
COMMUNICATION DEVICE AND COMMUNICATION CONTROL METHOD 

TECHNICAL FIELD 

[0001] The present invention relates to a communication device which is a terminal 

5 configured to operate under a television white space (TVWS) environment and to a 

communication control method thereof, and particularly relates to a communication device 

and a communication control method thereof which are suitable for improving use 

efficiency of frequency bands. 

10 BACKGROUND ART 

[0002} There have been studied wireless communication standards using the same 

frequency band as a television broadcast being a licensed business but can be operated 

without such a license. In these standards, a television broadcaster is a primary user, and 

only when the licensed frequency band of the primary user is not used, a secondary user is 

15 allowed to operate wireless communication in this frequency band (unused licensed 

frequency band = white space). 

[0003] A communication device of the secondary user used under such an environment 

makes an inquiry about TV channels to, for example, a dedicated database so as to confirm 

that no TV signal exists. Specifically, current positional information of the communication 

20 device is sent to the database, and a list of usable (effective) frequency bands at this 

position is obtained from the database. Then, a frequency band to be used is selected from 

among the frequency bands in the list, and an operation of wireless communication as the 

secondary user is carried out. 

f 0004] As a mode of frequency band use by such a secondary user, it is conceivable that 

25 the communication is performed over a broadband by simultaneously using a plurality of 

frequency bands (channels) which are consecutive. By this mode, great advantages can be 

obtained such as performing a communication that is faster or has a very low error rate by 

giving redundancy. Specifications required by individual communications vary, and thus 
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if such an application is possible, the utility value as a communication system increases. 

[0005J On the other hand, when such an operation is considered, it is possible that 

problems occur in securing a plurality of frequency bands consecutive. Specifically, it is 

highly possible that many of the individual communications are a communication which 

5 only needs a single frequency band, and if frequency bands are allocated for these 

communications without planning, probability that a plurality of necessary frequency 

bands consecutive can be secured between allocated frequency bands becomes low. That 

is, it is possible that the lineup of available frequency bands fragments disorderly. 

PRIOR ART DOCUMENT 

NON-PATENT DOCUMENT 

[0006] Non-patent Document 1: IEEE802.11 af Task Group, 

h ttp: /fm en tor. i eee. org/802.11/ 

Non-patent Document 2: IEEE802.19.1 Task Group, 

http://mentor.ieee.org/802.802.19/documents 

Non-patent Document 3: Federal Communications Commission, Unlicensed 

Operation in the TV Broadcast Bands, Second Memorandum Opinion and Order, FCC, 10-

17-4, Sept. 23,2010. 

Non-patent Document 4: Ofcom, Digital Dividend: Cognitive Access, Consultation 

on License Exempting Cognitive Devices using Interleaved Spectrum, July 2009. 

SUMMARY OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0007] It is an object of the present invention to provide a communication device which 

25 is a terminal configured to operate under a television white space environment and a 

communication control method thereof, the communication device and the communication 

control method thereof being capable of allowing use of a plurality of frequency bands 

consecutive as a broadband and, in this case, improving use efficiency of frequency bands. 
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MEANS FOR SOLVING THE PROBLEMS 

[0008] In order to solve the above problems, a communication device as one aspect of 

the present invention is a communication device having a communication function unit, the 

communication device including: a storing unit configured to store and retain an available 

5 frequency band information list indicating available frequency bands such that the 

available frequency bands listed in the list are categorized into frequency band groups, 

each of the groups can be seen as a series of consecutive frequency bands, and a number of 

frequency bands included in each of the frequency band groups is given to each of the 

frequency band groups as a frequency band number width; a determining unit configured 

10 to, based on specifications of a communication to be performed, determine a number of 

frequency bands according to a bandwidth necessary for the communication as a necessary 

frequency band number; a first selecting unit configured to select one frequency band 

group from among the frequency band groups whose frequency band number width match 

the necessary frequency band number listed in the available frequency band information 

15 list, as a first-type use frequency band group being a frequency band group to be used; a 

second selecting unit configured to, when any of the frequency band number width of the 

each of the frequency band groups in the available frequency band information list does 

not match the necessary frequency band number, select one frequency band group from 

among the frequency band groups whose frequency band number width are larger than and 

20 next close to the necessary frequency band number listed in the available frequency band 

information list, as a frequency band group containing a frequency band to be used; a third 

selecting unit configured to select a series of consecutive frequency bands corresponding to 

the necessary frequency band number from among the frequency band group containing 

the frequency band to be used as a second-type use frequency band group; and a 

25 controlling unit configured to control the communication function unit so as to perform the 

communication using the first-type use frequency band group or the second-type use 

frequency band group. 

|0009j This communication device can store and retain an available frequency band 



information list indicating available frequency bands such that available frequency bands 

listed in die available frequency band information list are categorized into frequency band 

groups, each of which can be seen as a series of consecutive frequency bands, and a 

number of frequency bands included in each of the frequency band groups is given to each 

5 of the frequency band groups as a frequency band number width. Then, based on 

specifications of a communication to be performed, a number of frequency bands 

according to a bandwidth necessary for the communication is determined as a necessary 

frequency band number. 

