DESCRIPTION
TITLE OF INVENTION: COMMUNICATION DEVICE

CROSS REFERENCE TO RELATED APPLICATION

[0001]

The present application is based on Japanese Patent Application No.
2015-184276 filed on September 17, 2015, the disclosure of which is incorporated

herein by reference.

TECHNICAL FIELD

[0002]

The present disclosure relates to a communication device in a mobile
communication system including a service provision device that performs wireless
communication with in-mobile devices respectively used in a plurality of mobile
objects to thereby provide a predetermined service to users in the mobile objects.

BACKGROUND ART

[0003]

There is known WAVE (Wireless Access in Vehicular Environments) as a
telecommunications standard for a communication device managed by a service
provider (hereinafter, service provision device) and communication devices used in
mobile objects such as vehicles (hereinafter, in-mobile devices) to execute direct
wireless communications with each other, e.g., in Patent literature 1.

[0004]

The above service provider signifies an entity such as company, shop, public
institution, which provides a predetermined service to users using the in-mobile
devices. For convenience, hereinafter, the system in which the service provision
device and the in-mobile devices communicate with each other in compliance with the
WAVE standard is referred to as a mobile communication system.

[0005]

WAVE specifies two kinds of communication channels of a control channel
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(CCH, hereinafter) and a service channel (SCH, hereinafter); two kinds of
communication channels are used for communication devices to perform
communications. An SCH is a communication channel used to transmit and receive
the information for providing and using services. A CCH is a communication channel
used to distribute the message (hereinafter, WSA: Wave Service Advertisement) for
the service provision device to start the communication with the in-mobile devices
using the SCH. The in-vehicle device can recognize a currently available service by
receiving the WSA transmitted from the service provision device via the control
channel.

[0006]

Further, WAVE designates alternately a CCH time zone in which the
communication using the CCH should be performed and an SCH time zone in which
the communication using the SCH may be allowed, with predetermined time intervals
(each 50 milliseconds, for instance). The in-mobile device switches a communication
channel as a target for transmission and reception (hereinafter, communication-target
channel) depending on the transitions of the time zones, thereby performing the
communication via the control channel or the communication via the service channel.

[0007]

For example, the in-mobile device designates the CCH as a communication
channel when not needing to perform the communication using an SCH. By contrast,
when needing to perform the communication via an SCH, the communication-target
channel is switched from the CCH into the SCH at the switching point of time at which
the CCH time zone transitions into the SCH time zone, thereby performing the
communication using the SCH. Then, at the point of time at which the SCH time
zone is completed, the communication-target channel is returned from the SCH to the
CCH. Note that the case where the in-mobile device needs to perform the
communication using the SCH includes the case where after receiving a WSA
transmitted using the CCH from a service provision device, the in-mobile device uses

the service indicated in the WSA.

PRIOR ART LITERATURES



PATENT LITERATURE
[0008]
Patent literature 1: US 8942253 B2

SUMMARY OF INVENTION

[0009]

A service provision device has a communication area that is specified as
needed by an administrator of the service provision device. Furthermore, the
communication area of a service provision device is equivalent to the area where an
in-mobile device can receive a signal transmitted by the service provision device.

[0010]

In addition, a service provision device is installed with an intended
communication area at an intended position by a service provider; this may form an
area (hereinafter, overlap area) where the communication areas of a plurality of
service provision devices overlap with each other. At such an overlap area, the
WSA(s) transmitted from the respective service provision devices arrive. In other
words, in the overlap area, the control channel is shared by the plurality of service
provision devices.

[0011]

In addition, as the number of the service provision devices each having a
communication area including an identical position increases, the number of the
service provision devices using the control channel at the identical position increases.
As the number of the service provision devices using the control channel increases,
the control channel as a communication resource is crowded more; this increases a
possibility of the packet collision.

[0012]

Incidentally, a plurality of service provision devices forming an overlap area
may include not only a device that provides an importance service to an in-mobile
device but also a device that provides a relatively low-importance service to an
in-mobile device. Such an overlap area may thus pose a possibility that a WSA
transmitted by a service provision device providing a relatively low-importance service
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collides with another WSA transmitted by another service provision device providing a
high-importance service. The WSA colliding with the other WSA cannot naturally be
received by the in-mobile device normally.

[0013]

That is, in the overlap area, an in-mobile device may not receive a WSA of a
high-importance service due to a WSA of a relatively low-importance service.

[0014]

The above exemplifies an issue in an overlap area as a possibility that a WSA
of a relatively low-importance service prevents an in-mobile device from receiving a
WSA of a high-importance service. However, the data having a high importance for
an in-mobile device is not limited to a WSA of a service having a high importance.
Another configuration may be also assumed in which a service provision device uses
the control channel in order to transmit a high-importance data, which needs to be
received by an in-mobile device but belongs to a data kind different from a WSA.

[0015]

In addition, the cause of an in-mobile device failing to receive a
high-importance data is not limited to a WSA of a low-importance service. Any data
transmitted using the control channel may serve as a collision partner of the
high-importance data.

[0016]
It is an object of the present disclosure to provide a communication device

that can reduce a possibility of an in-mobile device failing to receive a
high-importance data among data transmitted using a control channel.

[0017]

In order to achieve the above object, according to an aspect of the present
disclosure, a communication device used in a mobile communication system is
provided to include a time holder section, a time zone determiner section, a CCH
transmission processor section, a data generator section, and an importance
determiner section. The mobile communication system switches alternately two
communication time zones of a control channel (CCH) time zone and a service
channel (SCH) time zone. The CCH time zone is a time zone in which communication
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using a control channel assigned with a predetermined radio-wave frequency is
performed. The SCH time zone is a time zone different from the CCH, the SCH time
zone in which communication using a service channel is performed. The time holder
section holds clock time information used to determine a communication time zone at
present. The time zone determiner section determines whether the communication
time zone at present corresponds to the CCH time zone or the SCH time zone, based
on the clock time information held by the time holder section. The CCH transmission
processor section transmits data using the control channel. The data generator
section generates data that is to be transmitted using the control channel. The
importance determiner section determines whether the data generated by the data
generator section corresponds to a data having a high-importance level or a data
having a low-importance level based on a kind of data. Herein, when the data
generated by the data generator section is determined to correspond to the data
assigned with the high-importance level, the CCH transmission processor section
transmits the data assigned having the high-importance level in the CCH time zone.
In contrast, when the data generated by the data generator section is determined to
correspond to the data having the low-importance level, the CCH transmission
processor section transmits the data having the low-importance level in the SCH time
zone.,

[0018]
Under the above configuration, the importance determiner section determines

whether the data generated by the data generator section corresponds to a data
having a high-importance level or a data having a low-importance level. When the
data generated by the data generator section is determined to correspond to a data
having a high-importance level, the CCH transmission processor section transmits the
data having the high-importance level in the CCH time zone. In contrast, when the
data generated by the data generator section is determined to correspond to a data
having the low-importance level, the CCH transmission processor section transmits
the data having the low-importance level in the SCH time zone.

[0019]
Therefore, a data having a low-importance level for an in-mobile device is
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allowed to be transmitted during the SCH time zone by previously assigning a
low-importance level to the data having the low-importance level. Such a
configuration can reduce, in the CCH time zone, a congestion of the control channel
as a communication resource. This reduces a possibility of an in-mobile device
failing to receive a data having a high-importance level for the in-mobile device.

