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COMMUNICATION DEVICE AND COMMUNICATION CONTROL METHOD

TECHNICAL FIELD

[00601] The present invention relates to a communication device which is a terminal
configured to operate under a television white space (TVWS) environment and to a
communication control method in the same, and in particular, relates to a communication device
which is usable on the premise that it moves at a high speed to a certain degree or more, and to a

communication control method in the same.

BACKGROUND ART

[06002] Wireless communication standards which use the same frequency band as that of a
television broadcast being a licensed business and can be operated with no such a license, have
been investigated. In these standards, a television broadcaster is a primary user, and only when
a licensed frequency band of the primary user is not used, a secondary user is allowed to operate
a wireless communication in the frequency band (licensed frequency band which is not used =
white space).

[6003] In order to confirm that a TV signal does not exist, a communication device used by
the secondary user under such an environment inquires of a database specialized for this
purpose about a TV channel, for instance. Specifically, current position information of the
communication device is transmitted to the database, and a list of frequencies available
(effective) at this position is obtained from the database. Then, a frequency to be used is
selected from the {requencies in the list, and a wireless communication is operated as the
secondary user.

[6004] The frequency for the secondary user thus selected is based only on the current
position at the time of the inquiry to the database, and when the communication device of the
secondary user moves, this frequency is not always a frequency available in a destination area
especially when the device moves at a high speed. In such a case, it is necessary to change the

frequencies to be used through mutual communications with the database during the movement,
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and the more frequently they are changed, the more disadvantageous in stably operating the
communication.
PRIOR ART DOCUMENT
NON-PATENT DOCUMENT
{0005] Non-patent Document 1: IEEE802.11af Task Group, http://mentor.iece.org/802.11/
Non-patent Document 2: IEEE802.22 Working Group, http:/mentor.ieee.org/22/
Non-patent Document 3: IEEE802.19.1 Task Group,
http://mentor.ieee.org/802.802.19/documents
Non-patent Document 4: 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 5: 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

[0006] 1t is an object of the present invention to provide a communication device which is a
terminal configured to operate under a television white space environment and a
communication control method in the same, the communication device and the communication
control method in the same being capable of advantageously selecting a use frequency even
when the communication device moves at a high speed to a certain degree or more.

MEANS FOR SOLVING THE PROBLEMS

10007] In order to solve the aforesaid problem, a communication device being one aspect of
the present invention is a communication device which has a communication function unit, the
communication device including: a means which specifies a first position being a geographical
position where the host device exists at a first point in time and a second position being a
geographical position where the host device exists at a second point in time later than the first

point in time; a means which stores and retains route information being a planned moving route
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of the host device starting from the first position; a means which stores and retains an option list
having options corresponding to different viewpoints regarding frequency selection policies
being viewpoints in selecting a frequency to be used; a means which transmits the route
information and the option list to a database; a means which receives an effective frequency
information list sent from the database as information corresponding to the route information
and the option list, the effective frequency information list indicating available frequencies listed
in correspondence to respective points on the route indicated by the route information and the
respective options; a means which determines to which point out of the points given from the
database the second position is close; a means which selects an appropriate option from the
option list as a policy to be applied, based on a nature of information processing performed by
the host device; a means which selects a frequency listed in correspondence to the point close to
the second position out of the points given from the database and the policy to be applied, as a
use frequency from the effective frequency information list; and a means which controls the
communication function unit to make the communication function unit use the use frequency.
[06008] This communication device is capable of storing and retaining the route information
being the planned moving route of the device. Further, regarding the frequency selection
policies being the viewpoints in selecting the frequency to be used, it is capable of storing and
retaining the option list having the options corresponding to the different viewpoints. Then, it
sends the inquiry about the available frequency to the database together with the route
information and the option list, and obtains, from the database, the effective frequency
information list indicating the available frequencies listed in correspondence to the respective
points on the route indicated by the route information and the respective options.