[0010] Next, this communication device selects one frequency band group from among 

10 the frequency band groups whose frequency band number width match the necessary 

frequency band number listed in the available frequency band information list, as a use 

frequency band group (first-type use frequency band group) which is a frequency band 

group to be used. Thus, it becomes a planned and economical allocation of frequency 

bands. That is, this use frequency band group has a frequency band number width 

15 matching the necessary frequency band number, and meanwhile is seen as a series of 

consecutive frequency bands among the available frequency bands, and does not affect 

other series of consecutive use frequency bands. Therefore, in the other frequency bands, 

independently they can be usable without getting any adverse effects. 

[0011] Note that when any of the frequency band number width of the each of the 

20 frequency band groups in the available frequency band information list does not match the 

necessary frequency band number, one frequency band group is selected from among 

frequency band groups whose frequency band number width are larger than and next close 

to the necessary frequency band number listed in the available frequency band information 

list, as a frequency band group containing a frequency band to be used. Then, a series of 

25 consecutive frequency bands corresponding to the necessary frequency band number is 

selected from among the frequency band group to be used as a second-type use frequency 

band group. In this case, a selection of the second best frequency bands is made, but it still 

does not affect other series of consecutive frequency bands. Therefore, in this frequency 



band, use of a separate frequency band is possible without any adverse effects. 

[0012] Further, a communication control method as another aspect of the present 

invention is a communication control method in a communication device having a 

communication function unit, the communication control method including: storing and 

5 retaining an available frequency band information list indicating available frequency bands 

such that the available frequency bands listed in the list are categorized into frequency 

band groups, each of the groups can be seen as a series of consecutive frequency bands, 

and a number of frequency bands included in each of the frequency band groups is given to 

each of the frequency band groups as a frequency band number width; determining, based 

10 on specifications of a communication to be performed, a number of frequency bands 

according to a bandwidth necessary for the communication as a necessary frequency band 

number; selecting one frequency band group from among the frequency band groups 

whose frequency band number width match the necessary frequency band number listed in 

the available frequency band information list, as a first-type use frequency band group 

15 being a frequency band group to be used; selecting, when any of the frequency band 

number width of the each of the frequency band groups in the available frequency band 

information list does not match the necessary frequency band number, one frequency band 

group from among the frequency band groups whose frequency band number width are 

larger than and next close to the necessary frequency band number listed in the available 

20 frequency band information list, as a frequency band group containing a frequency band to 

be used; selecting a series of consecutive frequency bands corresponding to the 

necessary frequency band number from among the frequency band group containing the 

frequency band to be used as a second-type use frequency band group; and controlling the 

communication function unit so as to perform the communication using the first-type use 

25 frequency band group or the second-type use frequency band group. 

[0013] This communication control method is a control method complying with the 

above-described communication device. 

[0014] Further, a communication device as a still another aspect of the present invention 



is a communication device having a communication function unit, the communication 

device including: a specifying unit configured to specify a geographical position where an 

own device exists; a determining unit configured to, based on specifications of a 

communication to be performed, determine a number of frequency bands according to a 

5 bandwidth necessary for the communication as a necessary frequency band number; a 

transmitting unit configured to transmit the geographical position and the necessary 

frequency band number to a database; a receiving unit configured to receive a list sent 

from the database as information according to the geographical position and the necessary 

frequency band number, the list indicating one or more frequency band groups constituted 

10 of a series of consecutive available frequency bands whose series number matches the 

necessary frequency band number or is larger than the necessary frequency band number; a 

first selecting unit configured to select one frequency band group from among the 

frequency band groups whose series number matches the necessary frequency band 

number listed in the list, as a first-type use frequency band group being a frequency band 

15 group to be used; a second selecting unit configured to, when any of the series number of 

each of the frequency band groups in the list does not match the necessary frequency band 

number, select one frequency band group from among the frequency band groups whose 

series number are larger than the necessary frequency band number listed in the list, as a 

frequency band group containing a frequency band to be used; a third selecting unit 

20 configured to select a series of consecutive frequency bands corresponding to the necessary 

frequency band number from among the frequency band group containing the frequency 

band to be used as a second-type use frequency band group; and a controlling unit 

configured to control the communication function unit so as to perform the communication 

using the first-type use frequency band group or the second-type use frequency band 

25 group. 

[0015] This communication device can determine, based on specifications of a 

communication to be performed, a number of frequency bands according to a bandwidth 

necessary for the communication as a necessary frequency band number, and can transmit 



ail inquiry including the geographical position of the device and the necessary frequency 

band number to a database. From the database, a list indicating one or more frequency 

band groups constituted of a series of consecutive available frequency bands whose series 

number matches the necessary frequency band number or is larger than the necessary 

frequency band number is obtained. 

