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(57) Abrege(suite)/Abstract(continued):
to a second network, and a coexistence manager (CM). The coexistence manager (CM) acquires information relating to spectrum

holes that are, at least temporarily, not in use by the primary user. In addition, the coexistence manager (CM) determines whether
or not usage of the spectrum holes by the first secondary user causes interference. If the determination result is that interference Is
caused, coexistence manager (CM) notifies to this effect a second secondary user belonging to a third network, which differs from

the second network.
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Abstract

Disclosed is a wireless communication system capable of avoiding interference
even when a network including a secondary user coexists. The wireless communication
system includes a primary user belonging to a first network, a first secondary user
belonging to a second network, and a coexistence manager (CM). The coexistence
manager (CM) acquires information relating to spectrum holes that are, at least
temporarily, not in use by the primary user. In addition, the coexistence manager (CM)
determines whether or not usage of the spectrum holes by the first secondary user
causes interference. If the determination result is that interference is caused, coexistence
manager (CM) notifies to this effect a second secondary user belonging to a third

network, which differs from the second network.
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Title of Invention

WIRELESS COMMUNICATION SYSTEM, COEXISTENCE MANAGER

INSTALLED IN SAID SYSTEM, AND METHOD FOR WIRELESS
COMMUNICATION

Technical Field
[0001]

The present invention relates to a wireless communication system, a
coexistence manager installed in the system, and a wireless communication method and,
more particularly, to a wireless communication system including a plurality of networks,

a coexistence manager installed in the system, a wireless communication method, and

the like.

Background Art
[0002]

In a wireless communication system, by allocating a frequency to a
communication device, communication (communication service) of the communication
device is enabled. However, at present, it is difficult to allocate frequencies to latest
applications and services. The reason is that since predetermined frequency bands are
already allocated to various services by a regulatory organization or the like, the
spectrum is in a saturation state. In contrast to the saturation state, in reality, there 1S a
frequency band which is not occupied by the spectrum and a load actually applied to the
spectrum 1s not so heavy.

[0003]
The federal communications commission (FCC) publicly announced a

document prepared by the spectrum policy task force (SPTF) in 2002. The doament
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relates to efficient use of the radio spectrum. Concretely, by allowing unlicensed
wireless service to an access to a spectrum which is not occupied as described above,
efficient use of the radio spectrum 1s enabled.

[0004]

One of radio techniques using an unoccupied spectrum is the cognitive radio
technique. In a cognitive radio communication system using the cognitive radio
technique, first, a secondary user specifies a spectrum which is not temporarily used by
a primary user. The primary user is a user licensed to use the spectrum.
Subsequently, the secondary user starts communication using the specified radio
spectrum. In such a manner, efficient use of the radio spectrum 1s enabled.

[0005]

However, in the case where a plurality of secondary users exists, there 1s a
problem such that when the secondary users specify the spectrum and start
communication, interference occurs among the plurality of secondary users.
Particularly, in the case where a plurality of secondary users belong to networks
different from one another or in the case where a plurality of secondary users use
communication protocols different from one another, the above-described problem
becomes conspicuous.

[(0006]

To solve the above-described problem, for example, a standardization group of
IEEE studies how to manage coexistence of a plurality of wireless networks different
from each other. As a result of the studies related to such coexistence until now, there
is realization of coexistence by a cooperative or uncooperative method in consideration
of information exchange among a plurality of wireless networks. An object of such
study is mainly a plurality of networks for primary users different from each other (also
called legacy wireless networks). An example of coexistence of a plurality of legacy

wireless networks different from one another is a network according to IEEE802.11 and
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a network according to IEEE802.15. Therefore, coexistence of a network including a
secondary user with another network has not been sufficiently studied.
[0007]

In the case of realizing coexistence of a plurality of networks for secondary
users, it is necessary to consider another factor different from the coexistence of legacy

wireless networks. Concretely, the following points have to be considered and it 1s not

easy to realize the coexistence.

[0008]

First, to realize the coexistence of a network for secondary users, interference
to a network of a primary user has to be considered. Usually, each of the secondary
users is constructed to access spectrum which is not temporarily used by the primary
users. Consequently, a case such that a plurality of secondary users accesses the same
spectrum may happen. When such a case happens, there is the possibility that
interference also to the primary user occurs.

[0009]

Second, even when the coexistence of networks for secondary users is realized,
there is the possibility that a network for secondary users has to be reconstructed. A
scheme of such a reconstruction has to be considered.

[0010]

Third, it has to be considered to obtain (or access) information necessary to
determine an access to the spectrum. For example, in a cognitive radio communication
system, as information necessary to determine an access, there are two kinds of
information; sensing information and regulatory information. However, according to
non-patent literature 1, the regulatory information is stored in a place different from that
of the sensing information. In the case where there is a plurality of pieces of
information necessary to determine an access and the information is stored in respective

databases, it is not easy to obtain the plurality of pieces of information.
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Summary of Invention

Technical Problem

[0012]

An object of the present invention is to provide a wireless communication
system and a wireless communication method capable of avoiding interference even
when a network including a secondary user coexists. Another object of the present

invention is to provide a coexistence manager installed in the system:.