[0009] Next, this communication device determines to which point out of the points given
from the database the position at this time (second position) is close, and further selects the
appropriate option from the option list, as the policy to be applied, based on the nature of the
information processing performed by the device. Consequently, it is possible to select the
frequency listed in correspondence to the point close to the second position out of the points

given from the database and the policy to be applied, as the use frequency from the effective
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frequency information list. That is, it is configured such that a frequency is selected according
to the pre-obtained information on the frequencies available at the respective points so that it
becomes possible to cope with the case where the device is moving at a high speed to a certain
degree or more, and in addition, this becomes a selection of an advantageous use frequency
appropriate for the nature of the information processing.

[{0016] Further, a communication control method being another aspect of the present invention
is a communication control method in a communication device having a communication
fanction unit, the method including: specifying a first position being a geographical position
where the host device exists at a first point in time and a second position being a geographical
position where the host device exists at a second point in time later than the first point in time;
storing and retaining route information being a planned moving route of the host device starting
from the first position; storing and retaining an option list having options corresponding to
different viewpoints regarding frequency selection policies being viewpoints in selecting a
frequency to be used; transmitting the route information and the option list to a database;
receiving an effective frequency information list sent from the database as mformation
corresponding to the route information and the option list, the effective frequency information
list indicating available frequencies listed in correspondence to respective points on the route
indicated by the route information and the respective options; determining to which point out of
the points given from the database the second position is close; selecting an appropriate option
from the option list as a policy to be applied, based on a nature of information processing
performed by the host device; selecting a frequency listed in correspondence to the point close
to the second position out of the points given from the database and the policy to be applied, as
a use frequency from the effective frequency information list; and controlling the
comimunication function unit to make the communication function unit use the use frequency.
[0011] This communication control method is a control method conforming to the above-
described communication device.

EFFECT OF THE INVENTION

[0012] According to the present invention, it is possible to provide a communication device



10

15

20

25

which is a terminal configured to operate under a television white space environment and a
communication control method in the same, the communication device and the communication
control method in the same being capable of advantageously selecting a use efficiency even

when the device is moving at a high speed to a certain degree or more.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a functional block diagram illustrating the configuration of a wireless device
being one embodiment of the present invention.

F1G. 2 is an explanatory view illustrating an example of route information that a route
information storing and retaining unit 12 illustrated in FIG. 1 can store and retain.

FIG. 3 is an explanatory view illustrating an example of an option list that an option list storing
and retaining unit 13 illustrated in FIG. 1 can store and retain.

FIG. 4 is an explanatory view illustrating an example of a relation between the route
information and frequencies available in respective areas including the route (processing by a
database side).

FIG. 5 is an explanatory view illustrating an example of a relation between the route
information and points on the route (processing by the database side).

F1G. 6 is an explanatory view illustrating an example of an effective frequency information list
indicating available frequencies listed in correspondence to the respective points on the route
indicated by the route information and respective options in the option list (processing by the

database side).

MODE FOR CARRYING OUT THE INVENTION

[0014] As amode of the present invention, it is also possible to further include a means which
receives information indicating the first position for the purpose of specifying the first position.
The first position is a position corresponding to a starting point of the planned moving route of
the host device. In order to specify this position, a GPS (global positioning system) satellite is

usable, for instance. Besides, an input unit (user interface) capable of accepting a manual input
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by a user may be provided.

[0015] Further, as a mode, it is possible to further include a means which obtains the route
information from another device for the purpose of making the route information stored and
retained. In short, this enables to create the planned moving route by using, for example, a
navigation device, and to select a frequency appropriate as the communication device in linkage
with the created planned moving route.

[0016] Further, as a mode, it is also possible to further include: a means which infers a
movement fransportation means used for the movement of the host device based on a third
position and the first position, the third position being a geographical position where the host
device exists at a third point in time later than the first point in time and earlier than the second
point in time; and a means which generates the route information based on the movement
transportation means for the purpose of making the route information stored and retained.
[0017] This is intended to automatically create the route information by inferring the planned
moving route, without a user side intentionally creating the planned moving route. For
example, when the communication device moves by a movement transportation means such as
an expressway or a rapid-transit railway, it is possible to relatively easily infer the movement
transportation means based on the initial position (first position) of the communication device
and, for example, its position at a point in time immediately thereafter (third position). Ifthe
movement transportation means can be inferred, the route information being the planned
moving route can naturally be generated.