[0016] Next, this communication device selects one frequency band group from among 

the frequency band groups whose series number match the necessary frequency band 

number listed in the list, as a frequency band group (first-type use frequency band group) 

which is to be used. Thus, planned and economical use of frequency bands can be 

performed. That is, a premise that this first-type use frequency band group has a frequency 

band number width matching the necessary frequency band number, and meanwhile is 

seen by a database as a series of consecutive frequency bands among the available 

frequency bands, can be assumed. In this case, the above-described selection does not 

affect other series of consecutive frequency bands. Therefore, in this frequency band, use 

of a separate frequency band is possible without any adverse effects. 

[0017] Note that when any of the series number of each of the frequency band groups in 

the list does not match the necessary frequency band number, one frequency band group is 

selected from among the frequency band groups whose series number are larger than the 

necessary frequency band number listed in the list, as a frequency band group containing a 

frequency band to be used. Then, a series of consecutive frequency bands corresponding 

to the necessary frequency band number is selected from among the frequency band group 

containing the frequency band to be used as a second-type use frequency band group. In 

this case, a selection of the second best frequency bands is made, but the selection of them 

still does not affect other series of consecutive frequency bands. Therefore, in the other 

frequency bands, independently they can be usable without getting any adverse effects. 

EFFECT OF THE INVENTION 

[0018] According to the present invention, it is possible to provide a communication 

device which is a terminal configured to operate under a television white space 
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environment and a communication conlroJ method thereof, the communication device and 

the communication control method thereof being capable of allowing use of a plurality of 

frequency bands consecutive as a broadband and, in this case, improving use efficiency of 

frequency bands,. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a functional block diagram illustrating a configuration of a 

communication device as one embodiment of the present invention. 

FIG. 2 is an explanatory diagram illustrating an example of an available frequency band 

10 information list stored and retained first by an available frequency band information list 

storage and retention unit 13 illustrated in FIG. 1. 

FIG. 3 is an explanatory diagram illustrating an example of the available frequency band 

information list stored and retained next by the available frequency band information list 

storage and retention unit 13 illustrated in FIG. 1. 

15 FIG. 4 is an explanatory diagram illustrating candidates for frequency band groups which 

can be selected by a use frequency band group selecting unit 16 illustrated in FIG. 1 

according to the necessary frequency band number. 

FIG. 5 is a functional block diagram illustrating a configuration of a communication device 

which is another embodiment of the present invention. 

20 FIG. 6 is a functional block diagram illustrating a configuration of a communication device 

which is still another embodiment of the present invention. 

FIG. 7A is an explanatory diagram illustrating candidates for frequency band groups which 

can be selected by a use frequency band group selecting unit 16A illustrated in FIG. 6. 

FIG. 7B is an explanatory diagram illustrating candidates for frequency band groups which 

25 can be selected by the use frequency band group selecting unit 16A illustrated in FIG. 6. 

FIG. 7C is an explanatory diagram illustrating candidates for frequency band groups which 

can be selected by the use frequency band group selecting unit 16A illustrated in FIG. 6. 

FIG. 7D is an explanatory diagram illustrating candidates for frequency band groups which 

8 



can be selected by the use frequency band group selecting unit 16A illustrated in FIG. 6. 

FIG. 7E is an explanatory diagram illustrating candidates for frequency band groups which 

can be selected by the use frequency band group selecting unit 16A illustrated in FIG. 6. 

5 MODES FOR CARRYING OUT THE INVENTION 

[0020] As a mode of the present invention, there can be further included: a specifying 

unit configured to specify a geographical position where an own device exists; a 

transmitting unit configured to transmit the geographical position to a database; a receiving 

unit configured to receive a second-type available frequency band information list sent 

10 from the database as information according to the geographical position before the 

available frequency band information list is stored and retained, the second-type available 

frequency band information list indicating the available frequency bands with a form not 

being categorized into the frequency band groups and not being given the frequency band 

number width, to form part of the available frequency band information list; a categorizing 

15 unit configured to, by checking a disposition of the available frequency bands listed in the 

second-type available frequency band information list, categorize each of the available 

frequency bands into second-type frequency band groups, each of the groups can be seen 

as a series of consecutive frequency bands, so as to obtain the frequency band groups; and 

a giving unit configured to give to each of the second-type frequency band groups a 

20 number of frequency bands included in the each of the second-type frequency band groups, 

the number corresponding to the frequency band number width. 

[0021] In this mode, the geographical position of the device is sent to the database for 

inquiry, and from the database there is obtained an available frequency band information 

list (second-type available frequency information list) which indicates the available 

25 frequency bands with a form not being categorized into the frequency band groups and not 

being given the frequency band number width. Then, in this communication device, a 

disposition of the available frequency bands listed in the second-type available frequency 

band information list is checked and each of the available frequency bands is categorized 



into second-type frequency band groups, each of which can be seen as a series of 

consecutive frequency bands. The second-type frequency band groups can be treated as 

frequency band groups for storage and retention. Moreover, to each of the second-type 

frequency band groups a number of frequency bands included in the second-type frequency 

5 band group is given in a manner that it corresponds to the frequency band number width 

for storage and retention. 

