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Description 

 

Title of Invention 

COMMUNICATION CONTROL DEVICE, COMMUNICATION CONTROL 

METHOD, AND COMPUTER PROGRAM 5 

 

Technical Field 

[0001] 

 The present disclosure relates to a communication control device, a 

communication control method, and a computer program. 10 

 

Background Art 

[0002] 

 In recent years, various kinds of wireless systems such as a cellular network, 

a wireless local area network (LAN), a TV broadcasting system, a satellite 15 

communication system, and program making special events (PMSE) are in 

widespread use.  To allow each wireless system to normally operate, it is desirable 

that frequency resources to be utilized are managed so that interference does not 

occur among the wireless systems.  This is also similarly desirable among local 

networks included in one wireless system. 20 

[0003] 

 Regarding management of frequency resources, as one measure for 

alleviating depletion of frequency resources in the future, frequency sharing is 

studied.  For example, a mechanism for causing a frequency channel allocated to 

one wireless system to be temporarily utilized by another wireless system is studied.  25 

There is a case where such a mechanism is also referred to as frequency secondary 

utilization.  In general, a system to which a frequency channel has been allocated by 

priority is called a primary system, and a system that secondarily utilizes the 

frequency channel is called a secondary system. 

[0004] 30 

 A number of technologies for appropriately managing frequency resources 



 

2 

have been developed.  For example, the following Patent Literature 1 discloses a 

technology of suppressing a case where communication by base stations becomes a 

cause of interference by frequencies being allocated in accordance with locations of 

the base stations. 

 5 

Citation List 

Patent Literature 

[0005] 

 Patent Literature 1:  JP 5679033B 

 10 

Disclosure of Invention 

Technical Problem 

[0006] 

 In Electronic Communication Commission (ECC) Report 186 which was 

issued in 2013 by the European Conference of Postal and Telecommunications 15 

Administrations (CEPT) and has legislated guidelines of TV White Space (TVWS) 

systems utilizing the geographic unused frequency band of a TV broadcast frequency 

band, as one of the guidelines, a method of calculating maximum allowable 

transmission power of a secondary system is regulated in order to protect a primary 

system against harmful aggregate interference.  However, depending on a 20 

configuration of the secondary system, appropriate maximum allowable transmission 

power may not be calculated in the method regulated in ECC Report 186 in some 

cases. 

[0007] 

 Accordingly, the present disclosure proposes a novel and improved 25 

communication control device, communication control method, and computer 

program capable of calculating maximum allowable transmission power 

appropriately and with a small calculation load. 

 

Solution to Problem 30 

[0008] 
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 According to the present disclosure, there is provided a communication 

control device including: a height difference calculation unit configured to calculate 

a difference between an altitude of a reference point for calculating interference 

power including information regarding a height in a first wireless system and an 

altitude of one wireless communication device in a second wireless system including 5 

a plurality of wireless communication devices sharing a frequency allocated to the 

first wireless system; and a power calculation unit configured to decide maximum 

allowable transmission power of the second wireless system so that an aggregate 

interference level due to communication of an interference source that can occur at 

the reference point satisfies an allowable interference level of the first wireless 10 

system, using one or more of the wireless communication devices for which the 

difference is less than a predetermined value as the interference source. 

[0009] 

 In addition, according to the present disclosure, there is provided a 

communication control method including: calculating a difference between an 15 

altitude of a reference point for calculating interference power including information 

regarding a height in a first wireless system and an altitude of one wireless 

communication device in a second wireless system including a plurality of wireless 

communication devices sharing a frequency allocated to the first wireless system; 

and deciding maximum allowable transmission power of the second wireless system 20 

so that an aggregate interference level due to communication of an interference 

source that can occur at the reference point satisfies an allowable interference level 

of the first wireless system, using one or more of the wireless communication 

devices for which the difference is less than a predetermined value as the interference 

source. 25 

[0010] 

 In addition, according to the present disclosure, there is provided a computer 

program causing a computer to perform: calculating a difference between an altitude 

of a reference point for calculating interference power including information 

regarding a height in a first wireless system and an altitude of one wireless 30 

communication device in a second wireless system including a plurality of wireless 
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communication devices sharing a frequency allocated to the first wireless system; 

and deciding maximum allowable transmission power of the second wireless system 

so that an aggregate interference level due to communication of an interference 

source that can occur at the reference point satisfies an allowable interference level 

of the first wireless system, using one or more of the wireless communication 5 

devices for which the difference is less than a predetermined value as the interference 

source. 

 

Advantageous Effects of Invention 

[0011] 10 

 According to the present disclosure, as described above, it is possible to 

provide a novel and improved communication control device, communication control 

method, and computer program capable of calculating maximum allowable 

transmission power appropriately and with a small calculation load. 

[0012] 15 

 Note that the effects described above are not necessarily limitative.  With 

or in the place of the above effects, there may be achieved any one of the effects 

described in this specification or other effects that may be grasped from this 

specification. 

 20 

Brief Description of Drawings 

[0013] 

[FIG. 1] FIG. 1 is an explanatory diagram illustrating a logical architecture assumed 

according to an embodiment of the present disclosure. 