[0018] Further, as a mode, it is also possible that the option list has at least one or both of an
option corresponding to a viewpoint to give a higher priority to reducing the number of times
the frequency to be used is changed as much as possible and an option corresponding to a
viewpoint to give a higher priority to increasing a communication speed as much as possible.
This means that it is possible to, for example, select a frequency, with a higher priority given to
stable communication or select a frequency, with a higher priority given to high-speed
communication, according to the nature of the information processing (application) performed

by the host device. Thus taking such a priority into consideration often works in favor of the
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operation of various kinds of application, and this is enabled.

[6019] Based on the above, an embodiment of the present invention will be hereinafter
described with reference to the drawings. FIG. 1 is a functional block diagram illustrating the
configuration of a communication device being one embodiment of the present invention. As
illustrated in this drawing, this communication device has a position specifying unit 11, aroute
information storing and retaining unit 12, an option list storing and retaining unit 13, a database
inquiring 14, a current point determining unit 15, an applied policy selecting unit 16, an
effective frequency information list storing and retaining unit 17, a use frequency selecting unit
18, a control unit 19, a position input unit 21, a route information obtaining unit 22, a movement
trapsportation means inferring unit 23, a route information generating unit 24, and a
communication function unit 30.

[0020] FIG. 1 illustrates the functional block diagram, but in the following description of the
operations of the respective units of the configuration in this drawing, FIG. 2 to FIG. 6 will be
referred to when necessary.

160021} The position specifying unit 11 specifies a current position of the host device by using,
for example, a GPS satellite. The specified current position is given to the route information
storing and retaining unit 12, the movement transportation means inferring unit 23, and the
current point determining unit 15. The route information storing and retaining unit 12 is a
storage unit for storing and retaining route information being a planned moving route of the host
device, and is capable of utilizing the current position which is given from the position
specifying unit 11 as information on a starting point of the planned moving route. The
utilization of the current position in the movement transportation means inferring unit 23 and
the current point determining unit 15 will be described later.

10022] The route information storing and retaining unit 12 stores and retains the route
information being the planned moving route of the host device as descried above. As one
method for this purpose, it is possible to obtain the route information from another device via
the route information obtaining unit 22, or it is possible to use the route information generated

by the route information generating unit 24. Functions and operations of the route information
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obtaining unit 22 and the route information generating unit 24 will be described later. The route
information is given to the database inquiring unit 14 from the route information storing and
retaining unit 12.

10023} FIG. 2 is an explanatory view illustrating an example of the route information that the
route information storing and retaining unit 12 illustrated in FIG. 1 can store and retain. As
illustrated in FIG. 2, in the route information storing and retaining unit 12, information on the
geographically specified planned moving route of the host device is retained. More concretely,
the information can be retained as, for example, a set of pieces of sequential information on
longitude and latitude (in addition, altitude).

[0024] The option list storing and retaining unit 13 stores and retains an option list having
options corresponding to different viewpoints regarding frequency selection policies which are
viewpoints in selecting a frequency to be used. FIG. 3 illustrates an example of the option list
that the option list storing and retaining unit 13 can store and retain. As illustrated in FIG. 3,
possible options are, for example, an option to “give a higher priority to reducing the number of
times the frequency to be used is changed as much as possible” and an option to give a higher
priority to “increasing a communication speed as much as possible”. In addition to one or both
of these, other options may of course be further provided. The option list can be given from the
option list storing and retaining unit 13 to the database inquiring unit 14 and the applied policy
selecting unif 16.

{0025} Incidentally, when a frequency selected based on the frequency selection policy
corresponding to the viewpoint to “give a higher priority to reducing the number of times the
frequency to be used is changed as much as possible” is used, it is possible to expect stability by
eliminating a possibility that the communication is interrupted, and when a frequency selected
based on the frequency selection policy corresponding to the viewpoint to “give a higher
priority to increasing a communication speed as much as possible” is used, it is possible to cope
with a communication with a larger data amount. Giving a higher priority to any of these often
works in favor of the operation of various kinds of application.