[0022] That is, this mode is to perform, in the communication device, categorizing into 

the frequency band groups for the available frequency band information list, and counting 

the frequency band number widths and giving width information to these groups, in order 

10 to reduce a load on the database as much as possible. 

[0023] Further, as a mode, there can be further included: a specifying unit configured to 

specify a geographical position where an own device exists; a transmitting unit configured 

to transmit the geographical position to a database; and a receiving unit configured to 

receive the available frequency band information list transmitted from the database as 

15 information according to the geographical position, the list being categorized into the 

frequency band groups and being given the frequency band number width. 

[0024] This mode is to perform, in the database conversely to the above mode, 

categorizing into the frequency band groups for the available frequency band information 

list, and counting the frequency band number widths and giving width information to these 

20 groups. Therefore, a load on the side of the communication device can be reduced 

accordingly. 

[0025] As a mode, there can be further included: a generating unit configured to, by 

performing frequency sensing in surroundings of an own device, generate a second-type 

available frequency band information list indicating the available frequency bands with a 

25 form not being categorized into the frequency band groups and not being given the 

frequency band number width, to form part of the available frequency band information 

list; a categorizing unit configured to, by checking a disposition of the available frequency 

bands listed in the second-type available frequency band information list, categorize each 
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of the available frequency bauds into second-type frequency band groups, each of the 

groups can be seen as a series of consecutive frequency bands, so as to obtain the 

frequency band groups; and a giving unit configured to give to each of the second-type 

frequency band groups a number of frequency bands included in the each of the second-

5 type frequency band groups, the number corresponding to the frequency band number 

width. 

[0026] This mode does not use the database to obtain the available frequency band 

information list and obtains it by performing frequency sensing in surroundings of the own 

device. Although a load increases as a communication device, the available frequency 

10 band information list can be obtained without the database, and moreover, subsequently, a 

plurality of consecutive frequency bands can be used as a broadband and, in this case, use 

efficiency of frequency bands can be improved. 

[0027] Based on the above, embodiments of the present invention will be described 

below with reference to drawings. FIG. 1 is a functional block diagram illustrating a 

15 configuration of a communication device as one embodiment of the present invention. As 

illustrated in this diagram, this communication device has a position specifying unit 11, a 

database inquiry unit 12, an available frequency band information list storage and retention 

unit 13, an information addition processing unit 14, a necessary frequency band number 

determining unit 15, a use frequency band group selecting unit 16, a control unit 17, and a 

20 communication function unit 20. 

[0028] FIG. 1 illustrates a functional block diagram, but when an operation of each 

configuration in this diagram is described below, FIG. 2 to FIG. 4 are referred as 

appropriate. 

[0029] The position specifying unit 11 specifies the current geographical position of the 

25 . own device by using, for example, a GPS satellite. The specified geographical position is 

passed to the database inquiry unit 12. The database inquiry unit 12 transmits the 

geographical position passed from the position specifying unit 11 to the database, and 

makes an inquiry about available frequency bands at this position (and additionally, in 
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some cases, various use conditions besides maximum transmission power thereof). 

[0030] This database is a server provided on the Internet to provide at least information 

related to frequency bands, which can be used without affecting primary users, to a 

communication device (secondary user) which can be operated under the TVWS 

5 environment. Regarding the available frequency bands returned therefrom, it is necessary 

that at least the primary user is not affected, but it is also possible to have an assumption 

that a frequency band that is already allocated to another secondary user is excluded. 

[0031J From the database, for example, information (availabe frequency band 

information list) related to available frequency bands as illustrated in FIG. 2 is returned. 

10 Here, a "channel" is considered as one having the same meaning as the "frequency band". 

This is because a frequency band used by the primary user is normally divided into 

"channels" (for example, one channel has a width of 6 MHz for transmitting a television 

signal). Hereinafter, such a "channel" is assumed as the "frequency band", but it is also 

possible likewise to consider a smaller band (having a width of 1 MHz for example) as the 

15 "frequency band", without being limited to the "channel". Note that in FIG. 2, the "various 

use conditions besides maximum transmission power" are omitted from illustration. 

[0032] The database inquiry unit 12 passes the available frequency band information list 

obtained from the database to the available frequency band information list storage and 

retention unit 13. Based on this, this storage and retention unit 13 stores and retains an 

20 available frequency band information list as illustrated in FIG. 2 for example. That is, 

FIG. 2 illustrates an example of the available frequency band information list stored and 

retained first by the available frequency band information list storage and retention unit 13 

illustrated in FIG. 1. The abailable frequency band information list storage and retention 

unit 13 passes the stored and retained list to the information addition processing unit 14. 

