i

10

i5

25

30

Description

Title of Invention
COMMUNICATION CONTROL DEVICE, TRANSMISSION POWER
ALLOCATION METHOD AND PROGRAM

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

transmission power allocation method and program.

Background Art
[0002]

Secondary usage of a frequency is discussed as a measure for alleviating
future depletion of frequency resources. The secondary usage of a frequency means
that part of or all the frequency channels preferentially allocated for a system is
secondarily used by the other system. Typically, a system which is preferentially
allocated with a frequency channel is called a primary system and a system which
secondarily uses the frequency channel is called a secondary system.

10003}

A TV white space is an exemplary frequency channel whose secondary
usage is discussed (see Non-Patent Literature 1).  The TV white space is a channel
which is not used by a TV broadcast system depending on an area among frequency
channels allocated for the TV broadcast system as a primary system. The TV white
space is opened to a secondary system so that efficient utilization of the frequency
resource is to be achieved. A standard for a physical layer (PHY) and a MAC layer
for enabling the secondary usage of the TV white space can include IEEES02.22,
IEEER02.11af and ECMA (European Computer Manufacturer Association)-392
(CogNea, see Non-Patent Literature 2 described later).

[0004]

In the secondary usage of a frequency band, in general, the secondary
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system is required to be operated so as not to give a detrimental interference to the
primary system. In order to do so, one of the important technologies is transmission
power control. For example, Patent Literatures 1 described later proposes an
approach to determine the maximum transmission power of a secondary system in
response to a path loss of a path between the base station of the secondary system

and the receiver device of the primary system.

Citation List
Non-Patent Literature
{0005]

Non-Patent Literature 1: Electronic Communications Committee (ECC)
within the European Conference of Postal and Telecommunications Administrations
(CEPT), "TECHNICAL AND OPERATIONAL REQUIREMENTS FOR THE
POSSIBLE OPERATION OF COGNITIVE RADIO SYSTEMS IN THE "WHITE
SPACES' OF THE FREQUENCY BAND 470-790 MHz", ECC REPORT 159,
Cardiff, January 2011

Non-Patent Literature 2: "Standard ECMA-392 MAC and PHY for
Operation in TV White Space”, [online], {retrieved on December 15, 2011}, the
internet <URL:httpr//www.ecma-international.org/publications/standards/Ecma-
392 htm>
Patent Literature
[0006]

Patent Literature 1: JP2009-100452A

Summary of Invention
Technical Problem
[0007]
In the situation in which plural secondary systems can possibly be present, it
would be beneficial to control the transmission power of each secondarv system so
that accumulative interferences from the plural secondary systems fall within an

acceptable range of the primary system. In addition, when the transmission power
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of the secondary systems is not small, consideration of interference between channels may
possibly become necessary. However, in order to accurately evaluate such various factors for all
of the secondary systems, calculation cost for allocating the transmission power will increase,
and extra load will be imposed on a control node controlling the secondary use.
[0008]

Accordingly, it is desirable that a system be provided that suppresses the load to calculate
the transmission power of the secondary systems and that appropriately prevents detrimental

interference to the primary system.

Solution to Problem
[0009]

According to a first aspect of the present invention, there is provided a communication
control device comprising a power allocation unit configured to allocate transmission power for
secondary use of a frequency channel protected for a primary system to a secondary system,
wherein the power allocation unit switches power allocation methods between a first group of
secondary systems of which a distance from the primary system is less than a prescribed
threshold and a second group of secondary systems of which a distance from the primary system
exceeds the prescribed threshold; wherein the power allocation unit is configured to classify a
plurality of the secondary system into a first group including some of the plurality of the
secondary system and a second group including the rest of the plurality of the secondary system,
and wherein after completion of classification into the first and second group of the secondary
systems , the power allocation unit is configured to calculate the transmission power commonly
allocated for each secondary system that belongs to the first group of the secondary systems with
a first method, the first method comprising any one of a method considering path loss, a method
considering accumulative interferences or a method considering interference between channels,
and the power allocation unit is configured to calculate the transmission power commonly
allocated for each secondary system that belongs to the second group of the secondary systems
with a second method, the second method comprising any one of a method allocating fixed

power, a method considering path loss or a method considering accumulative interferences.



[0010]

According to a second aspect of the present invention, there is provided a method for
allocating transmission power for secondary use of a frequency channel protected for a primary
system to a secondary system, the method comprising: obtaining a distance to the secondary
system from the primary system; allocating transmission power to the secondary system with the
first power allocation method when the obtained distance is less than a prescribed threshold;
allocating transmission power to the secondary system with the second power allocation method
that requires calculation cost lower than that of the first power allocation method when the
obtained distance exceeds the prescribed threshold, and classifying a plurality of the secondary
system into a first group including some of the plurality of the secondary system and a second
group including the rest of the plurality of the secondary system, wherein after completion of
classification into the first and second group of the secondary systems , the step of allocating
transmission power comprises calculating the transmission power allocated commonly for each
secondary system that belongs to the first group of the secondary systems with a first method, the
first method comprising any one of a method considering path loss, a method considering
accumulative interferences or a method considering interference between channels, and the step
of allocating transmission power comprises calculating the transmission power allocated
comimonly for each secondary system that belongs to the second group of the secondary systems
with a second method, the second method comprising any one of a method allocating fixed

power, a method considering path loss or a method considering accumulative interferences.

[0011]

According to a third aspect of the present invention, there is provided a program for
causing a computer of a communication control device to function as a power allocation unit to
allocate transmission power for secondary use of a frequency channel protected for a primary
system to a secondary system, wherein the power allocation unit switches power allocation
methods between a first group of secondary systems of which a distance from the primary
system i1s less than a prescribed threshold and a second group of secondary systems of which a
distance from the primary system exceeds the prescribed threshold; wherein the power
allocation unit is configured to classify a plurality of the secondary system into a first group
including some of the plurality of the secondary system and a second group including the rest of

the plurality of the secondary system, and wherein after completion of classification into
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the first and second group of the secondary systems , the step of allocating transmission power
comprises calculating the transmission power allocated commonly for each secondary system
that belongs to the first group of the secondary systems, the first method comprising any one of a
method considering path loss, a method considering accumulative interferences or a method
considering interference between channels, and the step of allocating transmission power
comprises calculating the transmission power allocated commonly for each secondary system
that belongs to the second group of the secondary systems with a second method, the second
method comprising any one of a method allocating fixed power, a method considering path loss

or a method considering accumulative interferences.

Advantageous Effects of Invention
[0012]

According to embodiments of the present invention, it is possible to suppress load to
calculate transmission power of the secondary systems and to appropriately prevent detrimental

interference to the primary system.

Brief Description of Drawings

(0013}

[FIG. 1] FIG. 1 is an explanatory diagram for explaining an interference a node of a primary
system suffers upon secondary usage of a frequency.

[FIG. 2] FIG. 2 is an explanatory diagram for explaining an interference in a channel and an
interference between channels.

[FIG. 3] FIG. 3 is an explanatory diagram for explaining a configuration of a communication
control system according to one embodiment.