BRIEF DESCRIPTION OF DRAWINGS

[0020]

The above and other objects, features and advantages of the present
disclosure will become more apparent from the following detailed description made
with reference to the accompanying drawings. In the drawings:

FIG. 1 is a diagram illustrating an example of a schematic configuration of a
mobile communication system according to the present embodiment;

FIG. 2 is a diagram for explaining communication time zones;

FIG. 3 is a block diagram illustrating an example of a schematic configuration
of a short-range service provision device;

FIG. 4 is a block diagram illustrating an example of a schematic configuration
of an in-provider control circuit;

FIG. 5 is a flowchart for explaining an operation of an importance determiner
section;

FIG. 6 is a diagram for explaining an operation of a short-range service
provision device;

FIG. 7 is a block diagram illustrating an example of a schematic configuration
of a wide-range service provision device;

FIG. 8 is a diagram for explaining an operation of a wide-range service
provision device;

FIG. 9 is a diagram for explaining a modification example of an operation of a
wide-range service provision device;

FIG. 10 is a diagram for explaining a modification example of an operation of a
wide-range service provision device;

FIG. 11 is a block diagram illustrating an example of a schematic configuration
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of an in-vehicle device;

FIG. 12 is a diagram for explaining an effect according to the present
embodiment;

FIG. 13 is a diagram for explaining an operation of a comparative
configuration;

FIG. 14 is a diagram for explaining an operation of the present embodiment;
and

FIG. 15 is a diagram for explaining a modification example of a wide-range

service provision device.

EMBODIMENTS FOR CARRYING OUT INVENTION

[0021]

[Embodiment]

The following explains an embodiment of the present disclosure with
reference to drawings. FIG. 1 is a block diagram illustrating an example of a
schematic configuration of a mobile communication system 100 according to the
present embodiment. As in FIG. 1, the mobile communication system 100 includes a
short-range service provision device 1, a wide-range service provision device 2, and
an in-vehicle device 3.

[0022]
<Schematic configuration of mobile communication system 100>

The short-range service provision device 1, the wide-range service provision
device 2, and the in-vehicle device 3 each are configured to perform wireless
communications in compliance with a standard of WAVE (Wireless Access in Vehicular
Environment). A wireless communication in compliance with the standard of WAVE
will be referred to as WAVE communication, for convenience.

[0023]

Both the short-range service provision device 1 and the wide-range service
provision device 2 perform the WAVE communication with the in-vehicle device 3,
thereby providing a predetermined service to a user of the in-vehicle device 3. The
following will use a service provision device when not distinguishing the short-range
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service provision device 1 and the wide-range service provision device 2 from each
other. In addition, a communication device will be used when not distinguishing,
from each other, the service provision device providing a service and the in-vehicle
device 3 using the service.

[0024]

The service provision device is managed by a predetermined service provider.
The above service provider signifies an entity such as company, shop, public
institution, which provides a predetermined service to users using the in-vehicle
device 3.

[0025]

The difference between the short-range service provision device 1 and the
wide-range service provision device 2 is in the magnitude of the area (hereinafter,
service provision area) for a target of service provision. The short-range service
provision device 1 is a service provision device that provides a relatively narrow
service provision area; the wide-range service provision device 2 is a service provision
device that provides a relatively broad service provision area. The correspondence
relation between the contents of services and the provision areas of the services will
be explained later. The short-range service provision device 1 and the wide-range
service provision device 2 are each equivalent to a communication device.

[0026]

In FIG. 1, the area surrounded by broken lines illustrates a service provision
area of the short-range service provision device 1; the area surrounded by alternate
long and short dash line lines illustrates a service provision area of the wide-range
service provision device 2. FIG. 1 illustrates, but not limited to, a single short-range
service provision device 1 and a single wide-range service provision device 2; the
mobile communication system 100 may include a plurality of short-range service
provision devices 1 and/or a plurality of wide-range service provision devices 2 as a
whole.

[0027]

The in-vehicle device 3 is used in a vehicle. The in-vehicle device 3 is
device/apparatus via which a user of the vehicle uses the service provided from the
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various service provision devices mentioned above. The in-vehicle device 3 is
equivalent to an in-mobile device that is a device in a mobile object.

[0028]

<Relating to WAVE>

WAVE assigns communication channels to one control channel and a plurality
of service channels (e.g., six service channels). The control channel and the service
channels are achieved by being assigned with mutually different radio-wave
frequencies. Note that the control channel and the service channels may be
achieved with the frequencies belonging to 5.8 GHz band, 5.9 GHz band, and/or 2.4
GHz band. Frequencies belonging to other frequency bands may be also employed.

[0029]

The service channel is a communication channel used in order that each
communication device transmits and receives the information for providing and using
services. In addition, the service channel may be also a communication channel
used in order that the in-vehicle device 3 performs well-known vehicle-to-vehicle
communications with a different in-vehicle device 3. The service channels are
assigned with respective unique numbers (hereinafter, channel number); the service
channels may be distinguished from each other using the respective channel numbers.
Note that "information," which may be used not only as an uncountable noun but also
a countable noun, is equivalent to an information item. One information is
equivalent to one information item; a plurality of informations are equivalent to a
plurality of information items.

[0030]
The control channel is a communication channel used, e.qg., for a service

provision device to distribute a WSA (Wave Service Advertisement) that is a message
for starting the communication using a predetermined service channel with an
in-vehicle device 3. A WSA includes the service kind information that indicates the
kind of a service provided by the short-range service provision device 1, and the
channel information that identifies a service channel used to provide the service from
among a plurality of service channels. A WSA is equivalent to a service

advertisement message.



[0031]

Further, as in FIG. 2, WAVE designates alternately a CCH time zone for
communication using the control channel and an SCH time zone for communication
using the service channel, with predetermined time intervals. In the present
embodiment, as one example, the CCH time zone and the SCH time zone are switched
alternately each 50 milliseconds.

[0032]

Note that CCH represents Control CHannel; SCH represents Service CHannel.
A communication time zone may be also used when the CCH time zone and the SCH
time zone need not to be distinguished from each other.

[0033]

The in-vehicle device 3 is typically configured to be unpermitted to use a
plurality of communication channels at the same time. In the present embodiment,
as one example, the in-vehicle device 3 is supposed to be configured to be
unpermitted to use a plurality of communication channels at the same time. The
in-vehicle device 3 switches communication channels as a target for transmission and
reception (hereinafter, communication-target channel) in order among a plurality of
communication channels specified by the WAVE, thereby performing the
communication via the control channel or the service channel.

[0034]

In addition, in the present embodiment, as an example, the short-range
service provision device 1 is also configured to be unpermitted to use a plurality of
communication channels at the same time, like the in-vehicle device 3. By contrast,
the wide-range service provision device 2 is configured to be permitted to use two
communication channels at the same time. However, all the wide-range service
provision devices 2 included in the mobile communication system 100 need not be
permitted to use a plurality of communication channels at the same time. There may
be present a wide-range service provision device 2 that is configured to be permitted
to designate only one communication channel as a communication-target channel.
Such modification examples will be separately mentioned later.

[0035]
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In the WAVE, the in-vehicle device 3 designates the control channel as a
communication-target channel during a period of time for which the current clock
time is determined to be within the CCH time zone. That is, the communication
using the control channel is performed while determining that the current clock time is
within the CCH time zone.

[0036]

Further, when needing to perform the communication using a predetermined
service channel, the in-vehicle device 3 designates, as the communication-target
channel, a corresponding service channel by switching from the control channel at the
point of time when the CCH time zone transitions into the SCH time zone. Then, at
the point of time at which the SCH time zone is completed, the communication-target
channel is returned from the service channel to the control channel.