25 [0033] The information addition processing unit 14 uses the available frequency band 

information list passed from the list storage and retention unit 1.3 to check a disposition of 

available frequency bands listed in this available frequency band information list and 

categorize available frequency bands into frequency band groups, each of which can be 
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seen as a series of consecutive frequency bands. Then, moreover, for each of the 

frequency band groups a number of frequency bands included therein is counted and to 

each the number is given as the frequency band number width. 

[0034| The operation of the information addition processing unit 14 as above is, taking 

5 the available frequency band information list as illustrated in FIG. 2 as an example, to 

create a list to which information is added as illustrated in FIG. 3 from this list. The added 

information is, as illustrated, about which "frequency band group" an available frequency 

band (available channel) belongs to, and how many frequency bands are included in these 

"frequency band groups" ("frequency band number width"). Note that although it sounds 

10 somewhat incompatible to call a frequency band whose frequency band number width is I 

as a "frequency band group", it will be used also below for convenience of generalized 

explanation. 

[0035J The list to which information is added in the information addition processing unit 

14 is passed from the information addition processing unit 14 to the available frequency 

15 band list storage and retention unit 13, and is stored and retained therein again. FIG. 3 

illustrates, specifically, an example of the available frequency band information list stored 

and retained next by the available frequency band information list storage and retention 

unit 13 illustrated in FIG. 1. Then, furthermore, the list stored and retained again is passed 

from the storage and retention unit 13 to the use frequency band group selecting unit 16. 

20 [0036} Based on specifications of a communication to be performed, the necessary 

frequency band number determining unit 15 determines a frequency band number 

according to a bandwidth needed for the communication as a necessary frequency band 

number. For the communication to be performed, information can be obtained from the 

control unit 17 which controls the communication function unit 20. For example, it is a 

25 determination such that one channel will suffice, or the amount of two channels is 

necessary for a wider bandwidth. Information of the determined necessary frequency band 

number is passed to the use frequency band group selecting unit 16. 

[0037} The use frequency band group selecting unit 16 selects one frequency band group 
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from among the frequency band groups, which are listed in the available frequency band 

information list passed from the storage and retention unit 13 and have a frequency band 

number width matching the necessary frequency band number brought from the 

determining unit 15, as a use frequency band group which is a frequency band group to be 

5 used. 

[0038] Such an operation of the use frequency band group selecting unit 16 will be 

further described with reference to FIG. 4 as follows. FIG. 4 is an explanatory diagram 

illustrating candidates for frequency band groups which can be selected by the use 

frequency band group selecting unit 16 illustrated in FIG. 1 according to the necessary 

10 frequency band number. When the available frequency band information list passed from 

the storage and retention unit 13 is as illustrated in FIG. 3 for example, the selecting unit 

16 can implicitly create a list as in FIG. 4 as a list corresponding to the necessary 

frequency band number to be brought from the determining unit 15. Then, if the necessary 

frequency band number brought from the determining unit 15 is 1 for example, there are 

15 five frequency band groups to be candidates for selection: frequency band groups 1,5,6, 

10, 11, with reference to FIG. 4. 

[0039] Therefore, in this case, the use frequency band group selecting unit 16 selects one 

frequency band group from among these candidates. Regarding what candidate is to be 

selected specifically, for example, based on the "various use conditions besides maximum 

20 transmission power" described above, a selection can be made by adding a view point that 

the operation becomes more advantageous. 

[0040] Similarly, if the necessary frequency band number brought from the determining 

unit 15 is 2, 3, 4, or 5 (or more), frequency band groups to be candidates for selection are 

four frequency band groups 4, 7, 9, 12, two frequency band groups 2, 8, a frequency band 

25 group 3 (one), or none, respectively, as illustrated in FIG. 4. Selecting from among the 

candidates is the same as the above explanation. Information of the frequency band groups 

selected by the selecting unit 16 is passed to the control unit 17. 

[0041] Note that in general, it is also conceivable that no frequency band group having 
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the frequency band number width matching the necessary frequency band number exists in 

the available frequency band information list. An example is the case where the necessary 

frequency band number is 1 but there is no frequency band group with the frequency band 

number width of 1 in the list, and all groups therein are frequency band groups with a 

5 frequency band number width of 2 or more. 

[0042] In such a case, from among frequency band groups (frequency band groups 4, 7, 

9, 12) which have a frequency band number width (for example 2) larger than the 

necessary frequency band number and next close to the necessary frequency band number, 

one frequency band group is selected as a use frequency band group containing frequency 

10 bands to be used. The reason why it is called the "use frequency band group containing 

frequency bands to be used" is that the frequency bands to be actually used becomes a part 

of the group. Then, in this case, a series of consecutive frequency bands corresponding to 

the necessary frequency band number is selected from among the frequency bands 

belonging to the use frequency band group containing the frequency bands to be used as a 

15 use frequency band group. When the use frequency band group is selected by the selecting 

unit 16 in this manner, information thereof is passed to the control unit 17. 