[FIG. 4] FIG. 4 is a sequence diagram illustrating an exemplary schematic flow of a
communication control processing performed in the communication control system according to
one embodiment.

[FIG. 5] FIG. § is a block diagram illustrating an exemplary configuration of the communication
control device according to one embodiment,

[FIG. 6] FIG. 6 1s a flowchart illustrating an exemplary flow of a power allocation process
according to one embodiment,

[FIG. 7] FIG. 7 is a block diagram illustrating of an exemplary configuration of a
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master node of the secondary system according to one embodiment.

Description of Embodiments
[0014] '

Hereinafter, preferred embodiments of the present invention will be
described in detail with reference to the appended drawings. Note that, in this
specification and the drawings, elements that have substantially the same function
and structure are denoted with the same reference signs, and repeated explanation is
omitted.

[0015]

A description will be given in the following order.
1. Quiline of system
2. Exemplary configuration of secondary system manager
2-1. Explanation of units
2-2. Flow of process
3. Exemplary configuration of master node
4. Conclusion
[0016]
<1, Outline of system™>

First, with reference to FIG. 1 to FIG. 4, a description will be given of an
outline of a communication control system according to an embodiment.
[0017]

[1-1. Problem relating to one embodiment]

FIG. 1 is an explanatory diagram for explaining an interference a node of a
primary system suffers upon secondary usage of a frequency. With reference to
FIG. 1, there are illustrated a primary transmission station 10 for providing services
of the primary system, and a primary reception station 20 located inside a boundary
12 of a service area for the primary system. The primary transmission station 10
may be a TV broadcast station, or a wireless base station or repeater station in a
cellular communication system, for example. The cellular communication system

may include the GSM, UMTS, WCDMA, CDMA2000, LTE, LTE-Advanced,
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IEEERD2.16, WiMAX or WIMAX2, and the like. When the primary transmission
station 10 is a TV broadcast station, the primary reception station 20 is a receiver
having an antenna and a funer for receiving TV broadcast. When the primary
transmission stationt 10 is 2 wireless base station in a cellular communication system,
the primary reception station 20 is a wireless terminal operating in accordance with
the cellular communication system. In the example of FIG. 1, a channel F1 is
allocated for the primary transmission station 10. The primary transmission station
10 can provide TV broadcast services, wireless communication services or some
other wireless services by transmitting wireless signals on the channel Fi. Note
that the embodiment is not limited to the example in FIG. 1, but plural frequency
channels can be allocated for the primary system.
{00183

FIG. 1 further shows master nodes 200a, 200b, 200c, and 200d each
operating the secondary system. Each of the master nodes uses the channel F1
allocated for the primary system or an adjacent channel FZ or F3 to operate the
secondary systemn respectively. Each master node may be a wireless access point
which is compliant with or partially uses a wireless communication system such as
IEEES02.22, IEEEBGLTL, or ECMA, or may be a wireless base station or repeater
station which is compliant with the cellular communication system or partially uses
standards thereof I the secondarv system is operated in accordance with the
cellular communication system, the cellular communication system may be the same
as or different from a system of the primary sysiem. One or more slave nodes (not
shown} for the secondary system may exist around each master node.  Slave nodes
support the same wireless communication system as the master node which they are
connected to. In the example of FIG. 1, a master node 200a located outside a
boundary 14 of a guard area uses the channel F1. Master nodes 200b and 200c
located inside the guard area use the channels F2 and F3, respectively, adjacent to the
channel F1. A master node 200d located outside the boundary 14 of the guard area
uses the channel F2.
[0019]

Under the circumstances such as of FIG. 1, the primary reception station 20
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may be influenced by an interference due to the wireless signals transmitted from
secondary transmission stations (both master node and slave node). FIG. 2 is an
explanatory diagram for explaining an interference in channel (in-band) and an
interference between channels. In the example of FIG. 2, the channel Fl is 2
channel used by the primary system. If the master node 200a in FIG. 1 secondarily
uses this channel F1, an interference may occur in the same channel. The channel
F2 is a channel adjacent to the channel F1. The channel F3 is a channel adjacent to
the channel F2. A guard band is provided between the channel F1 and the channel
F2, and between the channel F2 and the channel F3. When these channels F2 and
F3 are used by other system, the primary system is ideally to suffer no interference.
However, as illustrated in FIG. 2, actually a considerable interference may occur
from an adjacent channel (such as channels F2, F3 and other channels) due to out-
band radiation.

[0020]

The transmission power of the secondary system can be controlled in the
system exemplified in FIG. 3 so as not to give a detrimental effect on the primary
system that should be protected from this interference due to the wireless signals
from secondary system.

(8021}

FIG. 3 s an explanatory diagram for explaining a2 communication control
system | according to one embeodiment.  With reference to FIG. 3, the
communication control system [ includes a primary transmission station 10, data
server 30, communication conwrol device 100, and master nodes 2003 and 200b.
Here, in the example of FIG. 3, only the master nodes 200a and 200b are illustrated
as a master node operating the secondary system, but actually more master nodes
may exist. Unless otherwise the master nodes 200a and 200b (and other master
nodes) need to be distinguished from each other in the explanation of this description
below, an alphabetical character suffixed to a symbol is omitted to collectively refer
to these as the master node 200,

[0022]

The data server 30 is a server device having a database storing therein data
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about the secondary usage. The data server 30 accepts an access from the master
node 200 to provide data indicating secondarily usable channels and position data of
the transmission station 10 of the primary system to the master node 200.
Additionally, the master node 200 registers mformation on the secondary system in
the data server 30 at the start of the secondary usage. Communication between the
data server 30 and the master node 200 may be made via an arbitrary network such
as the Internet.  Refer to Non-Patent Literature 1 describing the secondary usage of
the TV white space as to an exemplary specification of the data server like this.
[0023]

The communication control device 100 has a function as a secondary system
manager which allocates the transmission power for the secondary usage of the
frequency channel to the secondary system such that the accumulative interferences
from a secondary system give no dewrimental effect to primary system. The
communication control device 100 can access to the data server 30 via a network
such as the Internet, for example, and acquires data used for allocating the
transmission power from the data server 30.  In addition, the communication control
device 100 is communicably connected with also each master node 200. Then the
communication control device 100, in response to a request from the master node
200 or primary system, or penodically, adjusts the transmission power for the
secondary system.  Note that, without limited to the example of FIG. 3, the
communication contral device 100 may be mounted on the physically same device as
the data server 30 or any of the master nodes 200.

[0024]

FIG. 4 is a sequence diagram illustrating an exemplary schematic flow of an
communication control processing performed in the communication control system 1.
[0025]

First, the master node 200, before starting to operate the secondary system,
registers information on the secondary system in the data server 30 (step S10).  The
mformation registered here may include, for example, a device ID, class and position
data of the master node 200 and the like. Moreover, in response to registration of

the information on the secondary system, the data server 30 notifies the master node
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200 of information for configuring the secondary gystem such as a list of channel
numbers of secondarily wusable frequency channels, acceptable maximum
transmission power, and spectrumn mask. Here, an access cycle from the master
node 200 to the data server 30 may be decided on the basis of provisions of law
regarding frequency usage regulation. For example, the FCC (Federal
Comnunications Commission) is considering a requirement that if the position of the
master node varies, the position data should be updated at least every 60 seconds.
In addition, it has been recommended that the list of the usable channel numbers
should be checked by the master node at least every 30 seconds. However, increase
in the access to the data server 30 leads to increase in overhead. Therefore, the
access cycle to the data server 30 may be set to a longer cycle (e.g., integral multiple
of the regulated cycle and so on). Moreover, the access cycle may be dynamically
set depending on the number of active nodes (e.g., if the number of nodes is small, a
risk of interference is low so that the cycle may be set longer). The data server 30
may instruct the master node 200 about the access cycle upon an initial registration
of the information on the secondary system, for exampie.