Solution to Problem
[0013]

The present invention realizes, basically, coexistence of a plurality of networks
by installing a coexistence manager (CM) in a conventional wireless communication

system.
[0014]

A first aspect of the present invention relates to a wireless communication
system including a plurality of networks.
[0015]

The wireless communication system includes a primary user belonging to a
first network, a first secondary user belonging to a second network, and a coexistence
manager (CM). The coexistence manager (CM) is installed so as to be able to
communicate in the first and second networks. The coexistence manager (CM)
includes acquiring means, determining means, and notifying means.

[0016]
The acquiring means is means for acquiring information regarding spectrum

holes which are not at least temporarily used by the primary user. The determining
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means is means for determining whether or not usage of the spectrum holes by the first
secondary user causes interference in the first network. The notifying means 1s means,
in the case where the determining means determines that interference occurs in the first
network, for notifying a second secondary user belonging to a third network different
from the second network, of the determination.

[0017]

With the configuration, in the first network, coexistence of the second and third
networks is realized. Concretely, a plurality of networks can coexist so as to avoid
interference to at least the first network.

[0018]

In a preferred aspect of the present invention, the coexistence manager (CM)
further includes generating means and transmitting means. In the case where the
determining means determines that interference occurs in the first network, the
generating means acquires a coexistence rule for enabling coexistence of the second
network from a predetermined database, and generates a control message necessary for
the coexistence of the second network and a parameter and a rule necessary to
reconstruct the second network from the coexistence rule obtained from the database.
The predetermined database may be stored in a storage device provided for the

coexistence manager (CM) or may be stored in another source. The transmitting

means is means for transmitting the control message, the parameter, and the rule
generated by the generating means to the first secondary user. With such a

configuration, interference to the primary user can be reliably suppressed.

[0019]

In a preferred aspect of the present invention, the coexistence manager (CM)
further includes second determining means. The second determining means 1s means
for determining whether or not usage of the spectrum holes by the first and second

secondary users causes interference in the first network. In the case where the second



CA 02790576 2012-08-20

determining means determines that interference occurs in the first network, the notifying
means notifies both of the first and second secondary users of the determination. In
such a manner, interference to the primary user can be reliably suppressed.

[0020]

Further, in a more preferred aspect of the present invention, the coexistence
manager (CM) includes second generating means and transmitting means. In the case
where the second determining means determines that interference occurs in the first
network, the second generating means acquires a coexistence rule for enabling
coexistence of the second network from a predetermined database, and generates a
control message necessary for the coexistence of the second and third networks and a
parameter and a rule necessary to reconstruct at least one of the second and third
networks from the coexistence rule acquired from the database. The predetermined
database may be stored in a storage device provided for the coexistence manager (CM)
or may be stored in another source. The coexistence manager (CM) uses a
predetermined algorithm for generating the information. The transmitting means 1S
means for transmitting the control message, the parameter, and the rule generated by the
second generating means to a secondary user corresponding to at least one of the second
and third networks. With the configuration, occurrence of interference can be

suppressed more reliably.

[0021]

Further, in a more preferred aspect of the present invention, the first and second
secondary users use the spectrum holes in a time division manner. In this case, the
second generating means of the coexistence manager (CM) includes allocating means
which allocates time slots and transmission outputs of the first and second secondary
users. In the case where the second determining means determines that interference
occurs in the first network, the allocating means of the coexistence manager (CM)

adjusts to increase a transmission output value of the first secondary user so that the
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value of quality of coexistence (QoC) is maximized, and adjusts so that the time slot of
the second secondary user becomes long. The value of quality of coexistence (QoS)
indicates the ratio of interference to the primary users, of transmission quality of the
first and second secondary users. The transmitting means transmits a transmission
output value and the time slot allocated by the allocating means to the first and second
secondary users. With the configuration, even when a plurality of networks coexists 1n
the wireless communication system, the performance can be increased.

[0022]

In a preferred aspect of the present invention, a second coexistence manager
(CM) constructed in a manner similar to the above-described coexistence manager
(CM) is installed in the third network. In this case, the coexistence manager (CM) and
the second coexistence manger (CM) can exchange information. The notifying means
of the coexistence manager (CM) notifies the second secondary users of occurrence of
interference in the first network via the second coexistence manager (CM). Insucha
manner, a plurality of coexistence managers (CM) can cooperate.

[0023]

In another preferred aspect of the present invention, a second coexistence
manager (CM) is installed in the third network. In this case, the second coexistence
manager (CM) performs determining process necessary for coexistence of the second
and third networks on the basis of the information from the coexistence manager (CM).
The second coexistence manager (CM) notifies the second secondary user of occurrence '
of interference in the first and second networks and controls wireless communication of
the second secondary user. That is, the function of one coexistence manager (CM) can
be dispersed to a plurality of coexistence managers (CM).