[0037]

Note that the case of the in-vehicle device 3 needing to perform the
communication using a predetermined service channel includes the case of the
in-vehicle device 3 using a service provided by the service provision device, or the
case of the in-vehicle device 3 performing the vehicle-to-vehicle communication with
a different in-vehicle device 3 present in the vicinity. Further, when not needing to
perform the communication using any service channel, the in-vehicle device 3 may
continue designating the control channel as the communication-target channel even
in the SCH time zone.

[0038]

<Qutline of service provision device>

The following explains an outline of a short-range service provision device 1
and a wide-range service provision device 2, i.e., an outline of a service provision
device. The service provision device provides a predetermined service by performing
the WAVE communication with an in-vehicle device 3.

[0039]

The services provided by a service provision device include an automatic fee
collection service during running a toll road, an automatic parking fee collection

service at parking, a traffic information distribution service, a position information
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report service, and an advertisement distribution service, for instance.

[0040]

It is noted that an automatic fee collection service during running a toll road is
a service that performs an automatic fee settlement of the fee of a toll road using the
credit-card information or the account number of the banking service, which are
registered previously. The fee of a toll road may be determined depending on the
road segment or the time zone, which is used. In addition, an automatic parking fee
collection service is a service that performs an automatic fee settlement of the fee of
a parking lot.

[0041]

A traffic information distribution service is a service that distributes the real
time traffic information; a position information report service is a service that reports
a detailed current position of the in-vehicle device 3 that is communicating with a
corresponding service provision terminal. An advertisement distribution service is a
service that distributes the information on goods requested to be advertised from a
third party, and/or the goods that a service provider sells. The targets advertised by
the advertisement distribution service may be not only goods but also services,
enterprises, companies, or events.

[0042]

The service provision device may be a movable type or a fixed type that is
fixed to a position on roadside along a road. This movable type signifies a type that
is movable to change positions for providing a service, but is fixed to a position at the
time of providing a service (i.e., at the operating time).

[0043]

In addition, the service provision device may be mounted in a mobile object
such as a vehicle. A vehicle using the service provision device is different from a
vehicle using the in-vehicle device 3. The service provision device mounted in a
mobile object is referred to as a mobile service provision device; a mobile object using
the mobile service provision device is referred to as a provision-use mobile object, for
convenience.

[0044]
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The area (hereinafter, communication area) where the service provision
device can perform the WAVE communication may be specified depending on a
service provided by the service provision device. This is because the communication
area of the service provision device is equivalent to a service provision area.

[0045]

For example, when the service provision device provides a service that
requires the two-way communications with the in-vehicle device 3, the
communication area of the service provision device may be preferably a short range
that is a relatively limited area. The services requiring the two-way communications
by the service provision device and the in-vehicle device 3 include an automatic fee
collection service during running a toll road, and an automatic parking fee collection
service at parking. In addition, a position information report service may be
desirable to be provided under a relatively limited narrow communication area of the
service provision device.

[0046]

By contrast, a traffic information distribution service or an advertisement
distribution service (hereinafter, distribution service), which is fulfilled via the one-way
communication from the service provision device to the in-vehicle device 3, may not
need to be provided under a relatively limited narrow communication area. The
communication area may be formed according to the contents of the information to
distribute. For example, the distribution service may have the service provision area
up to about 1 km from the service provision device. Naturally, even the distribution
service may be provided under a narrow communication area within about tens of
meters in radius.

[0047]

The magnitude of the communication area of the service provision device
corresponds to the maximum value (hereinafter, the maximum arrival distance) of the
distance within which the radio wave transmitted by the service provision device is
maintained with a signal strength being able to be demodulated (e.g., -85 dBm). In
addition, the maximum arrival distance is depending on the output power of the
transmitted radio wave; thus, the communication area is also depending on the
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output power of the transmitted radio wave.

[0048]

The short-range service provision device 1 according to the present
embodiment is a service provision device of which the maximum arrival distance of
the radio wave is specified as being smaller than a predetermined area classification
threshold value. By contrast, the wide-range service provision device 2.is a service
provision device of which the maximum arrival distance is specified as being equal to
or greater than the area classification threshold value.

[0049]

This area classification threshold value, which classifies service provision
devices into the short-range service provision device 1 and the wide-range service
provision device 2 according to the magnitude of the communication area, may be
designed as needed. For example, the area classification threshold value may be a
value of hundreds of meters to 500 meters. In the present embodiment, the area
classification threshold value is specified to be 400 meters, as an example. Further,
the area classification threshold value may be specified to be tens of meters such as
20 meters.

[0050]
The communication area having the maximum arrival distance less than the

area classification threshold value is referred to as a short range; the communication
area having the maximum arrival distance equal to or greater than the area
classification threshold value is referred to as a wide range, for convenience. In
addition, the service provided under the maximum arrival distance less than the area
classification threshold value is referred to as a short-range service; the service
provided under the maximum arrival distance equal to or greater than the area
classification threshold value is referred to as a wide-range service,

[0051]

<Configuration of short-range service provision device 1>

The following explains a configuration of the short-range service provision
device 1. The short-range service provision device 1 is a service provision device

providing the communication area specified to be a short range, as mentioned above.
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In the present embodiment, this short-range service provision device 1 is a fixed-type
service provision device, as an example.

[0052]

This short-range service provision device 1 includes an in-provider control
circuit 11 and a WAVE communicator 12 as in FIG. 3. The in-provider control circuit
11, which is a control circuit in a provider side and connected with the WAVE
communicator 12 to interconnect with each other, controls operations of the
short-range service provision device 1 as a whole. The details of the in-provider
control circuit 21 will be explained later.

[0053]

The WAVE communicator 12, which includes an antenna for performing the
WAVE communication, demodulates a signal received via the antenna and outputs it
to the in-provider control circuit 11 while modulating a data inputted from the
in-provider control circuit 11, converting to the radio wave to transmit. The
transmission power of the radio wave from the antenna or the directionality of the
antenna is adjusted to permit the maximum arrival distance of the radio wave
transmitted from the antenna to be less than the above-mentioned area classification
threshold value.

[0054]

This WAVE communicator 12 is configured to be able to set a
communication-target channel by selecting one channel through switching among the
communication channel and the service channels. Operations of the WAVE
communicator 12 is controlled by the in-provider control circuit 11. Note that the
service channel designated as a communication-target channel from the plurality of
service channels is indicated also from the in-provider control circuit 11,

[0055]

The in-provider control circuit 11 is also referred to as an in-provider electronic
control unit. The present embodiment configures, as an example, the in-provider
control circuit 11 to be a computer to include a CPU 111, a RAM 112, a ROM 113, an
I/0, and a bus line that connects the foregoing components. The RAM 112 is used
as a computation region of the CPU 111, and functions also as a queue that stores a
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message for transmission which is generated by the message generator section F3
mentioned later. The region storing the message for transmission among the
storage areas of the RAM 112 is referred to as a transmission queue, for convenience.

[0056]

The ROM 113 stores a program (hereinafter, provision-device program) for
making a usual computer function as the in-provider control circuit 11. Note that the
above-mentioned provision-device program only needs to be stored in a
non-transitory tangible storage media such as ROM. Executing the provision-device
program by the CPU 111 corresponds to executing a method corresponding to the
provision-device program.