[FIG. 2] FIG. 2 is an explanatory diagram illustrating a mounting example based on 25 

the logical architecture illustrated in FIG. 1. 

[FIG. 3] FIG. 3 is an explanatory diagram illustrating a mounting example based on 

the logical architecture illustrated in FIG. 1. 

[FIG. 4] FIG. 4 is an explanatory diagram illustrating a mounting example based on 

the logical architecture illustrated in FIG. 1. 30 

[FIG. 5] FIG. 5 is an explanatory diagram illustrating a mounting example based on 
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the logical architecture illustrated in FIG. 1. 

[FIG. 6] FIG. 6 is an explanatory diagram illustrating a configuration example of a 

communication control device according to the embodiment. 

[FIG. 7] FIG. 7 is an explanatory diagram illustrating a difference in interference 

power in accordance with geography of a reference point and a WSD. 5 

[FIG. 8] FIG. 8 is a flowchart illustrating an operation example of a communication 

control device 100 according to the embodiment. 

[FIG. 9] FIG. 9 is an explanatory diagram illustrating an example of a positional 

relation between two spots of the reference point and the WSD. 

[FIG. 10] FIG. 10 is an explanatory diagram illustrating a setting example of height 10 

information in each division in a divided map. 

[FIG. 11] FIG. 11 is an explanatory diagram illustrating an example of a method of 

comparing heights of the WSD and the reference points. 

 

Mode(s) for Carrying Out the Invention 15 

[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 appended drawings, structural elements that have substantially 

the same function and structure are denoted with the same reference numerals, and 20 

repeated explanation of these structural elements is omitted. 

[0015] 

 Note that the description will be made in the following order. 

1. Embodiment of present disclosure 

1.1. Overview 25 

1.2. System model example 

1.3. Configuration example 

1.4. Operation example 

2. Conclusion 

[0016] 30 

<1. Embodiment of present disclosure> 
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[1.1. Overview] 

 Before an embodiment of the present disclosure is described in detail, an 

overview of the embodiment of the present disclosure will be described. 

[0017] 

 In order to protect a primary system, ECC Report 186 regulates three kinds 5 

of interference margin setting methods of calculating maximum allowable 

transmission power of a secondary system.  The three kinds of interference margin 

setting methods are a fixed/predetermined margin method, a flexible margin method, 

and a flexible minimized margin method. 

[0018] 10 

 An object of all three kinds of interference margin methods is to distribute 

an allowable given interference amount to a plurality of wireless communication 

devices so that an allowable interference amount is satisfied. 

[0019] 

 In addition, as one of the guidelines, ECC Report 186 regulates a method of 15 

calculating maximum allowable transmission power of a secondary system in order 

to protect a primary system against harmful aggregate interference.  ECC Report 

186 shows the validity of this through a computer simulation.  In this simulation, 

however, it is assumed that only a master WSD operates, and thus calculation in 

consideration of slave WSDs that are connected to the master WSD to perform 20 

communication is not performed.  In accordance with a calculation method 

regulated in ECC Report 186, it is easy to perform calculation in consideration of the 

slave WSDs.  However, when the slave WSDs are considered, it is conceived that 

the following event occurs. 

[0020] 25 

 In a case in which a fixed margin method is used, consideration of all the 

slave WSDs causes a wider interference margin than necessary to be calculated, and 

thus there is concern of transmission power for allowing all of the master WSD and 

the slave WSDs considerably deteriorating. 

[0021] 30 

 In a case in which a flexible margin method is used, there is concern of 
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transmission power for allowing all of the master WSD and the slave WSDs 

considerably deteriorating as in the case of the fixed margin method even if the 

transmission power does not deteriorate as much as with the fixed margin method. 

[0022] 

 In the case in which a flexible minimized margin method is used, an excess 5 

margin occurring in the fixed margin method or the flexible margin method is 

suppressed and calculation is originally performed so that transmission power 

allowed for the WSDs is the maximum.  In contrast, a calculation amount is very 

large.  In addition, when calculation is performed considering not only the master 

WSD but also the slave WSDs, there is concern of the calculation load increasing to 10 

an extent that is not ignorable. 

[0023] 

 In addition, in the above-described calculation method, positional 

information of the slave WSDs is assumed to be fixed.  In practice, however, not 

only is it conceived that the slave WSDs move, but an operation mode in which 15 

positional information regarding the slave WSDs is not required to be acquired is 

regulated in ETSI EN 301 598.  It is practically difficult to calculate maximum 

allowable transmission power in consideration of the slave WSD operating in that 

operation mode. 

[0024] 20 

 Accordingly, it is necessary to provide a simple maximum allowable 

transmission power calculation method in which a calculation load is small and 

positional information regarding slave WSDs is not necessary on the premise that 

there are slave WSDs capable of operating in the operation mode in which the 

position information is not required to be acquired. 25 

[0025] 

 Thus, in view of the above description, the authors of the present disclosure 

have thoroughly examined a simple maximum allowable transmission power 

calculation method in which a calculation load is small and positional information 

regarding slave WSDs is not necessary.  As a result, as will be described below, the 30 

authors of the present disclosure have devised a technology for calculating maximum 
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allowable transmission power simply and with a small calculation load by 

determining whether a WSD is an interference source on the basis of information 

regarding the WSD and calculating the maximum allowable transmission power on 

the basis of the determination result. 