10026] The database inquiring unit 14 transmits the route information given from the route
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information storing and retaining unit 12 and the option list given from the option list storing
and retaining unit 13 to the database to inquire about an available frequency (in addition, its
maximum transmission power and various other use conditions). This database is a server
provided on the Internet so as to provide at least information regarding frequencies which are
available without affecting a primary user, to the communication device (secondary user)
operable under a TVWS environment.

[0627] FIG. 4 is an explanatory view illustrating an example of a relation between the route
information and frequencies available in respective areas including the route. The database
checks the frequencies available in the areas including the route based on the transmitted route
information. For example, when the route information in FIG. 2 and the option list in FIG. 3 are
transmitted, areas and frequencies are picked up in the database, such as “area A, available
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frequency a”, “area B, available frequency b”, “area C, available frequency ¢”, “area D,

available frequency d”, “area E, available frequency €”, “area F, available frequency £, and
“area G, available frequency g”, as illustrated in FIG. 4.

[0028] Note that the number of the available frequencies a and so on is not necessarily one,
but a case where the number is plural is also common. Further, the shapes of the arcas A to G
can be generally more complicated shapes than the illustrated ones because of a mutual relation
with the primary user, especially an influence of topography or the like. The shapes of the areas
A to G are schematically illustrated for convenience of the description.

[0029] In the database, corresponding points on the route indicated by the route information
are next decided based on, for example, nominal center points (refer to FIG. 4) in the respective
areas A to G. The corresponding points can be, for example, points on the route whose
distances to the center points are the shortest. This is illustrated in FIG. 5. FIG. Sisan
explanatory view illustrating an example of a relation between the route information and the
points on the route. The points are decided as a point AA to a point GG as illustrated in FIG. 5.
[6030] In the database, recommended frequencies available at the aforesaid points are next

decided based on the sent option list, in consideration of the meanings of the options. This will

be described with reference to FIG. 6. FIG. 6 is an explanatory view illustrating an example of
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an effective frequency information list indicating the available frequencies listed in
correspondence to the respective points on the route indicated by the route information and the
respective options in the option list.

{0031} In FIG. 6, “case of option 17 is an option to “give a higher priority to reducing the
number of times the frequency to be used is changed as much as possibie” as in the option list
illustrated in FIG. 3. In the case of this option, the database decides the points on the route and
the frequencies available there, such as “point AA, frequency a”, “point BB, frequency b”,
“point DD, frequency d”, and “EE, frequency €”. Thus deciding the points and the frequencies
can reduce the number of times the frequency is changed (three times in this case) under a
condition that the communication is not interrupted on the route. Regarding this, F1G. 4 can be
referred to again.

[0032] Further, in FIG. 6 “case of option 2” is an option to “give a higher priority to increasing
the communication speed as much as possible” as in the option list illustrated in FIG. 3. In the
case of this option, the database decides the points on the route and the frequencies available
there, such as “point AA, frequency a”, “point BB, frequency b”, “point CC, frequency ¢”,
“point DD, frequency d”, “point FF, frequency {”, and “point GG, frequency g”. Thus deciding
the points and the frequencies makes it possible to cope with a higher-speed communication
since the route stays at a place closer to the center of each of the areas. Regarding that the route
stays at the place closer to the center of each of the areas, FI1G. 4 can be referred to again.

[0033] When there are other options, the database decides points on the route and frequencies
available there in consideration of the meanings of the options. By the above-described
operation of the database, it is possible to create the effective frequency information list
indicating the available frequencies listed in correspondence to the respective points on the route
indicated by the route information and the respective options as illustrated in FIG. 6. The
effective frequency information list is transmitted to the database inquiring unit 14 from the
database as a response to the inquiry. The database inquiring unit 14 receives this to make the
effective frequency information list storing and retaining unit 17 store this and also gives the

information indicating the points in the list to the current point determining unit 15.

