodeB

[0137] Next, an exemplary configuration of the home
eNodeB 300 of the secondary system according to the
present embodiment will be described with reference to FIG.
9. FIG. 9 is a block diagram illustrating an exemplary
configuration of the eNodeB 300 of the secondary system
according to the present embodiment. Referring to FIG. 9,
the home eNodeB 300 includes a radio communication unit
310, a network communication unit 320, a storage unit 330,
and a control unit 340.

[0138] (Radio Communication Unit 310)

[0139] The radio communication unit 310 receives the
resource information through the downlink control channel
including the common space and the plurality of individual
spaces. The received resource information is acquired by
decoding the downlink control channel.

[0140] More specifically, the radio communication unit
310 receives the resource information through the PDCCH
including the CSS and the plurality of USSs. For example,
the radio communication unit 310 receives the resource
information through the SSUSS of the PDCCH. Further, the
resource information is acquired by decoding the SSUSS of
the PDCCH.
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[0141] As the resource information is received and
acquired, the secondary system can check the communica-
tion resources of the primary system in the idle state without
a large load.

[0142] The radio communication unit 310 performs radio
communication with the UE 400 of the secondary system
using available communication resources among communi-
cation resources of the primary system according to control
by the control unit 340.

[0143] The radio communication unit 310 receives the
system information of the frequency band of the primary
system.

[0144] (Network Communication Unit 320)

[0145] The network communication unit 320 performs
communication with other communication nodes. For
example, the network communication unit 320 performs
communication with the eNodeB 100 of the primary system
directly or via a certain communication node.

[0146] (Storage Unit 330)

[0147] The storage unit 330 stores a program and data that
are necessary for an operation of the home eNodeB 300. For
example, the storage unit 330 includes a storage medium
such as a hard disk or a semiconductor memory.

[0148] (Control Unit 340)

[0149] The control unit 340 provides various kinds of
functions of the home eNodeB 300. For example, the control
unit 340 corresponds to a processor such as a CPU or a DSP,
and executes a program stored in the storage unit 330 or any
other storage medium to provide various kinds of functions.
[0150] The control unit 340 acquires the resource infor-
mation. The control unit 340 causes the radio communica-
tion unit 310 to perform radio communication using the
available communication resources based on the resource
information.

[0151] More specifically, the control unit 340 causes the
radio communication unit 310 to perform radio communi-
cation using the resource blocks in the idle state based on the
resource information.

[0152] Further, when there are a plurality of secondary
systems secondarily using the communication resources of
the primary system in the idle state, the control unit 340
performs an adjustment to the use of the communication
resources in the idle state with the communication devices of
the other secondary systems, for example, through the
network communication unit 320.

[0153] The control unit 340 acquires the system informa-
tion.

4. PROCESSING FLOW
[0154] Next, an exemplary communication control pro-

cess according to the present embodiment will be described
with reference to FIGS. 10 and 11.

[0155] (Processing of eNodeB 100 of Primary System)
[0156] First, an exemplary communication control process
of the eNodeB 100 side of the primary system according to
the present embodiment will be described with reference to
FIG. 10. FIG. 10 is a flowchart illustrating an exemplary
schematic flow of a communication control process of the
eNodeB 100 side of the primary system according to the
present embodiment.

[0157] First, in step S510, the scheduling unit 141 per-
forms the downlink and uplink scheduling in units of
resource blocks.
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[0158] In step S520, the resource information generating
unit 143 specifies the resource block (RB) in the idle state
based on the scheduling result.

[0159] In step S530, the resource information generating
unit 143 generates the resource information for notification
of the resource block in the idle state.

[0160] In step S540, the radio communication unit 110
transmits the resource information using the SSUSS of the
PDCCH. Then, the process returns to step S510.

[0161] (Processing of Home eNodeB 300 of Secondary
System)
[0162] Next, an exemplary communication control pro-

cess of the home eNodeB 300 side of the secondary system
according to the present embodiment will be described with
reference to FIG. 11. FIG. 11 is a flowchart illustrating an
exemplary schematic flow of a communication control pro-
cess of the home eNodeB 300 side of the secondary system
according to the present embodiment.

[0163] First, in step S610, the radio communication unit
310 receives a signal through the PDCCH. Then, in step
S620, the radio communication unit 310 decodes the
SSUSS. Then, in step S630, the control unit 340 acquires the
resource information.