[0057]

Further, the ROM 113 stores the information such as the information for
generating a WSA corresponding to the service which the short-range service
provision device 1 provides, and the attribution information which indicates the
attribute as a service provision device. This attribution information includes the
information which indicates the magnitude of the communication area such as
whether or not the communication area is specified to be a short range, the
information which indicates whether it is @ mobile service provision device, and the
kind of a service provided.

[0058]
The in-provider control circuit 11 includes, as in FIG. 4, a time holder section

F1, a time zone determiner section F2, a message generator section F3, a
transmission time zone selector section F4, a channel switch section F5, a CCH
communication processor section F6, and an SCH communication processor section
F7, (which are also referred to as a time holder F1, a time zone determiner F2, a
message generator F3, a transmission time zone selector F4, a channel switch F5, a
CCH communication processor F6, and an SCH communication processor F7), as
functional blocks achieved by executing the above-mentioned provision-device
program. In addition, the transmission time zone selector section F4 includes an
importance determiner section F41 (which is also referred to as an importance

determiner F41), as a finer functional block.
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[0059]

All or part of the functions provided by the in-provider control circuit 11 may
be configured as hardware circuits such as one or more ICs. Hereinafter, the service
provision device using the in-provider control circuit 11 is also referred to as a host
device (host service provision device) for distinguishing from another service
provision device.

[0060]

The time holder section F1 holds the time information which indicates the
clock time at present. The clock time held by the time holder section F1 is equivalent
to a clock time serving as a predetermined reference (hereinafter, reference clock
time) held primarily by each communication device which performs the WAVE
communication.

[0061]
For instance, a reference clock time is a clock time (hereinafter, GNSS clock

time) used in global navigation satellite system (hereinafter, GNSS), but not limited
thereto. The reference time may be a universal time, coordinated (UTC).
Furthermore, it may be a clock time system uniquely defined in the mobile
communication system 100. Communication devices performing the WAVE
communications with each other only need to use common clock time information.
Therefore, the clock time held by an in-provider control circuit 11 may be defined as a
reference clock time in the vicinity of the corresponding short-range service provision
device.

[0062]
The time holder F1 may be configured to receive the information indicating a

reference clock time from a server provided in an outside entity, for instance. As
another example, when the short-range service provision device 1 is provided with a
GNSS receiver used by GNSS, the time holder section F1 is configured to acquire a
reference clock time from the GNSS receiver. This is because the GNSS receiver
receives radio waves transmitted from the satellites (hereinafter, GNSS satellites) used
in GNSS, and thereby acquires a GNSS clock time.

[0063]
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The time zone determiner section F2 identifies the switching point of time at
which the communication time zones are switched based on the clock time
information held in the time holder section F1, while determining whether the current
communication time zone is the CCH time zone or the SCH time zone based on the
clock time information held by the time holder section F1.

[0064]

The message generator section F3 generates a data as a message transmitted
using the control channel (hereinafter, a CCH message), and a data as a message
transmitted using the service channel (hereinafter, an SCH message). The message
generator section F3 is equivalent to the data generator section or the data generator.

[0065]

The CCH message is a WSA about the service (i.e., short-range service)
provided by the short-range service provision device 1, for example. A WSA is
generated successively (e.g., each 100 milliseconds). The generation interval of a
WSA may be determined depending on the cycle in which the communication time
zone is switched to the CCH time zone.

[0066]
In addition, the CCH message includes a message whose transmission

destination is a different service provision device. The message whose transmission
destination is a different service provision device functions as a message for service
provision devices mutually cooperate with each other (hereinafter, a cooperation
message) such as sharing the information between the service provision devices.
The cooperation message is equivalent to the different-device-use data.

[0067]

The SCH message is a message that includes the detailed information for
providing services to the in-vehicle device 3 (hereinafter, service information
message), for example. For example, suppose a short-range service provision
device 1 provides a service that is a fee collection service. In such a case, the SCH
message is generated to request a return of the information for the fee collection from
the in-vehicle device 3. The information for the fee collection includes a user ID

which is previously assigned to each user in order to identify the user. The SCH
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message may be generated successively depending on the cycle in which the
communication time zone is switched to the SCH time zone. The various messages
generated by the message generator section F3 are once stored in the transmission
queue of the RAM 112.

[0068]

The transmission time zone selector section F4 selects either the CCH time
zone or the SCH time zone whichever is used for transmission based on the kind of the
message generated by the message generation section F3. In other words, the
transmission time zone selector section F4 determines which one of the CCH time

zone and the SCH time zone is employed as a transmission time zone for transmission

of a message.

[0069]
When the message generated by the message generator section F3 is the SCH

message, the transmission time zone selector section F4 designates the SCH time
zone as the transmission time zone. In addition, when the message generated by
the message generator section F3 is the CCH message, the importance determiner
section F41 determines whether the generated CCH message has a high-importance
level or a low-importance level based on the kind of the message.

[0070]

When the importance determiner section F41 determines that the CCH
message generated by the message generator section F3 has a high-importance level,
the transmission time zone selector section F4 designates the CCH time zone as a
transmission time zone for this CCH message. By contrast, when the importance
determiner section F41 determines that the CCH message generated by the message
generator section F3 has a low-importance level, the transmission time zone selector
section F4 designates the SCH time zone as a transmission time zone for this CCH

message.

[0071]
The importance determiner section F41 determines whether the CCH message

corresponds to the message with a high-importance level or the message with a
low-importance level based on the kind of the CCH message.
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[0072]

The determining procedure by this importance determiner section F41 will be
explained using the flowchart in FIG. 5. Note that the flowchart in FIG. 5 may be
started when the message generator section F3 generates a CCH message.

[0073]

First, at S1, it is determined whether the CCH message generated by the
message generator section F3 is a WSA. When the CCH message generated by the
message generator section F3 is a message other than a WSA (for example,
cooperation message), the determination at S1 is made negated, advancing the
sequence to S4. Whether a message is a WSA or not may be identified by referring
to a header of the message, for instance. The header contains the information
indicates the kind of the message.

[0074]

By contrast, when the CCH message generated by the message generator
section F3 is a WSA, the determination at S1 is made affirmed, the sequence moves to
S2, where it is determined whether the service corresponding to the WSA is a short
range service. This determination at S2 is equivalent to the determination whether
the communication area of the host device is specified as a short range. For example,
the importance determiner section F41 may refer to the attribution information in the
ROM 113, and determine whether the communication area of the host device is
specified as a short range.

[0075]

When the communication area of the host device is specified as a short range,
the determination at S2 is made affirmed, advancing the sequence to S3. By
contrast, when the communication area of the host device is specified as a wide range,
the determination at S2 is made negated, advancing the sequence to S4. At S3, itis
determined that an importance level of the message is a high-importance level. At
S4, it is determined that an importance level of the message is a low-importance level.

[0076]

The criterion for determining whether the importance level of the message is a

high-importance level or is a low-importance level may be defined previously by a
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designer or an administrator of the mobile communication system 100. Alternatively,
the importance determiner section F41 determines that the importance level is a
high~-importance level when the host device is a mobile service provision device and
the generated CCH message is a WSA.

[0077]

In addition, when the priority is previously assigned to each kind of service,
this priority may be used for determining whether the importance level of the
generated WSA is a high-importance level or a low-importance level. For example,
the criterion may be defined such that the importance level of the WSA of a service of
which the priority is equal to or greater than a predetermined threshold value may be
determined to be a high-importance level, whereas the importance level of the WSA
of the service of which the priority is less than the predetermined threshold value may
be determined to be a low-importance level. That is, the WSA of the service having
a priority equal to or greater than the threshold value may be defined as a data having
a high-importance level.