[0043] Incidentally, as to which series of frequency bands should be selected from 

among the frequency bands belonging to the use frequency band group containing the 

frequency bands to be used, selecting from an end of the frequency bands belonging to the 

20 group as much as possible does not cause fragmentation of available frequency bands and 

hence is considered preferable from the viewpoint of improving use efficiency of 

frequency bands. 

[0044] The control unit 17 controls the communication function unit 20 based on 

information of the use frequency band group passed from the use frequency band group 

25 selecting unit 16. That is, the communication function unit 20 performs wireless 

transmission/reception using this use frequency band group. The communication function 

unit 20 is a functional unit responsible for original communication function, and is 

configured to perform a communication as a broadband by simultaneously using a plurality 
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of consecutive frequency bands (channels) in some cases (or fixedly). 

[0045] As described above, the configuration and basic operations of one embodiment 

have been described. With this communication device, planned and economical utilization 

of frequency bands is possible. That is, this use frequency band group has a frequency 

5 band number width matching the necessary frequency band number, and meanwhile is 

seen as a series of consecutive frequency bands separated by unavailable frequency bands, 

among the available frequency bands. Such selection of use frequency bands does not 

affect other series of consecutive available frequency bands. Therefore, in the other 

frequency bands, independently they can be usable without getting any adverse effects. 

10 [0046] When described illustratively with reference to FIG. 3, the above points will be as 

follows. For example, when the necessary frequency band number is I, one frequency 

band group is selected as die use frequency band group from among the frequency band 

groups 1, 5, 6,10, 11. Therefore, after this selection, any frequency band group with a 

frequency band number width of 2 or more is kept as it is as an available frequency band 

15 group, securing options for other secondary users who attempt to perform communication 

over such a broadband. In this frequency bands, independently they can be usable without 

getting any adverse effects. 

[0047] On the other hand, if a use frequency band is selected without any limitation 

when the necessary frequency band number is 1, decrease in frequency band groups having 

20 a frequency band number width of 2 or more has to be accepted. Therefore, it is possible 

that options for other secondary users are narrowed, which is no longer an economical use 

of frequency bands. The case where the necessary frequency band number is 2 or more is 

exactly the same. 

[0048] Next, a modification example of the above-described embodiment will be 

25 described. As one modification example, a mode not having the information addition 

processing unit 14 can be considered. Of course, in this case, it is premised that, as the 

function on the database side, the list as illustrated in FIG. 3 is returned instead of the list 

illustrated in FIG. 2 in response to an inquiry from the database inquiry unit 12. In this 
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case, the load on the communication device side decreases and the load on the database 

side increases, but changing to the list as illustrated in FIG. 3 by adding information to the 

list illustrated in FIG. 2 cannot really be said to be a heavy load and hence can be 

considered easy to be realized. Note that in this case, it is not necessary to make any 

5 particular change to the information to be sent for inquiry to the database. 

[0049J Next, another embodiment will be described with reference to FIG. 5. FIG. 5 is a 

functional block diagram illustrating a configuration of a communication device which is 

another embodiment. In this diagram, components illustrated in already described 

diagrams are given the same numerals, and descriptions thereof are omitted. 

10 [00501 This embodiment has a frequency sensing unit 31 instead of the position 

specifying unit 11 and the database inquiry unit 12. The frequency sensing unit 31 

performs frequency sensing in surroundings of the own device, and detects frequency 

bands which can be used at least without affecting the primary user. Then, by this sensing, 

the available frequency band information list is created. Regarding the frequency sensing, 

15 various known, methods can be used. The created list (for example one as illustrated in 

FIG. 2) is passed to the availabe frequency band information list storage and retention unit 

13 and stored and retained therein. 

[0051] The operation thereafter is as already described. Therefore, the operation and 

effect thereof are the same as those in the embodiment described with reference to FIG. 1. 

20 This embodiment is considered to have a load of frequency sensing that is not light, but 

when there is no database or the database is unavailable due to communication failure or 

equipment failure, the same effect as the embodiment described with reference to FIG. 1 

can be obtained. 

[0052] Next, still another embodiment will be described with reference to FIG. 6. FIG. 6 

25 is a functional block diagram illustrating a configuration of a communication device which 

is still another embodiment. In this diagram, components illustrated in already described 

diagrams are given the same numerals, and descriptions thereof are omitted. This 

embodiment is configured for the purpose of further load reduction as a communication 
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device. 

[0053] A necessary frequency band number determining unit 15A is similar in function 

itself to that with the same name illustrated in FIG. 1, but information of the determined 

necessary frequency band number is also passed to a database inquiry unit 12A. Based on 

5 this, the database inquiry unit 12A also transmits the information of the necessary 

frequency band number passed from the determining unit 15A to the database in addition 

to the geographical position passed from the position specifying unit 11. 

|0054| In response to this, the database first creates an available frequency band 

information list as illustrated in FIG. 3 based on the sent geographical position, and the 

10 database further refers to this list to create a list of any one of FIG. 7 A to FIG. 7E based on 

the sent information of the necessary frequency band number. That is, a processing load in 

the database increases. 