[0164] Then, in step S640, the control unit 340 determines
whether or not there is a resource block in the idle state
among the resource blocks of the primary system based on
the resource information. When there is a resource block in
the idle state, the process proceeds to step S650. Otherwise,
the process returns to step S610.

[0165] In step S650, the control unit 340 determines
whether or not the resource block in the idle state is usable
by its own device. For example, the determining is per-
formed based on a result of an adjustment with the com-
munication devices of the other secondary systems. When
the resource block is usable, the process proceeds to step
S660. Otherwise, the process ends.

[0166] In step S660, the control unit 340 performs sched-
uling of the resource block in the idle state. As a result of
scheduling, the communication device of the secondary
system performs radio communication. Then, the process
returns to step S610.

5. MODIFIED EXAMPLE

[0167] Next, a modified example of the first embodiment
will be described. In the present modified example, the
primary system generates likelihood information for notify-
ing the secondary system of the likelihood of the presence of
available communication resources, and transmits the sys-
tem information including the likelihood information.
[0168] Thus, the communication device of the secondary
system determines whether or not there are likely to be
communication resources in the idle state based on the
system information before decoding the PDCCH. Then,
when there are likely to be communication resources in the
idle state, the communication device decodes the PDCCH,
and otherwise, the communication device does not decode
the PDCCH. Thus, since the decoding of the PDCCH is
minimized, the load of the communication device of the
secondary system can be further reduced.

[0169] Further, when the secondary system desires to use
the communication resources in the idle state for a plurality
of frequency bands, the likelihood information is more
effective. For example, one primary system is assumed to
have a plurality of frequency bands (component carriers), or
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there are assumed to be a plurality of primary systems
having different frequency bands for one secondary system.
In this case, the communication device of the secondary
system can check the likelihood information of each of a
plurality of frequency bands and determine a frequency band
in which decoding of the PDCCH is more effective. Thus,
the load of the communication device of the secondary
system can be remarkably reduced.

5.1. Configuration of eNodeB

[0170] Next, a configuration of an eNodeB 100 according
to the modified example of the present embodiment will be
described. Here, technical features to be added to the con-
figuration of the eNodeB 100 of the present embodiment
will be described.

[0171] (Resource Information Generating Unit 143)
[0172] The resource information generating unit 143 gen-
erates the likelihood information for notifying the secondary
system of the likelihood of the presence of available com-
munication resources.

[0173] More specifically, for example, the resource infor-
mation generating unit 143 measures the likelihood that
there will be communication resources in the idle state based
on the utilization state of the communication resources of
the primary system. Then, the resource information gener-
ating unit 143 generates the likelihood information for
notifying of the likelihood based on the measurement result.
For example, the likelihood information is generated for
each frequency band (component carrier).

[0174] The likelihood information is arbitrary information
that makes it possible to check for the presence of the
communication resources in the idle state in advance. For
example, the likelihood information may be an estimation
value of the number of resource blocks in the idle state per
subframe, a probability that a resource block in the idle state
will be included in one subframe, binary information indi-
cating whether or not there is likely to be a resource block
in the idle state, or the like.

[0175] For example, the utilization state of the communi-
cation resources is an actual value or an estimation value of
at least one of the number of UEs that are in a connection
state with a frequency band, the sum of the number of UEs
and the number of UEs that desire a connection with a
frequency band, a utilization rate of communication
resources in a frequency band, and a traffic volume in a
frequency band, or a value derived from the actual value or
the estimation value.

[0176] (System Information Generating Unit 145)

[0177] The system information generating unit 145 gen-
erates the system information including the likelihood infor-
mation.

[0178] Further, for example, the system information
includes the likelihood information and other likelihood
information (hereinafter referred to as “other system likeli-
hood information™) for notifying the secondary system of
the likelihood of the presence of available communication
resources of other primary systems.

[0179] More specifically, for example, the system infor-
mation generating unit 145 acquires the other system like-
lihood information for notifying the secondary system of the
likelihood of the presence of the resource block of the other
primary systems in the idle state through the network
communication unit 120. Then, the system information
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generating unit 145 generates system information including
the likelihood information and the other system likelihood
information.

