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Description

Title of Invention
COMMUNICATION CONTROL DEVICE, COMMUNICATION CONTROL
METHOD AND INFORMATION PROCESSING APPARATUS

Technical Field
[0001]
The present disclosure relates to a communication control device, a

communication control method, and an information processing apparatus.

Background Art
[0002]

In recent years, the wireless communication environment is confronting a
problem of depletion of frequency resources, due to rapid increase of data traffic.
Thus, there is a study of secondarily utilizing frequency channels. As one example,
there is a study of secondarily utilizing what is called "television white space
(TVWS)" with respect to television broadcasting. Also, as another example, there
is a study for allowing a base station of small cell to utilize a frequency channel for a
base station of macro cell in HetNet (Heterogeneous Network).

[0003]

Several methods are conceived as a method in which a communication node,
such as a master white space device (WSD) that secondarily utilizes a TVWS and a
base station of small cell, utilizes a frequency channel. For example, as a first
method, it is conceived to utilize a vacant channel that is not utilized. Also, as a
second method, it is conceived to protect a main user of a primary system (for
example, a television broadcast system), a base station of macro cell, and the like by
some sort of means, and to utilize an adequate frequency channel in the entire
frequency channels including the utilized frequency channel.

[0004]

As one example of the above first method, for example, Patent Literature 1
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discloses a technology in which the channel of TVWS is selected for each time
period on the basis of channel vacancy information for each time period
corresponding to position information, and wireless communication is performed on

the basis of the selected channel of TVWS.

Citation List
Patent Literature
[0005]
Patent Literature 1: JP 2012-134650A

Summary of Invention
Technical Problem
[0006]

However, the technology disclosed in Patent Literature 1 is an example of
the above first method, and therefore the utilized frequency channel is limited to a
vacant channel that is not utilized by a main user (a primary system, a base station of
macro cell, etc.). Hence, the communication capacity of a communication node (a
master WSD, a base station of small cell, etc.) that utilizes a frequency channel can
become smaller. Also, if a communication node (a master WSD, a base station of
small cell, etc.) tries to utilize a frequency channel utilized by the main user, the
interference due to the utilization of the main user, which is not a control target, can
occur in the above communication node. Hence, the communication quality of the
communication node can decrease.

[0007]

Also, the technology disclosed in Patent Literature 1 does not consider an
interference between a plurality of communication nodes (a plurality of master
WSDs, a plurality of base stations of small cell, etc.) that utilize a frequency channel.
Hence, the communication quality of the plurality of communication nodes can
decrease, in an environment in which an interference between the plurality of
communication nodes can occur. In consideration of the interference between the

plurality of communication nodes, it is conceived to solve an optimization problem



of a combination of the plurality of communication nodes and a plurality of frequency
channel candidates, for example. However, this is what is called a NP-hard problem, and its
solution is not calculated uniquely. Hence, full search for combinations of a plurality of
communication nodes and a plurality of frequency channel candidates is forced to be
performed. The number of the combinations increases in an exponential fashion according to
the number of the communication nodes and the number of the frequency channel candidates,
and therefore the calculation amount can become enormous.

[0008]

Thus, it is desirable to provide a scheme that improves the communication of a
communication node that utilizes a radio resource (frequency channel) under an environment
in which there is an interference from communication involving a communication node that is
not control target, with less calculation amount.

Solution to Problem
[0009]

According to a first aspect of the present invention, there is provided a
communication control device comprising: a communication interface configured to: acquire
first interference information indicating a first interference from communication involving a
communication node operating in a first wireless communication system that is not under
control of the communication control device; acquire second interference information
indicating a second interference from communication involving another communication node
operating in a second wireless communication system under control of the communication
control device, with respect to each of a plurality of communication nodes operating in the
second wireless communication system under control of the communication control device,
wherein the second wireless communication system is different from the first wireless
communication system; and circuitry configured to classify the plurality of communication
nodes operating in the second wireless communication system under control of the
communication control device into a plurality of groups related to a decision of a radio
resource of the first communication system that is available for use by a communication node
operating in the second wireless communication system under control of the communication
control device based on the first interference information and the second interference
information with respect to the plurality of communication nodes, wherein the plurality of
groups include at least a first group and a second group, and a communication node classified
into the first group is a communication node in which a level of the first interference relative
to the second interference is larger, as compared with a communication node classified into
the second group.

[0010]

According to a second aspect of the present invention, there is provided a
communication control method comprising: acquiring first interference information, by a
communication control device, indicating a first interference from communication involving a
communication node operating in a first wireless communication system that is not under
control of the communication control device; acquiring, by the communication control device,
second interference information indicating a second interference from communication
involving another communication node operating in a second wireless communication system
that is under control of the communication control device, with respect to each of a plurality
of communication nodes operating in the second wireless communication system under
control of the communication control device, wherein the second wireless communication
system is different from the first wireless communication system; and classifying, by the
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communication control device, the plurality of communication nodes operating in the second
wireless communication system under control of the communication control device into a
plurality of groups related to a decision of a radio resource of the first wireless
communication system that is available for use by a communication node operating in the
second wireless communication system under control of the communication control device
based on the first interference information and the second interference information with
respect to the plurality of communication nodes, wherein the plurality of groups include at
least a first group and a second group, and a communication node classified into the first
group is a communication node in which a level of the first interference relative to the second
interference is larger, as compared with a communication node classified into the second
group.

[0011]

According to a third aspect of the present invention, there is provided an information
processing apparatus comprising: a memory that stores a predetermined program; and a
processor configured to execute the predetermined program, wherein the predetermined
program is a program for: acquiring by the communication control device, first interference
information indicating a first interference from communication involving a communication
node operating in a first wireless communication system that is not under control of the
communication control device; acquiring, by the communication control device, second
interference information indicating a second interference from communication involving
another communication node operating in a second wireless communication system that is
under control of the communication control device, with respect to each of the plurality of
communication nodes operating in the second wireless communication system under control
of the communication control device, wherein the second wireless communication system is
different from the first wireless communication system; and classifying the plurality of
communication nodes operating in the second wireless communication system under control
of the communication control device into a plurality of groups related to a decision of a radio
resource of the first wireless communication system that is available for use by a
communication node operating in the second wireless communication system under control of
the communication control device based on the first interference information and the second
interference information with respect to the plurality of communication nodes, wherein the
plurality of groups include at least a first group and a second group, and a communication
node classified into the first group is a communication node in which a level of the first
interference relative to the second interference is larger, as compared with a communication
node classified into the second group.

Advantageous Effects of Invention
[0012]

As described above, embodiments of the present invention improve communication
of a communication node that utilizes a radio resource (frequency channel) under an
environment in which there is an interference from communication involving a
communication node that is not control target, with less calculation amount.

Brief Description of Drawings
[0013]
[FIG. 1] FIG. 1 is an explanatory diagram illustrating an example of a schematic
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configuration of a communication system according to an embodiment of a present
disclosure.

[FIG. 2] FIG. 2 is an explanatory diagram for describing an example of wireless
communication by a master WSD.

[FIG. 3] FIG 3 is a sequence diagram for describing an example of a flow of
information in a communication system according to an embodiment of the present
disclosure.

[FIG. 4] FIG. 4 is an explanatory diagram for describing an example of a location
relationship between a primary system and a secondary system.

[FIG. 5] FIG. 5 is an explanatory diagram for describing a first example of a decision
of an utilizable frequency channel with respect to each master WSD.

[FIG. 6] FIG. 6 is an explanatory diagram for describing a second example of a
decision of an utilizable frequency channel with respect to each master WSD.

[FIG. 7] FIG. 7 is a block diagram illustrating an example of a configuration of a
communication control device according to a first embodiment.

[FIG. 8] FIG. 8 is an explanatory diagram for describing an example of a group of
master WSDs which are decided.

[FIG. 9] FIG. 9 is an explanatory diagram for describing an example of a position of a
slave WSD assumed when estimating an interference by an uplink signal.

[FIG. 10] FIG. 10 describes a communication control process according to the first
embodiment.

[FIG. 11] FIG. 11 is a flowchart illustrating an example of a schematic flow of a
communication control process according to a first exemplary variant of the first
embodiment.

[FIG. 12] FIG. 12 is an explanatory diagram for describing an example of a
communication system operated in another region adjacent to a region in which a
communication system is operated.

[FIG. 13] FIG. 13 is an explanatory diagram for describing an example of a master
WSD included in a communication system according to a second embodiment.

[FIG. 14] FIG. 14 is a block diagram illustrating an example of a configuration of a

communication control device according to the second embodiment.
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[FIG. 15] FIG. 15 is a flowchart illustrating an example of a schematic flow of a
communication control process according to the second embodiment.

[FIG. 16] FIG. 16 is a flowchart illustrating an example of a schematic flow of a
frequency channel deciding process with respect to a low priority master WSD.

[FIG. 17] FIG. 17 is an explanatory diagram for describing an application example of
an embodiment of the present disclosure.

[FIG. 18] FIG. 18 is a block diagram illustrating an example of a schematic

configuration of a server.

Description of Embodiments

[0014]

Hereinafter, (a) preferred embodiment(s) of the present disclosure 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.

[0015]

Note that description will be made in the following order.
1. Configuration of Communication System
2. First Embodiment

2.1. Function and Configuration of Communication Control Device

2.2. Flow of Process

2.3. First Exemplary Variant

2.4. Second Exemplary Variant

2.5. Third Exemplary Variant
3. Second Embodiment

3.1. Overview

3.2. Function and Configuration of Communication Control Device

3.3. Flow of Process

4. Application Example



10

15

20

25

30

5. Specific Example of Communication Control Device

6. Conclusion

[0016]

<<1. Schematic Configuration of Communication System>>

First, with reference to FIGS. 1 to 6, the schematic configuration of a
communication system 1 according to an embodiment of the present disclosure will
be described. FIG 1 is an explanatory diagram illustrating an example of the
schematic configuration of the communication system 1 according to the
embodiment of the present disclosure. Referring to FIG. 1, the communication
system 1 includes a master WSD 10, a database (hereinafter, referred to as "DB") 50,
and a communication control device 100. As described above, the communication
system 1 according to the present embodiment is a secondary system that secondarily
utilizes a TVWS, for example.

[0017]
(Master WSD 10)

The master WSD 10 is a communication node of the secondary system (the
communication system 1) that secondarily utilizes a frequency channel for a primary
system (a television broadcast system). That is, the master WSD 10 communicates
wirelessly by secondarily utilizing the frequency channel for the primary system (the
television broadcast system).

[0018]

For example, the master WSD 10 plays a role as an access point, and a slave
WSD 30 accesses the master WSD 10. Then, the master WSD 10 communicates
wirelessly with the slave WSD 30. In the following, a specific example will be
described with reference to FIG. 2 with respect to this point.

[0019]

FIG. 2 is an explanatory diagram for describing an example of wireless
communication by the master WSD 10. Referring to FIG. 2, the master WSD 10
and a communication range 20 of the master WSD 10 are illustrated. When the
slave WSD 30 is positioned in the communication range 20, the master WSD 10

communicates wirelessly with the slave WSD 30. Here, the master WSD 10
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communicates wirelessly by secondarily utilizing the frequency channel for the
primary system. An example illustrated in FIG. 2 is an example in which the master
WSD 10 communicates wirelessly with one slave WSD 30, and the master WSD 10
can communicate wirelessly with a plurality of slave WSDs 30.

[0020]

Also, for example, one or more master WSDs 10 form a set 40 of the master
WSDs 10. The set 40 is a set of the master WSDs 10 that can affect each other, for
example.

[0021]

Also, for example, the master WSD 10 may employ time division duplex
(TDD) or may employ frequency division duplex (FDD), as a duplex method. That
is, the master WSD 10 communicates wirelessly by TDD or FDD.

[0022]

Also, for example, allocation of the frequency channel to each slave WSD
30 is performed by the master WSD 10 or the communication control device 100.
Specifically, for example, when TDD is employed, the master WSD 10 may allocate
a frequency channel to each slave WSD 30 and notify each slave WSD 30 of the
allocated frequency channel. Also, for example, when FDD is employed, the
communication control device 100 may allocate a frequency channel to each slave
WSD 30, and each slave WSD 30 may be notified of the allocated frequency channel
via the master WSD 10.

[0023]

Note that the frequency channel that each master WSD 10 is able to utilize
is decided by the communication control device 100, for example.
[0024]

Also, the master WSD 10 is connected to the DB 50 and/or the
communication control device 100 via a wired or wireless backhaul line, for example.
[0025]

(DB 50)
The DB 50 collects and retains various information. For example, the DB

50 collects and retains various types of information for deciding a utilizable
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frequency channel with respect to each master WSD 10. For example, the DB 50
collects various types of information from the master WSDs 10, the communication
control device 100, a regulatory database (hereinafter, referred to as "regulatory DB"),
and/or other communication nodes. The above regulatory DB is a DB included in a
regulation institution of a country or an area, for example.

[0026]

- Information Relevant to Primary System

For example, the DB 50 collects information relevant to the primary system
(the television broadcast system). More specifically, for example, the information
relevant to the primary system includes information (for example, number, position,
height of antenna, transmission electric power) relevant to the communication node
(the transmitter station) of the primary system. Also, the information relevant to the
primary system includes information (number of channels, channel band width,
center frequency, permissible maximum transmission electric power of each channel,
transmit spectrum mask, etc.) relevant to the frequency channels for the primary
system. Also, the information relevant to the primary system includes information
relevant to a secondarily utilizable channel among the frequency channels for the
primary system, for example. For example, the utilizable channel includes a vacant
channel that is not utilized. Also, for example, the utilizable channel includes a
utilized channel that is secondarily utilizable with prerequisite protection of the
primary system.

[0027]

Note that the DB 50 may collect information indicating an interference from
communication involving the communication node of the primary system, with
respect to each master WSD 10, as the above information relevant to the primary
system. The interference may be an interference that is actually observed, or may
be an interference calculated as a theoretical value from path-loss and the like.

[0028]

Also, for example, the DB 50 collects information relevant to the primary

system in a region under control of the DB 50, as the above information relevant to

the primary system.
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[0029]

Note that the DB 50 may also collect information relevant to the primary
system in another region adjacent to the region under control of the DB 50, as the
above information relevant to the primary system.

[0030]

Also, for example, the DB 50 collects the above information relevant to the
primary system from the regulatory DB.
[0031]

- Information Relevant to Secondary System

Also, for example, the DB 50 collects information relevant to the secondary
system. More specifically, for example, information (for example, number, position,
height of antenna, transmission electric power) relevant to the master WSD 10 of the
secondary system is included.

[0032]

Note that the DB 50 may also collect information indicating an interference
from communication involving another master WSD 10, with respect to each master
WSD 10, as the above information relevant to the secondary system. The
interference may be an interference that is actually observed, or may be an
interference calculated in advance as a theoretical value from path-loss and the like.
[0033]

Also, for example, the DB 50 collects information relevant to the secondary
system in a region under control of the DB 50, as the above information relevant to
the secondary system.

[0034]

Note that the DB 50 may also collect information relevant to the secondary
system in another region adjacent to the region under control of the DB 50, as the
above information relevant to the secondary system.

[0035]

Also, for example, the DB 50 collects or in advance retains the above

information relevant to the secondary system from the master WSD.

[0036]
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- Others

Also, for example, the DB 50 acquires parameters necessary for referring to
an interference electric power. The parameters include an adjacent channel leakage
ratio (ACLR), an adjacent channel selectivity (ACS), a shadowing margin, a fading
margin, and/or a protection ratio (PR), for example.

[0037]

Also, the DB 50 may collect the information of a position of a boundary line
between a region under control of the DB 50 and another region adjacent to this
region.

[0038]

As described above, the DB 50 collects and saves various information.
Note that, when the primary system and the secondary system continuously exist
from the past, and the DB 50 already retains the information relevant to these
primary system and secondary system, the DB 50 may utilize the information that is
retained already. Also, the DB 50 may collect and update the information, when the
information that is retained already is changed.