[0078]

The channel switch section F5, which may be referred to as a channel
controller section, controls a communication-target channel of the WAVE
communicator 12. For example, when switching the communication-target channel
according to the transitions of the communication time zones, the channel switch
section F5 switches the communication-target channel at the switching point of time.
In addition, the channel switch section F5 may hold the state where a predetermined
communication channel is designated as the communication-target channel,
regardless of the transitions of the communication time zones. The
communication-target channel control mode may be determined depending on the
transmission time zone assigned by the transmission time zone selector section F4 to
the message stored in the transmission queue, as explained below.

[0079]

The CCH communication processor section F6 collaborates with the channel
switch section F5, and transmits the CCH message stored in the transmission queue

via the transmission time zone that is assigned to the CCH message.
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[0080]
For example, when the CCH message assigned with the CCH time zone as the

transmission time zone is present in the transmission queue, the channel switch
section F5 is caused to designate the control channel as the communication-target
channel in the next CCH time zone to then transmit the CCH message.

[0081]

In contrast, when the CCH message assigned with the SCH time zone as the
transmission time zone is present in the transmission queue, the channel switch
section F5 is caused to designate the control channel as the communication-target
channel in the next SCH time zone to then transmit the CCH message. This CCH
communication processor section F6 is equivalent to the CCH transmission processor
section or the CCH transmission processor.

[0082]
The SCH communication processor section F7 collaborates with the channel

switch section F5, and transmits the SCH message stored in the transmission queue
via the SCH time zone. It is because the SCH time zone is assigned to the SCH
message as a transmission time zone.

[0083]

<Relating to operation of short-range service provision device 1>

The following explains an operation of the short-range service provision
device 1. The short-range service provision device 1 generates a WSA as a CCH
message which should be transmitted in the CCH time zone successively (each 100
milliseconds, e.g.), and generates also an SCH message which should be transmitted
in the SCH time zone successively.

[0084]

The channel switch section F5 of the short-range service provision device 1
thus switches the communication-target channels according to the transitions of the
communication time zones, as in FIG. 6. In detail, the control channel is designated
as the communication-target channel during a period of time for which the CCH time
zone takes place; the service channel is designated as the communication-target
channel during a period of time for which the SCH time zone takes place. As a

result,
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the short-range service provision device 1 transmits a WSA during the CCH time zone
and an SCH message during the SCH time zone, in order.

[0085]

<Configuration and operation of wide-range service provision device 2>

The following explains a configuration of the wide-range service provision
device 2. The wide-range service provision device 1 is a service provision device
providing the communication area specified to be a wide range, as mentioned above.
In the present embodiment, this wide-range service provision device 1 is a fixed
service provision device that is a service provision device being a fixed type, as an
example.

[0086]

This wide-range service provision device 1 includes an in-provider control
circuit 21, a first WAVE communicator 22, and a second WAVE communicator 23, as in
FIG. 7. The first WAVE communicator 22 and the second WAVE communicator 23
each are a component that has a function similar to that of the WAVE communicator
12 included in the short-range service provision device 1. The explanation about the
first WAVE communicator 22 and the second WAVE communicator 23 is thus omitted.
However, the transmission powers of the first WAVE communicator 22 and the second
WAVE communicator 23 are adjusted to provide the communication area to be a wide
range.

[0087]

The in-provider control circuit 21 is also referred to as an in-provider electronic
control unit. The present embodiment configures, as one example, the in-provider
control circuit 21 to be a computer to include a CPU 211, a RAM 212, a ROM 213, an
1/0, and a bus line that connects the foregoing components. The ROM 213 stores
the above-mentioned the provision-device program, etc. The CPU 211 executes the
provision-device program; thereby, the in-provider control circuit 21 functions like the
in-provider control circuit 11 included in the short-range service provision device 1.
That is, the in-provider control circuit 21 also includes a time holder section F1, a time
zone determiner section F2, a message generator section F3, a transmission time
zone selector section F4, a channel switch section F5, a CCH communication
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processor section F6, and an SCH communication processor section F7, as functional
blocks.

[0088]

The ROM 213 stores the information for generating a WSA corresponding to
the service which the wide-range service provision device 2 provides, and the
attribution information which indicates the attribute as a service provision device.
That is, the ROM 213 stores the information indicating that the communication area
being specified to be a wide range, the service provision device being a fixed type,
and the kind of the provided service.

[0089]

The following explains the differences between this wide-range service
provision device 2 and the short-range service provision device 1 in order.

[0090]

First, the communication area of the wide-range service provision device 2 is
specified to be a wide range; thus, the transmission time zone of a WSA as a CCH
message generated by the message generator section F3 is set to the SCH time zone.
In contrast, the service information message serving as the SCH data is also
generated as an SCH message. That is, both the CCH message and the SCH
message are generated as a message which should be transmit during the SCH time
zone,

[0091]
Assume that the wide-range service provision device 2 includes only one

component equivalent to the WAVE communicator 12 (hereinafter, WAVE
communicator). Such an assumption poses an issue that allows only either the WSA
or the service information message to be transmitted during one SCH time zone.

[0092]

The reason why the wide-range service provision device 2 according to the
present embodiment includes two WAVE communicators is to solve the
above-mentioned issue. Providing two WAVE communicators permits both the
transmission of a WSA being a CCH message and the transmission of a service

information message being an SCH message.
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[0093]

For example, the channel switch section F5 of the wide-range service
provision device 2 may operate each WAVE communicator as in FIG. 8 such that the
communication-target channel of the first WAVE communicator 22 is fixed to the
control channel while the communication-target channel of the second WAVE
communicator 23 is fixed to the service channel. Such a control mode can perform
both the transmission of the CCH message and the transmission of the SCH message
during the same SCH time zone. Naturally, the reception of each communication
channel can also be performed.

[0094]

Operating the first WAVE communicator 22 and the second WAVE
communicator 23 is not limited to the configuration in FIG. 8. For example, as in FIG.
9, each WAVE communicator may transition to the sleep mode during the CCH time
zone. The sleep mode is the state where any communication is not executed.
When it is in the sleep mode, the consumed electric power is reduced as compared
with the state where the communication is executed.

[0095]

In addition, as in FIG. 10, the communication-target channel of the first WAVE
communicator 22 is fixed to the control channel, whereas the communication-target
channel of the second WAVE communicator 23 is switched between the control
channel and the service channel depending on the transitions of the communication
time zones.

[0096]

<Configuration of in-vehicle device 3>

The following explains a configuration and an operation of the in-vehicle
device 3. The vehicle using the in-vehicle device 3 corresponds to various types of
vehicles running roads such as a passenger car, a bus, a truck. FIG. 1 illustrates a
four-wheel vehicle; however, the vehicle may be two-wheel vehicle or three-wheel
vehicle. The two-wheel vehicle may include a bicycle.

[0097]
Although the present embodiment provides a configuration in which the
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in-vehicle device 3 is mounted in a vehicle, another configuration may be employed in
which the in-vehicle device 3 is brought into a vehicle by a user. The mode of being
mounted in a vehicle includes not only the mode of being assembled into a vehicle but
also the configuration of being removably attached to a holder installed in a vehicle.
Hereinafter, the vehicle where the in-vehicle device 3 is mounted is also referred to as
a host vehicle.