[0024]
In a preferred aspect of the present invention, the wireless communication

system further includes a database. The database stores information regarding the
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primary user and regulatory information for controlling wireless communication
performed in the first network. The acquiring means of the coexistence manager (CM)
accesses the database to acquire the information regarding the primary user and, on the
basis of the acquired information regarding the primary user, acquires information

regarding the spectrum holes. In such a manner, the use situation of the spectrum can

be accurately grasped.
[0025]

In another preferred aspect of the present invention, the wireless
communication system further includes a database. The database stores information
regarding the spectrum hole (sensing information) and regulatory information for
controlling wireless communication performed in the first network. The acquiring
means of the coexistence manager (CM) accesses the database to acquire the
information regarding the spectrum hole. In such a manner, the spectrum use situation
can be accurately grasped. Since information from the database can be directly used,

the processing speed can be increased.

[0026]

Further, in a more preferred aspect of the present invention, the acquiring
means of the coexistence manager (CM) accesses the database via a dedicated control

channel in order to acquire the information regarding the primary user. With the
configuration, the coexistence manager (CM) can be prevented from causing

interference with the primary user.
[0027]

In a preferred aspect of the present invention, the coexistence manager (CM)
further includes registering means. The registering means registers information
indicating that the second secondary user belonging to the third network uses the
spectrum holes in the case where the determining means determines that no interference

occurs in the first network. In such a manner, the second secondary user can reliably
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assures a state where no interference occurs in the first secondary user and the primary

USCT.

[0028]

A second aspect of the present invention relates to a coexistence manager (CM).
The coexistence manager (CM) is similar to that installed in a wireless communication
system including a first network and a second network in the above-described first
aspect. Therefore, also by the aspect, effects equivalent to those obtained by the first

aspect can be produced.

[0029]

A third aspect of the present invention relates to a wireless communication
method. The wireless communication method is for enabling coexistence, in a
wireless communication system including a first network and a second network, of the
second network and a third network. Therefore, also by the aspect, effects equivalent
to those obtained by the first aspect can be produced.
[0030]

Another aspect of the present invention relates to a program (algorithm) for
realizing the wireless communication method and a recording medium which stores the
program. Also by the aspects, effects equivalent to those of the first and third aspects

can be produced.

Advantageous Effects of Invention
[0031]

According to the present invention, in a wireless communication system, even
when a network including secondary users coexists, interference can be avoided. By
the present invention, a coexistence manager (CM) which can be provided for the
wireless communication system, a corresponding wireless communication method, and

the like can be provided.



CA 02790576 2012-08-20

Brief Description of Drawings
[0032]

FIG. 1 1s a block diagram schematically showing an example of the
configuration of a cognitive radio communication system of the present invention.

FIG. 2 is a flowchart showing the procedure of coexistence managing process
executed by a coexistence manager (CM) in FIG. 1.

FIG. 3 is a block diagram schematically showing the configuration of another
example of the wireless communication system illustrated in FIG. 1.

FIG. 4 is a block diagram schematically showing the configuration of further
another example of the wireless communication system illustrated in FIG. 1.

FIG. 5 is a block diagram schematically showing the configuration of further
another example of the wireless communication system illustrated in FIG. 1.

FIG. 6 is a graph showing a simulation result obtained in the embodiment of the

present invention.

Description of Embodiments

[0033]

Hereinafter, modes for carrying out the present invention will be described with
reference to the drawings. However, the modes to be described are examples and can
be properly modified within a range it is obvious for a person skilled in the art.

[0034]

FIG. 1 is a block diagram schematically showing an example of the
configuration of a wireless communication system of the present imvention.
[0033]

A wireless communication system 1 shown in FIG. 1 is, for example, a

cognitive wireless communication system and includes: a network 10 for primary users

10
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as a legacy wireless network; a network 20 for first secondary users (hereinbelow, also
called first network 20); and a network 30 for second secondary users (hereinbelow, also
called second network 30). The wireless communication system 1 is not limited to a

cognitive wireless communication system but may be any system including a network

which can be dynamically accessed.

[10036]

To the network 10 for primary users, one or more primary users 11 belong.
The primary user 11 may be any device as long as it can perform wireless
communication and may be, for example, a device conformed to IEEE802.11 or
IEEE802.15. An area in which the primary user 11 can perform communication in the
network 10 for primary users is determined by a basestation 12.

[0037]

To the network 20 for first secondary users, one or more first secondary users
21 belong. The first secondary user 21 may be any device as long as it can perform
wireless communication but is, preferably, a device which can perform cognitive radio
communication. An area in which the first secondary user 21 can perform
communication in the network 20 for first secondary users 1s determined by a
basestation 22.

(0038]

To the network 30 for second secondary users, one or more second secondary
users 31 belong. The second secondary user 31 may be any device as long as 1t can
perform wireless communication but is, preferably, a device which can perform
cognitive radio communication. An area in which the second secondary user 31 can
perform communication in the network 30 for second secondary users is determined by
a basestation 32.