10
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{0034] The current point determining unit 15 determines to which point out of the aforesaid
points given originally from the database, the cutrent position given from the position
specifying unit 11 is close. Concretely, for example, an operation of citing several candidates in
order from the closest point can be adopted. The candidates thus cited as the point information
are given to the use frequency selecting unit 18.

16035} The applied policy selecting unit 16 refers to the option list (FIG. 3) given from the
option list storing and retaining unit 13 and selects an appropriate one from the option list as the
policy to be applied, based on the nature of information processing performed by the host
device. The information processing performed by the host device is, plainly speaking,
processing based on application, and it is thought that applying an appropriate policy so as to
conform to the nature of the processing of each application is advantageous for the operation of
the application. The selected policy to be applied is given to the use frequency selecting unit 18,
[0036] From the effective frequency information list retained by the effective frequency
information list storing and retaining unit 17, the use frequency selecting unit 18 selects, as the
use frequency, a frequency listed in correspondence to the point close to the current position out
of the points given originally from the database and the policy to be applied. Regarding the
point close to the current position, there is a possibility that the effective frequency information
list does not have a frequency corresponding to the closest point, depending on the kind of the
option, and therefore, in this case, a frequency corresponding to the next closest point is
selected. Information on the selected use frequency is given to the control unit 19,

10037] The control unit 19 controls the communication function unit 30 based on the
information on the use frequency given from the use frequency selecting unit 18. That is, the
communication function unit 30 performs wireless transmission/reception by using the use
frequency. The communication function unit 30 is a function unit responsible for the original
communication function.

[0038] In the foregoing, the configuration of one embodiment and the basic operation thereof
are described. According to this communication device, there is provided the configuration in

which the frequency is selected according to the pre-obtained information on the frequencies
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available at the respective points, and in addition, this selection becomes a selection of an
advantageous frequency appropriate for the nature of the information processing. Therefore,
even at the time of the movement at a high speed to a certain degree or more, it is possible to
make the number of times the inquiry is sent to the database very small (in the case of the
smallest number of times, once at the beginning), and to select an advantageous frequency so as
to conform to the kind of the application, while the communication device is moving on the
route.

[0039] Next, operations and effects of the blocks whose description is omitted or only brief in
the above description, out of the blocks illustrated in FIG. I, will be hereinafier supplementarily
described. It is arbitrary whether to provide these blocks or not.

[0040] The position input unit 21 is an input unit (user interface) provided so that a user can
manually input the current position thereto. The input current position can be given to the route
information storing and retaining unit 12. The route information storing and retaining unit 12
can use the current position given from the position input unit 21 instead of the current position
from the position specifying unit 11, as information of the starting point of the planned moving
route, depending on the circumstances. For example, in such a case where the position
information can be prepared in advance like that of a station of a rapid-transit railway or an
interchange of an expressway, a user can select the name of the station or the name of the
interchange from an interface and give the corresponding position information to the route
information storing and retaining unit 12 through the position input unit 21.

[0041] The route information obtaining unit 22 is an interface for obtaining the route
information from another device or apparatus for the purpose of making the route information
stored and retained in the route information storing and retaining unit 12. Examples of the other
device or apparatus are a navigation system (especially a car navigation system), a device
capable of route search using a google map, a smartphone provided with route guide
application, and so on. When the route information obtaining unit 22 is used, the user can easily
create the planned moving route by using the other device or apparatus, and an appropriate

frequency as the communication device can be selected in linkage with the created planned
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moving route.

[0042] The movement transportation means inferring unit 23 infers a movement transportation
means used for the current movement of the host device, based on information on a change of a
geographical position given from the position specifying unit 11. For example, when a specific
rapid-transit railway or a specific expressway is a current movement {ransportation means, such
an inference is possible from the initial position of the planned moving route and a movement
destination position shortly thereafter which positions are specified by the position specifying
unit 11. This is because the position information of the specific rapid-transit railway and
expressway can be stored and registered in advance. The information on the inferred movement
transportation means is given from the movement transportation means inferring unit 23 to the
route information generating unit 24,

0043} The route information generating unit 24 generates the route information being the
planned moving route of the host device based on the information on the movement
transportation means given from the movement transportation means inferring unit 23. Such
route information may be information on, for example, a route up to a terminal of the specific
rapid-transit railway or the specific expressway, or may be information on a route up to a point
on the way. This is because, when the actual movement is not up to the terminal, a route outside
the movement turns out not to be used, and when the movement is beyond a point on the way,
handling the point on the way as a starting point again enables the same operation. The
generated route information is given from the route information generating unit 24 to the route
information storing and retaining unit 12 to be stored and retained therein.