[0039]
(Communication Control Device 100)

The communication control device 100 executes various processes relevant
to control of the master WSD 10. For example, the processes include a process
relevant to decision of a utilizable frequency channel with respect to each master
WSD 10.

[0040]

For example, the communication control device 100 decides the utilizable
frequency channel with respect to each master WSD 10 of control target. Here, the
communication control device 100 considers a first interference from communication
involving the communication node that is not control target (for example, the
communication node of the primary system), and a second interference from
communication involving another master WSD 10 of control target.

[0041]

(Flow of Information in Communication System)
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With reference to FIG. 3, an example of flow of information in the
communication system 1 will be described. FIG. 3 is a sequence diagram for
describing an example of the flow of the information in the communication system 1
according to the embodiment of the present disclosure.

[0042]

The regulatory DB provides the DB 50 with the information relevant to the
primary system (S1001).
[0043]

Also, the DB 50 notifies the master WSD 10 of an update of information
(S1003). Then, the master WSD 10 provides the DB 50 with the information
necessary for the decision of the utilizable frequency channel (S1005).

[0044]

Further, the DB 50 provides the communication control device 100 with the
information necessary for the decision of the utilizable frequency channel (S1007).
Then, the communication control device 100 decides the utilizable frequency channel
with respect to each master WSD 10 (S1009).

[0045]

Then, the communication control device 100 notifies each master WSD 10
of the decided utilizable frequency channel (S1011). Then, each master WSD 10
communicates wirelessly by utilizing the utilizable frequency channel.

[0046]

Also, the communication control device 100 notifies the DB 50 of the
decided utilizable frequency channel (S1013). Then, the DB 50 stores the utilizable
frequency channel with respect to each master WSD.

[0047]
(Location Example of Primary System and Secondary System)

With reference to FIG. 4, an example of the location relationship between a
television broadcast system which is the primary system and the communication
system 1 which is the secondary system will be described.

[0048]

FIG. 4 is an explanatory diagram for describing an example of the location
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relationship between the primary system and the secondary system. Referring to
FIG. 4, the master WSD 10, the slave WSD 30, the DB 50, and the communication
control device 100 of the communication system 1 which is the secondary system are
illustrated. Also, a transmitter station 60 and reception terminals 70 of the
television broadcast system which is the primary system are illustrated. A
prohibition area 61 in which secondary utilization of TVWS is prohibited, a
protection area 63 for protecting the primary system, and a utilizable area 65 in
which secondary utilization of TVWS is permitted are set. Then, the master WSD
10 is located in the utilizable area 65.

[0049]

(Decision of Utilizable Frequency Channel)

As described above, in the communication system 1 which is the secondary
system, the utilizable frequency channel is decided with respect to each master WSD
10. In the following, with reference to FIGS. 5 and 6, a specific example of an
example of the decision of the utilizable frequency channel with respect to each
master WSD 10 will be described.

[0050]

FIG. 5 is an explanatory diagram for describing the first example of the
decision of the utilizable frequency channel with respect to each master WSD 10.
Referring to FIG. 5, frequency channels f; to f5 for the primary system is illustrated.
In this example, the frequency channel f, is decided as the utilizable frequency
channel with respect to a set 40A of the master WSDs 10. Also, the frequency
channel f, further includes frequency channels f;o to f;g. Then, one or more
frequency channels of the frequency channels ;4 to f;g are decided as the utilizable
frequency channels, with respect to each master WSD 10 included in the set 40A.
Also, the frequency channel f4 is decided as the utilizable frequency channel with
respect to a set 40B of the master WSDs 10.  Also, the frequency channel f4 further
includes frequency channels f4s to f45. Then, one or more frequency channels of
the frequency channels f4s to f4g are decided as the utilizable frequency channels
with respect to each master WSD 10 included in the set 40B.

[0051]
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Although, in the example in FIG. 5, the utilizable frequency channels with
respect to the set 40A and the utilizable frequency channels with respect to the set
40B are different frequency channels, these frequency channels may be same
frequency channels.

[0052]

FIG. 6 is an explanatory diagram for describing the second example of the
decision of the utilizable frequency channel with respect to each master WSD 10.
Referring to FIG. 5, the frequency channels f; to fs for the primary system are
illustrated. In this example, the utilizable frequency channel with respect to each
set 40 is not decided, but the utilizable frequency channel with respect to each master
WSD 40 is directly decided.

[0053]
<<2. First Embodiment>>

Next, with reference to FIGS. 7 to 12, the first embodiment of the present
disclosure will be described. The first embodiment of the present disclosure
improves communication of a communication node that utilizes a radio resource
(frequency channel) under an environment in which there is an interference from
communication involving a communication node that is not control target, with less
calculation amount.

[0054]
<2.1. Function and Configuration of Communication Control Device>

With reference to FIGS. 7 to 9, an example of a configuration of a
communication control device 100-1 according to the first embodiment will be
described. FIG. 7 is a block diagram illustrating an example of the configuration of
the communication control device 100-1 according to the first embodiment.
Referring to FIG 7, the communication control device 100-1 includes a
communication unit 110, a storage unit 120, and a control unit 130.

[0055]
(Communication Unit 110)
The communication unit 110 communicates with other devices. For

example, the communication unit 110 communicates with the DB 50 and the master
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WSD 10.
[0056]
(Storage Unit 120)

The storage unit 120 stores programs and data for the operation of the
communication control device 100-1. For example, the storage unit 120 stores
information acquired from the DB 50.

[0057]
(Control Unit 130)

The control unit 130 provides various function of the communication
control device 100-1. The control unit 130 includes a set deciding unit 131, an
interference estimating unit 133, an interference information acquiring unit 135, a
classifying unit 137, and a channel deciding unit 139.

[0058]
(Set Deciding Unit 131)

The set deciding unit 131 decides the set 40 of the master WSDs 10.
[0059]

As described above, for example, the set 40 is a set of the master WSDs 10
that can affect each other. For example, the master WSD 10 included in the set 40
interferes with another one of the master WSDs 10 included in the set 40. In this
case, the set deciding unit 131 acquires information relevant to each master WSD 10
included in the communication system 1 (for example, number, position, height of
antenna, transmission electric power) from the DB 10 via the communication unit
110. Then, the set deciding unit 131 decides the set 40 of the master WSDs 10, on
the basis of the acquired information.

[0060]

As described above, as one example, the set 40 is a set of the master WSDs
10 positioned at a vicinity. In this case, the set deciding unit 131 identifies the
master WSDs 10 around each master WSD, on the basis of the position of each
master WSD 10 included in the communication system 1. Then, the set deciding
unit 131 determines whether or not each master WSD has a large influence on the

master WSD 10 nearby. Then, the set deciding unit 131 decides the set 40 of the
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master WSDs 10, on the basis of the determination result. In the following, with
reference to FIG. 8, an example of a set of the master WSDs 10 which is decided will
be described.

[0061]

FIG. 8 is an explanatory diagram for describing an example of a set of the
master WSDs 10 which is decided. Referring to FIG. 8, for example, a plurality of
master WSDs 10A that exist densely are decided as the set 40A. Also, a plurality of
other master WSDs 10B that exist densely are decided as the set 40B. On the other
hand, another master WSD 10 does not exist around a master WSD 10C, and
therefore any set is not decided with regard to the master WSD 10C.

[0062]
(Interference Estimating Unit 133)

The interference estimating unit 133 estimates the interference with respect
to each of a plurality of master WSDs 10 of control target. Each of the plurality of
the master WSDs 10 is the master WSD 10 of the communication system 1 which is
the secondary system that secondarily utilizes the frequency channel for the primary
system. For example, the above plurality of master WSDs 10 are the master WSDs
10 included in the same set 40, and the interference estimating unit 133 estimates the
above interference for each decided set 40.

[0063]
- First Interference from Communication Involving Communication Node That is
Not Control Target

First, the interference estimating unit 133 estimates a first interference from
communication involving the communication node that is not control target, with
respect to each of the above plurality of master WSDs 10.

[0064]
-- Communication Node That is Not Control Target

For example, the communication node that is not the above control target
includes a communication node that is not control target by the communication
control device 100-1.

[0065]
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More specifically, for example, the communication node that is not the
above control target includes a communication node of the primary system. That is,
as an example of the embodiment of the present disclosure, the communication node
that is not the above control target includes a transmitter station of the television
broadcast system.

[0066]
-- Interference

The above first interference is an interference by a downlink signal
transmitted by the communication node that is not the above control target or an
uplink signal transmitted to the communication node that is not the above control
target. For example, the above first interference includes an interference by a
downlink signal transmitted by the transmitter station of the television broadcast
system.

[0067]

Also, for example, the above first interference is an interference to
communication involving the master WSD 10. More specifically, the above first
interference is an interference to the uplink communication (the transmission to the
master WSD 10 from the slave WSD 30) and/or an interference to the downlink
communication (the transmission to the slave WSD 30 from the master WSD 10).
In other words, the above first interference is an interference to the uplink signal
received by the master WSD 10 (the transmission signal of the slave WSD 30) and/or
an interference to the downlink signal received by the slave WSD 30 (the
transmission signal of the master WSD 10).

[0068]

As one example, the above first interference is an interference to the uplink
communication (i.e., an interference to the uplink signal). Thereby, there is a larger
interference to communication involving the master WSD 10. Also, interference is
estimated more easily.

[0069]
Specifically, the antenna of the master WSD 10 is normally at a higher

position than the position of the antenna of the slave WSD 30, and therefore the
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master WSD 10 is affected by the communication node of the primary system (the
transmitter station of the television broadcast system) more significantly than the
slave WSD 30 is. That is, the interference to the uplink communication is larger
than the interference to the downlink communication. Hence, a larger interference
to the communication involving the master WSD 10 is obtained, by estimating the
interference to the uplink communication as the above first interference.

[0070]

Also, the master WSD 10 that receives the uplink signal has a lower
mobility than the slave WSD 30 that receives the downlink signal. ~As one example,
the position of the slave WSD 30 can be changed frequently, while the position of the
master WSD 10 is fixed. Hence, the master WSD 10 can estimate the interference
more easily.

[0071]
-- Estimation of Interference
--- Estimation of Interference of Each Frequency Channel Candidate

The interference estimating unit 133 estimates the above first interference in
each of two or more frequency channel candidates, with respect to each of the above
plurality of master WSDs 10. The two or more frequency channel candidates are
the frequency channels that the communication system 1 is able to utilize secondarily,
among the frequency channels for the primary system.

[0072]
--- Estimation of Electric Power Value

Also, the interference estimating unit 133 estimates a reception electric
power value of the interference signal for example, as the above first interference.
For example, the electric power value of the interference from communication
involving the communication node of the primary system (i.e., the reception electric
power value of the transmission signal (interference signal) of the transmitter station
of the television broadcast system, in the master WSD 10) is expressed as in the
following.

[0073]
[Math. 1]
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})1 ,Primary,n (f )

[0074]

Here, n represents an index of the master WSD 10 of target for estimating
an interference, among the above plurality of master WSDs 10. Also, f represents
one frequency channel candidate among a plurality of frequency channel candidates.
[0075]

Note that the interference estimating unit 133 acquires parameters that are
necessary for referring to the information relevant to the primary system, the
information relevant to the secondary system, and the interference electric power,
from the DB 50 via the communication unit 110, for example. Then, the
interference estimating unit 133 estimates the above first interference, on the basis of
the acquired information. As described above, the information relevant to the
primary system includes the information relevant to the communication node (the
transmitter station) of the primary system (e.g., number, position, height of antenna,
transmission electric power), for example. Also, as described above, the
information relevant to the secondary system includes, the information relevant to
the master WSD 10 of the secondary system (for example, number, position, height
of antenna, transmission electric power), for example.

[0076]
- Second Interference from Communication Involving Another Communication Node
of Control Target

Second, the interference estimating unit 133 estimates the second
interference from communication involving another communication node of control
target, with respect to each of the above plurality of master WSDs 10 of control
target.

[0077]
-- Another Communication Node of Control Target

For example, the above other communication node of control target is a
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communication node which is control target by the communication control device
100-1.
[0078]

More specifically, for example, the above other communication node
includes another master WSDs 10 that are not the master WSD 10 for which the
interference is estimated, among the above plurality of master WSDs 10. As one
example, the above other communication node includes another master WSD 10 that
is not the master WSD 10 for which the interference is estimated and is included in
the same set 40 as the master WSD 10 for which the interference is estimated, among
the above plurality of master WSDs 10.

[0079]
-- Interference

The above second interference is an interference by the downlink signal
transmitted by the above other communication node or the uplink signal transmitted
to the above other communication node. For example, the above second
interference includes an interference by the downlink signal transmitted by another
master WSD 10 that is not the master WSD for which the interference is estimated,
or an interference by the uplink signal transmitted to another master WSD 10 that is
not the master WSD for which the interference is estimated.

[0080]

Also, for example, the above second interference is an interference to
communication involving the master WSD 10. More specifically, the above second
interference is an interference to the uplink communication (the transmission to the
master WSD 10 from the slave WSD 30) and/or an interference to the downlink
communication (the transmission to the slave WSD 30 from the master WSD 10).
In other words, the above second interference is an interference to the uplink signal
received by the master WSD 10 (the transmission signal of the slave WSD 30) and/or
an interference to the downlink signal received by the slave WSD 30 (the
transmission signal of the master WSD 10).

[0081]

As one example, the above second interference is an interference to the
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uplink communication (i.e., an interference to the uplink signal). Thereby, there is a
larger interference to communication involving the master WSD 10. Also,
interference is estimated more easily.
[0082]
-- Estimation of Interference
--- Estimation of Interference of Each Frequency Channel Candidate

The interference estimating unit 133 estimates the above second interference
in each of the two or more frequency channel candidates, with respect to each of the
above plurality of master WSDs 10. The two or more frequency channel candidates
is a frequency channel that the communication system 1 is able to utilize secondarily,
among the frequency channels for the primary system. Also, here, the above two or
more frequency channel candidates are two or more frequency channel candidates.
That is, the above second interference in each of the two or more frequency channel
candidates is estimated.
[0083]
--- Provisional Setting of Frequency Channel

Also, for example, the interference estimating unit 133 provisionally sets the
frequency channel utilized by each of a plurality of master WSDs 10 of control target,
to calculate the above second interference.
[0084]

Specifically, for example, the frequency channel utilized immediately before
is set provisionally. For example, when a certain communication node utilizes a
certain frequency channel immediately before, the certain frequency channel is set
provisionally in the certain communication node. Also, when another
communication node utilizes another frequency channel immediately before, the
other frequency channel is set provisionally in the other communication node.
[0085]

Note that it may be such that the provisionally set frequency channel is not
the frequency channel utilized immediately before, but a frequency channel for
which the interference from the primary system is small, a frequency channel

selected on the basis of a result of measurement or sensing, a frequency channel
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selected at random, or the like.
[0086]
--- Estimation of Interference in Individual Frequency Channels

Also, the above second interference in the individual frequency channel
candidates is estimated by estimating the interference from communication involving
each of the above other communication nodes of control target (other master WSDs
10) first, and summing the interference estimated with respect to each of the above
other communication node.

[0087]

For example, the interference from the communication involving each of
other master WSDs 10 of control target is any one of the followings.