[0026] 5 

 The overview of the embodiment of the present disclosure has been 

described above.  Next, an embodiment of the present disclosure will be described 

in detail. 

[0027] 

[1.2. System model example] 10 

 First, a system model of the embodiment of the present disclosure will be 

described.  A logical architecture assumed in the embodiment of the present 

disclosure will be described first. 

[0028] 

 FIG. 1 is an explanatory diagram illustrating a logical architecture assumed 15 

according to an embodiment of the present disclosure.  Each function in FIG. 1 will 

be described. 

[0029] 

 A database function is a logical entity that maintains information regarding 

communication devices of a secondary system, information regarding a primary 20 

business system (primary system), and the like and performs information 

management of the communication devices of the secondary system. 

[0030] 

 A geo-location function is a logical entity that performs calculation of 

operation parameters which are recommended for the communication devices of the 25 

secondary system and are required to be obeyed using information regarding 

positions of the communication devices of the secondary system. 

[0031] 

 A device control function is a logical entity that performs conversion to 

mutually understand a message which is notified of by the database function or the 30 

geo-location function or a message of which the database function or the geo-
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location function is notified by a communication device of the secondary system, or 

performs a change or the like of operation parameters of the communication device 

of the secondary system. 

[0032] 

 An interface function is a logical entity equivalent to a communication unit 5 

of each logical entity.  In addition, the communication function is an entity 

equivalent to a communication path between the logical entities. 

[0033] 

 The logical architecture assumed in the embodiment of the present 

disclosure has been described above.  Next, a mounting example based on the 10 

logical architecture that has such a configuration will be described. 

[0034] 

 FIG. 2 is an explanatory diagram illustrating a mounting example based on 

the logical architecture illustrated in FIG. 1.  FIG. 2 illustrates a mounting example 

of a geo-location database (GLDB) and a WSD.  As illustrated in FIG. 2, the GLDB 15 

includes a database function, a geo-location function, and interface functions 

equivalent to communication units of the logical entities.  A communication device 

(white space device: WSD) that performs communication using a frequency of 

television broadcast includes interface functions equivalent to communication units 

of the device control function and the device control function, as illustrated in FIG. 2. 20 

[0035] 

 FIG. 3 is an explanatory diagram illustrating a mounting example based on 

the logical architecture illustrated in FIG. 1.  FIG. 3 illustrates a mounting example 

of a network coexistence technology (IEEE 802.19.1) for a Britain TVWS system.  

As illustrated in FIG. 3, a TVWS database of a third party includes a database 25 

function and a geo-location function, and interface functions equivalent to 

communication units of the logical entities.  A regulatory database includes a 

database function and an interface function equivalent to the communication unit of 

the database function.  The white space device includes a device control function 

and an interface function equivalent to the communication unit of the device control 30 

function. 
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[0036] 

 FIG. 4 is an explanatory diagram illustrating a mounting example based on 

the logical architecture illustrated in FIG. 1.  FIG. 4 illustrates an example in which 

a wireless access point performs control of a stationary device and is equivalent to, 

for example, a relation between a base station and a user terminal of a cellular system.  5 

As illustrated in FIG. 4, the wireless access point includes a database function, a geo-

location function, and interface functions equivalent to communication units of the 

logical entities.  The stationary device includes a device control function and an 

interface function equivalent to a communication unit of the device control function. 

[0037] 10 

 FIG. 5 is an explanatory diagram illustrating a mounting example based on 

the logical architecture illustrated in FIG. 1.  FIG. 5 illustrates an example in which 

a self-distributed wireless access point acquires information from a database installed 

on a network, voluntarily calculates operation parameters of the wireless access point 

on the basis of the acquired information, and sets the operation parameters.  As 15 

illustrated in FIG. 5, the (autonomous) wireless access point includes a device 

function, a geo-location function, and interface functions equivalent to 

communication units of the logical entities.  The database includes a database 

function and an interface function equivalent to a communication unit of the database 

function. 20 

[0038] 

 Four mounting examples have been described above but mounting forms are 

not limited thereto.  Any mounting form may be used as long as a modification or 

an application of the minimum configuration of the logical architecture illustrated in 

FIG. 1 is at least functionally embedded. 25 

[0039] 

 In the following description, an embodiment related to the geo-location 

function will be described.  In addition, in the following description, a frequency 

sharing scenario in a TV frequency band will be assumed.  As described in the 

foregoing embodiment, the present disclosure is actually not limited to the frequency 30 

sharing scenario in the TV frequency band. 
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[0040] 

 The system model according to the embodiment of the present disclosure 

has been described above.  Next, a configuration example of a communication 

control device according to the embodiment of the present disclosure will be 

described. 5 

[0041] 

[1.3. Configuration example] 

 FIG. 6 is an explanatory diagram illustrating a configuration example of the 

communication control device according to the embodiment of the present disclosure.  