[0180] As described above, as the likelihood information
of the other primary systems is also included in the system
information, the hardware cost of the communication device
of the secondary system can be reduced. More specifically,
when the secondary system is configured to simultaneously
receive signals from a plurality of eNodeBs through differ-
ent frequency bands, the hardware cost increases. Thus, as
the likelihood information of a plurality of primary systems
is transmitted from one primary system, the secondary
system simultaneously receives signals from a small number
of eNodeBs through a small number of frequency bands.
Thus, the hardware cost of the communication device of the
secondary system can be reduced.

[0181] (Radio Communication Unit 110)

[0182] The radio communication unit 110 transmits the
system information that serves as the system information of
the frequency band of the primary system and includes the
generated likelihood information. Further, for example, the
radio communication unit 110 transmits the system infor-
mation including the likelihood information and the other
system likelihood information.

5.2. Configuration of Home eNodeB

[0183] Next, a configuration of a home eNodeB 300
according to the modified example of the present embodi-
ment will be described. Here, technical features to be added
to the configuration of the home eNodeB 300 of the present
embodiment will be described.

[0184] (Radio Communication Unit 310)

[0185] The radio communication unit 310 receives the
system information of the frequency band of the primary
system. The system information includes the likelihood
information. Further, for example, the system information
further includes the other system likelihood information.
[0186] Further, as described above, the radio communica-
tion unit 310 receives the resource information through the
downlink control channel including the common space and
the plurality of individual spaces. The received resource
information is acquired by the decoding of the downlink
control channel, but in the modified example of the present
embodiment, the decoding of the downlink control channel
is performed only when the control unit 340 decides execu-
tion of the decoding.

[0187] (Control Unit 340)

[0188] The control unit 340 decides execution of the
decoding of the downlink control channel based on the
likelihood information included in the system information.
[0189] More specifically, the control unit 340 acquires the
system information, and acquires the likelihood information
included in the system information. Then, the control unit
340 determines whether or not the decoding is executed
based on the acquired likelihood information. For example,
a threshold value for the likelihood information is decided in
advance, and it is determined whether or not the decoding is
executed based on a comparison result between the likeli-
hood information and the threshold value. When the decod-
ing is determined to be executed, the control unit 340
decides execution of the decoding.

[0190] Further, when the primary system includes a plu-
rality of frequency bands and there are a plurality of pieces
of likelihood information, for example, the control unit 340
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compares the likelihood information of the respective fre-
quency bands, and selects a frequency band estimated to
have more resource blocks in the idle state. Then, the control
unit 340 decides execution of decoding of the selected
frequency band.

[0191] As execution of the decoding is decided based on
the likelihood information, the decoding of the PDCCH is
minimized, and thus the load of the communication device
(that is, home eNodeB) of the secondary system can be
reduced.

[0192] Further, for example, the control unit 340 decides
execution of the decoding of the downlink control channel
based on the likelihood information included in the system
information and the other system likelihood information.
[0193] More specifically, the control unit 340 acquires the
system information, and acquires the likelihood information
included in the system information and the other system
likelihood information. Then, for example, the control unit
340 compares the acquired likelihood information with the
other system likelihood information, and selects a frequency
band (the primary system) estimated to have more resource
blocks in the idle state. Then, the control unit 340 decides
execution of decoding of the selected frequency band.
[0194] As execution of the decoding is decided based on
the likelihood information of a plurality of primary systems,
decoding to be executed is limited to decoding of a more
effective frequency band, and thus the load of the commu-
nication device (that is, the home eNodeB 300) of the
secondary system can be remarkably reduced.

[0195] Further, the control unit 340 may decide execution
of'the decoding of the downlink control channel based on the
likelihood information included in the system information
and the other system likelihood information and a measure-
ment result of measuring reception power from the eNodeB
of the primary system.

[0196] More specifically, the control unit 340 can specify
the primary system having more resource blocks in the idle
state based on the likelihood information and the other
system likelihood information. Further, the control unit 340
can specify the primary system in which interference caused
by the use of the resource blocks of the secondary system is
small based on the measurement result of the reception
power of the eNodeB of the primary system. For example,
the control unit 340 can specify the primary system of the
eNodeB that is high in reception power to be the primary
system that is low in interference. This point will be
described below in further detail.