{06026}

Further, the communication control device 100 receives information on the
primary system from the data server 30 periodically, for example, and uses the
received information to update information stored in uself {(step Sit).  The
information received here may include one or more of the position data of the
primary transmission station 10, height of an antenna, width of the guard area, list of
the channel numbers of the frequency channels, acceptable interference amount of
the primary system, position data of a reference point for interference calculation
described later, list of IDs of the registered master nodes 200, and other parameters
(e.g., ACLR(adjacent channel leakage ratio), fading margin, shadowing margin,
protection ratio, ACS (adjacent channel selection) and the like). Here, the
communication control device 100 may indirectly receive all or a part of the
information on the primary system (e.g., list of the channel numbers and the like)
from the master node 200.

[0027]
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Next, the master node 200 configures the secondary system on the basis of
the information notified by the data server 30 (step S12). For example, the master
node 200 selects one or more channels from the secondarily usable frequency
channels as a use channel for the secondary system. Then, a request for power
allocation is transmitted from the master node 200 (or the data server 30) to the
communication control device 100 (step S13).

[0028]

When an acknowledge is returned to the request for power allocation,
mutual authentication and application level information exchange are performed
between the communication control device 100 and the master node 200 (step S14).
Additionally, the informatjon on the secondary system is transmitted from the master
node 200 10 the communication control device 100 {step §15). The information
transmitted here may include a device 1D of the master node 200, class, position data,
channel number of the frequency channel {use channel) selected by the master node
200, information on a communication quality requirement (including a QoS (Quality
of Service) requiremer), priority information, communicaiion history and the like.
{00291

Next, the commmunication control device 100 performs a power allocation
processing on the basis of the information acquired from the data server 30 and the
master node 200 (step S16).  The power allocation processing here by the
commnunication control device 100 will be described in detail later. Then, the
communication control device 100 fransmits a power notification message for
notifying a newly allocated transmission power to the master node 200 (step S17).
[0030]

The master node 200, in receiving the power notification message, sets an
output level of a transmitting circuit in itself in accordance with a value of the
notified transmission power (step S18).  Further, the master node 200 may instruct a
slave node connected with itself about a value of the transmission power to be used.
The master node 200, in completing the setting of the transmission power, reports the
secondary system configuration to the communication control device 100 (step S19).

Then, the communication control device 100 updates the information on secondary
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system stored in itself in response to the report from the master node 200 (step S20).
[0031]

In the above-described sequence, in the power allocation processing
performed by the communication control device 100 in step S16, there are some
aspects 10 be considered in accordance with the situations.

{0032}

The first aspect is a path loss for each secondary system. In general, the
greater the path-loss from a secondary system to a primary system Is, the lower the
interference level that the primary system receives becomes. Consequently, by
allocating greater transmission power to a secondary system located farther away
from the primary system, throughput of the secondary system can be enhanced.
However, because there is an upper limit to the transmission power that can be
output from the nodes of the secondary system {both master node and slave node),
when the distance of the secondary system from the primary system exceeds a certain
value, it is no longer significant to consider the path loss.

[0033]

The second aspect is accumulative interferences from plural secondary
systems to a primary system. Generally, in order to appropriately protect the
primary system, when plural secondary systems are present, it 15 desirable that the
transmission power is controlled so that the accumulative interferences from these
plural secondary systems give no detrimenial effect to the primary system.
However, calculation of accumulative interferences of secondary systems having an
interference level sui’ﬁéiemiy smaller than the acceptable interference level of the
primary system brings a disadvantage of increase in calculation load.

[0034]

The third aspect is the interference between channels.  Generally, in order
to appropriately protect a primary system, it is desirable that the transmission power
is controlled so that the interference from the secondary system gives no detrimental
effect to the primary system after the inferference between channels is properly
evaluated. However, when only an interference on the same channel is considered,

simple calculation of the transmission power can be made independently for each
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channel, whereas when the interference between channels is considered, the
transmission power needs to be distributed in a comprehensible manner over the
plural secondary systems that secondarily use channels different from one another.
Because when the number of channels increases, combinations of channels that may
cause the interference between channels also increase, such calculation load becomes
significantly large. Accordingly, it is a beneficial option not to consider the
interference between channels for the secondary systems with a small interference
level.

[0035]

In view of the above, the communication control device 100, when
allocating the transmission power to a secondary system, prevents a detrimental
effect on the primary system while suppressing calculation load by switching power
allocation methods in accordance with the distance of the secondary system from the
primary system.

[0036]
<2. Exemplary configuration of secondary system manager>

FIG. 5 is a block diagram illustrating an example of the configuration of the
communication control device 100 {i.e.. the secondary system manager} illustrated in
FIG. 3. With reference to FIG. 5. the commmnication control device 104 is
provided with a communication unit 110, 2 storage unit 120 and a control unit 130,
The control unit 130 includes a power allocation unir 140,

[6037]
[2-1. Explanation of units]

The communication unit 110 is a communication interface for
communication of the communication control device 100 with the data server 30 and
with the master node 200. Communication between the communication control
device 100 and the data server 30, and between the communication control device
100 and the master node 200 may be achieved by any of a wired communication or
wireless communication, or a combination thereof.

[0038]

The storage vnit 120 stores a program and data for operation for the
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communication control device 100 using a storage medium such as a hard disk or
semiconductor memory. For example, the storage unit 120 stores the information
on the primary system received from the data server 30 and the information on the
secondary system received from the master node 200 of each secondary system.
[0039]

The control unit 130 corresponds to a processor such as CPU (Central
Processing Unit) or DSP (Digital Signal Processory. The control unit 130 causes
various functions of the communication control device 100 by executing programs
stored in the storage unit 120 or other storage media.

[0040]

The power allocation umit 140 allocates for the secondary system the
wansmission power for the secondary usage of a frequency channel protected for the
primary system. The frequency chamnel protected for the primary system may
include one or more frequency channel allocated for the primary system and its
adjacent frequency channels. In the present embodiment, the power allocation unit
140 switches the power allocation methods between the first group of secondary
systems of which the distance from the primary system is less than a prescribed
distance threshold value and the second group of secondarv svstems of which the
distance from the primary system is greater than the distance threshold value. The
distance of 2 secondary system from 2 primary systemt may be, for example, 2
distance from the center of the service area of the primary system, or may be a
distance from an outer edge of the service area or the guard area.

(0041}
(Examples of power allocation methods)

In this description, the following four methods are mainly explained as
power allocation methods performed by the power allocation unit 140. However,
these are mere examples, and other power allocation methods may be used.