(1) An interference from transmission only of the master WSD 10 (an interference by
the downlink signal only)

(2) An interference from transmission only of the slave WSD 30 (an interference by
the uplink signal only)

(3) An interference from the transmission of the master WSD 10 and the transmission
of the slave WSD 30 (an interference by the downlink signal and the uplink signal)
[0088]

The interference of above (1) is an interference when the master WSD 10
performs the downlink communication only. For example, the interference
estimating unit 133 can estimate the interference of above (1) on the basis of
information relevant to the master WSD 10 (position, height of antenna, transmission
electric power, etc.) and information of provisional setting of the frequency channel.
[0089]

The interference of above (2) is an interference when the master WSD 10
performs the uplink communication only. For example, the interference estimating
unit 133 suppositionally sets information relevant to the slave WSD 30 (position,
height of antenna, transmission electric power, etc.), and estimates the interference of
above (2) on the basis of the suppositionally set information and the information of
the provisional setting of the frequency channel.

[0090]
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The interference of above (3) is an interference when the master WSD 10
performs both of the uplink communication and the downlink communication. The
frequency channel candidates for the uplink communication and the frequency
channel candidates for the downlink communication are different frequency channel
candidates in some cases (for example, in the case of FDD), and are same frequency
channels in other cases (for example, in the case of TDD). In the former case, the
interference estimating unit 133 estimates the interference from the downlink
communication (the interference by the downlink signal) in the same way as the
interference of above (1), and estimates the interference from the uplink
communication (the interference by the uplink signal) in the same way as the
interference of above (2), and sums the estimated interferences. Also, in the latter
case, the interference estimating unit 133 estimates the interference from one of the
downlink communication and the uplink communication. Note that, in the latter
case, for example, the interference estimating unit 133 estimates the interference
from the downlink communication (the interference by the downlink signal) and the
interference from the uplink communication (the interference by the uplink signal),
and selects the larger one. By this selection, a larger interference to the
communication involving the master WSD 10 is estimated.

[0091]

Note that, as described above, when the interference from the transmission
of the slave WSD 30 (the interference by the uplink signal) is estimated, the
information relevant to the slave WSD 30 (position, height of antenna, transmission
electric power, etc.) is suppositionally set. In this case, for example, the slave WSD
30 is assumed to exist in a predetermined range or at a predetermined position closer
to the master WSD 10 for which the interference is estimated, within the
communication range 20 of the master WSD 10 which is the transmission destination
of the uplink signal of the slave WSD 30. Then, the interference estimating unit
133 estimates the interference by the uplink signal, under this assumption. In the
following, a specific example will be described with reference to FIG. 9, with respect
to this point.

[0092]
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FIG. 9 is an explanatory diagram for describing an example of the position
of the slave WSD 30 which is suppositionally set when estimating the interference by
the uplink signal. Referring to FIG. 9, the master WSDs 10-1 to 10-5 are illustrated.
In this example, the interference to the uplink communication of the master WSD 10-
1 is estimated. In this case, for example, the slave WSD 30 that transmits the uplink
signal to the master WSD 10-2 is assumed to be positioned at the position 41-2
closest to the master WSD 10-1, within the communication range 20-2 of the master
WSD 10-2. Also, the slave WSD 30 that transmits the uplink signal to the master
WSD 10-5 is assumed to be positioned at the position 41-5 closest to the master
WSD 10-1 within the communication range 20-5 of the master WSD 10-5.

[0093]

By this assumption, a larger interference to the communication involving
the master WSD 10 is obtained.

--- Estimation of Electric Power Value

Also, the interference estimating unit 133 estimates the reception electric
power value of the interference signal for example, as the above second interference.
For example, the electric power value of the interference from communication
involving another master WSD 10 of control target (i.e., the reception electric power
value of the downlink signal from another master WSD 10 and/or the uplink signal to
another master WSD 10 (the interference signal), in the master WSD 10) is expressed
as in the following.

[0094]
[Math. 2]

B,WSD,n (f)

[0095]
Here, n represents an index of the master WSD 10 of target for estimating
an interference, among the above plurality of master WSDs 10. Also, f represents

one frequency channel candidate among a plurality of frequency channel candidates.
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[0096]

Note that the interference estimating unit 133 acquires the information
relevant to the secondary system, from the DB 50, via the communication unit 110,
for example. Also, as described above, the interference estimating unit 133
suppositionally sets the information relevant to the slave WSD 30 (position, height of
antenna, transmission electric power, etc.). Then, the interference estimating unit
133 estimates the above second interference, on the basis of the acquired information
and/or the suppositionally set information. As described above, the information
relevant to the secondary system includes the information relevant to the master
WSD 10 of the secondary system (for example, number, position, height of antenna,
transmission electric power), for example.

[0097]
(Interference Information Acquiring Unit 135)
- First Interference Information

The interference information acquiring unit 135 acquires the first
interference information indicating the first interference from communication
involving the communication nodes that are not control target, with respect to each
of a plurality of master WSDs 10 of control target. For example, the above plurality
of master WSDs 10 are the master WSDs 10 included in the same set 40, and the
interference estimating unit 133 acquires the above first interference information for
each decided set 40.

[0098]

As described above, for example, the communication nodes that are not the
above control target include the communication nodes that are not control target by
the communication control device 100-1. More specifically, for example, the
communication nodes that are not the above control target include the
communication nodes of the primary system. That is, as an example of the
embodiment of the present disclosure, the communication nodes that are not the
above control target include the transmitter station of the television broadcast system.
[0099]

Also, for example, the above first interference information indicates the
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above first interference in each of the two or more frequency channel candidates.
As described above, the above two or more frequency channel candidates are
frequency channels that the communication system 1 is able to utilize secondarily,
among the frequency channels for the primary system. Also, here, the above two or
more frequency channel candidates are two or more frequency channel candidates.
That is, the first interference information indicates the above first interference in each
of the above two or more frequency channel candidates.

[0100]

For example, the interference information acquiring unit 135 acquires the
information indicating the first interference estimated by the interference estimating
unit 133, as the first interference information.

[0101]

Note that the interference information acquiring unit 135 may acquire the
information indicating the first interference that is actually observed, or the
information indicating the first interference calculated in advance as the theoretical
value from path-loss and the like (i.e., the information store in the DB 50), as the first
interference information, instead of the information indicating the first interference
estimated by the interference estimating unit 133. In this case, the first interference
is needless to be estimated by the interference estimating unit 133 as described above.
[0102]

- Second Interference Information

Also, the interference information acquiring unit 135 acquires the second
interference information indicating the second interference from communication
involving another communication node of control target, with respect to each of a
plurality of master WSDs 10 of control target. For example, the above plurality of
master WSDs 10 are the master WSDs 10 included in the same set 40, and the
interference estimating unit 133 acquires the above second interference information
for each decided set 40.

[0103]
As described above, for example, the above other communication node of

control target is the communication node which is control target by the
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communication control device 100-1. More specifically, for example, the above
other communication node includes another master WSDs 10 that are not the master
WSD 10 for which the interference is estimated, among the above plurality of master
WSDs 10.

[0104]

Also, for example, the above second interference information indicates the
above second interference in each of the above two or more frequency channel
candidates. As described above, the above two or more frequency channel
candidates are frequency channels that the communication system 1 is able to utilize
secondarily, among the frequency channels for the primary system. Also, here, the
above two or more frequency channel candidates are two or more frequency channel
candidates. That is, the second interference information indicates the above second
interference in each of the above two or more frequency channel candidates.

[0105]

For example, the interference information acquiring unit 135 acquires the
information indicating the second interference estimated by the interference
estimating unit 133, as the second interference information.

[0106]

Note that the interference information acquiring unit 135 may acquire the
information indicating the second interference that is actually observed, or the
information indicating the second interference calculated in advance as the
theoretical value from path-loss and the like (i.e., the information store in the DB 50),
as the second interference information, instead of the information indicating the
second interference estimated by the interference estimating unit 133. In this case,
the second interference is needless to be estimated by the interference estimating unit
133 as described above.

[0107]
(Classifying Unit 137)

The classifying unit 137 classifies the above plurality of master WSDs 10
into a plurality of groups related to the decision of the frequency channel that the

master WSD 10 is able to utilize, on the basis of the above first interference
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information and the above second interference information with respect to the above
plurality of master WSDs 10 of control target. Also, for example, the above
plurality of master WSDs 10 are the master WSDs 10 included in the same set 40,
and the classifying unit 137 classifies the master WSDs 10 for each decided set 40.
[0108]

Also, for example, the above plurality of groups are a plurality of groups
corresponding to the order in which the above frequency channels are decided.
More specifically, for example, the above plurality of groups include at least a first
group and a second group. The above second group is a group in which the above
frequency channels are decided after the above first group or before the first group.
The classifying unit 137 classifies the above plurality of master WSDs into a
plurality of groups including the above first group and the above second group. As
one example, the classifying unit 137 classifies the above plurality of master WSDs
10 into the two groups of the above first group and the above second group.

[0109]

Also, for example, the master WSDs 10 classified into the above first group
is the master WSD 10 having a larger level of the above first interference relative to
the above second interference, as compared with the master WSD 10 classified into
the above second group. That is, the classifying unit 137 classifies the above
plurality of master WSDs 10 into a plurality of groups including the above first
group and the above second group, in such a manner that the master WSDs 10
classified into the above first group has a larger level of the above first interference
relative to the above second interference, as compared with the master WSD 10
classified into the above second group. As one example, the classifying unit 137
classifies, into the first group, the master WSD 10 having a larger level of the above
first interference relative to the above second interference, among the above plurality
of master WSDs 10.  Also, the classifying unit 137 classifies, into the second group,
the master WSD 10 having a smaller level of the above first interference relative to
the above second interference, among the above plurality of master WSDs 10.

[0110]

Also, for example, the above second group is a group in which the above
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frequency channels are decided after the above first group. In this case, as one
example, the classifying unit 137 classifies, into the first group in which the
utilizable frequency channels are first decided, the master WSD 10 having a larger
level of the above first interference relative to the above second interference, among
the above plurality of master WSDs 10. Also, the classifying unit 137 classifies,
into the second group in which the utilizable frequency channels are decided later,
the master WSD 10 having a smaller level of the above first interference relative to
the above second interference, among the above plurality of master WSDs 10.

[0111]

By this classification, for example, the utilizable frequency channels with
respect to the master WSD 10 having a comparatively weak interference in the
secondary system relative to the interference from the primary system are decided
first. Then, the utilizable frequency channels with respect to the master WSD 10
having a comparatively strong interference in the secondary system relative to the
interference from the primary system are decided thereafter. That is, the utilizable
frequency channels with respect to the master WSD 10 having a smaller influence on
the interference by the decision of the utilizable frequency channels in the secondary
system (for example, the fluctuation of the interference level) are decided first.
Then, the utilizable frequency channels with respect to the master WSD 10 having a
larger influence on the interference by the decision of the utilizable frequency
channel in the secondary system (for example, the fluctuation of the interference
level) are decided thereafter.

[0112]

Hence, a more appropriate utilizable frequency channel is decided with
respect to the master WSD 10 having a larger influence of the decision of the
utilizable frequency channel in the secondary system, in consideration of the
utilizable frequency channels that are already decided with respect to other master
WSDs 10. On the other hand, with respect to the master WSD 10 having a smaller
influence of the decision of the utilizable frequency channel in the secondary system,
the influence (for example, the fluctuation of the interference level) occurs by the

following decision of the utilizable frequency channel with respect to other master
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WSDs 10, but the influence is small. Thereby, a more appropriate utilizable
frequency channel with respect to each master WSD 10 can be decided in the
secondary system. As a result, the communication of the master WSD 10 that
secondarily utilizes the frequency channel can be improved.

[0113]

Also, the utilizable frequency channel is decided in order for each group
(i.e., divided utilizable frequency channels with respect to the master WSD 10 are
decided in order), and therefore the number of combinations of the master WSD 10
and the frequency channel candidate decreases. As a result, the calculation amount
can be reduced.

[0114]

As described above, communication of a communication node that utilizes a
radio resource (frequency channel) under an environment in which there is an
interference from communication involving a communication node that is not control
target is improved with less calculation amount.

[0115]

Also, more specifically, for example, the above level of the above first
interference relative to the above second interference corresponds to the number of
frequency channel candidates in which the level of the above first interference is
larger than the level of the above second interference by a predetermined threshold
value or more. For example, the level of the above first interference and the level
of the second interference is the reception electric power of the interference signal in
the master WSD 10 that is subject to the interference. Then, the above level of the
above first interference relative to the above second interference corresponds to the
number of frequency channel candidates in which the level of the first interference
(the reception electric power of the interference signal) is larger than the level of the
second interference (the reception electric power of the interference signal) by a
predetermined threshold value. As one example, the above a predetermined
threshold value is 0, and the above level is the proportion of the frequency channel
candidates in which the level of the first interference is larger than the second

interference. Then, the classifying unit 137 classifies the master WSD 10 having
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the above proportion that exceeds a threshold value x (0 < x < 1), into the first group
in which the utilizable frequency channels are first decided. Also, the classifying
unit 137 classifies the master WSD 10 having the above proportion that is equal to or
less than the threshold value x, into the second group in which the utilizable
frequency channels are decided later. That is, the classifying unit 137 classifies a

plurality of master WSDs 10 as in the following.

[0116]

[Math. 3]

ne G™ if car d{p | PI,Primary,n(f )> PI,WSD,n(f )}/ Nehammer > %
G™ ’else

[0117]

Here, n represents an index of the master WSD 10 of the target to be
classified, among the above plurality of master WSDs 10. Also, G" indicates the
first group, and G™ indicates the second group. Also, f represents one frequency
channel candidate among a plurality of frequency channel candidates. Nchannel
indicates the number of the frequency channel candidates (i.e., the number of the
frequency channels that the communication system 1 is able to utilize). P indicates
a set of frequency channels that satisfy Pprimaryn(f) > Prwspa(f). Then, card {e ¢ ¢}
is the cardinality of the set. When elements of the set is discrete, card {* * ¢} is
equivalent to the number of the elements of the set (i.e., the number of the frequency
channel candidates). Also, as described above, x is a threshold value that is larger
than O and smaller than 1.

[0118]

This classification into the groups enables classifying the master WSD 10
having a comparatively weak interference in the secondary system relative to the
interference from the primary system, and the master WSD 10 having a
comparatively strong interference in the secondary system relative to the interference
from the primary system.

[0119]
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(Channel Deciding Unit 139)

The channel deciding unit 139 decides the utilizable frequency channel with
respect to each of the above plurality of master WSDs 10 of control target. For
example, the above plurality of master WSDs 10 are the master WSDs 10 included in
the same set 40, and the interference estimating unit 133 classifies the master WSDs
10 for each decided set 40.

[0120]
- Decision in Order According to Group

For example, the channel deciding unit 139 decides the above frequency
channel with respect to each of one or more master WSDs 10 classified into the
above first group. Also, the channel deciding unit 139 decides the above frequency
channel with respect to each of one or more master WSDs 10 classified into the
above second group, on the basis of the decision result of the above frequency
channel in the above first group.

[0121]
- Decision of Frequency Channel in First Group

As described above, the master WSDs 10 classified into the above first
group is the master WSD 10 having a larger level of the above first interference
relative to the above second interference, as compared with the master WSD 10
classified into the above second group.

[0122]

For example, the channel deciding unit 139 decides one or more frequency
channel candidates having a smaller level of the above first interference, among the
two or more frequency channel candidates, as the utilizable frequency channel with
respect to the master WSDs 10 classified into the above first group. The two or
more frequency channel candidates are the frequency channels that the
communication system 1 is able to utilize secondarily, among the frequency channels
for the primary system.

[0123]
This decision of the frequency channel reduces the interference from the

primary system in the master WSD 10 classified into the first group (for example, the
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master WSD 10 having a comparatively strong interference from the primary system
relative to the interference in the secondary system), for example. Hence, the
communication quality of the master WSD 10 classified into the first group improves,
and the communication of the master WSD can be improved. Note that this
decision is effective, in particular when there is a variation in the level of the
interference from the primary system by the frequency channel candidate.