[0197] Generally, when the reception power from the
eNodeB is high, a distance between the eNodeB and the
home eNodeB 300 is determined to be small. Further, as the
distance decreases, the interference caused as the home
eNodeB 300 uses the resource blocks of the primary system
of the eNodeB decreases. This is because, as the distance
decreases, a distance between a neighboring cell of the cell
of the eNodeB and the home eNodeB 300 increases, and
interference of the home eNodeB 300 to the neighboring cell
decreases. Further, in the cell of the eNodeB, the resource
block in the idle state is not used, but in the neighboring cell,
the resource block in the idle state is likely to be used, and
thus problematic interference is interference in the neigh-
boring cell rather than interference in the eNodeB.

[0198] Thus, the control unit 340 selects a desired fre-
quency band (the primary system) based on an evaluation
criterion such as an amount of resource blocks in the idle
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state and an evaluation criterion such as suppression of
interference. Then, the control unit 340 decides execution of
the decoding of the selected frequency band.

[0199] As execution of the decoding is decided based on
the measurement result of the reception power, it is possible
to suppress interference between the primary system and the
secondary system.

[0200] Further, when the primary system has a plurality of
frequency bands (component carriers), the likelihood infor-
mation for each of the plurality of frequency bands may be
included in the system information of one of the plurality of
frequency bands. Thus, the communication device of the
secondary system simultaneously receives signals through a
small number of frequency bands. Accordingly, the hard-
ware cost of the communication device of the secondary
system can be reduced.

5.3. Processing Flow

[0201] Next, an exemplary communication control pro-
cess according to the modified example of the present
embodiment will be described with reference to FIGS. 12
and 13.

[0202] (Processing of eNodeB 100 of Primary System)
[0203] First, an exemplary communication control process
of the eNodeB 100 side of the primary system according to
the modified example of the present embodiment will be
described with reference to FIG. 12. FIG. 12 is a flowchart
illustrating an exemplary schematic flow of a communica-
tion control process of the eNodeB 100 side of the primary
system according to a modified example of the present
embodiment.

[0204] First, in step S710, the resource information gen-
erating unit 143 measures the likelihood that there will be
communication resources in the idle state based on the
utilization state of the communication resources of the
primary system.

[0205] Then, in step S720, the resource information gen-
erating unit 143 generates the likelihood information for
notifying of the likelihood based on the measurement result.
[0206] Then, in step S730, the system information gener-
ating unit 145 acquires the other system likelihood infor-
mation for notifying the secondary system of the likelihood
of the presence of the resource block of primary systems in
the idle state through the network communication unit 120.
[0207] Then, in step S740, the system information gener-
ating unit 145 generates system information including the
likelihood information and the other system likelihood infor-
mation.

[0208] Thereafter, in step S750, the radio communication
unit 110 transmits the system information including the
likelihood information and the other system likelihood infor-
mation.

[0209] (Processing of Home eNodeB 300 of Secondary
System)
[0210] Next, an exemplary communication control pro-

cess of the home eNodeB 300 side of the secondary system
according to the modified example of the present embodi-
ment will be described with reference to FIG. 13. FIG. 13 is
a flowchart illustrating an exemplary schematic flow of a
communication control process of the home eNodeB 300
side of the secondary system according to a modified
example of the present embodiment.
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[0211] First, in step S810, the radio communication unit
310 receives the system information of the frequency band
of the primary system.

[0212] Then, in step S820, the control unit 340 acquires
the system information, and acquires the likelihood infor-
mation included in the system information and the other
system likelihood information.

[0213] Then, in step S830, the control unit 340 measures
the reception power of the eNodeB of each primary system.
[0214] Then, in step S840, the control unit 340 selects the
frequency band (the primary system) based on the likelihood
information, the other system likelihood information, and
the measurement result of the reception power.

[0215] Thereafter, in step S850, the control unit 340
decides execution of decoding of the selected frequency
band.

6. CONCLUSION

[0216] The respective devices and the communication
control processes according to the embodiments of the
present disclosure have been described so far with reference
to FIGS. 1 to 13. According to the present embodiment, the
eNodeB 100 of the primary system generates the resource
information for notitying the secondary system of available
communication resources, and transmits the resource infor-
mation through the downlink control channel including the
common space and the plurality of individual spaces. Thus,
the communication device of the secondary system can
check the communication resources in the idle state based on
the resource information. Thus, the communication device
of the secondary system need not check all the scheduling
information of the downlink control channel. As a result, the
load of the communication device of the secondary system
is reduced.