(1) The first method: Fixed power allocation
(2) The second method: Considering path loss
(3) The third method: Considering accumulative interferences

(4) The fourth method: Considering interference between channels
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[0042]

(1) The first method

In the first method, for each secondary system, a fixed transmission power
value or a fransmission power value requested from the secondary system is
allocated. The fixed transmission power value may be commonly defined among
all secondary systems, or may be defined for each attribute such as a type and a class
of a device. In this case, the calculation cost required to calculate the transmission
power is substantially close to zero.

[0043]

(2) The second method

In the second method, a larger transmission power value is allocated for
each secondary system as the path loss from the secondary svstem to the primary
systemn is greater. The calculation formula of the ransmission power allocated for
each secondary systern may be, for example, the calculation formula deseribed in the
above-described Patent Document 1. Other examples of the calculation formula are
further provided later. In this case, the calculation cost required to calculate the
transimission power is not zero, but is relatively small.

[0044]

(3) The third method

In the third method, the transmission power is distributed to each secondary
systemn so that an accumulative interference amount on the same channel from plural
secondary systems to a primary system does not exceed an acceptable interference
amount of the primary system.

[0045]

The third method may be, for example, a method based on the interference
control model explained below. Note that here, formulas of the interference control
model are written by using the true value expression, but this interference control
model can handle the decibel value expression by converting the formulas.

[0046] _
First, given that a reference point for the interference calculation is i, the

frequency channel allocated for the primary system is fj, the acceptable interference
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amount of the primary system 18 Licepabie(i, ).  Additionally, assuming that a single
secondary system k which secondarily uses the channel f] is located on a periphery of
the guard area. Accordingly, a relation expression below holds among a maximum
transmission power Pna(f;, k) of the secondary system, a path loss L{i, fj, k) for a
minimum separation distance (width of the guard area), and an acceptable
interference amount Jacceptanie(i, £)-

[0047]
Iacceprabfe(iﬂf;'):Pmax{ﬁrk)'L(ja.f}:k) (1)

[0048]

Here, a position of the reference point is decided on the basis of the
information the communication control device 100 receives from the data server 30
at step S11 in FIG. 4. In a case where the reference point is defined in advance, the
position data (e.g., longitude and latitude, etc.) representing the position of the
relevant reference point may be received from the data server 30.  Additionally, the
communication control device 160 may use the position data of the node, service
area. or guard area of the primary system received from the data server 30, and the
position data received from each master node 200 to dynamically decide the posiiion
of the reference point.

[0049]

When there are plural secondary systems of the same group that use the
same frequency channel, in the transmission power allocation for each of the
secondary systems, the following relation expression (an evalnation formula of
accwmulative interference amount) obtained by expanding Formula (1) needs to be
satisfied for each frequency channel.

[0050]

il
[accepzaé!e('i’.f:;’) & zp(ﬁ,k}L(Z,fj,k)'G(fjgk) ( 2)
k=l

[0051]
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Here, a right-hand side in Formula (2) represents the sum of interference
amounts caused by the secondary systems to which secondarily use a channel the
same as the channel fj allocated for the primary system. M is the number of the
secondary systems which secondarily use the same channel, P(f], k) is a power
allocated for the k-th secondary system, L(i, §j, k) is a path loss between the k-th
secondary system and the reference point 1 of the primary system, and G(f;, k) is a
gain component. Note that the above M; may be the number of the active secondary
systems {or master nodes}.

[0052]

In the third power allocation method, for each frequency channel, the power
allocation unit 140, afier tentatively distributing the transmission power to secondary
systems that secondarily uses the frequency channel, corrects the distributed
transmission power so as to satisfy the above evaluation formula of the accumulative
interference amount.

[0033]

The temative distribution of the transmission power may be performed in
accordance with, for example, three types of methods including the fixed margin
method, the even method, and the uneven method that are explained below. Note
that the power distribution formulas in these methods may be used as the caleulation
formula of the wansmission power for the second power allocation method.

[0054]
{Fixed margin method)

A first method is a fixed margin method. In a case of the fixed margin
method, a distribution margin Ml (and safety margin SM) fixedly set in advance is
used to calculate the transmission power allocated to each secondary system. A
transmission power P(f}, k) which is allocated to the k-th secondary system to use the
frequency channel fj is derived from a formula below,

[0055]

P B) =L pimanss s ) LG £, 0) - G(fR) - MI-SM (39
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[0056]
(Even method)

A second method is an even method. In a case of the even method, the
fransmission powers allocated to respective secondary systems are equal to each
other. In other words, the transmission power is evenly distributed to a plurality of
secondary systems. The transmission power P(f;, k) which is allocated to the k-th

secondary system to use the frequency channel f; is derived from a formula below.

[0057]

P = T G P S LG f 1 M) GO )Y )

.S
[0058]
{Uneven method)

A third method is an uneven method. In a case of the uneven method, the
secondary system has the larger distance to the primary system, the secondary system
is allocated with the more transmission power. Accordingly, chances of the
secondary usage as a whole may be increased. The transmission power P(fj, k)
aliocated 10 the k-th secondary system to use the frequency channel f; is derived from
a formula below.

(0059}

~

P55 =1 ppepiarte (s [ Y LG 13, K) - G(f, By - M} (59

[0060]

Moreover, the even method and the uneven method may be combined with
an interference-causing margin reduction method described below.
[0061]
(Interference-causing margin reduction method)

The interference-causing margin reduction method is a method in which the
safety margin SM for reducing an interference risk is counted, and may be used in

combination with the even method or uwneven method described above. The
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transmission power P(fj, k) is derived from Formula (6) below in terms of the
combination with the even method, and Formula (7) below in terms of the
combination with uneven method. Here, SM represents a safety margin set in
advance or notified from the master node 200.

[0062)

P{.f}:k) = factep!abfe(iff;)/i {L(i>.fj'9 kk} : G(f;,kk} SM} (8)
k=i

P(f;sk) = Iaccep:abie(iaj})/{L(isj:isk) G(f]9k)Mj SM} (7)

[0063]

Further, the methods described above may be combined with a weighted
distribution method described below.
[06064]

{Weighted distribution method)

The weighted distribution method is 2 method in which distribution of the
transmission power is weighted depending on a priority for each the secondary
system.  The wransmission power P(f;, k) is derived from Formula (8) below in terms
of the combination with the even method, and Formula (9) below in terms of the
combination with the uneven method.  In addition, the transmission power P(f, k) is
dérived from Formula {87) below in terms of the combination with the even method
and interference-causing margin reduction method, and Formula (97) below in terms
of the combination with the uneven method and interference-causing margin
reduction method. Here, wi represents a weighting depending on the priority.
Note that a weight w; for each frequency channel may be used in place of the weight
wy for each secondary system.