[0055] Then the database returns the list of any one of FIG. 7 A to FIG. 7E to the 

database inquiry unit 12A. The returned list is passed from the database inquiry unit 12A 

15 to the list storage and retention unit 13 A, and is stored and retained therein. Then, 

moreover, the stored and retained list is passed from the list storage and retention unit 13 A 

to a use frequency band group selecting unit 16A. 

[0056] The use frequency band group selecting unit 16A selects one frequency band 

group from among the frequency band groups in the list passed from the list storage and 

20 retention unit 13A as the frequency band group to be used. That is, FIG. 7A to FIG. 7E are 

diagrams illustrating candidates for frequency band groups which are selectable for the 

selecting unit 16 A. Information of the frequency band group selected in the selecting unit 

16A is passed to the control unit 17. After this performed is the same as the embodiment 

described with reference to FIG. 1. 

25 [0057] in this embodiment, it is unnecessary to implicitly create the list as illustrated in 

FIG. 4 by the selecting unit 16A, and the list as illustrated in any of FIG. 7A to FIG. 7E is 

sent to the selecting unit 16A from the database. Because of this, it is unnecessary for the 

list storage and retention unit 13A to retain all information of the available frequency band 
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information list as illustrated in FIG. 2 or FIG. 3. Therefore, it is possible to further 

decrease the load as the communication device. 

[0058J Note that in general, it is conceivable that the candidate list of frequency band 

groups having a frequency band number width that matches the necessary frequency band 

5 number is not sent from the database. This situation is the same as the embodiment 

already described with reference to FIG. I. For example, when the necessary frequency 

band number is 1 but a frequency band group having a frequency band number width of 1 

does not exist incidentally, the database returns and offers the list illustrated in FIG. 7B for 

example instead of the list illustrated in FIG. 7A. 

10 [0059] Accordingly, in this case, the selecting unit 16A selects, from among the 

frequency band groups (frequency band groups 4, 7, 9, 12) having a frequency band 

number width (= 2) larger than the necessary frequency band number, one frequency band 

group as a use frequency band group containing frequency bands to be used. The reason 

why it is called the "use frequency band group containing frequency bands to be used" is 

15 that the frequency bands to be actually used becomes a part of the group. Then, a series of 

consecutive frequency bands corresponding to the necessary frequency band number, 

which can be obtained from the necessary frequency band number determining unit 15A, is 

selected from among frequency bands belonging to the use frequency band group 

containing the frequency bands to be used as a use frequency band group. When the use 

20 frequency band group is selected by the selecting unit 16A in this manner, information 

thereof is passed to the control unit 17. 

[0060] Incidentally, as to which series of frequency bands should be selected from 

among the frequency bands belonging to the use frequency band group containing the 

frequency bands to be used, selecting from an end of the frequency bands belonging to the 

25 group as much as possible does not cause fragmentation of available frequency bands and 

hence is considered preferable from the viewpoint of improving use efficiency of 

frequency bands. This point is the same as the description in the embodiment explained 

with reference to FIG. 1. 
i 
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REFERENCE SIGNS 

(0061J 11...position specifying unit 

12, 12A...database inquiry unit 

13... available frequency band information list storage and retention unit 

13A.. .list storage and retention unit 

14, ..information addition processing unit 

15, 15A.. .necessary frequency band number determining unit 

16, 16A.. .use frequency band group selecting unit 

17...control unit 

20.. .communication function unit 

31... frequency sensing unit 
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WHAT IS CLAIMED IS: 

1. A communication device having a communication function unit, the 

communication device comprising: 

5 a storing unit configured to store and retain an available frequency band 

information list indicating available frequency bands such that the available frequency 

bands listed in the list are categorized into frequency band groups, each of the groups can 

be seen as a series of consecutive frequency bands, and a number of frequency bands 

included in each of the frequency band groups is given to each of the frequency band 

10 groups as a frequency band number width; 

a determining unit configured to, based on specifications of a communication to be 

performed, determine a number of frequency bands according to a bandwidth necessary for 

the communication as a necessary frequency band number; 

a first selecting unit configured to select one frequency band group from among the 

15 frequency band groups whose frequency band number width match the necessary 

frequency band number listed in the available frequency band information list, as a first-

type use frequency band group being a frequency band group to be used; 

a second selecting unit configured to, when any of the frequency band number 

width of the each of the frequency band groups in the available frequency band 

20 information list does not match the necessary frequency band number, select one frequency 

band group from among the frequency band groups whose frequency band number width 

are larger than and next close to the necessary frequency band number listed in the 

available frequency band information list, as a frequency band group containing a 

frequency band to be used; 

25 a third selecting unit configured to select a series of consecutive frequency bands 

corresponding to the necessary frequency band number from among the frequency band 

group containing the frequency band to be used as a second-type use frequency band 

group; and 
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a controlling unit configured to control the communication function unit so as to 

perform the communication using the first-type use frequency band group or the second-

type use frequency band group. 