[0217] Further, for example, the downlink control channel
includes a common space, a plurality of individual spaces,
and a secondary system space having the same format as the
individual space. Further, the eNodeB 100 of the primary
system transmits the resource information using the second-
ary system space. Thus, the communication device of the
secondary system need not perform processing using various
IDs, and thus processing of the UE 200 of the primary
system is not increased. In other words, the load of the UE
of the primary system is not increased, and the load of the
communication device of the secondary system is reduced.
Further, backward compatibility with the existing system
can be secured.

[0218] Further, for example, the secondary system space is
positioned ahead of all or some of the plurality of individual
spaces in the time direction in the downlink control channel.
Thus, since the secondary system space can be decoded
early, a preparation time necessary for the secondary system
to use the communication resources can be further increased.
[0219] Further, for example, the resource information
includes the information for notitying the secondary system
of the available uplink communication resources of the
primary system. Thus, the load of the communication device
of the secondary system that desires to check the commu-
nication resources in the idle state can be particularly
reduced.

[0220] Further, for example, the resource information
includes the identification information uniquely identifying
the available communication resources among a plurality of
devices. Thus, a plurality of communication devices of the
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secondary system can adjust which communication device
uses which communication resources. Thus, as the plurality
of communication devices simultaneously use the commu-
nication resources in the idle state, the occurrence of a
collision can be prevented. Further, since the adjustment can
be performed between the secondary systems, the load of the
primary system is not increased.

[0221] Further, for example, the eNodeB 100 of the pri-
mary system generates the likelihood information for noti-
fying the secondary system of the likelihood of the presence
of available communication resources, and transmits the
system information including the likelihood information.
Thus, the communication device of the secondary system
determines whether or not there are likely to be communi-
cation resources in the idle state based on the system
information before the decoding of the downlink control
channel. Then, when there are likely to be communication
resources in the idle state, the communication device per-
forms the decoding of the downlink control channel, but
otherwise, the communication device does not perform the
decoding of the downlink control channel. Thus, since the
decoding of the downlink control channel is minimized, the
load of the communication device of the secondary system
can be further reduced.

[0222] Further, for example, the system information
includes the likelihood information and other likelihood
information for notifying the secondary system of the like-
lihood of the presence of available communication resources
of the other primary systems. As described above, as the
likelihood information of the other primary systems is also
included in the system information, the hardware cost of the
communication device of the secondary system can be
reduced. More specifically, when the secondary system is
configured to simultaneously receive signals from a plurality
of'eNodeBs through different frequency bands, the hardware
cost increases. Thus, as the likelihood information of a
plurality of primary systems is transmitted from one primary
system, the secondary system simultaneously receive signals
from a small number of eNodeBs through a small number of
frequency bands. Thus, the hardware cost of the communi-
cation device of the secondary system can be reduced.

[0223] The preferred embodiments of the present disclo-
sure have been described above with reference to the accom-
panying drawings, whilst the present disclosure is not lim-
ited to the above examples, of course. 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.

[0224] For example, the secondary system including the
home eNodeB and the UE has been described as an example,
but the secondary system according to the present disclosure
is not limited to this example. The secondary system may be
a radio communication system including any other commu-
nication device. For example, the secondary system may be
any other radio communication system including any base
station (or access point) and any terminal apparatus. Further,
for example, the secondary system may include a plurality
of terminal apparatuses, and the plurality of terminal appa-
ratuses may perform direct communication with one
another. Such direct communication is called device to
device communication (D2D), and is attracting public atten-
tion as a new future cellular technique.
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[0225] Further, the example in which the communication
resources of one frequency band of the primary system are
mainly released has been described, but the technique
according to the present disclosure is not limited to this
example. Communication resources of each of a plurality of
frequency bands of the primary system may be released. In
this case, for example, the processing of the above embodi-
ments is executed for each frequency band.

[0226] Further, the communication resources in the idle
state have been described to be communication resources
usable by the secondary system, but the technique according
to the present disclosure is not limited to this example. Some
communication resources among the communication
resources in the idle state may be selected as communication
resources usable by the secondary system.