[0065]
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P(ff’k) w(wk/%;(zwikk Iaccepz’oblc(i’fj)[Z{L(is,f}skk)'G(L,kk)} (8)
=5 k=1
(,

P(f, k)= !kwk/;wu oot 6 VLG £ ) -G k) M) (o)
M, X,
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\ =t =
/ M,
P(fky=| w13 )Im,,,ab,g(z;m/{zt(fuc,k}«Gm,w, SMY (o)
\ 2451

[0066]

Here, in the primary system there may be some cases where only the
acceptable interference amount Lecepanie(l, fi5) of the frequency channel fj is defined
and the acceptable interference amount of the adjacent frequency channel f is not
defined. For example, such a case may occur when the frequency channel fj; is a
channel allocated to the primary system, and the adjacent channel f; thereof is a
channel not used by the primary system but protected.  In that case, a distribution
formula for distributing the transmission power to the secondary systems which
secondarily use the adjacent channel f; is derived by, in the diswibution formuias
described above, replacing the acceptable interference amount Licceptane(i, §;) with the
Laccepunie(l, f) and replacing the term L(LE, k)}G(f, k) of the path loss and gain
component with a term L(1,£.%)-G(f;, kKy/H(;, £, k) for counting the loss component.
As an example, a distribution formula in the fixed margin method may be modified
as below.

[0067]

P(j;!k} = Inccapzab:‘e(is fﬂ) ’ !{{fy’ f,sk)'f};(z’ f;&k) G(j:,ak)w -SM (3°

[0068]
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Next, the power allocation unit 140 searches in the service area of the
primary system for a point at which evaluation of the interference amount on the
basis of the distributed transmission power is the harshest. For example, a point i’
at which the interference amount is the harshest is searched as in the following
Fornuta (10) or Formula (10').

[0069}

M,
i, - afgmm(laccepfabk(i’f;)HZP(]{},}C) "L(laf;ak)"G(j;:k)} ( 10
i ket

M
= argmin([mgmmg{i,j’})**ZP(f;,r’C)'L{f,f;,k}'G(f,ak)'SMJ (106 7)
i k=t

{60701

Next, the power aliocation unit 140 calculates a correction coefficient A of
power distribution as in the following formulas based on the total interference
amount and the acceptable interference amount lccepsie(l, £} at the point 1

[0071]

T
A= L (11)
2 PR L /54 -G 1, K)
&=]
A= Y (117

M
zp(fj,k)»,z(f’,fj,k)-G(f,,k)-SM

[0072]

Note that the above Formula (11" can be used when the interference-
causing margin reduction method is applied in power distribution.
[0073]

Then, the power allocation unit 140 corrects the transmission power in

accordance with the following formula by using the calculated correction coefficient
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A, and derives the acceptable transmission power P'(f}, k) of the secondary system k.
[06074]

Pi(ffnk)mP(fjsk)A (12)

[0075]

{4) The Fourth Method

In the fourth method, the transmission power is distributed to each of
secondary systems so that the sum of the accumulative nterference amount on the
same channel and the accumulative interference amounts between channels from
plural secondary systems to a primary System does not exceed the acceptable
interference amount of the primary system. The evaluation formula of the
accumnulative interference amount in the fourth method may be the following formula
that introduces the term of the interference between channels into the right-hand side

of the above Formula (2) in the third method.

{60761
F 24
L Ge F3 2 S\ PUL B LG, B)-GU, K
o = {13}
=2 2 LPUS R LG, £ K -GS KkY BUS . D}
-1
[0077]

The second term on the right-hand side of Formula (13) represents the sum
of the interference amount originating from the secondary systems which secondarily
use a channel different from but adjacent to the channel f;.  O; is the number of the
adjacent channels, jj is an index of the adjacent channels, Ny is the number of
secondary systems that secondarily uses the adjacent channels, kk is an index of the
secondary systems that secondarily uses the adjacent channels, H(fj, £, kk) is a loss
component of the secondary system kk from the adjacent chammels £j; to the channel f;.

Note that Nj; may be a number of the active secondary systems (or master nodes).
[0078]
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The gain component G in Formula (13) can be determined mainly on the
basis of the causes shown in the following Table 1.
[0079]

Table 1. FACTOR OF GAIN COMPONENTBETWEEN SYSTEMS
SYMBOLS FACTOR
PR (f;; — £ Protection ratio between channels of which frequencies
are sepavated f-f;
t o Shadowing margin
el Shadowing {standard deviation)
Dair (1, T (or ;) | Signal identification degree of antenna directionality in
primary reception station at reference poinr 1 in channel
fi (or fy)
Doot {15 §5 tor i) | Signal identification degree of polarization in primarv
; reception station at refevence point i in channel £i(or £)
[ Gaoe iy §) tr ) ; Antenpa gain in primary reception starion at reference
" poine | in chennel fi{or £
le (i i tor ;o4 | Fader foss I primarv reception starion at reference
point i in channel §i{or fi)

[0080]

For example, regarding the protection ratio PR in Table 1, the following idea
czan be applied.  In other words, the acceplable interference amount to the primary
systern that uses a channel {zs from the secondary system that secondarily uses a
channel for 18 lacepube. It addition, a required reception power of the primary
system is Pro(fps).  The following formula is established between these parameters.

[0081]

' fam?ptabie mReq(fBS)/PR(fCR meS} (1 4)

[0082]
Note that when the protection ratio is represented in the decibel value

expression, the following formula can be used instead of the above Formula (14).

[0083]

f acceptable =5 (f BS) / l OPR(fCRHfBS)”O (15)

reg
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[0084]

The loss component H in Formula (13) depends, for example, on selectivity
and leakage ratio of the adjacent chanmnels. Note that the above-provided Non-
Patent Document 1 should be referenced for more details of these gain component
and loss component.

[0085]

In the fourth power allocation method, for each frequency channel, the
power allocation unit 140, after tentatively distributing the transmission power to
secondary systems that secondarily uses the frequency channel, redistributes the
tentatively distributed transmission power in consideration of the effect of the
interference between channels.  The power allocation unit 140, then, corrects the
redistributed transmission power 50 as to satisfy the above evaluation formula.
0086}

More specifically, the power allocation unit 140, firstly, tentatively
distributes the transmission power to each frequency channel that is used by the
secondary systems in accordance with any method {(e.g., Formulas (3}-(9")) explained
in relation to the third power allocation method. Moreover, the power aliocation
unit 140 counts the interference berween champels in and redistributes the
rransmission power among the secondary systems.  For example, redistribution of
the transmission power with the even method can be performed in accordance with
the following Formula (16) (Formula (16" in the case of a combination with the

interference-causing margin reduction method).

[0087]
acwpmblg(l f ) ZS{P(J‘; ,;C}C} I’(I J‘;}skk) G(ﬂ ,kk}fﬁ{f;, fy,f{{f)}
P,(,fj’k)'“ g . {1 6)
Z{L(l, f:, skk} 'G(fjskk)}
=3
O, Ny
Mceplrh’e(l } Zi{})(flpkk} L(’.afif:&k) G(fﬂ,kk}jﬂ(_fj,fﬂ,kk}}
Pk = LB (167)

N.t

Z{L(&f;:k‘k} G(fpkk)'SM}

bkt
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[0088]

Formula (16) indicates that after the interference amount originating from
the use of adjacent channels is subtracted from the acceptable interference amount of
the primary system, the remaining acceptable interference amount is redistributed
among the remaining secondary systems. Similarly, redistribution of the
transmission power with the uneven method can be performed in accordance with the
following Formula (17) (Formula (17") in the case of a combination with the
interference-causing margin reduction method).