[6044] By providing the above-described movement transportation means inferring unit 23
and route information generating unit 24, it is possible to automatically create the route
information by inferring the planned moving route without a user side intentionally creating the
planned moving route, which is user-friendly.

10045]) While certain embodiments have been described, these embodiments have been
presented by way of example only, and are not intended to limit the scope of the inventions.

These novel embodiments may be embodied in a variety of other forms, and various omissions,

13



substitutions and changes may be made without departing from the spirit of the inventions.
Such embodiments or modifications are included in the scope and spirit of the inventions and

included in the inventions described in the claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A communication device which has a communication function unit, the
communication device comprising:

ameans which specifies a first position being a geographical position where the host
device exists at a first point in time and a second position being a geographical position where
the host device exists at a second point in time later than the first point in time;

a means which stores and retains route information being a planned moving route of the
host device starting from the first position;

a means which stores and retains an option list having options corresponding to different
viewpoints regarding frequency selection policies being viewpoints in selecting a frequency to
be used;

a means which transmits the route information and the option list to a database;

a means which receives an effective frequency information list sent from the database as
information corresponding to the route information and the option list, the effective frequency
information list indicating available frequencies listed in correspondence to respective points on
the route indicated by the route information and the respective options;

a means which determines to which point out of the points given from the database the
second position is close;

a means which selects an appropriate option from the option list as a policy to be
applied, based on a nature of information processing performed by the host device;

a means which selects a frequency listed in correspondence to the point close to the
second position out of the points given from the database and the policy to be applied, as a use
frequency from the effective frequency information list; and

a means which controls the communication function unit to make the communication
function unit use the use frequency.

2. The communication device according to claim 1, further comprising a means which

receives information indicating the first position for the purpose of specifying the first position.
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3. The communication device according to claim 1, further comprising a means which
obtains the route information from another device for the purpose of making the route
information stored and retained.

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

a means which infers a movement transportation means used for the movement of the
host device based on a third position and the first position, the third position being a
geographical position where the host device exists at a third point in time later than the first
point in time and earlier than the second point in time; and

a means which generates the route information based on the movement transportation
means for the purpose of making the route information stored and retained.

5. The communication device according to claim 1, wherein the option list has at least
one or both of an option corresponding to a viewpoint to give a higher priority to reducing the
number of times the frequency to be used is changed as much as possible and an option
corresponding to a viewpoint to give a higher priority to increasing a communication speed as
much as possible.

6. A communication control method in a communication device having a
communication function unit, the method comprising:

specifying a first position being a geographical position where the host device exists at a
first point in time and a second position being a geographical position where the host device
exists at a second point in time later than the first point in time;

storing and retaining route information being a planned moving route of the host device
starting from the first position;

storing and retaining an option list having options corresponding to different viewpoints
regarding frequency selection policies being viewpoints in selecting a frequency to be used;

transmitting the route information and the option list to a database;

receiving an effective frequency information list sent {from the database as information
corresponding to the route information and the option list, the effective frequency information

list indicating available frequencies listed in correspondence to respective points on the route

16



10

15

20

25

indicated by the route information and the respective options;

determining to which point out of the points given from the database the second position
is close;

selecting an appropriate option from the option list as a policy to be applied, based on a
nature of information processing performed by the host device;

selecting a frequency listed in correspondence to the point close to the second position
out of the points given from the database and the policy to be applied, as a use frequency from
the effective frequency information list; and

confrolling the communication function unit to make the communication function unit

use the use frequency.
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