Hereinafter, the configuration example of the communication control device 10 

according to the embodiment of the present disclosure will be described with 

reference to FIG. 6. 

[0042] 

 As illustrated in FIG. 6, a communication control device 100 according to 

the embodiment of the present disclosure includes a height difference calculation unit 15 

110 and a power calculation unit 120. 

[0043] 

 The height difference calculation unit 110 calculates a difference between an 

altitude of a reference point for calculating interference power including information 

regarding a height in a primary system and an altitude of a wireless communication 20 

device in a secondary system including a plurality of wireless communication 

devices sharing a frequency allocated to the primary system.  A method in which 

the height difference calculation unit 110 calculates a difference in an altitude will be 

described in detail later. 

[0044] 25 

 The power calculation unit 120 calculates maximum allowable transmission 

power of the secondary system so that an allowable interference level of the primary 

system is satisfied, on the basis of whether the difference in the altitude calculated by 

the height difference calculation unit 110 satisfies a predetermined reference.  

Specifically, the power calculation unit 120 decides the maximum allowable 30 

transmission power of the secondary system so that an aggregate interference level 
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by communication of an interference source that can occur at the reference point 

satisfies an allowable interference level of the primary system, using one or more 

wireless communication devices of the secondary systems for which the difference in 

the altitude calculated by the height difference calculation unit 110 is less than a 

predetermined value as the interference sources. 5 

[0045] 

 The communication control device 100 according to the embodiment of the 

present disclosure can be equivalent to, for example, the geo-location function in the 

logical architecture illustrated in FIG. 1. 

[0046] 10 

 Because the communication control device 100 according to the 

embodiment of the present disclosure has this configuration, it can calculate the 

maximum allowable transmission power simply and with a small calculation load by 

determining whether the WSD is an interference source on the basis of information 

regarding a height of the WSD and calculating the maximum allowable transmission 15 

power on the basis of the determination result. 

[0047] 

 A configuration example of the communication control device according to 

the embodiment of the present disclosure has been described above.  Next, an 

operation example of the communication control device according to the 20 

embodiment of the present disclosure will be described. 

[0048] 

[1.4. Operation example] 

 Before an operation example of the communication control device 

according to the embodiment of the present disclosure is described, a method of 25 

calculating allowable transmission power on the basis of a path loss value calculated 

on the basis of a distance from the position of the reference point will be described as 

a method of calculating allowable transmission power based on positional 

information. 

[0049] 30 

 ECC Report 186 regulates the following calculation expression as a method 
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of performing calculation on the basis of a path loss value calculated on the basis of a 

distance from the position of a reference point.  The left side of the following 

expression is equivalent to a transmission power value of the communication device 

and the right side is equivalent to a calculation value of the maximum allowable 

transmission power of the communication device.  In the expression, mG_dB is a 5 

coupling gain (a path gain value to which an antenna gain or the like is added and a 

path loss value to which an antenna gain or the like is added at −mG_dB) between a 

reference point (the position of a television receiver or a wireless microphone in ECC 

Report 186) and a communication device. 

[0050] 10 

[Math. 1] 

[0051] 

 As methods of calculating IM, three kinds of methods in which aggregate 

interference given from the plurality of WSDs to the primary system satisfies an 15 

allowable value are described.  The three kinds of methods are fixed margin based 

calculation, flexible margin based calculation, and flexible minimized margin based 

calculation. 

[0052] 

 The present disclosure is not limited to these calculation methods.  An 20 

important point when operation parameters of the WSD are calculated so that the 
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aggregate interference given to the primary system by the plurality of WSDs satisfies 

the allowable value is which WSDs are considered for the calculation.  Of course, 

the calculation may be performed in consideration of all the WSDs, but interference 

given to the primary system is ignorable in some cases depending on the positions of 

the WSDs.  Thus, the consideration of the WSDs of which the interference is 5 

ignorable becomes a factor that increases a calculation load of the GLDB.  In 

addition, in accordance with the foregoing calculation method, IM, that is, 

transmission power, is calculated on the basis of the number of WSDs.  Therefore, 

adversely, the transmission power is excessively limited in the WSDs which do not 

contribute to the interference. 10 

[0053] 

 Accordingly, according to the embodiment, there is provided a method of 

calculating appropriate transmission power utilizing height information and 

geography information of a place at which the WSD is located. 

[0054] 15 

 First, properties which are points of the embodiment will be described.  

FIG. 7 is an explanatory diagram illustrating a difference in interference power in 

accordance with geography of a reference point and a WSD.  The reference point 

illustrated in FIG. 7 is, for example, the position of a primary system such as a 

wireless microphone in a frequency sharing scenario. 20 

[0055] 

 In the two examples of FIG. 7, a straight distance between the reference 

point and the WSD is the same, but a height relation differs due to geography.  Thus, 

in the case of the left example in FIG. 7, interference given to the reference point by 

the WSD decreases.  In the case of the right example, however, interference given 25 

to the reference point by the WSD increases.  This is because, in a case in which a 

transmission spot is generally higher than a reception spot, interference easily occurs 

since radio waves have a property of easily flowing downward, and strong 

interference rarely occurs in the reverse case since radio waves have a property of 

not easily flowing upward.  In addition, in a case in which the heights of the 30 

reference point and the WSD differ, there is a high possibility of the partner not 
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being seen due to geography.  In particular, in a case in which a transmission spot is 

lower than a reception point, it is conceived that stronger interference rarely occurs. 