[0124]

Note that, as another example, the channel deciding unit 139 may decide
one or more frequency channel candidates utilized by the master WSDs 10 classified
into the above first group, as the utilizable frequency channel with respect to the
master WSD 10. With this decision of the frequency channel, the decision is
needless to be made again, and therefore the calculation amount is reduced. Note
that this decision is effective, in particular when there is little variation in the level of
the interference from the primary system by the frequency channel candidates.

[0125]

Also, as yet another example, the channel deciding unit 139 may decide as
the utilizable frequency channel with respect to the master WSDs 10 classified into
the above first group, by another method.

[0126]
- Decision of Frequency Channel in Second Group

As described above, the master WSD 10 classified into the above second
group is the master WSD 10 having a smaller level of the above first interference
relative to the above second interference, as compared with the master WSD 10
classified into the above second group.

[0127]

As described above, for example, the channel deciding unit 139 decides the
above frequency channel with respect to each of one or more master WSDs 10
classified into the above second group, on the basis of the decision result of the
above frequency channel in the above first group.

[0128]

-- Order of Decision of Frequency Channel
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As described above, the channel deciding unit 139 decides the above
resource (the frequency channel) with respect to each of the above one or more
master WSDs 10 classified into the above second group. For example, here, the
channel deciding unit 139 decides the above frequency channel with respect to the
master WSD 10 having a smaller level of the above second interference. Then, the
channel deciding unit 139 decides the above frequency channel with respect to the
master WSD 10 having a larger level of the above second interference, on the basis
of the decision result of the above frequency channel with respect to the master WSD
10. That is, the channel deciding unit 139 decides the utilizable frequency channel
with respect to the master WSD 10, in order from the master WSD 10 having a
smaller level of the second interference.

[0129]

More specifically, for example, the channel deciding unit 139 decides the
utilizable frequency channel, in order from the master WSD 10 having a smaller
maximum level of the level of the second interference in the two or more frequency
channel candidates. For example, above the maximum level is, the maximum level
of the electric power value of the interference from communication involving another
master WSD 10 of control target (i.e., the reception electric power value of the
interference signal) Pywspa(f) in the two or more frequency channel candidates.
The maximum level P; max wspn 1S expressed as in the following.

[0130]
[Math. 4]

PI_MAX,WSD,n = mfa‘X I (f )

[0131]

As described above, for example, the channel deciding unit 139 decides the
utilizable frequency channel in order from the smaller maximum level Py max wsp.n-
Then, for example, the channel deciding unit 139 decides the utilizable frequency

channel with respect to the k-th master WSD 10, on the basis of the decision result
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with respect to the first to k-1th master WSDs 10. Also, for example, the channel
deciding unit 139 decides the utilizable frequency channel with respect to the k-th
master WSD 10, on the basis of the provisional setting result of the frequency
channel with respect to the k+1th and following master WSDs 10 as well.

[0132]

By the decision in this order, the utilizable frequency channel with respect
to the master WSD 10 having a weaker interference in the secondary system is
decided first, for example. Then, the utilizable frequency channel with respect to
the master WSD 10 having a stronger interference in the secondary system is decided
thereafter. That is, the utilizable frequency channels with respect to the master
WSD 10 having a smaller influence on the interference by the decision of the
utilizable frequency channels in the secondary system (for example, the fluctuation
of the interference level) are decided first. Then, the utilizable frequency channels
with respect to the master WSD 10 having a larger influence on the interference by
the decision of the utilizable frequency channel in the secondary system (for example,
the fluctuation of the interference level) are decided thereafter.

[0133]

Hence, a more appropriate utilizable channel is decided with respect to the
master WSD 10 having a larger influence of the decision of the utilizable frequency
channel in the secondary system, in consideration of the utilizable frequency
channels that are already decided with respect to other master WSDs 10. On the
other hand, with respect to the master WSD 10 having a smaller influence of the
decision of the utilizable frequency channel in the secondary system, the influence
(for example, the fluctuation of the interference level) occurs by the following
decision of the utilizable frequency channel with respect to other master WSDs 10,
but the influence is small. Thereby, a more appropriate utilizable frequency channel
with respect to each master WSD 10 can be decided in the secondary system. As a
result, the communication of the master WSD 10 that secondarily utilizes the
frequency channel can be improved.

[0134]

Also, the utilizable frequency channels are decided one after another with
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respect to each master WSD 10, and therefore the calculation amount can be reduced.
[0135]

Note that, as described above, the channel deciding unit 139 decides the
utilizable frequency channel with respect to the k-th master WSD 10, on the basis of
the decision result of the frequency channel in the above first group.

[0136]
-- Decision of Frequency Channel

Also, for example, the channel deciding unit 139 decides one or more
frequency channel candidates among the two or more frequency channel candidates,
as the utilizable frequency channel with respect to the master WSD 10 classified into
the above second group. Then, the one or more frequency channel candidates are
one or more frequency channel candidates having a smaller level of the interference,
which include the above first interference and the above second interference.

[0137]

Specifically, for example, to decide the utilizable frequency channel with
respect to the k-th master WSD 10, the channel deciding unit 139 acquires the
knowledge of the level of the first interference in each of the two or more frequency
channel candidates, from the first interference information. Also, the channel
deciding unit 139 estimates the second interference in each of the two or more
frequency channel candidates again, or causes the interference estimating unit 133 to
estimate again.

[0138]

As described above, for example, the level of the first interference is
expressed by the reception electric power value) of the transmission signal (the
interference signal) of the transmitter station of the primary system (the television
broadcast system) Pppimaryn(f). Also, for example, the level of the second
interference is expressed by the electric power value of the interference from
communication involving another master WSD 10 of control target (i.e., the
reception electric power value of the interference signal) Prwspa(f). Then, the
channel deciding unit 139 calculates the following worst interference electric power

value Pryorstn(f), as the interference level including the first interference and the
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second interference.
[0139]
[Math. 5]

})I,worst,n (f) — ])I,Primary,n (f) + ])I,WSD,n (f)

[0140]

Then, for example, the channel deciding unit 139 decides the frequency
channel candidates having minimum worst interference electric power value
Prworstn(f), as the utilizable frequency channel with respect to the k-th master WSD
10.

[0141]

For example, with this decision of the frequency channel, the utilizable
channel is decided with respect to the master WSD 10, so as to reduce the
interference level of the worst time. As a result, the communication of the master
WSD 10 can be improved.

[0142]
- Decision of Frequency Channel with Respect to Master WSD That is Not Classified
into Group

Also, for example, the channel deciding unit 139 decides the utilizable
frequency channel with respect to the master WSD 10 that is not classified into any
group.

[0143]
- Notification to Master WSD

As described above, the channel deciding unit 139 decides the utilizable
frequency channel with respect to each of the above plurality of master WSDs 10 of
control target. For example, thereafter, the channel deciding unit 139 notifies each
master WSD 10 of the decided utilizable frequency channel via the communication
unit 110.

[0144]
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In the above, the method of the decision of the utilizable frequency channel
has been described. Note that, the utilizable frequency channel may be decided
ultimately, so that the interaction for the notification to the master WSD 10 of the
utilizable channel is reduced. For example, it is not such that the utilizable
frequency channel is necessarily decided and notified as described above, but may be
such that the utilizable frequency channel is ultimately decided and notified when an
additional predetermined condition is satisfied. @ As one example, the above
predetermined condition may be a fact that the level of the difference between the
interference in the utilizable channel decided last time and the interference in the
utilizable frequency channel decided this time exceeds a predetermined threshold
value. That is, when the level of the difference does not exceed the predetermined
threshold value, the utilizable channel decided the last time may continue to be
utilized. Thereby, the interaction for the notification to the master WSD 10 of the
utilizable channel can be reduced. Note that the determination of this
predetermined condition may be performed for each master WSD, or may be
performed for the entire master WSD.

[0145]
<2.2. Flow of Process>

Next, with reference to FIG. 10, a communication control process according
to the first embodiment will be described. FIG. 10 is a flowchart illustrating an
example of the schematic flow of the communication control process according to
the first embodiment. The communication control process can be executed for each
set 40 of the master WSDs 10.

[0146]

First, the interference estimating unit 133 provisionally sets the frequency
channel utilized by each of a plurality of master WSDs 10 of control target (S301).
[0147]

Also, the interference estimating unit 133 estimates the first interference
(the interference from communication involving the communication node that is not
control target) in each frequency channel candidate, with respect to each of the above

plurality of master WSDs 10 (S303).
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[0148]

Also, the interference estimating unit 133 estimates the second interference
(the interference from communication involving another communication node of
control target) in each frequency channel candidate, with respect to each of the above
plurality of master WSDs 10 (S305).

[0149]

Then, the interference information acquiring unit 135 acquires the first
interference information indicating the above first interference and the second
interference information indicating the above second interference, with respect to
each of the above plurality of master WSDs 10 (S307).

[0150]

Thereafter, the classifying unit 137 classifies the above plurality of master
WSDs 10 into the first group and the second group, on the basis of the above first
interference information and the above second interference information with respect
to the above plurality of master WSDs 10 (S309).

[0151]

Also, the channel deciding unit 139 decides the utilizable frequency channel
with respect to each of one or more master WSDs 10 classified into the above first
group (S311).

[0152]

Thereafter, the channel deciding unit 139 decides the utilizable frequency
channel with respect to each of one or more master WSDs 10 classified into the
above second group, on the basis of the decision result of the frequency channel in
the above first group (S313). Here, for example, the channel deciding unit 139 first
decides the utilizable frequency channel with respect to the master WSD 10 having a
smaller level of the above second interference. Then, the channel deciding unit 139
decides the utilizable frequency channel with respect to the master WSD 10 having a
larger level of the above second interference, on the basis of the decision result of the
utilizable frequency channel with respect to the master WSD 10.

[0153]
Further, the channel deciding unit 139 notifies each master WSD 10 of the
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decided utilizable frequency channel via the communication unit 110 (S315). Then,
the process ends.

[0154]

<2.3. First Exemplary Variant>

Next, with reference to FIG. 11, the first exemplary variant of the first
embodiment will be described.
[0155]

(Overview)

As described above, a plurality of groups into which a plurality of master
WSDs 10 of control target are classified includes a first group and a second group.
Then, the master WSDs 10 classified into the above first group is the master WSD 10
having a larger level of the above first interference relative to the above second
interference, as compared with the master WSD 10 classified into the above second
group. Then, in the example of the first embodiment described above in particular,
the above second group is the group in which the above frequency channels are
decided after the above first group.

[0156]

On the other hand, in the exemplary variant of the first embodiment, the
above second group is the group in which the above frequency channels are decided
before the above first group. Then, the exemplary variant of the first embodiment
also improves communication of a communication node that utilizes a radio resource
(frequency channel) under an environment in which there is an interference from
communication involving a communication node that is not control target, with less
calculation amount.

[0157]
(Classifying Unit 137)

The classifying unit 137 classifies the above plurality of master WSDs 10
into a plurality of groups related to the decision of the frequency channel that the
master WSD 10 is able to utilize, on the basis of the above first interference
information and the above second interference information with respect to the above

plurality of master WSDs 10 of control target. This point is as described above in
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the example of the first embodiment.
[0158]

Also, for example, the above plurality of groups are a plurality of groups
corresponding to the order in which the above frequency channels are decided.
More specifically, for example, the above plurality of groups, at least the above
plurality of groups, include at least the first group and the second group. These
points are also as described above in the example of the first embodiment.

[0159]

Also, for example, the master WSDs 10 classified into the above first group
is the master WSD 10 having a larger level of the above first interference relative to
the above second interference, as compared with the master WSD 10 classified into
the above second group. This point is also as described above in the example of the
first embodiment.

[0160]

Then, in the first exemplary variant in particular, the above second group is
the group in which the above frequency channels are decided before the above first
group. As one example, the classifying unit 137 classifies the master WSD 10
having a larger level of the above first interference relative to the above second
interference among the above plurality of master WSDs 10, into the first group for
which the utilizable frequency channels are decided later. ~Also, the classifying unit
137 classifies the master WSD 10 having a smaller level of the above first
interference relative to the above second interference among the above plurality of
master WSDs 10, into the second group for which the utilizable frequency channels
are first decided.

[0161]

By this classification, for example, the utilizable frequency channels with
respect to the master WSD 10 having a comparatively strong interference in the
secondary system relative to the interference from the primary system are decided
first. Then, the utilizable frequency channels with respect to the master WSD 10
having a comparatively weak interference in the secondary system relative to the

interference from the primary system are decided thereafter.
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[0162]

Hence, after deciding the utilizable frequency channel first with respect to
the master WSD 10 having a comparatively strong interference in the secondary
system relative to the interference from the primary system, the utilizable frequency
channel can be decided with respect to another master WSD, so as to reduce the
interference to the communication of the above master WSD 10. Thereby, a more
appropriate utilizable frequency channel with respect to each master WSD 10 can be
decided in the secondary system. As a result, the communication of the master
WSD 10 that secondarily utilizes the frequency channel can be improved.

[0163]

Also, the utilizable frequency channel is decided in order for each group
(i.e., divided utilizable frequency channels with respect to the master WSD 10 are
decided in order), and therefore the number of combinations of the master WSD 10
and the frequency channel candidate decreases. As a result, the calculation amount
can be reduced.

[0164]

As described above, communication of a communication node that utilizes a
radio resource (frequency channel) under an environment in which there is an
interference from communication involving a communication node that is not control
target is improved with less calculation amount.

[0165]
(Channel Deciding Unit 139)
- Decision in Order According to Group

In particular, in the first exemplary variant, the channel deciding unit 139
decides the above frequency channel with respect to each of one or more master
WSDs 10 classified into the above second group. Also, the channel deciding unit
139 decides the above frequency channel with respect to each of one or more master
WSDs 10 classified into the above first group, on the basis of the decision result of
the above frequency channel in the above second group.

[0166]

- Decision of Frequency Channel in Second Group
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In particular, in the first exemplary variant, the channel deciding unit 139
decides the above frequency channel with respect to each of one or more master
WSDs 10 classified into the above second group, without using the decision result of
the above frequency channel in the above first group. Except this point, it is as
described above as the example of the first embodiment.

[0167]
- Decision of Frequency Channel in First Group

In particular, in the first exemplary variant, as described above, the channel
deciding unit 139 decides the above frequency channel with respect to each of one or
more master WSDs 10 classified into the above first group, on the basis of the
decision result of the above frequency channel in the above second group.

[0168]

For example, the channel deciding unit 139 decides one or more frequency
channel candidates, among the two or more frequency channel candidates, as the
above frequency channel with respect to the master WSDs 10 classified into the
above first group. Then, the one or more frequency channel candidates is one or
more frequency channel candidates having a smaller level of the third interference to
the above one or more master WSDs 10 classified into the above second group.
[0169]

As one example, the above one or more frequency channel candidates
having a smaller level of the above third interference are the frequency channel
candidates having a smaller maximum level of the level of the third interference to
one or more master WSDs 10 than that of other frequency channel candidates.

[0170]

Note that, as another example, the above one or more frequency channel
candidates having a smaller level of the above third interference may be the
frequency channel candidates having a smaller summation of the levels of the third
interference to one or more master WSDs 10 than that of other frequency channel
candidates.

[0171]

As described above, the frequency channels in the first group is decided.
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Thereby, for example, the interference in the secondary system can be made smaller,
in the master WSD 10 classified into the second group (for example, the master
WSD 10 having a comparatively strong interference in the secondary system relative
to the interference from the primary system). Hence, the communication quality of
the master WSD 10 classified into the second group improves, and the
communication of the master WSD can be improved.

[0172]

(Flow of Process)

Next, with reference to FIG. 11, the communication control process
according to the first exemplary variant of the first embodiment will be described.
FIG 11 is a flowchart illustrating an example of the schematic flow of the
communication control process according to the first exemplary variant of the first
embodiment. The communication control process can be executed for each set 40
of the master WSDs 10.