2. The communication device according to claim 1, further comprising: 

a specifying unit configured to specify a geographical position where an own 

device exists; 

a transmitting unit configured to transmit the geographical position to a database; 

a receiving unit configured to receive a second-type available frequency band 

information list sent from the database as information according to the geographical 

position before the available frequency band information list is stored and retained, the 

second-type available frequency band information list indicating the available frequency 

bands with a form not being categorized into the frequency band groups and not being 

given the frequency band number width, to form part of the available frequency band 

information list; 

a categorizing unit configured to, by checking a disposition of the available 

frequency bands listed in the second-type available frequency band information list, 

categorize each of the available frequency bands into second-type frequency band groups, 

each of the groups can be seen as a series of consecutive frequency bands, so as to obtain 

the frequency band groups; and 

a giving unit configured to give to each of the second-type frequency band groups a 

number of frequency bands included in the each of the second-type frequency band groups, 

the number corresponding to the frequency band number width. 

3. The communication device according to claim 1, further comprising: 

a specifying unit configured to specify a geographical position where an own 

device exists; 

a transmitting unit configured to transmit the geographical position to a database; 

and 

a receiving unit configured to receive the available frequency band information list 
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transmitted from the database as information according to the geographical position, the 

list being categorized into the frequency band groups and being given the frequency band 

number width. 

4. The communication device according to claim I, further comprising: 

a generating unit configured to, by performing frequency sensing in surroundings 

of an own device, generate a second-type available frequency band information list 

indicating the available frequency bands with a form not being categorized into the 

frequency band groups and not being given the frequency band number width, to fonn part 

of the available frequency band information list; 

a categorizing unit configured to, by checking a disposition of the available 

frequency bands listed in the second-type available frequency band information list, 

categorize each of the available frequency bands into second-type frequency band groups, 

each of the groups can be seen as a series of consecutive frequency bands, so as to obtain 

the frequency band groups; and 

a giving unit configured to give to each of the second-type frequency band groups a 

number of frequency bands included in the each of the second-type frequency band groups, 

the number corresponding to the frequency band number width. 

5. A communication control method in a communication device having a 

communication function unit, the communication control method comprising: 

storing and retaining an available frequency band information list indicating 

available frequency bands such that the available frequency bands listed in the list are 

categorized into frequency band groups, each of the groups can be seen as a series of 

consecutive frequency bands, and a number of frequency bands included in each of the 

frequency band groups is given to each of the frequency band groups as a frequency band 

number width; 

determining, based on specifications of a communication to be performed, a 

number of frequency bands according to a bandwidth necessary for the communication as 

a necessary frequency band number; 
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selecting one frequency band group from among the frequency band groups whose 

frequency band number width match the necessary frequency band number listed in the 

available frequency band information list, as a first-type use frequency band group being a 

frequency band group to be used; 

5 selecting, when any of the frequency band number width of the each of the 

frequency band groups in the available frequency band information list does not match the 

necessary frequency band number, one frequency band group from among the frequency 

band groups whose frequency band number width are larger than and next close to the 

necessary frequency band number listed in the available frequency band information list, 

10 as a frequency band group containing a frequency band to be used; 

selecting a series of consecutive frequency bands corresponding to the necessary 

frequency band number from among the frequency band group containing the frequency 

band to be used as a second-type use frequency band group; and 

controlling the communication function unit so as to perform the communication 

15 using the first-type use frequency band group or the second-type use frequency band 

group. 

6. A communication device having a communication function unit, the 

communication device comprising: 

a specifying unit configured to specify a geographical position where an own 

20 device exists; 

a determining unit configured to, based on specifications of a communication to be 

performed, determine a number of frequency bands according to a bandwidth necessary for 

the communication as a necessary frequency band number; 

a transmitting unit configured to transmit the geographical position and the 

25 necessary frequency band number to a database; 

a receiving unit configured to receive a list sent from the database as information 

according to the geographical position and the necessary frequency band number, the list 

indicating one or more frequency band groups constituted of a series of consecutive 
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available frequency bands whose series number matches the necessary frequency band 

number or is larger than the necessary frequency band number; 

a first selecting unit configured to select one frequency band group from among the 

frequency band groups whose series number match the necessary frequency band number 

5 listed in the list, as a first-type use frequency band group being a frequency band group to 

be used; 

a second selecting unit configured to, when any of the series number of each of the 

frequency band groups in the list does not match the necessary frequency band number, 

select one frequency band group from among the frequency band groups whose series 

10 number are larger than the necessary frequency band number listed in the list, as a 

frequency band group containing a frequency band to be used; 

a third selecting unit configured to select a series of consecutive frequency bands 

corresponding to the necessary frequency band number from among the frequency band 

group containing the frequency band to be used as a second-type use frequency band 

15 group; and 

a controlling unit configured to control the communication function unit so as to 

perform the communication using the first-type use frequency band, group or the second-

type use frequency band group. 

20 
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