[0089]

01 .’u’,
! getic G S = 2 2APUS BRY- LG S, KR GUS YT HUS, L f D)

PESf By = b denic
S LS B)-GUf, By M, Rk

o, N,
L pepiasics J3Y = 0 3 AP KR LG, £y kY G, JRY H(S, L S, RED}

"y N Fel kit i
PSR = LG, /-G Ky M, - SM (17 7)

{0090}

Note that, as a matter of course, weight in the weighted distribution method
may be further applied to each of the sbove-provided formulas for redistribution.
[0091]

Next, the power allocation unit 140 searches for a point at which evaluation
of the interference amount based on the redistributed transmission power is the
harshest in the service area of the primary system. For example, a point i' at which
the interference amount is the harshest 1s searched as in the following Formula (18)
or Formula (18').

[0092]
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My
( [acczpmb!c(i*fj} “ZP'(L,&’}L(E,/}JC)- G(f!,k)
k=]

zu-argmm o N (18}
L Zz{P'(fﬁ,kk)-L(i.fvakk}G(f},—,kk)fH(.f-,fﬁ,kk)} }
=1 k=
M, \l
Im{mﬂc(i?.f;}—zp’(fj:k}'L(§7fj,k)‘G(fj ,;C)'SM
i =argmini  , u = z (18°
DL L -G ) SMTHU 180 |

{0093]
Next, the power allocation unit 140 calculates a correction coefficient A of
power distribution as in the following formulas based on the itotal interference

5 amount and the acceptable interference amount Tuccepunic(l, i} af the point 1.

[0094]
A == ]am'&e{tf!ff}
B ol (19)
Zp“:fpé}‘ﬂ(f",ﬂ,é}-{?{f,k}
[#] Iﬁs
WS S R L £ K- Gy K H S, £y R}
Ji=1 k=l
A= . !Wegifﬁfj} )
(197)

M;
;P'(g,k)»f,(s',fj,k)-a(fj,k)-SM

0, XN,
+2;{P’( Fy )L, £y Ke) -GS k) - SM BT, [, 5K))
=t k=t
[0095]
Note that the above Formula (19" can be used when the interference-
10 causing margin reduction method is applied in power distribution.
[106096]
Then, the power allocation unit 140 corrects the transmission power in

accordance with the following formula by using the caleulated correction coefficient
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A, and derives the acceptable transmission power P'(f;, k) of the secondary system k.
{0097

Pfk)=P(f,k)-A (20)

{00981
(Combination of power allocation methods)

The power allocation unit 140 may, for example, apply any one of the above
second to the fourth power allocation methods to a group of secondary systems of
which a distance from a primary system is less than a distance threshold value and
may apply the above first method to the other secondary systems. In addition, the
power allocation unit 140 may apply the above third or fourth method to the group of
secondary systems of which the distance from the primary system is less than a
distance threshold value and may apply the above first or second method to the other
secondary systems. Furthermore, the power allocation unit 140 may apply the
above fourth method to the group of secondary systems of which the distance from
the primary system is less than a distance threshold value and may apply one of the
above first to third power allocation methods to the other secondary systems. The
following table shows an example of combinations of power allocation methods that
can be applied to each of the two groups of the secondary systems. Combinations
marked with circles in the table can be selected by the power allocation unit 140
[0099
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Table 2. EXAMPLES OF COMBINATIONS OF APPLICABLE POWER
ALLOCATION METHODS
GROUP OF CLOSER 88

FIRST | SECOND | THIRD | FOURTH
METHOD | METHOD | METHOD | METHOD

POWER
ALLOCATION
METHOD
FIRST
METHOD © © ©
SECOND
METHOD O o
THIRD O
METHOD
FOURTH
METHOD

GROUPOF
MORE
DISTANT 58

[0100]

As in the third and the fourth power allocation methods, when the power
allocation method based on the acceptable imterference amount is applied to each of
groups, the acceptabie interference amount may be distributed to each of the groups
in accordance with a distance or path loss between a reference point and a
representative system of each group. The reference point used o distribute the
acceptable interference amount among groups may be defined in advance or may be
dynamically determined in accordance with the positions of the secondary sysiems.
{0101}

Note that in the above-described third power allocation method, the
correction of the acceptable transmission power in Formula (10) to Formula (12)
may be omitted. Similarly, in the above-described fourth power allocation method,
the correction of the acceptable transmission power in Formula (18) to Formula (20)
may be omitted. As a power allocation method separate from the third and fourth
power allocation methods, a method in which these corrections of the acceptable
transmission power are omitted may be employed and such a method may be applied
to a group closer to the primary system or to a group more distant from the primary
system.

{0102]
Moreover, the power allocation unit 140 may divide the secondary systems

into three or more groups by using plural distance threshold values, and for each of
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the three or more groups, different power allocation methods may be selected. The
distance threshold value used by the power allocation unit 140 may be defined in a
fixed manner. Alternatively, the distance threshold value may be dynamically set in
accordance with parameters such as conditions of the primary system (e.g., the size
of the service area, the position of the primary reception station, or the number of
primary reception stations) or the number of secondary systems.

[0103]

The power allocation unit 140 calculates the value of the transmission
power allocated for each of the secondary system in this manner with the method
selected in accordance with the distance from the primary system, and notifies each
of the secondary systems of the calculated transmission power value via the
communication unit 110.

[0104]
[2-2. Flow of process]

Next, by using FIG. 6, a flow of process performed by the communication
control device 100 according to the present embodiment is explained. FIG. 615 a
flowchart illustrating an example of a flow of a power allocation process performed
by the communication control device 100. Here, as an example. the secondary
systems are grouped into two groups by using one distance threshold value.

{6105]

With reference to FIG. 6, the power allocation unit 140, firstly, obizins
information on the primary system provided from the data server 30 {step S110).
The power allocation unit 140 also obtains information on the secondary system
collected from the master node 200 (step S120). Next, the power allocation unit
140 repeats processes in steps S132 to S138 for each of target secondary systems for
which power is allocated (step S130).

[0106]

In the repeating process for each secondary system, the power allocation
unit 140 calculates a distance from the primary system to the target secondary system
(step S132). Next, the power allocation unit 140 compares the calculated distance

with a prescribed distance threshold value (step S134). Here, when the distance
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from the primary system to the target secondary system is less than the distance
threshold value, the power allocation unit 140 classifies the target secondary system
into the first group (step $136). Meanwhile, when the distance from the primary
system to the target secondary system does not exceed the distance threshold value,
the power allocation unit 140 classifies the target secondary system into the second
group (S138).

{0107}

When the classification of the secondary systems 18 completed, the power
allocation unit 140 calculates the transmission power allocated for the secondary
systems that belong to the first group with a method with a greater computational
cost (step S140), The power allocation method selected here may be any one of the
above-described second to fourth methods.