[0056] 

 Accordingly, according to the embodiment, when transmission power 

control is performed in consideration of aggregate interference, a WSD is assumed to 5 

be considered for transmission power control performed in consideration of 

aggregate interference in a case in which it is determined that harmful interference is 

given to the reference point by the WSD due to geography and each ground height 

(altitude) in a positional relation between the reference point and the WSD.  In a 

case in which it is determined that the harmful interference is not given to the 10 

reference point by the WSD, the WSD is assumed not to be considered for the 

transmission power control performed in consideration of the aggregate interference. 

[0057] 

 A specific operation example of the communication control device 100 

according to the embodiment of the present disclosure will be described. 15 

[0058] 

(1) Example of determination by comparing heights of two spots 

 First, an example of determination by simply comparing heights of two 

spots of the reference point and the WSD will be described.  As described above, in 

a case in which a transmission spot is generally higher than a reception spot, 20 

interference easily occurs since radio waves have a property of easily flowing 

downward, and strong interference rarely occurs in the reverse case since radio 

waves have a property of not easily flowing upward.  Accordingly, the 

communication control device 100 may determines whether the WSD is considered 

for the transmission power control performed in consideration of the aggregate 25 

interference by, for example, the following expression.  In the following expression, 

h is any margin value. 

[0059] 

[Math. 2] 
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[0060] 

 FIG. 8 is a flowchart illustrating an operation example of a communication 

control device 100 according to the embodiment of the present disclosure.  FIG. 8 

illustrates an operation example of the communication control device 100 when it is 5 

determined whether or not harmful interference is given to the reference point by the 

WSD by comparing the heights of the two spots of the reference point and the WSD, 

and then the transmission power control is performed.  Hereinafter, an operation 

example of the communication control device 100 according to the embodiment of 

the present disclosure will be described with reference to FIG. 8. 10 

[0061] 

 When the transmission power control is performed, the communication 

control device 100 first collects height information (altitude) of the WSD (step S101) 

and subsequently collects height information (altitude) of the reference point (step 

S102).  The collection of the height information in steps S101 and S102 is 15 

performed by, for example, the height difference calculation unit 110.  Note that the 

execution order of steps S101 and S102 may be reverse. 

[0062] 

 Note that the height information of the WSD may be notified of by the WSD 

or information stored in the database function may be used.  For the reference point 20 

of the transmission power calculation, the height information may be acquired from 

the regulatory database when the reference point is a wireless microphone or the like.  

In addition, when a specific position is designated as the reference point, the specific 

position may be used. 

[0063] 25 

 When the height information of the WSD and the reference point is 
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collected, the communication control device 100 subsequently determines whether 

the WSD of which the height information is collected in step S101 is considered for 

the transmission power control on the basis of the collected height information (step 

S103).  This determination may be performed by the power calculation unit 120 on 

the basis of a difference between the altitudes of the WSD and the reference point 5 

calculated by the height difference calculation unit 110 or may be performed by the 

height difference calculation unit 110 on the basis of the difference between the 

altitudes of the WSD and the reference point calculated by the height difference 

calculation unit 110. 

[0064] 10 

 The communication control device 100 uses the above-described 

determination expression at the time of the determination of step S103.  In a case in 

which it is determined as the result of the determination of step S103 that the WSD 

of which the height information is collected in step S101 is considered for the 

transmission power control (Yes in step S103), the communication control device 15 

100 sends information regarding the WSD to the power calculation unit 120 (for 

example, the geo-location function) (step S104).  In a case in which it is determined 

as the result of the determination of step S103 that the WSD of which the height 

information is collected in step S101 is not considered for the transmission power 

control (No in step S103), the communication control device 100 skips the process of 20 

step S104. 

[0065] 

 Regardless of whether the WSD of which the height information is collected 

is considered for the transmission power control, the power calculation unit 120 

calculates the maximum allowable transmission power of the secondary system at 25 

any timing (step S105).  Then, the communication control device 100 notifies all 

the WSDs which are targets of the transmission power control of a calculation result 

(step S106).  The calculation result may be notified of in accordance with any 

method.  In addition, the communication control device 100 may notify of 

information regarding the transmission power itself or may notify of information 30 

obtained by processing the information regarding the transmission power. 
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[0066] 

 The communication control device 100 according to the embodiment of the 

present disclosure can determine whether the WSD is an interference source on the 

basis of the height information of the WSD by performing the above-described series 

of operations and can calculate the maximum allowable transmission power simply 5 

and with a small calculation load by calculating the maximum allowable 

transmission power on the basis of the determination result. 

[0067] 

 Next, an application example of the example in which the determination is 

performed by comparing the heights of two spots will be described.  ETSI EN 301 10 

598 regulates an operation mode in which a slave WSD connected to a master WSD 

to perform communication can operate without including a positioning function as in 

Global Navigation Satellite System (GNSS) (which is called a generic operation).  