{0039]

The wireless communication system 1 further includes a database 40 and a

11
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coexistence manager (CM) 50.
[0040]

The database 40 is provided to store information necessary to control wireless
communication and disposed in a position which can be accessed by the basestations 12,
22, and 32 and the like. The database 40 may be a data archive (DA) which can
perform communication. Preferably, the database 40 is a data archive specified by
IEEE1900.6 or a regulatory repository specified by FCC. More preferably, the
database 40 is a database (white space sensing database (WSD)) storing both sensing
information (information on a white space) and regulatory information necessary to
control the cognitive radio communication. Preferably, the database 40 stores
information in a primitive and data format which can be interpreted by the coexistence

manager (CM) 50. Preferably, the database 40 is disposed in a position which can be

accessed also by the coexistence manager (CM) 50.
[0041]

The coexistence manager (CM) 50 is a novel device for solving the
above-described coexistence problem and is, concretely, a logical element. The
coexistence manager (CM) is, in the example shown in FIG. 1, of a standalone type and
installed in an arbitrary position in the wireless communication system 1. The

coexistence manager (CM) 50 is not limited to the standalone type but may be mounted

in the primary user 11 or the secondary users 21 and 31 or mounted in the basestations
12,22, and 32. The coexistence manager (CM) 50 is installed in an area in which 1t
can perform communication with the primary users 11 and the secondary users 21 and
32. In the embodiment, the coexistence manager (CM) can perform communication
with the basestations 22 and 32 so that it can obtain information from the database 40
via the basestations 22 and 32. In the example shown in FIG. 1, the coexistence
manager (CM) 50 is installed so that it can perform communication with both of the

networks 20 and 30 for secondary users and perform central control. However, the

12
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installation of the coexistence manager (CM) is not limited to the above. For example,
the coexistence managers (CM) may be installed so as to be distributed or dispersed to
the networks. In this case, it is constructed that information can be exchanged among
a plurality of coexistence managers (CM) (refer to FIGS. 3 and 4). The coexistence
manager (CM) may not be installed to all of plurality of networks.

[0042]

By installing the coexistence manager (CM) 50 in the wireless communication
system 1, use of spectrum by a plurality of secondary users 1s managed so that
interference among them can be avoided and interference to the primary users can be
also avoided. To realize it, the coexistence manager (CM) 50 is constructed to have at
least some of the following plurality of functions.

[0043]

First, the coexistence manager (CM) 50 1s constructed so as to be able to access
the database 40. In the embodiment, the coexistence manager (CM) 50 accesses the
database 40 via the basestation 22 or 32.

[0044]

With the configuration, the coexistence manager (CM) 50 can obtain sensing

information from the database 40. The sensing information includes information on a

situation of use of the spectrum in a predetermined area. Particularly, in the
embodiment, the sensing information includes information on the situation of use of the
spectrum in a specific area in which a plurality of different networks of secondary users
try to share radio environment. The coexistence manager (CM) 50 can obtain the
sensing information from the database 40. The regulatory information includes, for

example, information on unused frequencies or information on usable frequencies (for

example, a list of usable channels).

[0043]

Second, the coexistence manager (CM) 50 holds information regarding one or

13
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more primary users. The information regarding a primary user includes information
regarding the spectrum use situation and information regarding an MAC. Preferably,
the information regarding a primary user includes information regarding a geographical
position of the primary user and information regarding a geographical position of a
wireless receiver of the primary user. That is, the coexistence manager (CM) 50
preferably holds information regarding a geographical position of the primary user and
information regarding a geographical position of the wireless receiver of the primary
user. The coexistence manager (CM) 50 derives a requirement for the secondary user
as a requirement to protect the primary user by using the information regarding the
primary user.

[0046]

Third, the coexistence manager (CM) 50 can hold information regarding
networks for a plurality of secondary users (for example, the first and second networks
20 and 30). The information regarding the network for secondary users includes
information regarding PHY of each network, information regarding the MAC, and
information regarding the channel use situation. Preferably, the information regarding

the network for secondary users includes information of a layer higher than the PHY
layer and the MAC layer.
[0047]

Fourth, the coexistence manager (CM) 50 can hold information regarding a
usable channel (that is, spectrum opportunity). The information regarding a usable
channel is, for example, information regarding a channel which is not presently used by
the primary user and a channel which can be accessed by the secondary user. The

information regarding a usable channel can be obtained from the sensing information.

from the database 40. The information regarding a usable channel can be obtained

from the regulatory information from the database 40. According to the FCC, in the

case where a device uses a white space for television, each device is requested to check

14
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a database and specify an accessible channel which 1s not used.
[004 8]

Fifth, the coexistence manager (CM) 50 can generate a coexistence rule (for
example, policy information) and a parameter on the basis of the held information or in
accordance with an algorithm. The parameter is information for urging the network of
secondary users to execute reconstruction according to the parameter. For example,
the coexistence manager (CM) 50 urges a secondary user to change transmission output,
packet size, the channel use situation, or the like on the basis of channel information
(for example, channel information such as RSSI). That 1s, the coexistence manager
(CM) 50 can coordinate different networks for secondary users by using the information
regarding the networks for secondary users. The existence rule is information for
keeping the order of coexistence by being observed by the secondary users.