[0173]

Here, steps S401 to S409 and S415 of an example of the communication
control process of the first exemplary variant of the first embodiment described with
reference to FIG. 11 are same as steps S301 to S309 and S315 in an example of the
communication control process of the first embodiment described with reference to
FIG. 10. Thereby, here, only steps S411 and S413 will be described.

[0174]

Also, the channel deciding unit 139 decides the utilizable frequency channel
with respect to each of one or more master WSDs 10 classified into the above second
group (S411). Here, for example, the channel deciding unit 139 first decides the
utilizable frequency channel with respect to the master WSD 10 having a smaller
level of the above second interference. Then, the channel deciding unit 139 decides
the utilizable frequency channel with respect to the master WSD 10 having a larger
level of the above second interference, on the basis of the decision result of the
utilizable frequency channel with respect to the master WSD 10.

[0175]

Thereafter, the channel deciding unit 139 decides the utilizable frequency
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channel with respect to each of one or more master WSDs 10 classified into the
above first group, on the basis of the decision result of the frequency channels in the
above second group (S313). Here, for example, the channel deciding unit 139
decides one or more frequency channel candidates having a smaller level of the third
interference to the above one or more master WSDs 10 classified into the above
second group, as the utilizable frequency channel with respect to the master WSDs
10 classified into the above first group.

[0176]

<2.4. Second Exemplary Variant>

Next, with reference to FIG. 12, the second exemplary variant of the first
embodiment will be described.
[0177]

(Overview)

In an example of the above first embodiment, the communication node that
is not control target includes the communication node of the primary system. On
the other hand, in the second exemplary variant of the first embodiment, the
communication node that is not control target further includes another
communication node, in addition to the communication node of the primary system.
[0178]

(Interference Estimating Unit 133)
- First Interference from Communication Involving Communication Node That is
Not Control Target

First, the interference estimating unit 133 estimates a first interference from
communication involving the communication node that is not control target, with
respect to each of the above plurality of master WSDs 10.

[0179]
-- Communication Node That is Not Control Target

For example, the communication node that is not the above control target
includes a communication node that is not control target by the communication
control device 100-1.

[0180]
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More specifically, for example, the communication node that is not the
above control target includes a communication node of the primary system. That is,
as an example of the embodiment of the present disclosure, the communication node
that is not the above control target includes a transmitter station of the television
broadcast system.

[0181]

In particular, in the second exemplary variant of the first embodiment, the
communication node that is not the above control target includes another
communication node, in addition to the communication node of the primary system.
[0182]

As a first example, the above other communication node is another
communication node (for example, the master WSD) of the secondary system which
is different from the communication system 1. As one example, the other
secondary system is the secondary system which is beyond any control by the
communication control device 100-1. Also, as another example, the other
secondary system is a secondary system of higher priority than the communication
system 1.

[0183]

Also, as a second example, when operated in a certain region where the
communication system 1 exists, the above other communication node is a
communication node of the communication system operated in a region adjacent to
the certain region. As one example, the communication system operated in the
other region is a primary system or a secondary system operated in the other region.
In the following, with respect to this point, a specific example will be described with
reference to FIG. 12.

[0184]

FIG. 12 is an explanatory diagram for describing an example of the
communication system operated in another region adjacent to the region where the
communication system 1 is operated. Referring to FIG. 12, the communication
system 1 operated in the region 80A and the communication system 1 operated in the

region 80B are illustrated. As one example, the region 80A and the region 80B
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each indicate a country, and the border between the region 80A and the region 80B
indicates a border between countries. Also, as another example, the region 80A and
the region 80B each indicate an area, and the border between the region 80A and the
region 80B indicates a border between the areas. In this example, the master WSD
10B is not a control target by the communication control device 100A. Also, the
master WSD 10A is not a control target by the communication control device 100B.
Thereby, the interference estimating unit 133 estimates the interference including the
interference from the primary system of the region 80A, the interference from the
primary system of the region 80B, and the interference from the master WSD 10B of
the region 80B, as the first interference.

[0185]

Also, as a third example, the above other communication node is a yet
another communication node.
[0186]

Note that, for example, the interference estimating unit 133 can estimate the
above first interference, by separately estimating the interference from
communication involving the communication node of the primary system and the
interference from communication involving the above other communication node,
and summing the calculated interferences.

[0187]

As described above, the communication node that is not the above control
target includes another communication node, in addition to the communication node
of the primary system. Then, the first interference including the interference from
communication involving the other communication node is estimated. Thereby, not
only the communication node of the primary system, but also the existence of
another communication node that is not control target is considered. Thereby, more
appropriate utilizable frequency channel can be decided.

[0188]
<2.5. Third Exemplary Variant>
Next, the third exemplary variant of the first embodiment will be described.

[0189]
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(Overview)

In the example of the above first embodiment, another communication node
of control target includes another master WSD 10 of the communication system 1
which is the secondary system. On the other hand, in the third exemplary variant of
the first embodiment, another communication node of control target further includes
another communication node, in addition to another master WSD 10 of the
communication system 1.

[0190]

(Interference Estimating Unit 133)

- Second Interference from Communication Involving Another Communication Node
of Control Target

Second, the interference estimating unit 133 estimates the second
interference from communication involving another communication node of control
target, with respect to each of the above plurality of master WSDs 10 of control
target.

[0191]
-- Another Communication Node of Control Target

For example, the above other communication node of control target is a
communication node which is control target by the communication control device
100-1.

[0192]

More specifically, for example, the above other communication node
includes another master WSDs 10 that are not the master WSD 10 for which the
interference is estimated, among the above plurality of master WSDs 10. As one
example, the above other communication node includes another master WSD 10 that
is not the master WSD 10 for which the interference is estimated and is included in
the same set 40 as the master WSD 10 for which the interference is estimated, among
the above plurality of master WSDs 10.

[0193]
In particular, in the third exemplary variant of the first embodiment, the

above other communication node of control target includes another communication
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node, in addition to the above other master WSD 10 included in the communication
system 1.
[0194]

Specifically, for example, when the communication control device 100 is
involved in the decision of the utilizable frequency channel with respect to the
communication node included in another communication system other than the
communication system 1, the above other communication node includes the above
communication node included in the above other communication system.

[0195]

As one example, when the communication control device 100 decides the
utilizable frequency channel with respect to the master WSD included in another
secondary system other than the communication system 1, the above other
communication node includes the above master WSD included in the above other
secondary system.

[0196]

Note that, referring to FIG 11 again, the communication control device
100A decides the utilizable frequency channel with respect to the master WSD 10A,
and the communication control device 100B decides the utilizable frequency channel
with respect to the master WSD 10B. Then, the communication control device
100A and the communication control device 100B cooperate to decide the utilizable
frequency channel. In this case, the above other communication node for the
communication control device 100A may include the master WSD 10B. Also, the
above other communication node for the communication control device 100B may
include the master WSD 10A.

[0197]

As described above, the above other communication node of control target
includes another communication node, in addition to another master WSD 10
included in the communication system 1. Then, the second interference including
the interference from communication involving the other communication node is
estimated. Thereby, not only the master WSD 10 included in the communication

system 1, but also the existence of an additional communication node of control
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target is considered. Thereby, a more appropriate utilizable frequency channel can
be decided.
[0198]

In the above, the first embodiment of the present disclosure has been
described. As described above, the first embodiment improves communication of a
communication node that utilizes a radio resource (frequency channel) under an
environment in which there is an interference from communication involving a
communication node that is not control target, with less calculation amount.

[0199]
<<3. Second Embodiment>>

Next, with reference to FIGS. 13 to 16, the second embodiment of the
present disclosure will be described. According to the second embodiment of the
present disclosure, the interference to the communication involving the high priority
master WSD from the communication involving the low priority master WSD is
reduced.

[0200]
<3.1. Overview>

First, with reference to FIG. 13, the overview of the second embodiment of
the present disclosure will be described.
[0201]

In the second embodiment of the present disclosure, the communication
system 1 includes a high priority master WSD of higher priority and a low priority
master WSD of lower priority. Then, the low priority master WSD is controlled so
as not to affect the high priority master WSD. In the following, with respect to this
point, a specific example will be described with reference to FIG. 13.

[0202]

FIG. 13 is an explanatory diagram for describing an example of the master
WSD included in the communication system 1-2 according to the second
embodiment. Referring to FIG. 13, the communication system 1-2 according to the
second embodiment includes a high priority master WSD 11 of higher priority and a

low priority master WSD 13 of lower priority. For example, the high priority
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master WSD 11 and the low priority master WSD 13 are included in the same set 41.
Then, the communication control device 100-2 decides the utilizable frequency
channel for each low priority master WSD 13, in such a manner that the
communication of the low priority master WSD 13 does not affect the
communication of the high priority master WSD 11.

[0203]

Specifically, in the second embodiment, the utilizable frequency channel
with respect to the high priority master WSD 11 is decided first. Thereafter, the
utilizable frequency channel with respect to the low priority master WSD 13 is
decided on the basis of the decision result of the utilizable frequency channel with
respect to the high priority master WSD 11.

[0204]
<3.2. Function and Configuration of Communication Control Device>

With reference to FIG. 14, an example of a configuration of a
communication control device 100-2 according to the second embodiment will be
described. FIG. 14 is a block diagram illustrating an example of the configuration
of the communication control device 100-2 according to the second embodiment.
Referring to FIG. 14, the communication control device 100-2 includes the
communication unit 110, the storage unit 120, and a control unit 140.

[0205]

Here, with respect to the communication unit 110, the storage unit 120, and
the set deciding unit 131 of the control unit 140, there is no difference between the
first embodiment and the second embodiment. Thereby, an interference estimating
unit 141, an interference information acquiring unit 143, an interference
determination unit 145, a classifying unit 147, and a channel deciding unit 149 of the
control unit 140 will be described.

[0206]
(Interference Estimating Unit 141)

The interference estimating unit 141 separately calculates the interference
with respect to each of the high priority master WSDs 11 of higher priority, and the

interference with respect to the low priority master WSD 13 of lower priority.
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[0207]
- High Priority Master WSD

The interference estimating unit 141 estimates the interference with respect
to each of a plurality of high priority master WSDs 11 of control target. For
example, the above plurality of high priority master WSDs 11 are high priority
master WSDs 11 included in the same set 41, and the interference estimating unit 141
estimates the above interference for each decided set 41.
[0208]
-- First Interference from Communication Involving Communication Node That is
Not Control Target

First, the interference estimating unit 141 estimates the first interference
from communication involving the communication node that is not control target,
with respect to each of the above plurality of high priority master WSDs 11. The
interference estimating unit 141 estimates the first interference with respect to each
of the high priority master WSDs 11, in the same way as the interference estimating
unit 133 according to the first embodiment.
[0209]
-- Second Interference from Communication Involving Another Communication
Node of Control Target

Second, the interference estimating unit 141 estimates the second
interference from communication involving another communication node of control
target, with respect to each of the above plurality of high priority master WSDs 11 of
control target.
[0210]
--- Another Communication Node of Control Target

For example, the above other communication node of control target is a
communication node which is control target by the communication control device
100-2.
[0211]

More specifically, in the second embodiment, for example, the above other

communication node includes another high priority master WSD 11 other than the
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high priority master WSD 11 for which the interference is estimated, among the
above plurality of high priority master WSDs 11. As one example, the above other
communication node includes another high priority master WSD 11 which is not the
high priority master WSD 11 for which the interference is estimated but is included
in the same set 41 as the high priority master WSD 11 for which the interference is
estimated, among the above plurality of high priority master WSDs 11.

[0212]

Also, in the second embodiment, for example, the above other
communication node does not include the low priority master WSD 13 of lower
priority.

[0213]

Note that the content and the estimation method of the second interference
are as described in the first embodiment. For example, the second interference with
respect to the high priority master WSD 11 is expressed as in the following.

[0214]

[Math. 6]

PI,WSD_High,n (f )
[0215]
- Low Priority Master WSD

The interference estimating unit 141 estimates the interference with respect
to each of a plurality of low priority master WSDs 13 of control target. For
example, the above plurality of low priority master WSDs 13 are low priority master
WSDs 13 included in the same set 41, and the interference estimating unit 141
estimates the above interference for each decided set 41.

[0216]
-- First Interference from Communication Involving Communication Node That is
Not Control Target

First, the interference estimating unit 141 estimates the first interference
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from communication involving the communication node that is not control target,
with respect to each of the above plurality of low priority master WSDs 13.

[0217]

--- Communication Node That is Not Control Target

For example, the communication node that is not the above control target
includes a communication node that is not control target by the communication
control device 100-1.

[0218]

More specifically, for example, the communication node that is not the
above control target includes a communication node of the primary system. That is,
as an example of the embodiment of the present disclosure, the communication node
that is not the above control target includes a transmitter station of the television
broadcast system.

[0219]

Also, in the second embodiment, for example, the communication node that
is not the above control target includes the communication node that is beyond
control at the time of the decision of the utilizable frequency channel with respect to
the low priority master WSD 13, even though it is control target by the
communication control device 100-1.

[0220]

More specifically, for example, the communication node that is not the
above control target further includes the high priority master WSD 11.

[0221]
--- Interference

The above first interference is an interference by a downlink signal
transmitted by the communication node that is not the above control target or an
uplink signal transmitted to the communication node that is not the above control
target. For example, the above first interference includes an interference by a
downlink signal transmitted by the transmitter station of the television broadcast
system. Also, the above first interference includes the interference by the downlink

signal transmitted by the high priority WSD 11 or the uplink signal transmitted to the
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high priority WSD 11.
[0222]

Also, for example, the above first interference is the interference to the
communication involving the low priority master WSD 13. More specifically, the
above first interference is the interference to the uplink communication (the
transmission to the low priority master WSD 13 from the slave WSD 30), and/or the
interference to the downlink communication (the transmission to the slave WSD 30
from the low priority master WSD 13). In other words, the above first interference
is the interference to the uplink signal received by the low priority master WSD 13
(the transmission signal of the slave WSD 30), and/or the interference to the
downlink signal received by the slave WSD 30 (the transmission signal of the low
priority master WSD 13).

[0223]

As one example, the above first interference is the interference to the uplink

communication (i.e., the interference to the uplink signal).

[0224]

--- Estimation of Interference

---- Estimation of Interference of Each Frequency Channel Candidate

The interference estimating unit 141 estimates the above first interference in
each of two or more frequency channel candidates, with respect to each of the above
plurality of low priority master WSDs 13. The two or more frequency channel
candidates are the frequency channels that the communication system 1 is able to
utilize secondarily, among the frequency channels for the primary system.

[0225]
---- Estimation of Electric Power Value

Also, the interference estimating unit 141 estimates a reception electric
power value of the interference signal for example, as the above first interference.
[0226]

For example, the electric power value of the interference from
communication involving the communication node of the primary system (i.e., the

reception electric power value of the transmission signal (the interference signal) of
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the transmitter station of the television broadcast system, in the low priority master
WSD 13) is expressed as in the following.

[0227]

[Math. 7]

])I,Primary,n (f)

[0228]

Also, for example, the electric power value of the interference from
communication involving the communication node of the high priority master WSD
11 (i.e., the reception electric power value of the transmission signal of the high
priority master WSD 11 or the transmission signal (the interference signal) of the
slave WSD 30 that communicates with the high priority master WSD 11, in the low
priority master WSD 13) is expressed as in the following.

[0229]
[Math. 8]

})I,WSD_High,n (f )

[0230]
Then, in the second embodiment, for example, the first interference is
expressed as in the following.
[0231]
[Math. 9]

IDI,Primary,n (f) + })I,WSD_High,n (f)

[0232]
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Here, n represents an index of the low priority master WSD 13 of target for
estimating an interference, among the above plurality of low priority master WSDs
13. Also, f represents one frequency channel candidate among a plurality of
frequency channel candidates.