Accordingly, it is considerably difficult to perform the transmission power control 

performed in consideration of aggregate interference in addition to the slave WSD of 15 

the generic operation. 

[0068] 

 Accordingly, in the embodiment, the transmission power control performed 

in consideration of the aggregate interference is enabled in addition the slave WSD 

of the generic operation in accordance with the following methods. 20 

[0069] 

 A first method is a method of causing the geo-location function to recognize 

the number of slave WSDs (the number of slave WSDs per master WSD).  This 

may be performed in any way.  For example, the master WSD may count the 

number of serving slave WSDs and notify the geo-location function of the number of 25 

counted slave WSDs.  Alternatively, for example, when information regarding the 

slave WSDs is recorded in the database function, the master WSD may count the 

number of slave WSDs on the basis of the information.  In addition, the number of 

slave WSDs may be counted for each frequency channel.  In addition, for example, 

in a case in which a channel different from a frequency channel at which aggregate 30 

interference can occur is used at the reference point, the master WSD may set a 
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coefficient in accordance with a separation width of the channel and set a number 

processed in accordance with the coefficient as the number of slave WSDs.  That is, 

the number of slave WSDs may be any number by which contribution to the 

calculation of the interference is possible.  Then, the communication control device 

100 uses the number of finally recognized slave WSDs for the transmission power 5 

control performed in consideration of the aggregate interference.  At this time, the 

transmission power control is the fixed margin method or the flexible margin method. 

[0070] 

 A second method is a method of determining whether a slave WSD is 

considered for the aggregate interference in accordance with the altitude of the 10 

serving maser WSD.  It is conceived that most of the slave WSD are near the 

serving master WSD.  Therefore, when there is information regarding the altitude of 

the master WSD, this information can be used although positional information or 

height information of the slave WSDs may not acquired.  In a case in which this 

method is adopted, the above-described determination expression is modified as 15 

follows. 

[0071] 

[Math. 3] 

[0072] 20 

 By changing the determination expression in this way, the communication 

control device 100 can also consider the slave WSDs served by the maser WSD for 

the transmission power control when the master WSD satisfies a condition even 

when slave WSD may not acquire the positional information or the height 
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information. 

[0073] 

(2) Example of determination in consideration of geography in section binding two 

points 

 The example in which it is determined whether the WSD is considered for 5 

the transmission power control by comparing the heights of two spots of the 

reference point and the WSD has been described, but a case which is not effective in 

the method is also conceivable. 

[0074] 

 FIG. 9 is an explanatory diagram illustrating an example of a positional 10 

relation between two spots of the reference point and the WSD.  As in the example 

illustrated in FIG. 9, a case in which a small hill is between the reference point and 

the WSD is conceived.  In a method of comparing the heights of the two spots of 

the reference point and the WSD, the WSD illustrated in FIG. 9 can be an 

interference source at the reference point.  Actually, however, since a small hill is 15 

between the reference point and the WSD, the reference point may not be seen from 

a place at which the WSD is located.  Therefore, in the method of comparing the 

heights of the two spots of the reference point and the WSD, the WSD for which 

there is a considerably small possibility of being actually an interference source may 

be considered for the transmission power control. 20 

[0075] 

 On the other hand, from the viewpoint of a calculation load or the like, it is 

not practical to completely ascertain the geography of a path between the WSD and 

the reference point and determine the transmission power control.  Accordingly, the 

communication control device 100 according to the embodiment approximately 25 

ascertains the path between the WSD and the reference point as follows. 

[0076] 

 For example, the communication control device 100 voluntarily divides a 

map into divisions.  A division method is not limited to a specific pattern.  For 

example, in Britain, the communication control device 100 may use Ordnance 30 

Survey National Grid (OSNG).  In addition, for example, the communication 
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control device 100 may use a division unit such as an address decided in advance 

administratively. 

[0077] 

 The communication control device 100 sets height information for each 

division when the map is divided into any division.  The height information may be 5 

any of an average value, a maximum value, and a minimum value of altitudes in each 

division.  In this case, the height information is preferably the maximum value of 

the altitude in each division.  In a case in which there is a construction such as a 

building in each division, the communication control device 100 may set the height 

information using the height of the construction.  Note that when there is 10 

information regarding heights decided in advance administratively, the 

communication control device 100 may set the height information using the 

information.  In addition, when there is reliable data opened by any organization 

regardless of being public or private, the communication control device 100 may set 

the height information using the information.  In addition, in a case in which clutter 15 

data can be used, as in UK Planning Model (see 

http://downloads.bbc.co.uk/rd/pubs/whp/whp-pdf-files/WHP048.pdf), the 

communication control device 100 may consider a reference height decided for each 

cluster class. 

[0078] 20 

 FIG. 10 is an explanatory diagram illustrating a setting example of height 

information in each division in a divided map. 

[0079] 

 In addition, the communication control device 100 maps each of the WSD 

and the reference point to the divided map and acquires height information set in the 25 

division.  Further, the communication control device 100 acquires height 

information in the division which is between the WSD and the reference point. 