[0049]

Concretely, in the case where interference occurs in a target network, the
coexistence manager (CM) acquires the coexistence rule for enabling coexistence of the
second networks from a predetermined database and, from the coexistence rule obtained
from the database, generates a control message necessary for coexistence of the second
and third networks and a parameter and a rule necessary to reconstruct at least one of
the second and third networks. The predetermined database may be stored 1n a storage
device provided for the coexistence manager (CM) SO or may be stored in another
source. The coexistence manager (CM) 50 transmits (provides) the generated
information (the control message, the parameter, and the rule) to a corresponding
secondary user. In the case where a plurality of networks is targets, the information
generated by the coexistence manager (CM) 50 is provided to the secondary user
belonging to at least one network. In such a manner, occurrence of interference can be

suppressed more reliably.

[0050]

15
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Concretely, for the coordination, the coexistence manager (CM) 50 adjusts the
parameters (for example, the transmission output, occupied frequency, data rate, and
packet size) of a network for secondary users and newly sets a coexistence rule.

[0051]

Preferably, the coexistence manager (CM) 50 defines a value as quality of
coexistence (QoC), which is obtained by dividing a numerical value indicative of the
transmission quality of a secondary user by the value of negative interference to the
primary user and, using the value of coexistence quality as a criterion of performance at
the time of coexistence, adjusts the parameter regarding allocation of the parameter
regarding a transmission output and the time slot. In such a manner, the parameter can
be adjusted after evaluating both of the spectrum use efficiency and the degree of
interference to the primary user. The first and second secondary users use the
spectrum holes in the allocated time slot (that is, in a time division manner). Insuch a
manner, even when a plurality of networks coexists in the wireless communication
system 1, the performance can be increased.

[0052]

By constructing the coexistence manager (CM) 50 as described above, 1n the

wireless communication system 1, management for avoiding interference in a plurality

of secondary users is realized. Particularly, by the adjustment of the parameter, setting
of the coexistence rule, and the like performed by the coexistence manager (CM) 30,
optimization when a plurality of networks share the spectrum opportunity 1s performed,
and the spectrum efficiency (that is, the performance of the wireless communication

system 1) can be maximized.
[0053]

Subsequently, network management process executed by the coexistence
manager (CM) 50 will be described in detail with reference to FIG.2. By the network

management process, coexistence of a plurality of networks 1s managed.

16



CA 02790576 2012-08-20

[0054]

FIG. 2 1s a flowchart showing the procedure of the network management
process executed by the coexistence manager (CM) 50 in FIG. 1. The processes as
shown in FIG. 2 are effective particularly, in the case where the network 20 for first
secondary users starts using the specified spectrum opportunity (spectrum hoies), when
a coexistence state is generated due to the fact that the network 30 for second secondary
users can access the same spectrum hole. The program (algorithm) corresponding to
FIG. 2 is recorded in, for example, a recording medium. The program is read and

executed by the coexistence manager (CM) 50, thereby performing the processes
corresponding to FIG. 2.
[0055]

In FIG. 2, first, in step S110, the coexistence manager (CM) 50 obtains a list of
usable channels (spectrum opportunities) via a dedicated control channel as shown 1n
FIG. 1. The dedicated control channel may be realized by a dedicated frequency or
realized by using a specified spectrum opportunity.

[0056]

The usable channel is a channel which is not temporarily used by the network
10 for primary users. The usable channel can be specified when the coexistence
manager (CM) 50 accesses the database 40 to obtain the sensing information and/or
regulatory information. Regarding the white space for television, a regulatory
information database specified by the FCC holds information regarding a channel which
is not used in a specific position. Consequently, the coexistence manager (CM) can
recognize a usable channel on the basis of a geographical position of the network 10 for
primary users. Similarly, the network 20 for first secondary users can also recognize
the specified spectrum hole (the list of usable channels) and information regarding the

use state of the spectrum hole.

[0057]

17
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In step S120, when the network 30 for second secondary users tries to use the
spectrum hole in the case where the network 20 for first secondary users already starts
using the spectrum hole, the network 30 for second secondary users inquires the
coexistence manager (CM) 50 of a usable channel. That 1s, the coexistence manager

(CM) 50 receives an inquiry for a usable channel from the network 30 for second
secondary users.
[00358]

In the case where there 1s a channel which is not used by the network 20 for
first secondary users in a plurality of usable channels (YES in step S130), the network
30 for second secondary users transmits a beacon or test signalias a pilot signal (pilot
tone) by using the channel (step S140).

[0059]

Since the coexistence manager (CM) 50 already accesses the network 20 for
first secondary users, the coexistence manager (CM) 50 can inquire the first secondary
user 21. In step S150, the coexistence manager (CM) 50 inquires the network 20 for
first secondary users. The inquiry relates to whether the network 30 for second
secondary users detects (senses) interference or not when the network 20 for first
secondary users sensed a beacon or test signal. In place of the inquiry, the coexistence

manager (CM) 50 may check whether there is an interference alarm or not.

[0060]

When the coexistence manager (CM) 50 receives a message that the network
20 for first secondary users receives interference in response to the inquiry (YES in step
$160), the coexistence manager (CM) 50 proposes reconstruction of the networks 20
and 30 for secondary users (step S200). Such a proposal of reconstruction can be
realized by transmitting a control message, a reconstruction parameter, and a rule to the

networks 20 and 30 for secondary users from the coexistence manager (CM) 30.