[0108]

In addition, the power allocation unit 140 calculates {or determines) the
transmission power allocated for the secondary system that belongs to the second
group with a2 method with a computational cost lower than that of the method
selected in step $140 (step S150). The power allocation method selected here may
be any one of the above-described first to third methods.
f0109]

The power allocation unit 140, then, notifies the master node 200 of the
secondary systems of the transmission power value calculated in steps S140 and
S150 via the communication unit 110 (step S160). Note that the notification of step
S160 in FIG. 6 can be equivalent to the transmission of a power notification message
instep S17.  For the secondary system of which the allocated transmission power is
not updated from the value that has been notified, the notification of the transmission
power value may be omitted.

[0110]
<3. Exemplary configuration of master node>

FIG. 7 is a block diagram illustrating an example of a configuration of a

master node 200 that is a communication device operating the secondary system by

using the fransmission power allocated by the above-described communication
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control device 100. With reference to FIG. 7, the master node 200 is provided with
a communication unit 210, a control unit 220, a storage unit 230, and a wireless
communication unit 240,

[o111}

The communication unit 210 operates as a communication interface for
communication between the data server 30 and the communication control device
100 by the master node 200. The communication unit 210, under a control by the
control unit 220, transmits information on the secondary system to the data server 30,
for example, at the start of the secondary usage. Additionally, the communication
unit 210 receives information notified from the data server 30. Moreover, the
comrunication unit 210 transmits and receives a request for power allocation and
acknowledge to and from the communication control device 100. Further, the
communication unit 210 receives the power notification message from the
communication controf device 100 to output the received message to the control unit
220.

[0112]

The control unit 220 corresponds to a processor such as CPU or DSP. The
control unit 220 operates various functions of the master node 200 by executing
programs siored in the storage unit 230 or other storage media. For example, the
control unit 220 suppresses the interference to the primary system at the time of
secondary system operation by cooperating with the communication control device
100 in accordance with the sequence exemplified in FIG. 4. More specifically, the
control unit 220 sets the transmission power within a range of the transmission power
allocated to the master node 200 (or the secondary system operated by the master
node 200), which is notified from the communication control device 100, to the
wireless communication unit 240, The control unit 220 may, for example, distribute
the aliocated transmission power among nodes that participate in the secondary
system.

[0113]
The storage unit 230 uses a storage medium such as a hard disk or

semiconductor memory to store a program and data used for cooperation with the
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communication control device 100 and operation of the secondary system.
[0114]

The wireless communication unit 240 operates as a wireless communication
interface for wireless communication between the master node 200 and the slave
nodes connected with the relevant master node 200. The wireless communication
unit 240 transmits and receives a wireless signal to and from one or more slave nodes
in accordance with IEEE802.22, TEEEB02.11af, or ECMA-392, for example. The
transmission power of the wireless signal transmitted by the wireless communication
unit 240 may be controlled within the above described range of the allocable
transmission power by the control unit 220.

[0115]
<4. Conclusion™>

Up to this point, an embodiment of a technology according to the present
disclosure is explained in detail by using FIG. 1 to FIG. 7. According to the above-
described embodiment, when transmission power is allocated for a secondary system
that secondarily uses a frequency channel protected for a primary system, power
allocation methods are switched between the first group of secondary systems of
which # distance from the primary system is less than a prescribed threshold and the
second group of secondary systems of which the distance from the primary system
exceeds the threshold.  Accordingly, for secondary systems that are located farther
from the primary system, calculation load for power allocation can be suppressed by
employing a simple power allocation method with low computational cost. In
addition, even if the transmission power is allocated with a simple method for the
secondary systems that are located far in the distance and cause only a low level
interference, detrimental effects on the primary system can be prevented.

[0116]

According to the above-described embodiment, the simple power allocation
method may be, for example, a method that does not depend on path loss on a path
from a secondary system to a primary system. In this case, for the secondary
systems that are located farther away, the transmission power to be allocated for the

secondary system can be determined without substantial calculation load.
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Moreover, the simple power allocation method may be a method that does not take
an accumulative interference to the primary system into consideration. In this case,
for the secondary systems that are located farther away, the transmission power can
be easily allocated independently with a calculation for each secondary system.
Furthermore, the simple power allocation method may be a method that does not take
an interference from the secondary system to the primary system between channels
into consideration. In this case, for the secondary systems that are located farther
away, the transmission power can be distributed independently for each frequency
channel.

{0117}

Note that a series of control processes by the respective devices explained in
this description may be achieved by any of software, hardware, and combination of
software and hardware. Programs constituting the software are stored in a storage
medium provided inside or outside each device in advance, for example. Then,
each program is, for example, read into a RAM {(Random Access Memory} when
executed to be executed by a processor such as a CPU (Central Processing Unit).
[0118]

In the above descriptions. preferred embodiments of the present disclosure
are described in detail with reference to the appended drawings, but the technical

cope of the present disclosure is not limited to these examples. It is apparent for

those who have ordinary knowledge in the technical field of the present disclosure to
arrive ideas of various modification examples or correction examples within the
scope of technical ideas described in the claims, and such modification examples and
correction examples are also construed as pertaining to the technical scope of the
present disclosure.
[0119]

Additionally, the present technology may also be configured as below.
(1

A communication control device including

a power allocation unit configured to allocate transmission power for

secondary use of a frequency channel protected for a primary system to a secondary
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system,

wherein the power allocation unit switches power allocation methods
between a first group of secondary systems of which a distance from the primary
system is less than a prescribed threshold and a second group of secondary systems
of which a distance from the primary system exceeds the prescribed threshold.
2

The communication control device according to (1),

wherein a power allocation method selected for the first group is a method
that depends on a path loss regarding each secondary system, and

wherein a power allocation method selected for the second group is a
method that does not depend on a path loss regarding each secondary system.
3

The communication conirol device according to (1),

wherein a power allocation method selected for the first group is a method
that considers accumulative interferences from a plurality of secondary systems to
the primary system, and

wherein a power allocation method selected for the second group is a
method that does not consider accumulative interferences from a plurality of
secondary systerns to the primary system.
(4

The communication control device according to (1),

wherein a power allocation method selected for the first group is a method
that considers both an interference from a secondary system to the primary system on
a same channel and an interference between channels, and

wherein a power allocation method selected for the second group is a
method that does not consider the interference from a secondary system to the
primary system between chanmels.
(5)

The communication control device according to any one of (2) to (4),

wherein the power allocation method selected for the second group is a

method to allocate a fixed value or a value requested from each secondary system as
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a transmission power value to each secondary system.
6

The communication control device according to (3) or {(4),

wherein the power allocation method selected for the second group is a
method fo allocate, to the secondary sysiem, a larger transmission power value as a
path loss from each secondary system io the primary system becomes larger.
(7

The communication contro! device according to (4),

wherein the power allocation method selected for the second group is a
method to distribute transmission power into each secondary system so that an
accumulative interference amount on a same channel from a plurality of secondary
systems to the primary system does not exceed an acceptable interference amount of
the primary system.
(&)

The communication control device according to any one of (2) to (4),

wherein the power allocation method selected for the first group is a method
to distribute transmission power to each secondary system so that a sum of an
accumulative interference amount on a same channel from a plurality of secondary
svstems to the primary system and an accumulative interference amount between
channels does not exceed an acceptable interference amount of the primary system.
€