[0080] 

 In this way, when the communication control device 100 acquires height 

information set in the divisions in which the WSD and the reference point are each 30 

located and height information in the division which is between the WSD and the 
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reference point, the communication control device 100 determines whether the WSD 

is an interference source on the basis of the height information. 

[0081] 

 For example, when the height of the division which is between the WSD 

and the reference point is higher than the height of one of the WSD and the reference 5 

point by any value or more, the communication control device 100 does not consider 

the WSD for the transmission power control and considers the WSD otherwise. 

[0082] 

 In addition, the height of the division which is between the WSD and the 

reference point is higher than the height of one of the WSD and the reference point 10 

by any value or less, but when a straight distance is any value or more, the 

communication control device 100 does not consider the WSD for the transmission 

power control and considers the WSD otherwise. 

[0083] 

 FIG. 11 is an explanatory diagram illustrating an example of a method of 15 

comparing heights of the WSD and the reference points.  For example, in a case in 

which the reference point and the WSD are located as in FIG. 11, the communication 

control device 100 acquires height information of divisions indicated by reference 

numerals r11 and r12 in FIG. 11.  Then, when the heights of the divisions indicated 

by reference numerals r11 and r12 are higher than the height of one of the WSD and 20 

the reference point by any value or more, the communication control device 100 does 

not consider the WSD for the transmission power control and considers the WSD 

otherwise.  In addition, the heights of the divisions indicated by reference numerals 

r11 and r12 are equal to r less than the height of one of the WSD and the reference 

point by any value or less, but when a straight distance is any value or more, the 25 

communication control device 100 does not consider the WSD for the transmission 

power control and considers the WSD otherwise. 

[0084] 

 In the case of the example illustrated in FIG. 11, the communication control 

device 100 passes over the plurality of divisions to be considered.  In this case, the 30 

communication control device 100 may perform determination with reference to only 
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the height of any one division and may refer to the heights of all the divisions to be 

considered.  In a case in which the communication control device 100 performs the 

determination with reference only the height of any one division, the communication 

control device 100 may select the highest height in all the divisions to be considered. 

[0085] 5 

<2. Conclusion> 

 According to the embodiment of the present disclosure, as described above, 

there is provided the communication control device 100 that performs the 

transmission power control of the WSDs using the altitude of the WSD and the 

altitude of the reference point.  The communication control device 100 according to 10 

the embodiment of the present disclosure can calculate the maximum allowable 

transmission power simply and with a small calculation load by performing the 

transmission power control of the WSDs using the altitude of the WSD and the 

altitude of the reference point. 

[0086] 15 

 A computer program for causing hardware such as a CPU, a ROM, and a 

RAM that is incorporated in each apparatus, to execute a function equivalent to the 

above-described configuration of each apparatus can also be created.  In addition, a 

storage medium storing the computer program can also be provided.  In addition, by 

forming each functional block illustrated in a functional block diagram, by hardware 20 

or a hardware circuit, a series of processes can also be implemented by hardware or a 

hardware circuit. 

[0087] 

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

described above with reference to the accompanying drawings, whilst the present 25 

disclosure is not limited to the above examples.  A person skilled in the art may find 

various alterations and modifications within the scope of the appended claims, and it 

should be understood that they will naturally come under the technical scope of the 

present disclosure. 

[0088] 30 

 Further, the effects described in this specification are merely illustrative or 
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exemplified effects, and are not limitative.  That is, with or in the place of the above 

effects, the technology according to the present disclosure may achieve other effects 

that are clear to those skilled in the art from the description of this specification. 

[0089] 

 Additionally, the present technology may also be configured as below. 5 

(1) 

 A communication control device including: 

 a height difference calculation unit configured to calculate a difference 

between an altitude of a reference point for calculating interference power including 

information regarding a height in a first wireless system and an altitude of one 10 

wireless communication device in a second wireless system including a plurality of 

wireless communication devices sharing a frequency allocated to the first wireless 

system; and 

 a power calculation unit configured to decide maximum allowable 

transmission power of the second wireless system so that an aggregate interference 15 

level due to communication of an interference source that can occur at the reference 

point satisfies an allowable interference level of the first wireless system, using one 

or more of the wireless communication devices for which the difference is less than a 

predetermined value as the interference source. 

(2) 20 

 The communication control device according to (1), in which the second 

wireless system includes a master wireless communication device and a slave 

wireless communication device connected to the master wireless communication 

device. 

(3) 25 

 The communication control device according to (2), in which the height 

difference calculation unit calculates a difference between the altitude of the 

reference point and an altitude of the master wireless communication device. 

(4) 

 The communication control device according to (3), in which the power 30 

calculation unit sets the master wireless communication device and the slave wireless 
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communication device as interference sources in a case in which the difference is 

less than a predetermined value. 

(5) 

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

 in which the height difference calculation unit calculates a difference 5 

between a first altitude and a second altitude of a first geographic region and a 

second geographic region, respectively, in which one of the wireless communication 

devices is located, and 

 the power calculation unit sets the wireless communication device for which 

the difference is less than a predetermined value as an interference source. 10 

(6) 

 The communication control device according to (5), in which the power 

calculation unit further determines whether to set the wireless communication device 

for which the difference is less than a predetermined value as the interference source, 

using information regarding an altitude of a geographic region between the first 15 

geographic region and the second geographic region. 