[0061]

18
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In the case where the coexistence manager (CM) 50 receives the message
indicative of no interference in the network 20 for first secondary users (NO in step
S160), the coexistence manager (CM) 50 checks whether or not the two networks 20
and 30 coexisting in the same frequency band permit the possibility of occurrence of
interference to the network 10 for primary users (step S170).

[0062]

In the case where there is the possibility of interference (YES in step $170), the
coexistence manager (CM) 50 proposes reconstruction on the basis of the parameters of
the networks 20 and 30 for secondary users (step S200).

[0063]

On the other hand, in the case where there is no possibility of interference (NO
in step S170), the coexistence manager (CM) 50 can realize coexistence of the two
networks 20 and 30 for secondary users. Concretely, the network 30 for second
secondary users registers a frequency band (for example, the frequency band for white
space for television) used by the network 30 in the coexistence manager (CM) 30 (step
S190). After that, the process is finished.

[0064]
In the case where the networks 20 and 30 for secondary users to which

reconstruction is proposed in step S200 finish the reconstruction, the process retumns to

step S120, and the subsequent process is executed.
[0065]

By the above-described process, in the case where a spectrum (that 1s, a
spectrum opportunity or spectrum hole) which is not used by the network 10 for
primary users is specified, the two networks 20 and 30 for secondary users can coexist
in the specified spectrum hole. In other words, the coexistence manager (CM) 50 at
least manages the coexistence of the networks 20 and 30 for secondary users, thereby

functioning so as to protect the network 10 for primary users (that 1s, not to cause
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interference).
[0066]

By the above-described process, the network 30 for second secondary users 1s
managed so as not to cause interference in the network 20 for first secondary users. In
such a manner, the coexistence of a plurality of networks can be performed reliably.
Further, by the above-described process, in the case where there is the possibility that
both of the first and second networks 20 and 30 use the spectrum, the coexistence
manager (CM) 50 belonging to both of the networks recognizes the possibility of
interference to the primary users. In the case where there is the possibility of
interference, the coexistence manager (CM) 50 transmits information (control message,
parameter, and rule) regarding proposal of reconstruction to devices belonging to the
first and second networks 20 and 30. By the operation, interference to the primary

users can be suppressed reliably.
[0067]

The above-described process is just an example in which the coexistence
manager (CM) 50 manages the networks 20 and 30 for secondary users. The
above-described process can be applied to the case where a plurality of networks for
secondary users exists. The coexistence manager (CM) 50 may be constructed so that

it can use different algorithms (programs) or may be constructed so that it can realize
the above-described process by using a plurality of algorithms (programs).
[0068]

Subsequently, an embodiment of the present invention will be described.
[0069]

The embodiment corresponds to the case of applying the radio technique to a
rural area. In a rural area, an Internet access is supplied to each of houses in the rural

area by an area network (RAN) of long distance. The internet access is made by, for

example, using the white space for television via basestation and customer premises
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equipment (CPE).
[0070]

Services on the Internet access described above can be realized by, for example,
being complied with the white space for television (TV WS) standard of IEEE802.22.
[0071]

On the other hand, in each of the houses, a wireless access 1s realized by a
wireless local area network (WLAN), thereby forming an ad-hoc network using the
white space for television.

[0072]

Therefore, two kinds of wireless services use the same white space for
television, and there is the possibility that interference occurs. In the case where
interference occurs, the throughput of the two kinds of systems (networks) decreases.
As a result, the user cannot be satisfied with the performance.

[0073]

In the embodiment, the coexistence manager (CM) 1s 1nstalled as an

independent device in a position where two kinds of radio services as described above

exist. The coexistence manager (CM) may be provided in the access point of the
WLAN or in the customer premises equipment (CPE).
[0074]

The coexistence manager (CM) obtains information regarding the spectrum use
situation, information regarding the service type, and information regarding the quality
of service (QoS) from both of the wireless networks. The coexistence manager (CM)

accesses the database to obtain information regarding the geographical positions of the
secondary users, information regarding the geographical positions of the primary users,
information regarding the propagation environment, and the like. The coexistence
manager (CM) estimates a numerical value regarding interference of each network by

using the obtained information, and transmits information of proposal of reconstruction
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to both of the networks. The reconstruction is performed by adjusting parameters such
as the transmission output, modulation, data rate, and quality of service (QoS) on both
of the networks. The adjustment has to be performed so that both of the networks can
coexist in a state where they do not interfer each other. For this purpose, the
coexistence manager (CM) sets a control message, a parameter, and a rule. Insuch a
manner, the user can simultaneously receive the service from both of the networks.
[00735]

In a scene that a wireless network (first network) is set up so as to use the white
space for television, the present invention is effective to set up another network (second
network) by using the same frequency band. In such a scene, first, the coexistence
manager (CM) of the second network performs communication with the coexistence
manager (CM) of the device belonging to the first network to obtain information
regarding the spectrum use situation. Communication between the coexistence
managers (CM) is realized by using a dedicated channel or employing a method using a
beacon. Subsequently, the devicé belonging to the second network specifies spectrum
which is not used and, using the specified spectrum, transmits a pilot signal. After that,
in the case where interference in the first network is detected, each of the coexistence
managers (CM) of the device belonging to the first network notifies the coexistence
manager (CM) of the device belonging to the second network of the fact. On the other
hand, in the case where no interference is detected, the coexistence manager (CM)
belonging to both of the networks checks the database in which the information of the
primary user (for example, the wireless receiver of a television) 1s stored.