[0098]

This in-vehicle device 3 includes the in-vehicle control circuit 31, the GNSS
receiver 32, and the in-vehicle WAVE communicator 33, as illustrated in FIG. 11. The
in-vehicle control circuit 31 is connected to communicate with each of the GNSS
receiver 32 and the in-vehicle WAVE communicator 33, controlling overall operations
of the in-vehicle device 3. The details of the in-vehicle control circuit 31 will be
explained later.

[0099]
The GNSS receiver 32 is a receiver to receive the radio waves from the

above-mentioned GNSS satellites. The GNSS receiver 32 contains internally a clock
(hereinafter, internal clock), and receives the radio waves from the GNSS satellites to
thereby synchronize the internal clock with the GNSS clock time.

[0100]

The in-vehicle WAVE communicator 33, which includes an antenna for
performing WAVE communications, demodulates a signal received via the antenna
and outputs it to the in-vehicle control circuit 31 while modulating a data inputted
from the in-vehicle control circuit 31, converting to the radio waves to transmit. The
transmission power of the radio wave in the in-vehicle WAVE communicator 33 may
be designed as needed. For example, the electric power may be set to provide the
maximum arrival distance of hundreds meters in a clear view.

[0101]

This in-vehicle WAVE communicator 33 is configured to set a
communication-target channel by selecting one channel from the control channel and
the service channels. That is, both the communication using the control channel and

the communication using the service channel are performed via the in-vehicle WAVE
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communicator 33.

[0102]

Operations of the in-vehicle WAVE communicator 33 is controlled by the
in-vehicle control circuit 31. Note that the service channel designated as a
communication-target channel from the plurality of service channels is indicated also
from the in-vehicle control circuit 31.

[0103]

The in-vehicle control circuit 31 is configured to be a computer to include a
CPU 311, a RAM 312, a ROM 313, an I/O, and a bus line that connects the foregoing
components. The ROM 313 stores a program (vehicular program, hereinafter) that
makes a usual computer function as the in-vehicle control circuit 31 in the present
embodiment, and a service list indicating services provided by the in-vehicle device 3.

[0104]

The above-mentioned vehicular program only needs to be stored in a
non-transitory tangible storage media. Executing the vehicular program by the CPU
311 corresponds to executing a method corresponding to the vehicular program.

[0105]

The in-vehicle control circuit 31 executes the above-mentioned vehicular
program, thereby executes the various processes such as controlling a

communication-target channel of the in-vehicle WAVE communicator 33. In detail,
| the in-vehicle control circuit 31 designates the control channel as the
communication-target channel even in the SCH time zone under the state of not
receiving a WSA corresponding to the service which the in-vehicle control circuit 31
should use.

[0106]

When receiving a WSA corresponding to the service which the in-vehicle

WAVE communicator 33 should use, the communication-target channel is set to a
predetermined service channel based on the information indicated by the WSA to
thereby use the service. Further, that the in-vehicle device 3 uses the service is
equivalent to that the user of the in-vehicle device 3 enjoys the service.

[0107]
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In addition, when a plurality of WSA(s) are received in one CCH time zone, a
service is selected from the services advertised by the WSA(s) according to a
predetermined rule. The process for using the selected service is then executed. In
detail, at the point of time at which the next SCH time zone starts to take place, the
service channel corresponding to the selected service is designated as the
communication-target channel, and the communication with the service provision
device is performed using the service channel. Hereinafter, an event of the in-vehicle
device 3 starting the communication with the service provision device using a
predetermined service channel is also represented as opening a service channel.

[0108]

The rule for selecting a service to be used from a plurality of services may be
designed as needed. For example, when the priority is previously specified for each
service, the service having the highest priority may be selected from the available
services.

[0109]

<Effect of embodiment>

The following explains an operation and an effect of the above embodiment
using FIG. 12, FIG. 13, and FIG. 14. In FIG. 12, the short-range service provision
devices 1A and 1B are the short-range service provision devices 1 that provide
mutually different services; the wide-range service provision devices 2A and 2B are
the wide-range service provision devices 2 that provide mutually different services.

[0110]

In FIG. 12, the area surrounded by the broken line L1A illustrates the
communication area of the short-range service provision device 1A; the area
surrounded by the broken line L1B illustrates the communication area of the
short-range service provision device 1B. The area surrounded by the alternate long
and short dash line L2A illustrates the communication area of the wide-range service
provision device 2A; the area surrounded by the alternate long and short dash line
L2B illustrates the communication area of the wide-range service provision device 2B.
The short-range service provision devices 1A and 1B are present in the

communication areas of the wide-range service provision devices 2A and 2B, while the
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wide-range service provision devices 2A and 2B are present outside of the
communication areas of the short-range service provision devices 1A and 1B.

[0111]

In addition, the in-vehicle device 3A is present in a region where the
communication areas of the short-range service provision devices 1A and 1B and the
communication areas of the wide-range service provision devices 2A and 2B are
overlapped with each other; the in-vehicle device 3B is present in a region where the
respective communication areas of the wide-range service provision device 2A and 2B
are overlapped with each other. For convenience, the in-vehicle device 3A is
indicated as a first in-vehicle device 3A; the in-vehicle device 3B is indicated as a
second in-vehicle device 3B.

[0112]

An effect of the present embodiment in such a situation will be explained by
employing a comparative configuration. This comparative configuration has a
configuration in which each service provision device does not include a transmission
time zone selector section F4, whereas the CCH communication processor sections of
the respective service provision devices transmit CCH messages for WSA(s) etc.,
during the CCH time zone, without variation.

[0113]

When the service provision device has the comparative configuration, each
service provision device transmits any WSA during the CCH time zone, as indicated in
(A) of FIG. 13. That is, four WSA(s) are transmitted in order during one CCH time
zone.

[0114]
That is, when a service provision device transmits a CCH message of a WSA

etc. in the comparative configuration, one communication channel (i.e., control
channel) is shared in the same communication time zone by another service provision
device. This increases a possibility that CCH messages transmitted by a plurality of
service provision devices collide with each other as the number of service provision
devices whose communication areas catch the first in-vehicle device 3A increases.

[0115]
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Note that the short-range service provision devices 1A and 1B are able to
receive WSA(s) distributed by the wide-range service provision device 2A and 2B.
Supposing that a service provision device has a configuration executing a well-known
carrier sensing process. Such a case can reduce a possibility that the short-range
service provision devices 1A and 1B transmit WSA(s) while the wide-range service
provision device 2A and 2B transmit WSA(S).

[0116]

However, the wide-range service provision devices 2A and 2B are present
outside of the communication areas of the short-range service provision devices 1A
and 1B; thus, the wide-range service provision devices 2A and 2B cannot recognize
whether the short-range service provision devices 1A and 1B transmit WSA(s). This
increases a possibility that the wide-range service provision device 2A and 2B transmit
WSA(s) when the short-range service provision devices 1A and 1B transmit WSA(s).
If the WSA transmitted by the short-range service provision device 1 collides with the
WSA transmitted by the wide-range service provision device 2, both of the WSA(s)
cannot be received by the first in-vehicle device 3A.

[0117]

In addition, in the comparative configuration, the first in-vehicle device 3A
receives four WSA(s) in order within one CCH time zone, as indicated in (B) of FIG. 13,
Such a state requires the in-vehicle device 3 to recognize that the four services are
available based on the WSA(s) received successively, and select a used service from
the four services.

