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[Fig. 3]
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[Fig. 5]
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[Fig. 6]
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[Fig. 13A]
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[Fig. 13B]
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[Fig. 17C]
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[Fig. 18A]
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[Fig. 18B]
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[Fig. 21]
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[Fig. 22]
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[Fig. 24A]
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[Fig. 26A]
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[Fig. 26B]
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[Fig. 27]
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[Fig. 29]
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MULTI-HOP COMMUNICATION

TECHNICAL FIELD

[0001] The present invention relates to a communication
system, a communication device, a method for managing
communication, and a program.

BACKGROUND ART

[0002] Institute of Electrical and FElectronics Engineers
(IEEE) 802.11ad is known as a wireless communication
standard for performing high-speed data transmission
through a millimeter-waveband (60 GHz), which has a
relatively narrow communication range where radio waves
travel in a highly straight line.

[0003] Further, there is a communication network known
in the art that broadcasts data contents from a transmitter-
node to multiple receiver-nodes via a relaying receivernode
(see PTL 1, for example).

CITATION LIST

Patent Literature

[0004] [PTL 1] Japanese Translation of PCT International
Application Publication No. JPT-2010-531559

SUMMARY OF INVENTION

Technical Problem

[0005] A communication system for providing high-speed
data communication in a wider communication range may
be possible by means of multi-hop communication, as
disclosed, for example, in PTL 1, using multiple communi-
cation devices for performing communication in a millime-
ter-waveband.

[0006] However, it is difficult to perform multi-hop com-
munication by use of the technique disclosed, for example,
in PTL 1, because, in such a communication system for
performing communication in a millimeter-waveband, com-
munication is performed in a one-on-one network structure
or in a star network structure with one central communica-
tion device.

[0007] Embodiments of the present invention are provided
in light of the above problem, and therefore aim to facilitate
multi-hop communication among wireless communication
devices, by means of a wireless communication network that
is structured in combination of wireless communication
devices for performing communication in a one-on-one or
star network structure.

Solution to Problem

[0008] As a solution to the above problem, one aspect of
the present invention provides a communication system for
performing multi-hop communication. The communication
system includes: a plurality of communication devices, each
of which includes a first communication unit for performing
first wireless communication by use of a directional radio
wave and a second communication unit for performing
second wireless communication by use of a radio wave of a
larger communication range than the first wireless commu-
nication, the plurality of communication devices being con-
figured to utilize the first wireless communication for per-
forming the multi-hop communication with each other; and
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a central control device including the second communication
unit for performing the second wireless communication, the
central control device being configured to utilize the second
wireless communication for managing a communication
path of the multi-hop communication through which data is
transferred. The plurality of communication devices include
a plurality of distributed control devices, each of which is
configured to utilize the first wireless communication for
forming a network cell to be coupled by at least one of the
plurality of communication devices and for controlling the at
least one of the plurality of communication devices to
transfer the data via the first wireless communication, based
on the communication path, and at least one relay device
configured to become coupled to a network cell formed by
one of the plurality of distributed control devices and
configured to utilize the first wireless communication for
receiving the data from the one of the plurality of distributed
control devices and transferring the data to another one of
the plurality of distributed control devices. The central
control device utilizes the second wireless communication
for controlling the plurality of distributed control devices
located in the communication path to transfer the data, based
on the communication path.

Advantageous Effects of Invention

[0009] According to embodiments of the present inven-
tion, multi-hop communication among wireless communi-
cation devices is facilitated, by means of a wireless com-
munication network that is structured in combination of
wireless communication devices for performing communi-
cation in a one-on-one or star network structure.

BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1A is one of a first set of drawings for
explaining a millimeter-wave wireless communication sys-
tem, according to an embodiment of the present invention;
[0011] FIG. 1B is another one of the first set of drawings
for explaining a millimeter-wave wireless communication
system, according to an embodiment of the present inven-
tion;

[0012] FIG. 2A is one of a second set of drawings for
explaining a millimeter-wave wireless communication sys-
tem, according to an embodiment of the present invention;
[0013] FIG. 2B is another one of the second set of draw-
ings for explaining a millimeter-wave wireless communica-
tion system, according to an embodiment of the present
invention;

[0014] FIG. 3 is a drawing for explaining an example of
beam-forming, according to an embodiment of the present
invention;

[0015] FIG. 4 is a drawing for explaining data communi-
cation between network cells, according to an embodiment
of the present invention;

[0016] FIG. 5 is a drawing illustrating an example of a
system configuration of a communication system, according
to an embodiment of the present invention;

[0017] FIG. 6 is a drawing illustrating another example of
a system configuration of the communication system,
according to an embodiment of the present invention;
[0018] FIG. 7A is a drawing illustrating an example of a
hardware configuration of a communication device, accord-
ing to an embodiment of the present invention;
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[0019] FIG. 7B is a drawing illustrating another example
of a hardware configuration of the communication device,
according to an embodiment of the present invention;
[0020] FIG. 8 is a drawing illustrating an example of a
functional configuration of a central control device, accord-
ing to an embodiment of the present invention;

[0021] FIG. 9 is a drawing illustrating an example of a
functional configuration of a distributed control device,
according to an embodiment of the present invention;
[0022] FIG. 10A is a drawing illustrating an example of a
functional configuration of a relay device, according to an
embodiment of the present invention;

[0023] FIG. 10B is a drawing illustrating an example of a
functional configuration of a coupled device, according to an
embodiment of the present invention;

[0024] FIG. 11A s a drawing illustrating a first example of
information managed in the communication system, accord-
ing to an embodiment of the present invention;

[0025] FIG. 11B is a drawing illustrating a second
example of information managed in the communication
system, according to an embodiment of the present inven-
tion;

[0026] FIG. 11C is a drawing illustrating a third example
of information managed in the communication system,
according to an embodiment of the present invention;
[0027] FIG. 12 is a flowchart illustrating an example of a
process for a communication device to newly join the
communication system, according to a first embodiment of
the present invention;

[0028] FIG. 13Ais one of a set of drawings for explaining
the process for a communication device to newly join the
communication system, according to the first embodiment of
the present invention;

[0029] FIG. 13B is another one of the set of drawings for
explaining the process for a communication device to newly
join the communication system, according to the first
embodiment of the present invention;

[0030] FIG. 14 is a first sequence diagram illustrating an
example of the process for a communication device to newly
join the communication system, according to the first
embodiment of the present invention;

[0031] FIG. 15 is a second sequence diagram illustrating
an example of the process for a communication device to
newly join the communication system, according to the first
embodiment of the present invention;

[0032] FIG. 16 is a flowchart illustrating an example of a
process for setting a relay device, according to the first
embodiment of the present invention;

[0033] FIG. 17A is one of a first set of drawings for
explaining the process for setting a relay device, according
to the first embodiment of the present invention;

[0034] FIG. 17B is another one of the first set of drawings
for explaining the process for setting a relay device, accord-
ing to the first embodiment of the present invention;
[0035] FIG. 17C is another one of the first set of drawings
for explaining the process for setting a relay device, accord-
ing to the first embodiment of the present invention;
[0036] FIG. 17D is another one of the first set of drawings
for explaining the process for setting a relay device, accord-
ing to the first embodiment of the present invention;
[0037] FIG. 18A is one of a second set of drawings for
explaining the process for setting a relay device, according
to the first embodiment of the present invention;
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[0038] FIG. 18B is another one of the second set of
drawings for explaining the process for setting a relay
device, according to the first embodiment of the present
invention;

[0039] FIG. 19A is one of a third set of drawings for
explaining the process for setting a relay device, according
to the first embodiment of the present invention;