The communication control device according to (2) or (3},

wherein the power ailocation method selected for the first group is a method
to distribute transmission power into each secondary system so that an accumulative
interference amount on a same channel from a plurality of secondary systems to the
primary svstern does not exceed an acceptable interference amount of the primary
system.
(10)

The communication control device according to (2),

wherein the power allocation method selected for the first group is a method

to allocate, to the secondary system, a larger fransmission power value as a path loss
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from each secondary system to the primary system becomes larger.
(11)

A method for allocating transmission power for secondary use of a
fz‘equenéy channel protected for a primary system to a secondary system, the method
including:

obtaining a distance to the secondary system from the primary system;

allocating transmission power to the secondary system with the first power
allocation method when the obtained distance is less than a prescribed threshold; and

allocating transmission power to the secondary system with the second
power allocation method that requires calculation cost lower than that of the first
power allocation method when the obtained distance exceeds the prescribed
threshold.
(12)

A program for causing a computer of a communication control device to
function as

a power allocation unit to allocate transmission power for secondary use of
a frequency channel protected for a primary system to a secondary system,

wherein the power allocation unit switches power allocation methods
between 2 first group of secondary systems of which a distance from the primary
system is less than a prescribed threshold and a second group of secondary systems

of which a distance from the primary system exceeds the prescribed threshold.

Reference Signs List

[0120]

i communication control system
10 primary transmission station
20 primary reception station

160 communication control device
140 power allocation unit

200 master node of secondary system
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CLAIMS

1. A communication control device comprising

a power allocation unit configured to allocate transmission power for secondary use
of a frequency channel protected for a primary system to a secondary system,

wherein the power allocation unit switches power allocation methods between a first
group of secondary systems of which a distance from the primary system is less than a
prescribed threshold and a second group of secondary systems of which a distance from the
primary system exceeds the prescribed threshold

wherein the power allocation unit is configured to classify a plurality of the

secondary system into a first group including some of the plurality of the secondary system
and a second group including the rest of the plurality of the secondary system, and

wherein after completion of classification into the first and second group of the
secondary systems ,

the power allocation unit is configured to calculate the transmission power
commonly allocated for each secondary system that belongs to the first group of the
secondary systems with a first method, the first method comprising any one of a method
considering path loss, a method considering accumulative interferences or a method
considering interference between channels, and

the power allocation unit is configured to calculate the transmission power
commonly allocated for each secondary system that belongs to the second group of the
secondary systems with a second method, the second method comprising any one of a method
allocating fixed power, a method considering path loss or a method considering accumulative

interferences.

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

has a greater computational cost than the second method.

3. The communication control device according to claim I or 2,

wherein a power allocation method selected for the first group is a method that
depends on a path loss regarding each secondary system, and

wherein a power allocation method selected for the second group is a method that

does not depend on a path loss regarding each secondary system.
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4, The communication control device according to claim 1 or 2,

wherein a power allocation method selected for the first group is a method that
considers accumulative interferences from a plurality of secondary systems to the primary
system, and

wherein a power allocation method selected for the second group is a method that
does not consider accumulative interferences from a plurality of secondary systems to the

primary system.

5. The communication control device according to claim 1 or 2,

wherein a power allocation method selected for the first group is a method that
considers both an interference from a secondary system to the primary system on a same
channel and an interference between channels, and

wherein a power allocation method selected for the second group is a method that
does not consider the interference from a secondary system to the primary system between

channels.

6. The communication control device according to claim 3,
wherein the power allocation method selected for the second group is a method to
allocate a fixed value or a value requested from each secondary system as a transmission

power value to each secondary system.

7. The communication control device according to claim 4,
wherein the power allocation method selected for the second group is a method to
allocate, to the secondary system, a larger transmission power value as a path loss from each

secondary system to the primary system becomes larger.

8 The communication control device according to claim 5,

wherein the power allocation method selected for the second group is a method to
distribute transmission power into each secondary system so that an accumulative interference
amount on a same channel from a plurality of secondary systems to the primary system does

not exceed an acceptable interference amount of the primary system.
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9. The communication control device according to claim 3,

wherein the power allocation method selected for the first group is a method to
distribute transmission power to each secondary system so that a sum of an accumulative
interference amount on a same channel from a plurality of secondary systems to the primary
system and an accumulative interference amount between channels does not exceed an

acceptable interference amount of the primary system.

10. The communication control device according to claim 3,

wherein the power allocation method selected for the first group is a method to
distribute transmission power into each secondary system so that an accumulative interference
amount on a same channel from a plurality of secondary systems to the primary system does

not exceed an acceptable interference amount of the primary system.

11. The communication control device according to claim 3,
wherein the power allocation method selected for the first group is a method to
allocate, to the secondary system, a larger transmission power value as a path loss from each

secondary system to the primary system becomes larger.

12. A method for allocating transmission power for secondary use of a frequency
channel protected for a primary system to a secondary system, the method comprising:

obtaining a distance to the secondary system from the primary system;

allocating transmission power to the secondary system with the first power allocation
method when the obtained distance is less than a prescribed threshold;

allocating transmission power to the secondary system with the second power
allocation method that requires calculation cost lower than that of the first power allocation
method when the obtained distance exceeds the prescribed threshold; and

classifying a plurality of the secondary system into a first group including some of
the plurality of the secondary system and a second group including the rest of the plurality of
the secondary system,

wherein after completion of classification into the first and second group of the
secondary systems ,

the step of allocating transmission power comprises calculating the transmission
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power commonly allocated for each secondary system that belongs to the first group of the
secondary systems with a first method, the first method comprising any one of a method
considering path loss, a method considering accumulative interferences or a method
considering interference between channels, and

the step of allocating transmission power comprises calculating the transmission
power commonly allocated for each secondary system that belongs to the second group of the
secondary systems with a second method, the second method comprising any one of a method
allocating fixed power, a method considering path loss or a method considering accumulative

interferences.

13. The method according to claim 12, wherein the first method has a greater

computational cost than the second method.

14. A program for causing a computer of a communication control device to function as

a power allocation unit to allocate transmission power for secondary use of a
frequency channel protected for a primary system to a secondary system,

wherein the power allocation unit switches power allocation methods between a first
group of secondary systems of which a distance from the primary system is less than a
prescribed threshold and a second group of secondary systems of which a distance from the
primary system exceeds the prescribed threshold;

wherein the power allocation unit is configured to classify a plurality of the
secondary system into a first group including some of the plurality of the secondary system
and a second group including the rest of the plurality of the secondary system, and

wherein after completion of classification into the first and second group of the
secondary systems ,

the step of allocating transmission power comprises calculating the transmission
power commonly allocated for each secondary system that belongs to the first group of the
secondary systems with a first method, the first method comprising any one of a method
considering path loss, a method considering accumulative interferences or a method
considering interference between channels, and

the step of allocating transmission power comprises calculating the transmission
power commonly allocated for each secondary system that belongs to the second group of the

secondary systems with a second method, the second method comprising any one of a method
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allocating fixed power, a method considering path loss or a method considering accumulative

interferences.

15. The program according to claim 14, wherein the first method has a greater

computational cost than the second method.