[0118]

By contrast, according to the present embodiment, as illustrated in (A) of FIG.
14, the short-range service provision devices 1A and 1B transmit WSA(s) during the
CCH time zone, whereas the wide-range service provision device 2A and 2B transmit
WSA(s) during the SCH time zone. This can decrease the number of communication
devices that use the control channel as carrier during the CCH time zone relatively
easily as compared with the comparative configuration.

[0119]
As the number of communication devices that use the control channel
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decreases, a possibility of the packet collision arising is also suppressed. That is, the
configuration of the present embodiment can suppress an issue of the in-vehicle
device 3 failing to receive a WSA transmitted by a service provision device due to the
collision between the WSA and another WSA transmitted by another service provision
device.

[0120]

Further, in the present embodiment, the communication time zone during
which the short-range service provision device 1 transmits a WSA is different from the
communication time zone during which the wide-range service provision device 2
transmits a WSA. As in (B) of FIG. 14, the number of WSA(s) which the first
in-vehicle device 3A receives during one communication time zone is thus reduced as
compared with the comparative configuration. This can reduce the load in the
process which the first in-vehicle device 3A performs during the CCH time zone.

[0121]

When the first in-vehicle device 3A enters the communication area
(hereinafter, short-range service provision area) of the short-range service provision
devices 1A and 1B, the communication-target channel in the SCH time zone is set to a
predetermined service channel based on the WSA received in the CCH time zone.
This disables the reception of WSA(s) transmitted by the wide-range service provision
device 2A and 2B in the SCH time zone. That is, the in-vehicle device 3A may be
unable to receive WSA(s) transmitted from the wide-range service provision device 2A
and 2B within the short-range service provision area.

[0122]

By contrast, the communication area of the wide-range service provision
device 2A and 2B is a wide range. Therefore, before reaching the short-range
service provision area, the first in-vehicle device 3A is expected to receive WSA(s)
transmitted by the wide-range service provision devices 2A and 2B and to then
transition to a state of using the wide-range service.

[0123]

Suppose that the first in-vehicle device 3A is present at the position of the
second in-vehicle device 3B. Such a case allows the reception of WSA(s) transmitted
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by the wide-range service provision devices 2A and 2B, as in (C) of FIG. 14.
Therefore, before reaching the communication areas of the short-range service
provision devices 1A and 1B, the first in-vehicle device 3A and the second in-vehicle
device 3B are expected to be using those services.

[0124]

Naturally, the first in-vehicle device 3A and the second in-vehicle device 3B
need not receive a WSA of a used service again. Assume that the in-vehicle device
3A already uses the services of the wide-range service provision devices 2A and 2B.
Such a case does not involve any disadvantage in the in-vehicle device 3A being
unable to receive, in the short-range service provision area, WSA(s) transmitted from
the wide-range service provision device 2A and 2B.

[0125]

In addition, assume that the in-vehicle device 3 reaches a short-range service
provision area before using the services provided by the wide-range service provision
device 2A and 2B. Such a case provides a possibility that allows the reception of the
WSA provided by the wide-range service provision device 2A and 2B after exiting from
the short-range service provision area. Even when the in-vehicle device 3 reaches a
short-range service provision area before using the services provided by the
wide-range service provision devices 2A and 2B, there is a relatively low possibility of
the in-vehicle device 3 failing to use the services provided by the wide-range service
provision devices 2A and 2B. That is, the wide-range service provision device 2
designating the SCH time zone as the communication time zone for transmitting a
WSA does not pose a significant disadvantage.

[0126]

Note that, as explained above, the criterion for determining whether the
importance level of the message is a high-importance level or a low-importance level
may be defined previously by a designer or an administrator of the mobile
communication system 100.

[0127]
For instance, suppose a configuration in which a WSA of the service provided

by a mobile service provision device is determined to have a high-importance level.
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Such a case can increase a possibility that allows the service provided by the mobile
service provision device to be used by an in-vehicle device 3. The reason is as
follows.

[0128]

First, the mobile service provision device and the in-vehicle device 3 each are
a mobile object, which may produce a positional relation of oncoming vehicles facing
each other. When the mobile service provision device and the in-vehicle device 3
have the relation of the oncoming vehicles, the duration time during which the
in-vehicle device 3 can continue performing the WAVE communication with the mobile
service provision device is shorter than the case where the service provision device is
a fixed type.

[0129]

This leads to a configuration in which the importance determiner section F41
determines that the WSA of the service provided by the mobile service provision
device corresponds to the data with a high-importance level. This configuration can
allow the service provision device to transmit a CCH message that should be received
preferentially by the in-vehicle device 3 during the CCH time zone that is a
communication time zone primarily used for transmission. The in-vehicle device 3
can thus reduce a possibility of the in-vehicle device 3 failing to receive a WSA of the
service provided by the mobile service provision device.

[0130]
Allowing the importance determiner section F41 to determine that the WSA of

the service provided by the mobile service provision device corresponds to the data
with a high-importance level is equivalent to defining a WSA of the service provided
by the mobile service provision device as being a data having a high-importance level.

[0131]

In addition, suppose a configuration in which the importance determiner
section F41 determines whether a generated WSA has a high-importance level by
using the priority previously specified for each kind of service. Such a configuration
allows the service provision device to transmit a WSA of the service with a relatively
high priority during the CCH time zone while transmitting a WSA of the service with a
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relatively low priority during the SCH time zone.

[0132]

Such a configuration can reduce a possibility that the transmission of a WSA of
the service with a relatively low priority during the CCH time zone poses the failure of
transmitting a WSA of the service with a high priority or the failure of receiving the
WSA due to the collision of packets. The case where the transmission of a WSA of
the service with a low priority during the CCH time zone prevents a WSA of the service
with a high priority from being transmitted is equivalent to the state where the
carriers are crowded due to the co-existence of many service provision devices each
providing a service with a low priority.

[0133]

The message assigned with a high-importance level signifies a message that
needs to be received by the in-vehicle device 3 with a relatively high necessity. In
detail, the message assigned with a high-importance level is equivalent to a message
which also needs to be received by even the in-vehicle device 3 that opens a service
channel. Further, the message assigned with a low-importance level is equivalent to
a message which does not need to be received by the in-vehicle device 3 that opens a
service channel.

[0134]

The reason why the importance level is determined to be high when the
communication area is a short range in the above-mentioned embodiment is as
follows. That is, this is because the period of time for which the in-vehicle device 3
can receive the message in the short-range communication area is relatively shorter
than that in the wide-range communication area. In other words, the magnitude of
the communication area being a short range may be preferably specified so as to
allow even the in-vehicle device 3 opening a service channel to receive.

[0135]

In addition, a cooperation message corresponds to a message that the
in-vehicle device 3 does not need to receive. If a CCH message which such an
in-vehicle device 3 need not receive is transmitted during the SCH time zone, a
congestion of the control channel in the CCH time zone can be reduced.
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[0136]

The present embodiment exemplifies, as a CCH message other than a WSA, a
cooperation message, but not l[imited to. For example, when a message for
examining whether a service provision device operates normally is transmitted via the
control channel, such an examination message corresponds to a CCH message.

[0137]

[First modification example]

The present embodiment exemplifies a configuration where two wide-range
service provision devices 2 includes two WAVE communicators, but not limited to.
The wide-range service provision device 2 may include one WAVE communicator. In
such a case, as in FIG. 15, a communication-target channel in the SCH time zone may
be set alternately to the control channel and the service channel used to provide a
service.