[0040] FIG. 19B is another one of the third set of drawings
for explaining the process for setting a relay device, accord-
ing to the first embodiment of the present invention;
[0041] FIG. 20 is a drawing illustrating an example of a
network configuration of the communication system,
according to the first embodiment of the present invention;
[0042] FIG. 21 is a drawing illustrating an example of
network topology created by a central control device,
according to the first embodiment of the present invention;
[0043] FIG. 22 is a flowchart illustrating an example of a
process performed by the central control device, according
to the first embodiment of the present invention;

[0044] FIG. 23 is a sequence diagram illustrating an
example of a process for performing data communication in
the communication system, according to the first embodi-
ment of the present invention;

[0045] FIG. 24A is one of a set of drawings for explaining
a process for a communication device to join a communi-
cation system, according to a second embodiment of the
present invention;

[0046] FIG. 24B is another one of the set of drawings for
explaining a process for a communication device to join the
communication system, according to the second embodi-
ment of the present invention;

[0047] FIG. 25 is a sequence diagram illustrating an
example of the process for a communication device to join
the communication system, according to the second embodi-
ment of the present invention;

[0048] FIG. 26A is one of a set of drawings for explaining
a process for adjusting the number of coupled devices,
according to a third embodiment of the present invention;
[0049] FIG. 26B is another one of the set of drawings for
explaining a process for adjusting the number of coupled
devices, according to the third embodiment of the present
invention;

[0050] FIG. 27 is a flowchart illustrating an example of a
process performed by a central control device, according to
the third embodiment of the present invention;

[0051] FIG. 28 is a sequence diagram illustrating an
example of a process for adjusting the number of coupled
devices, according to the third embodiment of the present
invention;

[0052] FIG. 29 is a flowchart illustrating an example of a
process for forming a millimeter-wave wireless communi-
cation network, according to the third embodiment of the
present invention; and

DESCRIPTION OF EMBODIMENTS

[0053] The following description explains embodiments
of the present invention, with reference to accompanied
drawings.

[0054] <Overview of a Millimeter-Wave Wireless Com-
munication System>

[0055] Before explanation of the embodiments of the
present invention, an overview of a millimeter-wave wire-
less communication system pertaining to embodiments of
the present invention is explained.
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[0056] The millimeter-wave wireless communication sys-
tem is a wireless communication system for performing
high-speed data transmission through a millimeter-wave-
band (60 GHz), which has a relatively narrow communica-
tion range where radio waves travel in a highly straight line.
Here, the following explanation is made on the premise that
the millimeter-wave wireless communication system is a
wireless communication system based on IEEE 802.11ad.
Note that IEEE 802.11ad is an example of the millimeter-
wave wireless communication system according to the pres-
ent embodiments.

[0057] (Network Configuration)

[0058] In the millimeter-wave wireless communication
system based on IEEE 802.11ad, communication is per-
formed through a millimeter-waveband (60 GHz), which has
a relatively narrow communication range where radio waves
travel in a highly straight line, using a 2.16 GHz broadband
per channel, so as to achieve high-speed data transmission.
[0059] Further, due to large propagation loss of radio
waves in the millimeter-waveband, a beam-forming tech-
nique for transmitting and receiving radio waves in a nar-
rowed beam direction is used in the millimeter-wave wire-
less communication system, so as to take advantage of an
antenna to a larger extent. Therefore, for a communication
device in the millimeter-wave wireless communication sys-
tem, it is difficult to communicate simultaneously with
multiple other communication devices located near the
communication device.

[0060] Hence, in the millimeter-wave wireless communi-
cation system, communication protocol in a time division
multiple access (TDMA) format is used as a wireless
multiplex format, instead of a carrier sense multiple access/
collision avoidance (CSMA/CA) format, which is used in a
conventional wireless local area network (LAN) system.
[0061] In the millimeter-wave wireless communication
system, a coordinator device called an access point (AP)
forms a network cell called a basic service set (BSS) and
manages time slots in the TDMA protocol.