(7) 

 The communication control device according to (5), in which the power 

calculation unit further determines whether to set the wireless communication device 

for which the difference is less than a predetermined value as the interference source, 20 

using information regarding a distance between the reference point and one of the 

wireless communication devices. 

(8) 

 A communication control method including: 

 calculating a difference between an altitude of a reference point for 25 

calculating interference power including information regarding a height in a first 

wireless system and an altitude of one wireless communication device in a second 

wireless system including a plurality of wireless communication devices sharing a 

frequency allocated to the first wireless system; and 

 deciding maximum allowable transmission power of the second wireless 30 

system so that an aggregate interference level due to communication of an 
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interference source that can occur at the reference point satisfies an allowable 

interference level of the first wireless system, using one or more of the wireless 

communication devices for which the difference is less than a predetermined value as 

the interference source. 

(9) 5 

 A computer program causing a computer to perform: 

 calculating a difference between an altitude of a reference point for 

calculating interference power including information regarding a height in a first 

wireless system and an altitude of one wireless communication device in a second 

wireless system including a plurality of wireless communication devices sharing a 10 

frequency allocated to the first wireless system; and 

 deciding maximum allowable transmission power of the second wireless 

system so that an aggregate interference level due to communication of an 

interference source that can occur at the reference point satisfies an allowable 

interference level of the first wireless system, using one or more of the wireless 15 

communication devices for which the difference is less than a predetermined value as 

the interference source. 

 

Reference Signs List 

[0090] 20 

100 communication control device 
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CLAIMS 

Claim 1 

 A communication control device comprising: 

 a height difference calculation unit configured to calculate a difference 

between an altitude of a reference point for calculating interference power including 5 

information regarding a height in a first wireless system and an altitude of one 

wireless communication device in a second wireless system including a plurality of 

wireless communication devices sharing a frequency allocated to the first wireless 

system; and 

 a power calculation unit configured to decide maximum allowable 10 

transmission power of the second wireless system so that an aggregate interference 

level due to communication of an interference source that can occur at the reference 

point satisfies an allowable interference level of the first wireless system, using one 

or more of the wireless communication devices for which the difference is less than a 

predetermined value as the interference source. 15 

 

Claim 2 

 The communication control device according to claim 1, wherein the second 

wireless system includes a master wireless communication device and a slave 

wireless communication device connected to the master wireless communication 20 

device. 

 

Claim 3 

 The communication control device according to claim 2, wherein the height 

difference calculation unit calculates a difference between the altitude of the 25 

reference point and an altitude of the master wireless communication device. 

 

Claim 4 

 The communication control device according to claim 3, wherein the power 

calculation unit sets the master wireless communication device and the slave wireless 30 

communication device as interference sources in a case in which the difference is 
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less than a predetermined value. 

 

Claim 5 

 The communication control device according to claim 1, 

 wherein the height difference calculation unit calculates a difference 5 

between a first altitude and a second altitude of a first geographic region and a 

second geographic region, respectively, in which one of the wireless communication 

devices is located, and 

 the power calculation unit sets the wireless communication device for which 

the difference is less than a predetermined value as an interference source. 10 

 

Claim 6 

 The communication control device according to claim 5, wherein the power 

calculation unit further determines whether to set the wireless communication device 

for which the difference is less than a predetermined value as the interference source, 15 

using information regarding an altitude of a geographic region between the first 

geographic region and the second geographic region. 

 

Claim 7 

 The communication control device according to claim 5, wherein the power 20 

calculation unit further determines whether to set the wireless communication device 

for which the difference is less than a predetermined value as the interference source, 

using information regarding a distance between the reference point and one of the 

wireless communication devices. 

 25 

Claim 8 

 A communication control method comprising: 

 calculating a difference between an altitude of a reference point for 

calculating interference power including information regarding a height in a first 

wireless system and an altitude of one wireless communication device in a second 30 

wireless system including a plurality of wireless communication devices sharing a 
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frequency allocated to the first wireless system; and 

 deciding maximum allowable transmission power of the second wireless 

system so that an aggregate interference level due to communication of an 

interference source that can occur at the reference point satisfies an allowable 

interference level of the first wireless system, using one or more of the wireless 5 

communication devices for which the difference is less than a predetermined value as 

the interference source. 

 

Claim 9 

 A computer program causing a computer to perform: 10 

 calculating a difference between an altitude of a reference point for 

calculating interference power including information regarding a height in a first 

wireless system and an altitude of one wireless communication device in a second 

wireless system including a plurality of wireless communication devices sharing a 

frequency allocated to the first wireless system; and 15 

 deciding maximum allowable transmission power of the second wireless 

system so that an aggregate interference level due to communication of an 

interference source that can occur at the reference point satisfies an allowable 

interference level of the first wireless system, using one or more of the wireless 

communication devices for which the difference is less than a predetermined value as 20 

the interference source. 