[0233]

Note that the interference estimating unit 141 acquires parameters that are
necessary for referring to the information relevant to the primary system, the
information relevant to the secondary system, and the interference electric power,
from the DB 50 via the communication unit 110, for example. Also, the
interference estimating unit 141 acquires the information relevant to the already
decided utilizable frequency channel with respect to the high priority master WSD 11.
Then, the interference estimating unit 141 estimates the above first interference, on
the basis of the acquired information. As described above, the information relevant
to the primary system includes the information relevant to the communication node
(the transmitter station) of the primary system (e.g., number, position, height of
antenna, transmission electric power), for example. Also, as described above, the
information relevant to the secondary system includes, the information relevant to
the master WSD of the secondary system (for example, number, position, height of
antenna, transmission electric power), for example.

[0234]
-- Second Interference from Communication Involving Another Communication
Node of Control Target

Second, the interference estimating unit 141 estimates the second
interference from communication involving another communication node of control
target, with respect to each of the above plurality of low priority master WSDs 13 of
control target.

[0235]
--- Another Communication Node of Control Target

For example, the above other communication node of control target is a
communication node which is control target by the communication control device

100-2.
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[0236]

More specifically, in the second embodiment, for example, the above other
communication node includes another low priority master WSD 13 other than the
low priority master WSD 13 for which the interference is estimated, among the
above plurality of low priority master WSDs 13.  As one example, the above other
communication node includes another low priority master WSD 13 that is not the
low priority master WSD 13 for which the interference is estimated but is included in
the same set 41 as the low priority master WSD 13 for which the interference is
estimated, among the above plurality of low priority master WSDs 13.

[0237]

Also, in the second embodiment, for example, the above other
communication node does not include the high priority master WSD 11 of higher
priority.

[0238]

Note that the content and the estimation method of the second interference
are as described in the first embodiment. For example, the second interference with
respect to the low priority master WSD 13 is expressed as in the following.

[0239]
[Math. 10]

])I,WSD_Low,n (f)

[0240]

Here, n represents an index of the low priority master WSD 13 of target for
estimating an interference, among the above plurality of low priority master WSDs
13.  Also, f represents one frequency channel candidate among a plurality of
frequency channel candidates.

[0241]
Note that the interference estimating unit 141 acquires the information

relevant to the secondary system, from the DB 50, via the communication unit 110,
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for example. Also, as described above, the interference estimating unit 141
suppositionally sets the information relevant to the slave WSD 30 (position, height of
antenna, transmission electric power, etc.). Then, the interference estimating unit
141 estimates the above second interference, on the basis of the acquired information
and/or the suppositionally set information. As described above, the information
relevant to the secondary system includes the information relevant to the master
WSD 10 of the secondary system (for example, number, position, height of antenna,
transmission electric power), for example.

[0242]

(Interference Information Acquiring Unit 143)

- High Priority Master WSD

The interference information acquiring unit 143 acquires the first
interference information indicating the first interference from communication
involving the communication node that is not control target, with respect to each of a
plurality of high priority master WSDs 11 of control target.

[0243]

Also, the interference information acquiring unit 143 acquires the second
interference information indicating the second interference from communication
involving another communication node of control target, with respect to each of a
plurality of high priority master WSDs 11 of control target.

[0244]

For example, the interference information acquiring unit 143 acquires, as
the first interference information, the information indicating the first interference
estimated by the interference estimating unit 141, with respect to each of a plurality
of high priority master WSDs 11 of control target. Also, the interference
information acquiring unit 143 acquires, as the second interference information, the
information indicating the second interference estimated by the interference
estimating unit 141, with respect to each of a plurality of high priority master WSDs
11 of control target.

[0245]

Note that the interference information acquiring unit 143 may acquire, as
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the first interference information, the information indicating the first interference that
is actually observed, instead of the information indicating the first interference
estimated by the interference estimating unit 141.

[0246]

- Low Priority Master WSD

The interference information acquiring unit 143 acquires the first
interference information indicating the first interference from communication
involving the communication node that is not control target, with respect to each of a
plurality of low and high priority master WSDs 13 of control target.

[0247]

Also, the interference information acquiring unit 143 acquires the second
interference information indicating the second interference from communication
involving another communication node of control target, with respect to each of a
plurality of low and high priority master WSDs 13 of control target.

[0248]

For example, the interference information acquiring unit 143 acquires, as
the first interference information, the information indicating the first interference
estimated by the interference estimating unit 141, with respect to each of a plurality
of low and high priority master WSDs 13 of control target. Also, the interference
information acquiring unit 143 acquires, as the second interference information, the
information indicating the second interference estimated by the interference
estimating unit 141, with respect to each of a plurality of low and high priority
master WSDs 13 of control target.

[0249]

Note that the interference information acquiring unit 143 may acquire, as
the first interference information, the information indicating the first interference that
is actually observed, instead of the information indicating the first interference
estimated by the interference estimating unit 141.

[0250]
(Interference Determination Unit 145)

The interference determination unit 145 determines whether a
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predetermined condition (hereinafter, referred to as "interference condition") with
respect to the fourth interference to the communication involving the above plurality
of high priority master WSDs 11 is satisfied, with respect to each of the above
plurality of low priority master WSDs 13.

[0251]

- Estimation of Fourth Interference

For example, the interference determination unit 145 estimates the fourth
interference to the communication involving the above plurality of high priority
master WSDs 11, with respect to each of the above plurality of low priority master
WSDs 13.

[0252]

Specifically, the utilizable frequency channel with respect to the high
priority master WSD 11 is decided first. Thereby, the interference determination
unit 145 estimates the above fourth interference on the basis of the result of this
decision.

[0253]

Also, for example, the interference determination unit 145 estimates the
above fourth interference for each frequency channel, with respect to each of the
above plurality of low priority master WSDs 13.

[0254]

Further, for example, the interference determination unit 145 estimates the
fourth interference of each high priority master WSD 11, for each frequency channel
candidate.

[0255]

Also, for example, the interference determination unit 145 estimates the
reception electric power value of the interference signal for example, as the above
fourth interference. For example, the electric power value of the interference to the
communication involving the high priority master WSD 11 from the communication
involving the low priority master WSD 13 (i.e., the reception electric power value of
the downlink signal from the low priority master WSD 13 and/or the uplink signal

(the interference signal) to the low priority master WSD 13, in the high priority
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master WSD 11) is expressed as in the following.
[0256]
[Math. 11]

})I,Low__To__High,n,i (f)

[0257]

Here, n represents an index of the low priority master WSD 13.  Also, i
represents an index of the high priority master WSD 11.  Also, f represents one of
the frequency channel candidates among a plurality of frequency channel candidates.
[0258]

- Determination with Respect to Interference Condition

Then, the interference determination unit 145 determines whether the above
interference condition is satisfied, with respect to each of the above plurality of low
priority master WSDs 13.

[0259]

For example, the above interference condition is that the level of the above
fourth interference is smaller than a predetermined threshold value. That is, the
interference determination unit 145 determines whether the level of the above fourth
interference is smaller than the predetermined threshold value, with respect to each
of the above plurality of low priority master WSDs 13.

[0260]

Also, for example, the interference determination unit 145 determines
whether the level of the above fourth interference is smaller than the predetermined
threshold value, for each frequency channel candidate, with respect to each of the
above plurality of low priority master WSDs 13.

[0261]

As a specific process, for example, the interference determination unit 145

acquires the maximum one among the levels of the above fourth interference as in

the following, with respect to each of the above plurality of low priority master
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WSDs 13.
[0262]
[Math. 12]

PI,Low_To_High,n,worst (f) = ITlVaIX [)I,Low_To_High,n,i (f)
[0263]

Then, the interference determination unit 145 performs the following
determination, for each frequency channel candidate, with respect to each of the
above plurality of low priority master WSDs 13.

[0264]
[Math. 13]

])I,Low_ To High,n,worst (f) < })I,th

[0265]

Note that n represents an index of the low priority master WSD 13. F
represents one of the frequency channel candidates among a plurality of frequency
channel candidates. Also, Py, represents a predetermined threshold value.

[0266]

As described above, the interference determination unit 145 determines
whether the interference condition for the above fourth interference is satisfied for
each frequency channel candidate, with respect to each of the above plurality of low
priority master WSDs 13.

[0267]
(Classifying Unit 147)

The classifying unit 147 classifies a plurality of high priority master WSDs
11 and a plurality of low priority master WSDs 13 in a separated manner. That is,

the classifying unit 147 classifies a plurality of high priority master WSDs 11 into a
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plurality of groups. Also, the classifying unit 147 classifies a plurality of low
priority master WSDs 13 into a plurality of groups, independently from a plurality of
high priority master WSDs 11. It is to be noted that the high priority master WSD
11 and the low priority master WSD 13 are not mixed in all groups.
[0268]
- High Priority Master WSD

The classifying unit 147 classifies the above plurality of high priority master
WSDs 11 into a plurality of groups related to the decision of the frequency channel
that the high priority master WSD 11 is able to utilize, on the basis of the above first
interference information and the above second interference information with respect
to a plurality of high priority master WSDs 11 of control target. ~Also, for example,
the above plurality of high priority master WSDs 11 are the high priority master
WSDs 11 included in the same set 41, and the classifying unit 147 classifies the high
priority master WSDs 11 for each decided set 41.
[0269]

Note that the specific method of the classification is as described in the first
embodiment.  Specifically, in the second embodiment, for example, the high

priority master WSDs 11 are classified as in the following.

[0270]
[Math. 14]
ne G™ if card {p | ])I,Primary,n(f ) > PI,WSD;High,n(f )}/ Nchamet > %
G™ ’  else
[0271]

Here, n represents an index of the high priority master WSD 11 of the target
to be classified, among the above plurality of high priority master WSDs 11. Also,
G"' indicates the first group, and G™ indicates the second group. Also, f
represents one frequency channel candidate among a plurality of frequency channel
candidates. Nchannel indicates the number of the frequency channel candidates (i.e.,

the number of the frequency channels that the communication system 1 is able to
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utilize). P indicates a set of frequency channels that satisfy Prprimaryn(f) >
Prwsp_nighn(f). Then, card {* ¢ ¢} is the cardinality of the set. When elements of
the set is discrete, card {* ¢ ¢} is equivalent to the number of the elements of the set
(i.e., the number of the frequency channel candidates). Also, as described above, x
is a threshold value that is larger than 0 and smaller than 1.

[0272]

- Low Priority Master WSD

The classifying unit 147 classifies the above plurality of low priority master
WSDs 13 into a plurality of groups related to the decision of the frequency channel
that the low priority master WSD 13 is able to utilize, on the basis of the above first
interference information and the above second interference information with respect
to a plurality of low priority master WSDs 13 of control target. Also, for example,
the above plurality of low priority master WSDs 13 are the low priority master
WSDs 13 included in the same set 41, and the classifying unit 147 classifies the low
priority master WSDs 13 for each decided set 41.

[0273]

Also, in the second embodiment, for example, the classifying unit 147
classifies a plurality of low priority master WSDs 13 on the basis of the
determination result with respect to the interference condition. For example, the
classifying unit 147 excludes the low priority master WSD 13 that does not satisfy
the interference condition with respect to any frequency channel candidates from the
target of classification, and classifies the low priority master WSD 13 that satisfies
the interference condition into a plurality of groups.

[0274]

Note that the specific method of the classification is as described in the first
embodiment. Specifically, in the second embodiment, for example, the low priority
master WSD 13 is classified as in the following.

[0275]
[Math. 15]
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ne {G i COrdlp| Py i)+ Prsss i () > Prss o Notams >
G™ ’ else
[0276]

Here, n represents an index of the low priority master WSD 13 of the target
to be classified, among the above plurality of low priority master WSDs 13.  Also,
G"' indicates the first group, and G indicates the second group. Also, f
represents one frequency channel candidate among a plurality of frequency channel
candidates. Ncpanner indicates the number of the frequency channel candidates (i.e.,
the number of the frequency channels that the communication system 1 is able to
utilize). P indicates a set of frequency channels that satisfy Ppprimaryn(f) +
Prwsp_ighn(f) > Prwsp_rowa(f). Then, card {¢ * ¢} is the cardinality of the set.
When elements of the set is discrete, card {* * ¢} is equivalent to the number of the
elements of the set (i.e., the number of the frequency channel candidates). Also, as
described above, x is a threshold value that is larger than 0 and smaller than 1.

[0277]
(Channel Deciding Unit 149)

The channel deciding unit 149 decides the utilizable frequency channel with
respect to each of a plurality of master WSDs of control target.
[0278]

- Decision in Order According to Priority

In the second embodiment, the channel deciding unit 149 first decides the
utilizable frequency channel with respect to each of a plurality of high priority master
WSDs 11 of control target. Then, the channel deciding unit 149 further decides the
utilizable frequency channel with respect to each of the above plurality of low
priority master WSDs 13, on the basis of the decision result of the utilizable
frequency channel with respect to the above plurality of high priority master WSDs
11.

[0279]

With this decision of the frequency channel, for example, the utilizable
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frequency channel with respect to the low priority master WSDs 13 can be decided
so as to reduce the interference to the communication of the high priority master
WSD 11. As a result, the interference to the communication involving the high
priority master WSD from the communication involving the low priority master
WSD, from the communication involving the low priority master WSD, can be
reduced.

[0280]

- High Priority Master WSD

The channel deciding unit 149 decides the utilizable frequency channel with
respect to each of a plurality of high priority master WSDs 11 of control target.
[0281]

Note that the specific method of the decision is as described in the first
embodiment. The channel deciding unit 149 decides the utilizable frequency
channel with respect to each of the high priority master WSDs 11, for each group.
[0282]

- Low Priority Master WSD

The channel deciding unit 149 decides the utilizable frequency channel with

respect to each of a plurality of low priority master WSDs 13 of control target.

[0283]

-- Decision of Frequency Channel Based on Determination Result with Respect to
Interference Condition

Also, in the second embodiment, for example, the channel deciding unit 149
decides the utilizable frequency channel with respect to each of the above plurality of
low priority master WSDs 13, on the basis of the determination result with respect to
the interference condition.

[0284]

For example, the channel deciding unit 149 decides that there is no
utilizable frequency channel, with respect to the low priority master WSD 13 that
does not satisfy the interference condition in any frequency channel candidates.
[0285]

Also, for example, the channel deciding unit 149 decides one of the
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utilizable frequency channel, with respect to the low priority master WSD 13 that
satisfies the interference condition in one of the frequency channel candidates.
Specifically, for example, with respect to such a low priority master WSD 13, the
channel deciding unit 149 decides one of the frequency channel candidates in which
the interference condition is satisfied, as the utilizable frequency channel.

[0286]

As one example, the channel deciding unit 149 decides the utilizable
frequency channel with respect to each of the low priority master WSD 13, for each
group, in the same way as the method of the decision described in the first
embodiment. Note that, as described above, instead of all frequency channel
candidates, one of the frequency channel candidates is decided as the utilizable
frequency channel from among the frequency channel candidates in which the
interference condition is satisfied.

[0287]

Also, as another example, the channel deciding unit 149 may decide the
frequency channel candidate in which the interference condition is satisfied, as the
utilizable frequency channel, not for each group, but with respect to each low priority
master WSD 13.

[0288]

As described above, the interference to the communication involving the
high priority master WSD from the communication involving the low priority master
WSD, from the communication involving the low priority master WSD, can be
reduced by the decision based on the determination result with respect to the
interference condition.

[0289]

As described above, the channel deciding unit 149 decides the utilizable
frequency channel with respect to each master WSD of control target. For example,
thereafter, the channel deciding unit 149 notifies each master WSD of the decided
utilizable frequency channel, via the communication unit 110.

[0290]

In the above, the function and configuration of the communication control
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device 100-2 according to the second embodiment has been described. Note that
the hardware configuration of the communication control device 100-2 according to
the second embodiment is same as the hardware configuration of the communication
control device 100-1 according to the first embodiment.