[0062] FIGS. 1A through 2B are drawings for explaining
a millimeter wireless communication system according to an
embodiment. FIG. 1A is a drawing illustrating an example of
a one-on-one network configuration in which an AP 110
forming a BSS 100, which is a network cell of the milli-
meter-wave wireless communication system, performs com-
munication with a station (STA) 120 via millimeter-wave
wireless communication 130. In the example of FIG. 1A, the
AP 110 manages time slots in TDMA protocol. For example,
the AP 110 transmits a beacon frame in a predetermined
interval of time.

[0063] FIG. 1B is a drawing illustrating an example of a
star network configuration, in which an AP 110 forming a
BSS 100 performs communication with each of multiple
STAs 120-1 through 120-3 via millimeter-wave wireless
communication 130. In the example of FIG. 1B, the AP 110
manages time slots in TDMA protocol as well. For example,
the AP 110 transmits a beacon frame in a predetermined
interval of time.

[0064] In IEEE 802.11ad, in addition to the network
configurations as illustrated in FIGS. 1A and 1B, a network
configuration called a personal basic service set (PBSS) 200,
which is formed by a coordinator device called a PBSS
central point (PCP) 210, is defined as illustrated in FIG. 2A.
[0065] In the present embodiments, the following expla-
nation is provided on the premise that a millimeter-wave
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wireless communication system is configured in combina-
tion of wireless communication devices that perform com-
munication in a one-on-one and star network configuration
as illustrated in FIGS. 1A and 1B. Note that the present
invention is applicable to a network configuration (i.e. a
PBSS) as illustrated in FIG. 2A as well.

[0066] (Configuration of Time Slots)

[0067] FIG. 2B is a drawing illustrating an example of
time slots according to an embodiment. FIG. 2B is a drawing
illustrating assignment of time slots in TDMA protocol,
which is managed by an AP 110. As illustrated in FIG. 2B,
the time slots in the TDMA protocol, which is managed by
the AP 110, include a beacon header interval (BHI) and a
data transfer interval (DTI).

[0068] The BHI includes a beacon transmission interval
(BTI), an association beam-forming training (A-BFT), and
an announcement transmission interval (ATT).

[0069] The BTI is a period in which an AP 110 transmits
a beacon frame. The A-BFT is a training period for beam-
forming. The ATT is a period in which an AP 110 and STAs
120-1 through 120-3 transmit and receive management
information, control information, etc., with each other.
[0070] The DTI includes contention based access periods
(CBAP) and service periods (SP).

[0071] Each CBAP is a contention period, which is
assigned for an AP 110 and multiple STAs 120 to perform
communication in a contention condition. Each SP is a
designated period, which is assigned for an AP 110 and one
STA 120 to perform communication.

[0072] In the BTI, the AP 110 transmits as many beacon
frames as the number of antenna sectors, which are multiple
beam-patterns formed by the AP 110. On the other hand, the
STAs 120-1 through 120-3 receive all beacon frames trans-
mitted from the AP 110 by use of an omni-directional
antenna or a quasi-omni-directional antenna. Further, the
STAs 120-1 through 120-3 provide the AP 110 a feedback of
information indicative of the antenna sector with the best
reception quality. In the above way, the AP 110 is informed
of an antenna sector that should be used for communication
with each of the STAs 120-1 through 120-3.

[0073] (Beam-Forming)

[0074] The following description simply explains an over-
view of a sector level sweep (SLS) as an example of a
beam-forming technique.

[0075] There are two types of SLSs, i.e., a Tx sector sweep
(TXSS) and an Rx sector sweep (RXSS). A TXSS is a
beam-forming training for deciding an antenna sector used
for transmission. A RXSS is a beam-forming training for
deciding an antenna sector for reception.