[0076]

In a preferred embodiment, the plurality of coexistence managers (CM) 1s
installed so as to be dispersedly disposed in the wireless communication gstem. For
example, the coexistence manager (CM) is installed in each of the wireless

communication devices. With the configuration, all of the wireless communication
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devices have the function of the coexistence manager (CM). In another example, as
shown in FIGS. 3 to 5, the coexistence manager (CM) may be provided in each of
basestations (or access points) of the networks for secondary users. In the example
shown in FIG. 3, the coexistence manager (CM) provides service of an access to a
network for secondary users or devices belonging to the network, and transmits a
command and a message. In the example shown in FIG. 4, two coexistence managers
(CM) exchange information, thereby enabling each of the coexistence managers to
perform determining process necessary for coexistence. In the example shown in FIG.
5, one of the existence managers (CM) collects information and sets a coexistence rule
and supplies the information to the other coexistence manager (CM). The coexistence
manager (CM) which receives the information performs determining process necessary
for coexistence. According to the information determined by the determining process,
each of the secondary users operates. As described above, a plurality of coexistence
managers (CM) may have a plurality of functions of one coexistence manager (CM) in a
dispersed manner. Therefore, the example shown in FIG. 5 is just an example, and the

functions of the coexistence manager (CM) may be dispersed by another method.

Example
[0077]
An example of the present invention will be described.
[0078]
In the above-described mode, the coexistence manager (CM) can adjust the

parameters and the like so that two networks for secondary users can coexist. In the

example, with respect to the case where two secondary users use a spectrum hole In a
time division manner, a simulation was made when a time slot is allocated to each of

secondary users.

[0079]
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FIG. 6 is a graph showing a simulation result obtained in the example of the
invention. The horizontal axis in FIG. 6 corresponds to a time slot t; allocated to one
of the secondary users (first secondary user) when time using the spectrum hole is set to
1. It is sufficient to obtain a time slot t, allocated to the other secondary user (second
secondary user) by subtracting t; from 1 (that is,t; =1 —t;). The vertical axis in FIG. 6
shows the numerical value of the quality of coexistence (QoC). In FIG. 6, the curve A
corresponds to the case where both of transmission outputs of the two secondary users
are 1, the curve B corresponds to the case where the transmission output of the first
secondary user is 0.5 and the transmission output of the other secondary user (second
secondary user) is 1.5, and the curve C corresponds to the case where the transmission
output of the first secondary user is 0.5 and the transmission output of the other
secondary user (second secondary user) 1s 1.5.

[0080]

It is understood from FIG. 6 that the value of the quality of coexistence (QoC)
fluctuates depending on the allocated time slot and the transmission output. Ina
preferred mode of the present invention, therefore, the coexistence manager (CM) 50
adjusts the parameters regarding the transmission output and the parameters regarding
allocation of the time slot by using the value of the quality of coexistence (QoC) as the
criterion of determination of the performance at the time of coexistence. In a concrete
example, the transmission output value of the first secondary user is adjusted so as to be
increased and the time slot of the second secondary user is adjusted so as to be long so
that the value of the quality of coexistence (QoC) is maximized. The sum of the
transmission output value of the first secondary user and that of the second secondary
user is constant. It is also possible to adjust the transmission output value of the
second secondary user so as to be increased and adjust the time slot of the first
secondary user so as to be long. In such a manner, after evaluating both of the

spectrum use efficiency and the degree of interference to the primary user, the
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parameters and the like can be adjusted. The first and second secondary users use the
spectrum hole in the allocated time slot (that is, in the time division manner). Thus,

even when a plurality of networks coexists in the wireless communication system 1, the

performance can be increased.

Industrial Applicability
[0081]
The present invention can be applied to the wireless communication system

and the wireless communication method and can be also employed for industrial use.

Reference Signs List

[0082]

1 Wireless communication system
10 Network for primary users

11 Primary users

12 Basestation

20 Network for first secondary users
21 First secondary users

22 Basestation

30 Network for second secondary users
31 Second secondary users

32 Basestation

40 Database
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Claims

1. A wireless communication system including a first network and a second
network, comprising:

a primary user belonging to the first network;

a first secondary user belonging to the second network; and

a coexistence manager (CM) installed so as to be able to communicate in the
first network and the second network,

wherein the coexistence manager (CM) comprises:

acquiring means for acquiring information regarding spectrum holes which are
not at least temporarily used by the primary user;

determining means for determining whether usage of the spectrum holes by the
first secondary user causes interference in the first network or not; and

notifying means, when the determining means determines that interference
occurs in the first network, for notifying a second secondary user belonging to a third
network which is different from the second network that interference occurs in the first
network,

thereby enabling the second network and the third network to coexist in the

first network.