[0227] Processing steps in the various communication
control in the present description do not necessarily have to
be performed in the chronological order described in the
flowcharts. For example, the processing steps in the various
communication control may be performed in order different
from the order described as the flowcharts, or may be
performed in parallel.

[0228] It is possible to produce a computer program for
causing hardware such as a CPU, ROM, and RAM built in
a communication control apparatus or communication appa-
ratus to execute a function corresponding to each configu-
ration of the communication control apparatus or the com-
munication apparatus. There is also provided a storage
medium having the computer program stored therein.

[0229] Additionally, the present technology may also be
configured as below.

(1)

[0230] A communication control device including:
[0231] a radio communication unit configured to perform

radio communication with a plurality of terminal appara-
tuses of a primary system using communication resources of
the primary system; and

[0232] a generating unit configured to generate resource
information for notifying a secondary system secondarily
using the communication resources of available communi-
cation resources,

[0233] wherein the radio communication unit transmits
the resource information generated by the generating unit
through a downlink control channel including a common
space that is decoded in common by the plurality of terminal
apparatuses and a plurality of individual spaces that are
decoded by only some of the plurality of terminal appara-
tuses.

@
[0234] The communication control device according to
D,
[0235] wherein the downlink control channel includes the

common space, the plurality of individual spaces, and a
secondary system space having the same format as the
individual space, and

[0236] wherein the radio communication unit transmits
the resource information using the secondary system space.
3)
[0237] The communication control device according to
2.
[0238] wherein the secondary system space is positioned

ahead of all or some of the plurality of individual spaces in
a time direction in the downlink control channel.
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“)

[0239] The communication control device according to
any one of (1) to (3),

[0240] wherein the resource information includes infor-
mation for notifying the secondary system of available
uplink communication resources of the primary system.
®)

[0241] The communication control device according to
any one of (1) to (4),

[0242] wherein the resource information includes identi-
fication information uniquely identifying the available com-
munication resources among a plurality of devices.

(6)

[0243] The communication control device according to
any one of (1) to (5),

[0244] wherein the generating unit generates likelihood
information for notifying the secondary system of a likeli-
hood of presence of the available communication resources,
and

[0245] wherein the radio communication unit transmits
system information of a frequency band of the primary
system, the system information including the generated
likelihood information.

(M
[0246] The communication control device according to
(6),
[0247] wherein the system information includes the like-

lihood information and other likelihood information for
notifying the secondary system of a likelihood of presence
of available communication resources of other primary
systems.

®
[0248] A communication control method including:
[0249] performing radio communication with a plurality

of terminal apparatuses of a primary system using commu-
nication resources of the primary system;

[0250] generating resource information for notifying a
secondary system secondarily using the communication
resources of available communication resources; and
[0251] transmitting the generated resource information
through a downlink control channel including a common
space that is decoded in common by the plurality of terminal
apparatuses and a plurality of individual spaces that are
decoded by only some of the plurality of terminal appara-
tuses.

®
[0252] A communication device including:
[0253] a radio communication unit configured to receive

resource information for notifying a secondary system sec-
ondarily using communication resources of a primary sys-
tem of available communication resources through a down-
link control channel including a common space that is
decoded in common by a plurality of terminal apparatuses of
the primary system and a plurality of individual spaces that
are decoded by only some of the plurality of terminal
apparatuses; and

[0254] a control unit configured to cause the radio com-
munication unit to perform radio communication using the
available communication resources based on the resource
information acquired by decoding of the downlink control
channel.
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REFERENCE SIGNS LIST

[0255] 10 cell of primary system

[0256] 30 cell of secondary system

[0257] 100 eNodeB

[0258] 110 radio communication unit

[0259] 120 network communication unit
[0260] 130 storage unit

[0261] 140 control unit

[0262] 141 scheduling unit

[0263] 143 resource information generating unit
[0264] 145 system information generating unit
[0265] 200 UE