[0138]

[Second modification example]

In addition, the above embodiment exemplifies a configuration in which the
short-range service provision device 1 includes only one WAVE communicator 1 and is
unable to use a plurality of communication channels at the same time, but not limited
to. When providing a plurality of kinds of services, the service provision device 1
may include a plurality of WAVE communicators for the plurality of kinds of services.
For example, when providing two kinds of services, the short-range service provision
device 1 may include two WAVE communicators.

[0139]

Similarly, when providing a plurality of wide-range services, the wide-range
service provision device 2 may be configured to include a WAVE communicator
operated with the control channel designated, and a plurality of WAVE communicators
for transmitting respective service information messages of the wide-range services.

[0140]

[Third modification example]

Furthermore, another configuration may be provided where a single service
provision device performs both a short-range service and a wide-range service. Such
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a service provision device is referred to as a multi-service provision device. This
multi-service provision device may be configured to include a WAVE communicator for
performing a short-range service, a WAVE communicator for transmitting a WSA of a
wide-range service, and a WAVE communicator for transmitting a service information
message of the wide-range service.

[0141]

[Fourth modification example]

The above exemplifies a configuration where a communication area of a
service provision device is classified into two kinds of a short range and a wide range
using a single kind of area classification threshold value, and the service provision
device is classified into two kinds of a short-range service provision device 1 and a
wide-range service provision device depending on the classified communication area,
but not fimited to.

[0142]

For example, a communication area of a service provision device may be
classified into three kinds of a short range, an intermediate range, and a wide range
depending on the magnitude of the communication area. Suppose that the
maximum arrival distance of the radio wave transmitted by a service provision device
is less than a predetermined short-range classification threshold value defining a
communication area serving as a short range. In such a case, the communication area
of the service provision device is classified as a short range.

[0143]

In contrast, suppose that the maximum arrival distance of the radio wave
transmitted by a service provision device is greater than a predetermined wide-range
classification threshold value defining a communication area serving as a wide range.
In such a case, the communication area of the service provision device is classified as
a wide range. Further, suppose that the maximum arrival distance of the radio wave
transmitted by a service provision device is greater than a predetermined short-range
classification threshold value and less than a predetermined wide-range classification
threshold value. In such a case, the communication area of the service provision

device is classified as an intermediate range.
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[0144]
The short-range classification threshold value or the wide-range classification

threshold value may be designed suitably. For example, the short-range
classification threshold values may be tens of meters such as 20 meters. In
addition, the wide-range classification threshold value may be a relatively long
distance such as 400 meters.

[0145]
Naturally, the number of classifications of the communication area may be not

only three but also more than three. Even under such a configuration, when the
service provision area is less than a constant reference, a generated CCH message
may be determined to have a high-importance level.

[0146]

[Fifth modification example]

The above exemplifies a configuration where the criterion of determination
whether the importance of a CCH message is a high-importance level or a low-
importance level employs whether or not the communication area of the service
provision device is a short range, but not limited to. The criterion of determination
whether the importance of a CCH message is a high-importance level or a low-
importance level does not necessarily employ the magnitude of the communication
area. For instance, whether the importance of a CCH message is a high-importance
level or a low-importance level may be determined based on whether a service
provision device is mobile or not, or based on whether the priority of a provided
service is greater than a predetermined threshold value.

[0147]

[Sixth modification example]

The above exemplifies a configuration where among CCH messages, a message
other than the WSA is determined to be a data having a low-importance level, but not
limited to. For instance, a service provision device may be configured to be an
emergency vehicle approach message that is a message announcing an approach of
an emergency vehicle such as a police vehicle, a fire fighting vehicle, or ambulance
vehicle. Such an emergency vehicle approach message having a high
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emergency level needs to be received by the in-vehicle device 3 even opening a
service channel and thus is set as a high-importance level.

[0148]

[Seventh modification example]

The above exemplifies a configuration where a service provision device that is
a device providing a service to an in-vehicle device 3 functions as a communication
device; however, the communication device is not limited to the service provision
device. The communication device may not be a device providing a service to an
in-vehicle device 3 by performing the communication with the in-vehicle device 3 via a
service channel. A communication device only needs to generate a CCH message
and transmit the CCH message in a communication zone based on the result of the
determination by the importance determiner section F41.

[0149]

For instance, a plurality of traffic lights may be provided in a single intersection.
The traffic lights may be configured to adjust the switching point of time at which the
respective displays are switched via the communication using a control channel. The
communication device according to the embodiment may be applied to the traffic
lights. The CCH messages exchanged between the traffic lights are equivalent to
cooperation messages. That is, those CCH messages, which are the information that
does not need to be received by an in-vehicle device 3, may thus be set as a
low-importance level.

[0150]

[Eighth modification example]

The above exemplifies an in-vehicle device 3 mounted in a vehicle as a
communication device that uses a service provided by a service provision device by
performing the WAVE communication with the service provision device; however, the
communication device for using services is not limited to the in-vehicle device 3.
Another configuration may be provided where a portable terminal that is a
communication device carried by a pedestrian uses a service provided by a service
provision device by performing the WAVE communication with the service provision

device.
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[0151]

While the present disclosure has been described with reference to
embodiments thereof, it is to be understood that the disclosure is not limited to the
embodiments and constructions. The present disclosure is intended to cover various
modification and equivalent arrangements. In addition, the various combinations
and configurations, other combinations and configurations, including more, less or

only a single element, are also within the spirit and scope of the present disclosure.
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CLAIMS

1. A communication device in a mobile communication system switching
alternately two communication time zones of a control channel (CCH) time zone
and a service channel (SCH) time zone, the CCH time zone being a time zone in
which communication using a control channel assigned with a predetermined
radio-wave frequency is performed, the SCH time zone being a time zone
different from the CCH, the SCH time zone in which communication using a
service channel is performed,

the communication device being provided along a road to perform
wireless communication using the control channel and the service channel with
an in-mobile device that is a device used in a mobile object, to provide a
predetermined service to a user of the in-mobile device,

the communication device comprising:

a time holder section configured to hold clock time information used to
determine a communication time zone at present;

a time zone determiner section configured to determine whether the
communication time zone at present corresponds to the CCH time zone or the
SCH time zone, based on the clock time information held by the time holder
section;

a CCH transmission processor section configured to transmit data using
the control channel;

a data generator section configured to generate, as a data that is to be
transmitted using the control channel, a service advertisement message that
advertises a kind of a service provided by the communication device to the in-
mobile device;

a storage in which information on magnitude of a service provision area of
the communication device is registered; and

an importance determiner section configured to determine an importance
of the service advertisement message based on the magnitude of the service
provision area registered in the storage when the data generated by the data
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generator section corresponds to the service advertisement message,

wherein:

when determining that the magnitude of the service provision area
registered in the storage is smaller than a predetermined reference, the
importance determiner section determines that the service advertisement
message has a high-importance level, whereas when determining that the
magnitude of the service provision area registered in the storage is not smaller
than the predetermined reference, the importance determiner section determines
that the service advertisement message has a low-importance level; and

when the importance determiner section determines that the service
advertisement message generated by the data generator section has a high-
importance level, the CCH transmission processor section transmits the service
advertisement message in the CCH time zone, whereas when the importance
determiner section determines that the service advertisement message generated
by the data generator section has a low-importance level, the CCH transmission

processor section transmits the service advertisement message in the SCH time

zone.

2. The communication device according to claim 1, wherein:
the data generator section generates a different-device-use data that is a
data whose transmission destination is a different communication device having

an identical function; and
the importance determiner section determines that the different-device-

use data is a data having a low-importance level.
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