2. The wireless communication system according to claim 1, wherein the
coexistence manager (CM) further comprises:

generating means, when the determining means determines that interference
occurs in the first network,

for acquiring a coexistence rule for enabling coexistence of the second network
from a predetermined database, and

for generating a control message necessary for the coexistence of the second
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network and generating a parameter and a rule necessary to reconstruct the second

network from the coexistence rule obtained from the database; and
transmitting means for transmitting the control message, the parameter, and the

rule generated by the generating means to the first secondary user.

3. The wireless communication system according to claim 1, wherein the
coexistence manager (CM) further comprises

second determining means for determining whether usage of the spectrum
holes by the first and second secondary users causes interference in the first network or
not,

wherein in the case where the second determining means determines that

interference occurs in the first network, the notifying means notifies both of the first and

second secondary users of the determination.

4. The wireless communication system according to claim 3, wherein the
coexistence manager (CM) further comprises:

second generating means, when the second determining means determines that
interference occurs in the first network,

for acquiring a coexistence rule for enabling coexistence of the second network
from a predetermined database, and

for generating a control message necessary for the coexistence of the second
and third networks and generating a parameter and a rule necessary to reconstruct at

least one of the second and third networks from the coexistence rule acquired from the
database; and

transmitting means for transmitting the control message, the parameter, and the
rule generated by the second generating means to a secondary user corresponding to at

least one of the second and third networks.
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5. The wireless communication system according to claim 3, wherein the first and
second secondary users use the spectrum holes in a time division manner,

the second generating means of the coexistence manager (CM) includes
allocating means for allocating time slots and transmission outputs of the first and
second secondary users,

when the second determining means determines that interference occurs 1n the
first network, the allocating means of the coexistence manager (CM) adjusts to increase
a transmission output value of the first secondary user so that the value of quality of
coexistence (QoC) indicative of the ratio of interference to the primary users, of
transmission quality of the first and second secondary users is maximized, and adjusts
so that the time slot of the second secondary user becomes long, and

the transmitting means transmits a transmission output value and the time slot

allocated by the allocating means to the first and second secondary users.

6. The wireless communication system according to claim 1, wherein a second
coexistence manager (CM) constructed in a manner similar to the coexistence manager
(CM) 1s installed in the third network,

the coexistence manager (CM) and the second coexistence manger (CM) can
exchange information, and

the notifying means of the coexistence manager (CM) notifies the second
secondary users of occurrence of interference in the first network via the second

coexistence manager (CM).

7. The wireless communication system according to claim 1, wherein a second
coexistence manager (CM) is installed in the third network, and

the second coexistence manager (CM) performs determining process necessary
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for coexistence of the second and third networks on the basis of the information from

the coexistence manager (CM).

8. The wireless communication system according to claim 1, further comprising a
database storing information regarding the primary user and regulatory information for
controlling wireless communication performed 1n the first network,

wherein the acquiring means of the coexistence manager (CM) accesses the
database to acquire the information regarding the primary user and, on the basis of the

acquired information regarding the primary user, acquires information regarding the

spectrum holes.

9. The wireless communication system according to claim 1, further comprising a
database storing information regarding the spectrum hole and regulatory information for
controlling wireless communication performed in the first network,

wherein the acquiring means of the coexistence manager (CM) accesses the

database to acquire the information regarding the spectrum hole.

10. The wireless communication system according to claim 8 or 9,

wherein the acquiring means of the coexistence manager (CM) accesses the
database via a dedicated control channel in order to acquire the information regarding

the primary user.

11. The wireless communication system according to claim 1, wherein the
coexistence manager (CM) further comprises registering means which registers
information indicating that the second secondary user belonging to the third network
uses the spectrum holes in the case where the determining means determines that no

interference occurs in the first network.
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12. A coexistence manager (CM) installed in a wireless communication system
including a first network and a second network,

wherein the coexistence manager (CM) comprises:

acquiring means, which is installed so that it can perform communication in the
first and second networks,

for acquiﬁng information regarding spectrum holes which are not at least
temporarily used by the primary user belonging to the first network;

determining means for determining whether usage of the spectrum holes by the
first secondary user belonging to the second network causes interference in the first
network or not; and

notifying means, when the determining means determines that interference
occurs in the first network, for notifing a second secondary user belonging to a third
network different from the second network that interference occurs 1n the first network,

thereby enabling the second network and the third network to coexist in the

first network.

13. A wireless communication method for enabling coexistence, in a wireless

communication system including a first network and a second network, of the second

network and a third network,

the wireless communication system including:

a primary user belonging to the first network;

a first secondary user belonging to the second network; and

a coexistence manager (CM) installed so as to be able to communicate with the
first and second networks,

the wireless communication method comprising:

an acquiring step of acquiring, by the coexistence manager (CM), information
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regarding spectrum holes which are not at least temporarily used by the primary user;

a determining step of determining, by the coexistence manager (CM), whether
or not usage of the spectrum holes by the first secondary user causes interference in the
first network; and

a notifying step, when it is determined in the determining step that interference
occurs in the first network, of notifying, by the coexistence manager (CM), to a second

secondary user belonging to a third network different from the second network that

interference occurs in the first network.
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