[0266] 300 home eNodeB

[0267] 310 radio communication unit

[0268] 320 network communication unit
[0269] 330 storage unit

[0270] 340 control unit

[0271] 400 UE

1-9. (canceled)
10. A communication device comprising:
circuitry configured to:
receive resource information for notifying a first system
of available communication resources through a
downlink channel using a common space that is
decoded by each of a plurality of terminal appara-
tuses of a second system or using a plurality of
individual spaces that are decoded by one of the
plurality of terminal apparatuses;
receive system information of a frequency band of the
second system, wherein the system information
includes frequency band information for each of a
plurality of frequency bands of the second system;
and
perform radio communication using the available com-
munication resources based on the resource infor-
mation, the frequency band information, or the
resource information and the frequency band infor-
mation.
11. The communication device of claim 10,
wherein the downlink channel includes the common
space, the plurality of individual spaces, and a second-
ary system space having a same format as the plurality
of individual spaces, and
wherein the resource information is received using the
secondary system space.
12. The communication device according to claim 11,
wherein the secondary system space is positioned ahead
of all or some of the plurality of individual spaces in a
time direction in the downlink channel.
13. The communication device according to claim 10,
wherein the resource information includes information for
notifying the first system of available uplink commu-
nication resources of the second system.
14. The communication device according to claim 10,
wherein the resource information includes identification
information uniquely identifying the available commu-
nication resources among a plurality of devices.
15. The communication device according to claim 10,
wherein the frequency band information comprises like-
lihood information for notifying the first system of a
likelihood of the presence of available communication
resources in each of the plurality of frequency bands of
the second system.
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16. The communication device according to claim 10,
wherein the system information further includes fre-
quency band information for at least one frequency
band of a third system.
17. The communication device according to claim 16,
wherein the frequency band information for at least one
frequency band of the third system comprises likeli-
hood information for notifying the first system of a
likelihood of the presence of available communication
resources in the at least one frequency band of the third
system.
18. The communication device according to claim 10,
wherein the frequency band information comprises infor-
mation for each of a plurality of component carriers of
the second system.
19. The communication device according to claim 18,
wherein a maximum bandwidth of each of the component
carriers is 20 MHz.
20. A communication control device comprising:
circuitry configured to:
transmit resource information for notifying a first sys-
tem of available communication resources through a
downlink channel using a common space that is
decoded by each of a plurality of terminal appara-
tuses of a second system or using a plurality of
individual spaces that are decoded by one of the
plurality of terminal apparatuses; and
transmit system information of a frequency band of the
second system, wherein the system information
includes frequency band information for each of a
plurality of frequency bands of the second system,
wherein the plurality of terminal apparatuses are con-
figured to perform radio communication using the
available communication resources based on the
resource information, the frequency band informa-
tion, or the resource information and the frequency
band information.
21. A communication control device comprising:
circuitry configured to:
perform radio communication with a plurality of ter-
minal apparatuses using communication resources of
a first system;
generate resource information for notifying a second
system of available communication resources;
generate frequency band information for each of a
plurality of frequency bands of the first system;
transmit the resource information through a downlink
channel using a common space having content that is
decoded by each of the plurality of terminal appa-
ratuses or using a plurality of individual spaces that
are decoded by one of the plurality of terminal
apparatuses; and
transmit system information of a frequency band of the
first system, wherein the system information
includes the frequency band information.

14
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22. The communication control device according to claim
21,
wherein the downlink channel includes the common
space, the plurality of individual spaces, and a second-
ary system space having a same format as the plurality
of individual spaces, and
wherein the resource information is transmitted using the
secondary system space.
23. The communication control device according to claim
22,
wherein the secondary system space is positioned ahead
of all or some of the plurality of individual spaces in a
time direction in the downlink channel.
24. The communication control device according to claim
21,
wherein the resource information includes information for
notifying the second system of available uplink com-
munication resources of the first system.
25. The communication control device according to claim
21,
wherein the resource information includes identification
information uniquely identifying the available commu-
nication resources among a plurality of devices.
26. The communication control device according to claim
21,
wherein the frequency band information comprises like-
lihood information for notifying the second system of
a likelihood of the presence of available communica-
tion resources in each of the plurality of frequency
bands of the first system.
27. The communication control device according to claim
21,
wherein the system information further includes fre-
quency band information for at least one frequency
band of a third system.
28. The communication control device according to claim
27,
wherein the frequency band information for at least one
frequency band of the third system comprises likeli-
hood information for notifying the second system of a
likelihood of the presence of available communication
resources in the at least one frequency band of the third
system.
29. The communication control device according to claim
21,
wherein the frequency band information comprises infor-
mation for each of a plurality of component carriers of
the first system.
30. The communication control device according to claim
29,
wherein a maximum bandwidth of each of the component
carriers is 20 MHz.
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