[0291]

<3.3. Flow of Process>

Next, with reference to FIGS. 15 and 16, the communication control process
according to the second embodiment will be described.
[0292]

(Overall Flow)

FIG. 15 is a flowchart illustrating an example of the schematic flow of the
communication control process according to the second embodiment. The
communication control process can be executed for each set 41 of the master WSDs.
[0293]

First, the control unit 140 executes the frequency channel deciding process
with respect to the high priority master WSD 11 (S500).

[0294]

Thereafter, the control unit 150 executes the frequency channel deciding
process with respect to the low priority master WSD 13 (S600).
[0295]

Note that the frequency channel deciding process (S500) with respect to the
high priority master WSD 11 is same as the communication control process (S300) of
the first embodiment described with reference to FIG. 10.

[0296]
(Overall Flow)

FIG. 16 is a flowchart illustrating an example of the schematic flow of the
frequency channel deciding process (S600) with respect to the low priority master
WSD 13.

[0297]
First, the interference determination unit 145 estimates the fourth

interference (the interference to the communication involving the high priority



10

15

20

25

30

70

master WSD 11) of each high priority master WSD 11, for each frequency channel,
with respect to each of a plurality of low priority master WSDs 13 of control target
(S601).
[0298]

Thereafter, the interference determination unit 145, the interference
determination unit 145 determines whether the interference condition is satisfied,
with respect to each of the above plurality of low priority master WSDs 13 (S603).
[0299]

The interference estimating unit 141 provisionally sets the frequency
channel utilized by each of the low priority master WSDs 13 (S605).

[0300]

Also, the interference estimating unit 141 estimates the first interference
(the interference from the communication involving the communication node of the
primary system and the communication involving the high priority master WSD 11)
in each frequency channel candidate, with respect to each of the above plurality of
low priority master WSDs 13 (S607).

[0301]

Also, the interference estimating unit 141 estimates the second interference
(the interference from communication involving another low priority master WSD
13) in each frequency channel candidate, with respect to each of the above plurality
of low priority master WSDs 13 (S609).

[0302]

Then, the interference information acquiring unit 143 acquires the first
interference information indicating the above first interference and the second
interference information indicating the above second interference, with respect to
each of the above plurality of low priority master WSDs 13 (S611).

[0303]

Thereafter, the classifying unit 147 classifies the above plurality of low
priority master WSDs 13 into the first group and the second group, on the basis of
the above first interference information and the above second interference

information with respect to the above plurality of low priority master WSDs 13
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(S613).
[0304]

Also, the channel deciding unit 149 decides the utilizable frequency channel
with respect to each of one or more low priority master WSDs 13 classified into the
above first group (S615).

[0305]

Thereafter, the channel deciding unit 149 decides the utilizable frequency
channel with respect to each of one or more low priority master WSDs 13 classified
into the above second group, on the basis of the decision result of the frequency
channel with respect to the high priority master WSD 11 and the decision result of
the frequency channel in the above first group (S617).

[0306]

Further, the channel deciding unit 149 notifies each master WSD of the
decided utilizable frequency channel via the communication unit 110 (S619). Then,
the process ends.

[0307]

In the above, the second embodiment of the present disclosure has been
described. Note that the same transformation as each exemplary variant (the first
exemplary variant, the second exemplary variant, and the third exemplary variant) of
the first embodiment may be applied to the second embodiment.

[0308]
<<4. Application Example>>

Next, with reference to FIG. 17, an application example of the embodiment
of the present disclosure will be described.
[0309]

In the example of the above embodiment, the communication system 1 is
the secondary system that secondarily utilizes the frequency channel (TVWS) of the
primary system. Then, the communication node that is not control target includes
the communication node (the transmitter station) of the primary system (the
television broadcast system). Also, each of a plurality of communication nodes of

control target is the communication node (the master WSD) of the secondary system
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that secondarily utilizes the frequency channel for the above primary system.
[0310]

However, the embodiment of the present disclosure is not limited to such an
example. For example, as an application example of the embodiment of the present
disclosure, the communication system 1 is a communication system relevant to
mobile communication. Also, the communication node that is not control target
includes a base station of macro cell. Also, each of a plurality of communication
nodes of control target is a base station of small cell that partially or entirely overlaps
the above macro cell. In the following, with respect to this point, a specific
example will be described with reference to FIG. 17.

[0311]

FIG. 17 is an explanatory diagram for describing an application example of
the embodiment of the present disclosure. Referring to FIG. 17, a base station 67 of
a macro cell 69, base stations 15 of a small cells 21, and terminal devices 31 that are
able to communicate with the base stations are illustrated. Also, the DB 51 and the
communication control device 101 are illustrated.

[0312]

In this example, the base station 15 of the small cell 21 communicates
wirelessly by utilizing the frequency channel for the base station 67 of the macro cell
69.

[0313]

Also, the DB 51 collects and retains various information. For example, the
DB 51 collects and retains various types of information for deciding the utilizable
frequency channel with respect to the base station 15 of each small cell 21.
Specifically, for example, the DB 51 collects the information relevant to the base
station 67 of the macro cell 69. Also, for example, the DB 51 collects the
information relevant to the base station 15 of the small cell 21. Also, for example,
the DB 50 acquires the parameters necessary for referring to the interference electric
power.

[0314]

The communication control device 101 executes various processes relevant



10

15

20

25

30

73

to the control of the base station 15 of the small cell 21. For example, the processes
includes a process relevant to decision of the utilizable frequency channel with
respect to each base station 15. Note that the communication control device 101
can operate in the same way as the communication control device 100 of the above
each embodiment. Also, the communication control device 101 can include the
same components (for example, the interference information acquiring unit, the
classifying unit, the channel deciding unit, and the interference determination unit,
and others) as the communication control device 100 of the above each embodiment.
[0315]

<<5. Specific Example of Communication Control Device>>

The technology according to the present disclosure can be applied to various
products.  For example, the communication control device 100 (and the
communication control device 101) may be configured as a server of a type such as a
tower server, a rack server, or a blade server. Also, components of at least a part of
the communication control device 100 (and the communication control device 101)
may be configured as a module mounted on a server (for example, an integrated
circuit module configured by one die, or a card or blade inserted into a slot of a blade
server).

[0316]

FIG. 18 is a block diagram illustrating an example of the schematic
configuration of a server 700 to which the technology according to the present
disclosure can be applied. The server 700 includes a processor 701, a memory 702,
a storage 703, a network interface 704, and a bus 706.

[0317]

The processor 701 is a central processing unit (CPU) or a digital signal
processor (DSP) for example, and controls various types of functions of the server
700. The memory 702 includes a random access memory (RAM) and a read only
memory (ROM), and stores programs and data executed by the processor 701. The
storage 703 can include a storage medium, such as a semiconductor memory or a
hard disk.

[0318]
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The network interface 704 is a wired communication interface for
connecting the server 700 to a wired communication network 705. The wired
communication network 705 may be a core network such as an evolved packet core
(EPC), or may be a packet data network (PDN) such as the Internet.

[0319]

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 of different speeds (for example, a high-speed bus and a low-speed bus).

[0320]

In the server 700 illustrated in FIG. 18, the interference information
acquiring unit 135, the classifying unit 137, and/or the channel deciding unit 139
described with reference to FIG. 7 may be implemented on the processor 701. As
one example, a program for causing a processor to function as the interference
information acquiring unit 135, the classifying unit 137, and/or the channel deciding
unit 139 (in other words, a program for causing a processor to execute the operation
of the interference information acquiring unit 135, the classifying unit 137, and/or
the channel deciding unit 139) may be installed in the server 700, in order for the
processor 701 to execute the program. As another example, the server 700 is
equipped with a module including the processor 701 and the memory 702 (for
example, an information processing apparatus), and the interference information
acquiring unit 135, the classifying unit 137, and/or the channel deciding unit 139
may be implemented in the module. In this case, the above module may store a
program for causing a processor to function as the interference information acquiring
unit 135, the classifying unit 137, and/or the channel deciding unit 139 in the
memory 702, in order for the processor 701 to execute the program. As described
above, the server 700 or the above module may be provided as the device including
the interference information acquiring unit 135, the classifying unit 137, and/or the
channel deciding unit 139, or alternatively the above program for causing a processor
to function as the interference information acquiring unit 135, the classifying unit
137, and/or the channel deciding unit 139 may be provided. Also, a readable

storage medium that can store the above program may be provided. With respect to
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these points, the interference information acquiring unit 143, the interference
determination unit 145, the classifying unit 147, and/or the channel deciding unit 149
described with reference to FIG. 14 are also same as the interference information
acquiring unit 135, the classifying unit 137, and/or the channel deciding unit 139.
[0321]

<<6. Conclusion>>

The communication control device and each process according to the
embodiments of the present disclosure have been described so far, using FIGS. 1 to
18. According to the embodiments according to the present disclosure, the first
interference information indicating the first interference from communication
involving the communication node that is not control target is acquired with respect
to each of a plurality of communication nodes of control target. Also, the second
interference information indicating the second interference from communication
involving another communication node of control target is acquired, with respect to
each of a plurality of communication nodes of control target. Then, the above
plurality of the communication nodes are classified into a plurality of groups related
to the decision of the frequency channel that the communication node is able to
utilize, on the basis of the above first interference information and the above second
interference information.

[0322]

Thereby, communication of a communication node that utilizes a radio
resource (frequency channel) under an environment in which there is an interference
from communication involving a communication node that is not control target is
improved with less calculation amount.

[0323]

Also, for example, the above plurality of groups are a plurality of groups
corresponding to the order in which the above frequency channels are decided.
More specifically, for example, the above plurality of groups include at least the first
group and the second group. Above
[0324]

Also, for example, the communication node classified into the above first
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group is the communication node having a larger level of the above first interference
relative to the above second interference, as compared with the communication node
classified into the above second group.

[0325]

Also, for example, the above second group is the group in which the above
frequency channels are decided after the above first group.
[0326]

By this classification, for example, the utilizable frequency channels with
respect to the master WSD 10 having a comparatively weak interference in the
secondary system relative to the interference from the primary system are decided
first. Then, the utilizable frequency channels with respect to the master WSD 10
having a comparatively strong interference in the secondary system relative to the
interference from the primary system are decided thereafter. That is, the utilizable
frequency channels with respect to the master WSD 10 having a smaller influence on
the interference by the decision of the utilizable frequency channels in the secondary
system (for example, the fluctuation of the interference level) are decided first.
Then, the utilizable frequency channels with respect to the master WSD 10 having a
larger influence on the interference by the decision of the utilizable frequency
channel in the secondary system (for example, the fluctuation of the interference
level) are decided thereafter.

[0327]

Hence, a more appropriate utilizable frequency channel is decided with
respect to the master WSD 10 having a larger influence of the decision of the
utilizable frequency channel in the secondary system, in consideration of the
utilizable frequency channels that are already decided with respect to other master
WSDs 10. On the other hand, with respect to the master WSD 10 having a smaller
influence of the decision of the utilizable frequency channel in the secondary system,
the influence (for example, the fluctuation of the interference level) occurs by the
following decision of the utilizable frequency channel with respect to other master
WSDs 10, but the influence is small. Thereby, a more appropriate utilizable

frequency channel with respect to each master WSD 10 can be decided in the
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secondary system. As a result, the communication of the master WSD 10 that
secondarily utilizes the frequency channel can be improved.
[0328]

Also, the utilizable frequency channel is decided in order for each group
(i.e., divided utilizable frequency channels with respect to the master WSD 10 are
decided in order), and therefore the number of combinations of the master WSD 10
and the frequency channel candidate decreases. As a result, the calculation amount
can be reduced.

[0329]

Further, for example, of the two or more frequency channel candidates, one
or more frequency channel candidates having a smaller level of the above first
interference are decided as the utilizable frequency channel with respect to the
master WSDs 10 classified into the above first group.

[0330]

This decision of the frequency channel reduces the interference from the
primary system in the master WSD 10 classified into the first group (for example, the
master WSD 10 having a comparatively strong interference from the primary system
relative to the interference in the secondary system), for example. Hence, the
communication quality of the master WSD 10 classified into the first group improves,
and the communication of the master WSD can be improved. Note that this
decision is effective, in particular when there is a variation in the level of the
interference from the primary system by the frequency channel candidate.

[0331]

Also, the above second group may be the group in which the above
frequency channels are decided before the above first group.
[0332]

By this classification, for example, the utilizable frequency channels with
respect to the master WSD 10 having a comparatively strong interference in the
secondary system relative to the interference from the primary system are decided
first. Then, the utilizable frequency channels with respect to the master WSD 10

having a comparatively weak interference in the secondary system relative to the
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interference from the primary system are decided thereafter.
[0333]

Hence, after deciding the utilizable frequency channel first with respect to
the master WSD 10 having a comparatively strong interference in the secondary
system relative to the interference from the primary system, the utilizable frequency
channel can be decided with respect to another master WSD, so as to reduce the
interference to the communication of the above master WSD 10. Thereby, a more
appropriate utilizable frequency channel with respect to each master WSD 10 can be
decided in the secondary system. As a result, the communication of the master
WSD 10 that secondarily utilizes the frequency channel can be improved.

[0334]

Also, the utilizable frequency channel is decided in order for each group
(i.e., divided utilizable frequency channels with respect to the master WSD 10 are
decided in order), and therefore the number of combinations of the master WSD 10
and the frequency channel candidate decreases. As a result, the calculation amount
can be reduced.

[0335]

Further, one or more frequency channel candidates having a smaller level of
the third interference to the above one or more master WSDs 10 classified into the
above second group may be decided as the above frequency channels with respect to
the master WSDs 10 classified into the above first group.

[0336]

Thereby, for example, the interference in the secondary system can be made
smaller, in the master WSD 10 classified into the second group (for example, the
master WSD 10 having a comparatively strong interference in the secondary system
relative to the interference from the primary system). Hence, the communication
quality of the master WSD 10 classified into the second group improves, and the
communication of the master WSD can be improved.

[0337]
The preferred embodiment(s) of the present disclosure has/have been

described above with reference to the accompanying drawings, whilst the present
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disclosure is not limited 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.

[0338]

For example, although an example in which the secondarily utilized radio
resource is the frequency channel has been described, the present disclosure is not
limited to such an example. The radio resource may be radio resources other than
the frequency channel. For example, the above radio resource may be spreading
codes, when code division multiple access (CDMA), wideband code division
multiple access (WCDMA) (registered trademark), or a similar method is employed.
[0339]

Also, although an example in which the communication node (the master
WSD) is classified into two groups has been described, the present disclosure is not
limited to such an example. For example, the communication node (the master
WSD) may be classified into three or more groups. For example, the utilizable
frequency channel may be decided in order in each group.

[0340]

Also, although an example in which a high priority communication node (a
high priority master WSD) and a low priority communication node (a low priority
master WSD) exist has been described, the present disclosure is not limited to such
an example. For example, a high priority communication node (a high priority
master WSD), an intermediate priority communication node (an intermediate priority
master WSD), and a low priority communication node (a low priority master WSD)
may exist. Also, further various types of priorities may be provided. In this case,
for example, the utilizable frequency channel may be decided in order from the
communication node having a higher priority. Then, the utilizable frequency
channel with respect to the communication node having a lower priority may be
decided on the basis of the decision result of the utilizable frequency channel with
respect to the communication node having a higher priority.

[0341]
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Also, although an example in which the communication control device uses
a specific decision method of the utilizable frequency channel has been described,
the present disclosure is not limited to such an example. For example, the
communication control device may selectively combine and use the above specific
decision method and other methods. As one example, when the number of
combinations of the communication node (the master WSD) and the frequency
channel candidate is large, the above specific decision method may be used, and
when the number of combinations is small, another method may be used. The other
method may be full search, greedy algorithm, local search, genetic algorithm, or the
like, for example. Also, the full search, the greedy algorithm, the local search, the
genetic algorithm, or the like may be used for each group.

[0342]

Also, although an example in which the primary system is the television
broadcast system, and the secondary system is the communication system that
secondarily utilizes the TVWS has been described, the present disclosure is not
limited to such an example. The primary system and the secondary system may be
the primary system and the secondary system of other types.

[0343]

Also, although an example in which the communication control device is an
independent device has been described, the present disclosure is not limited to such
an example. The communication control device may be implemented in another
device. As one example, the communication control device may be implemented in
the DB. Also, as another example, the communication control device may be
implemented in the regulatory DB. In this case, the regulatory DB may also collect
various types of information from the master WSD, the DB, and others. Also, as
yet another example, the communication control device may be implemented in the
master WSD. In this case, as one example, the master WSD may execute the
classification of a plurality of master WSDs to a plurality of groups, the decision of
the utilizable radio resource (the frequency channel), or other processing, as a
representative.  Also, as another example, the master WSD may control a plurality

of communication nodes that are dependent on the master WSD and execute the
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classification of the plurality of communication nodes to the groups, the decision of
the utilizable radio resource (the frequency channel), or other processing.
[0344]

Also, although an example in which one communication control device and
one DB control one region has been described, the present disclosure is not limited to
such an example. For example, one communication control device and/or one DB
may control a plurality of regions. Also, a plurality of communication control
devices and/or a plurality of DBs may control one region.

[0345]

Also, the process steps in the communication control process of the present
specification are needless to be executed in temporal sequence along the order
described in the flowchart. For example, the process steps in the communication
control process may be executed in a different order from the order described in the
flowchart, or may be executed in parallel.

[0346]

Also, a computer program for causing the processor equipped in the
communication control device of the present specification (for example, CPU, DSP,
or the like) to function as the components of the above communication control device
(for example, the interference information acquiring unit, the classifying unit, the
channel deciding unit, and/or the interference determination unit) (in other words, a
computer program for causing the above processor to execute the operation of the
components of the above communication control device) can be created. Also, a
storage medium that stores the computer program may be provided. Also, an
information processing apparatus (for example, a completed product or a module (a
component, a processing circuit, or a chip, for example) for the completed product)
including a memory that stores the above computer program and one or more
processors capable of executing the above computer program may be provided.
Also, a method including the operation of the components (for example, the
interference information acquiring unit, the classifying unit, the channel deciding
unit, and/or the interference determination unit, for example) of the above

communication control device is included in the technology according to the present



10

15

20

25

30

82

disclosure.
[0347]

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

A communication control device including:

an acquisition unit configured to acquire first interference information
indicating a first interference from communication involving a communication node
that is not control target and second interference information indicating a second
interference from communication involving another communication node of control
target, with respect to each of a plurality of communication nodes of control target;
and

a classifying unit configured to classify the plurality of communication
nodes into a plurality of groups related to a decision of a radio resource that a
communication node is able to utilize, on the basis of the first interference
information and the second interference information with respect to the plurality of
communication nodes.
(2)

The communication control device according to (1), wherein

the plurality of groups are a plurality of groups corresponding to an order in
which the radio resource is decided.
3)

The communication control device according to (2), wherein

the plurality of groups include at least a first group and a second group, and

a communication node classified into the first group is a communication
node in which a level of the first interference relative to the second interference is
larger, as compared with a communication node classified into the second group.
4

The communication control device according to (3), wherein

the second group is a group for which the radio resource is decided after the
first group.
&)
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The communication control device according to (4), further including:

a deciding unit configured to decide the radio resource with respect to each
of the plurality of communication nodes,

wherein the deciding unit decides the radio resource with respect to each of
one or more communication nodes classified into the first group, and decides the
radio resource with respect to each of one or more communication nodes classified
into the second group, on the basis of a decision result of the radio resource in the
first group.
(6)

The communication control device according to (5), wherein

the deciding unit decides one or more radio resource candidates having a
smaller level of the first interference among two or more radio resource candidates,
as the radio resource for the communication node classified into the first group.
(7

The communication control device according to (3), wherein

the second group is a group for which the radio resource is decided before
the first group.
8)

The communication control device according to (7), further including:

a deciding unit configured to decide the radio resource with respect to each
of the plurality of communication nodes,

wherein the deciding unit decides the radio resource with respect to each of
one or more communication nodes classified into the second group, and decides the
radio resource with respect to each of one or more communication nodes classified
into the first group, on the basis of a decision result of the radio resource in the
second group.
©))

The communication control device according to (8), wherein

the deciding unit decides one or more radio resource candidates having a
smaller level of a third interference with the one or more communication nodes

classified into the second group among two or more radio resource candidates, as the
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radio resource for the communication node classified into the first group.
(10)

The communication control device according to any one of (3) to (9),
further including:

a deciding unit configured to decide the radio resource with respect to each
of the plurality of communication nodes,

wherein, when deciding the radio resource with respect to each of the one or
more communication nodes classified into the second group, the deciding unit
decides the radio resource with respect to the communication node having a smaller
level of the second interference, and decides, on the basis of a decision result of the
radio resource with respect to the communication node, the radio resource with
respect to the communication node having a larger level of the second interference.
(11)

The communication control device according to any one of (3) to (10),
further including:

a deciding unit configured to decide the radio resource with respect to each
of the plurality of communication nodes,

wherein the deciding unit decides one or more radio resource candidates
having a smaller level of interference including the first interference and the second
interference among two or more radio resource candidates, as the radio resource for
the communication node classified into the second group.
(12)

The communication control device according to any one of (3) to (11),
wherein

the first interference information indicates the first interference in each of
two or more radio resource candidates,

the second interference information indicates the second interference in each
of the two or more radio resource candidates, and

the level of the first interference relative to the second interference
corresponds to the number of the radio resource candidates for which a level of the

first interference is larger than a level of the second interference by a predetermined
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threshold value or more.
(13)

The communication control device according to any one of (1) to (13),
further including:

a deciding unit configured to decide the radio resource with respect to each
of the plurality of communication nodes,

wherein the plurality of communication nodes are communication nodes of
a higher priority than one or more low priority communication nodes of control
target, and

the deciding unit further decides the radio resource with respect to each of
the one or more low priority communication nodes, on the basis of a decision result
of the radio resource with respect to the plurality of communication nodes.

(14)

The communication control device according to (13), further including:

a determination unit configured to determine whether a predetermined
condition for a fourth interference with communication involving the plurality of
communication nodes is satisfied, with respect to each of the one or more low
priority communication nodes,

wherein the deciding unit decides the radio resource with respect to each of
the one or more low priority communication nodes, on the basis of a determination
result with respect to the predetermined condition.

(15)

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

the first interference is an interference by a downlink signal transmitted by
the communication node that is not control target or an uplink signal transmitted to
the communication node that is not control target, and

the second interference is an interference by a downlink signal transmitted
by the other communication node or an uplink signal transmitted to the other
communication node.

(16)
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The communication control device according to (15), wherein

the interference by the uplink signal transmitted to the other communication
node is an interference estimated under an assumption that a transmission node that
transmits the uplink signal to the other communication node exists in a
predetermined range or at a predetermined position which are closer to the
communication node of control target within a communication range of the other
communication node.
(17)

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

the communication node that is not control target includes a communication
node of a primary system, and

each of the plurality of communication nodes is a communication node of a
secondary system that secondarily utilizes a radio resource for the primary system.
(18)

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

the communication node that is not control target includes a base station of a
macro cell, and

each of the plurality of communication nodes is a base station of a small cell
that overlaps the macro cell partially or entirely.
(19)

A communication control method including:

acquiring first interference information indicating a first interference from
communication involving a communication node that is not control target and second
interference information indicating a second interference from communication
involving another communication node of control target, with respect to each of a
plurality of communication nodes of control target; and

classifying the plurality of communication nodes into a plurality of groups
related to a decision of a radio resource that a communication node is able to utilize,

on the basis of the first interference information and the second interference
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information with respect to the plurality of communication nodes.
(20)

An information processing apparatus including:

a memory that stores a predetermined program; and

a processor configured to execute the predetermined program,

wherein the predetermined program is a program for executing

acquiring first interference information indicating a first interference from
communication involving a communication node that is not control target and second
interference information indicating a second interference from communication
involving another communication node of control target, with respect to each of a
plurality of communication nodes of control target, and

classifying the plurality of communication nodes into a plurality of groups
related to a decision of a radio resource that a communication node is able to utilize,
on the basis of the first interference information and the second interference

information with respect to the plurality of communication nodes.

Reference Signs List

[0348]
1 communication system
10 master white space device (WSD)

11 high priority master WSD
13 low priority master WSD
15 base station (of small cell)
20 communication range

21 small cell

30 slave WSD

31 terminal device

50,51 data base (DB)

60 transmitter station

67 base station (of macro cell)

69 macro cell
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100, 101 communication control device

135, 143interference information acquiring unit
137, 147 classifying unit

139, 149channel deciding unit

145 interference determination unit
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CLAIMS

1. A communication control device comprising:

a communication interface configured to:

acquire first interference information indicating a first interference from
communication involving a communication node operating in a first wireless communication
system that is not under control of the communication control device;
acquire second interference information indicating a second interference

from communication involving another communication node operating in a second wireless
communication system under control of the communication control device, with respect to
each of a plurality of communication nodes operating in the second wireless communication
system under control of the communication control device, wherein the second wireless
communication system is different from the first wireless communication system; and

circuitry configured to classify the plurality of communication nodes operating in the
second wireless communication system under control of the communication control device
into a plurality of groups related to a decision of a radio resource of the first communication
system that is available for use by a communication node operating in the second wireless
communication system under control of the communication control device based on the first
interference information and the second interference information with respect to the plurality
of communication nodes, wherein

the plurality of groups include at least a first group and a second group, and

a communication node classified into the first group is a communication node in
which a level of the first interference relative to the second interference is larger, as compared

with a communication node classified into the second group.

2. The communication control device according to claim 1, wherein

the plurality of groups correspond to an order in which the radio resource is decided.

3. The communication control device according to claim 1, wherein

the second group is a group for which the radio resource is decided after the first

group.
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4. The communication control device according to claim 3, wherein the circuitry is

configured to:

decide the radio resource with respect to each of the plurality of communication
nodes,

decide the radio resource with respect to each of one or more communication nodes
classified into the first group, and

decide the radio resource with respect to each of one or more communication nodes
classified into the second group based on a decision result of the radio resource in the first

group.

5. The communication control device according to claim 4, wherein
the circuitry is configured to decide one or more radio resource candidates having a
smaller level of the first interference among two or more radio resource candidates, as the

radio resource for the communication node classified into the first group.

6. The communication control device according to claim 1, wherein
the second group is a group for which the radio resource is decided before the first

group.

7. The communication control device according to claim 6, wherein the circuitry is
configured to:

decide the radio resource with respect to each of the plurality of communication
nodes, and

decide the radio resource with respect to each of one or more communication nodes
classified into the second group; and decide the radio resource with respect to each of one or
more communication nodes classified into the first group, based on a decision result of the

radio resource in the second group.

8. The communication control device according to claim 7, wherein

the circuitry is configured to decide one or more radio resource candidates having a
smaller level of a third interference with the one or more communication nodes classified into
the second group among two or more radio resource candidates, as the radio resource for the

communication node classified into the first group.
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9. The communication control device according to claim 1, wherein the circuitry is
configured to:

decide the radio resource with respect to each of the plurality of communication
nodes,

when deciding the radio resource with respect to each of the one or more
communication nodes classified into the second group, decide the radio resource with respect
to the communication node having a smaller level of the second interference, and decide,
based on a decision result of the radio resource with respect to the communication node, the
radio resource with respect to the communication node having a larger level of the second

interference.

10. The communication control device according to claim 1, wherein the circuitry is
configured to:

decide the radio resource with respect to each of the plurality of communication
nodes,

decide one or more radio resource candidates having a smaller level of interference
including the first interference and the second interference among two or more radio resource

candidates, as the radio resource for the communication node classified into the second group.

11. The communication control device according to claim 1, wherein

the first interference information indicates the first interference in each of two or
more radio resource candidates,

the second interference information indicates the second interference in each of the
two or more radio resource candidates, and

the level of the first interference relative to the second interference corresponds to the
number of the radio resource candidates for which a level of the first interference is larger

than a level of the second interference by a predetermined threshold value or more.

12. The communication control device according to claim 1, wherein:

the circuitry is configured to decide the radio resource with respect to each of the
plurality of communication nodes,

the plurality of communication nodes are communication nodes of a higher priority

than one or more low priority communication nodes under control of the communication



92
control device, and

the circuitry is configured to decide the radio resource with respect to each of the
one or more low priority communication nodes based on a decision result of the radio

resource with respect to the plurality of communication nodes.

13. The communication control device according to claim 12, wherein the circuitry is
configured to:

determine whether a predetermined condition for a fourth interference with
communication involving the plurality of communication nodes is satisfied, with respect to
each of the one or more low priority communication nodes, and

decide the radio resource with respect to each of the one or more low priority
communication nodes based on a determination result with respect to the predetermined

condition.

14. The communication control device according to claim 1, wherein

the first interference is an interference by a downlink signal transmitted by the
communication node operating in the first wireless communication system that is not under
control of the communication control device or an uplink signal transmitted to the
communication node that is not under control of the communication control device, and

the second interference is an interference by a downlink signal transmitted by the
other communication node operating in the second wireless communication system under
control of the communication control device or an uplink signal transmitted to the other
communication node operating in the second wireless communication system under control of

the communication control device.

15. The communication control device according to claim 14, wherein

the interference by the uplink signal transmitted to the other communication node is
an interference estimated under an assumption that a transmission node that transmits the
uplink signal to the other communication node exists in a predetermined range or at a
predetermined position which are closer to the communication node under control of the
communication control device within a communication range of the other communication

node.
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16. A communication control method comprising:

acquiring first interference information, by a communication control device,
indicating a first interference from communication involving a communication node operating
in a first wireless communication system that is not under control of the communication
control device;

acquiring, by the communication control device, second interference information
indicating a second interference from communication involving another communication node
operating in a second wireless communication system that is under control of the
communication control device, with respect to each of a plurality of communication nodes
operating in the second wireless communication system under control of the communication
control device, wherein the second wireless communication system is different from the first
wireless communication system; and

classifying, by the communication control device, the plurality of communication
nodes operating in the second wireless communication system under control of the
communication control device into a plurality of groups related to a decision of a radio
resource of the first wireless communication system that is available for use by a
communication node operating in the second wireless communication system under control of
the communication control device based on the first interference information and the second
interference information with respect to the plurality of communication nodes, wherein

the plurality of groups include at least a first group and a second group, and

a communication node classified into the first group is a communication node in
which a level of the first interference relative to the second interference is larger, as compared

with a communication node classified into the second group.

17. An information processing apparatus comprising:

a memory that stores a predetermined program; and

a processor configured to execute the predetermined program,

wherein the predetermined program is a program for:

acquiring by the communication control device, first interference information
indicating a first interference from communication involving a communication node operating
in a first wireless communication system that is not under control of the communication
comntrol device;

acquiring, by the communication control device, second interference information
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indicating a second interference from communication involving another communication node
operating in a second wireless communication system that is under control of the
communication control device, with respect to each of the plurality of communication nodes
operating in the second wireless communication system under control of the communication
control device, wherein the second wireless communication system is different from the first
wireless communication system; and

classifying the plurality of communication nodes operating in the second wireless
communication system under control of the communication control device into a plurality of
groups related to a decision of a radio resource of the first wireless communication system
that is available for use by a communication node operating in the second wireless
communication system under control of the communication control device based on the first
interference information and the second interference information with respect to the plurality
of communication nodes, wherein

the plurality of groups include at least a first group and a second group, and

a communication node classified into the first group is a communication node in
which a level of the first interference relative to the second interference is larger, as compared

with a communication node classified into the second group.