[0076] FIG. 3 is a drawing for explaining an example of
beam-forming according to an embodiment. In the example
of FIG. 3, for ease of explanation, among all antenna sectors,
which are multiple beam-patterns formed by the AP 110,
only four antenna sectors, i.e., sectors 1 through 4 are
illustrated.

[0077] In a TXSS, the AP 110 switches sectors (i.e.,
sectors 1 through 4), or multiple beam-patterns, and trans-
mits predetermined packets from an antenna 301 in a
sequential order. On the other hand, each STA 120 sets an
antenna 302 to be an omni-directional antenna or a quasi-
omni-directional antenna, to receive the packets transmitted
from the AP 110 and to provide the AP 110 with information
indicative of an antenna sector with the best reception
quality as a feedback.
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[0078] In a RXSS, a beam-forming training sequence
opposite to the TXSS as described above is executed. After
completion of the TXSS and the RXSS, transmission and
reception of radio waves between the AP 110 and the STA
120 via millimeter-wave wireless communication become
available.

[0079] <System Configuration>

[0080] Before explanation of a system configuration of the
communication system according to the present embodi-
ments, data communication via millimeter-wave wireless
communication between BSSs (i.e., network cells) accord-
ing to the present embodiments is explained.

[0081] (Data Communication Between Network Cells)
[0082] FIG. 4 is a drawing for explaining data communi-
cation between network cells according to an embodiment.
In the example of FIG. 4, a communication system 400
includes multiple APs 110-1 and 110-2 and multiple STAs
120-1 through 120-3. Note that, in the following explana-
tion, an arbitrary AP among the multiple APs 110-1 and
110-2 is indicated as “an AP 110”. Further, an arbitrary STA
among the multiple STAs 120-1 through 120-3 is indicated
as “an STA 120”. Further, the number of APs 110 and the
number of STAs 120 illustrated in FIG. 4 are just examples.
[0083] The APs 110-1 and 110-2 are communication
devices having a function as an AP of the millimeter-wave
wireless communication system as explained in FIGS. 1A
through 3. The APs 110-1 and 110-2 form BSSs 100-1 and
100-2, respectively, which are different network cells
formed via millimeter-wave wireless communication.
[0084] The STAs 120-1 through 120-3 are communication
devices having a function as an STA in the millimeter-wave
wireless communication system as illustrated in FIGS. 1A
through 3.

[0085] InFIG. 4, a solid line connecting, for example, the
STA 120-1 and the AP 110-1 indicates that the STA 120-1 is
in a state of being “coupled” to the AP 110-1 via millimeter-
wave wireless communication. Further, a dashed line con-
necting, for example, the STA 120-1 and the AP 110-2
indicates that the STA 120-1 is in a state of being a “coupling
candidate”, i.e., being able to become coupled to the AP
110-2 via millimeter-wave wireless communication.

[0086] Inthe example of FIG. 4, the STA 120-1 is coupled
to the BSS 100-1 formed by the AP 110-1, and is able to
become coupled to the BSS 100-2 formed by the AP 110-2.
Similarly, the STA 120-2 is coupled to the BSS 100-2
formed by the AP 110-2, and is able to become coupled to
the BSS 100-1 formed by the AP 110-1. Further, the STA
120-3 is coupled to the BSS 100-2 formed by the AP 110-2.
[0087] In FIG. 4, the AP 110-1 is able to transmit data to
APs 110 and STAs 120 coupled to the BSS 100-2 by use of
the STA 120-1 as a relay device, which is coupled to the AP
110-1 and is able to become coupled to the AP 110-2.
[0088] For example, the AP 110-1 sets the STA 120-1,
which is coupled to the AP 110-1 and is able to become
coupled to the AP 110-2, as a relay device for transferring
data received from the AP 110-1 to the AP 110-2.

[0089] When the STA 120-1, which is set as a relay device,
receives data from the AP 110-1, the STA 120-1 disconnects
from the AP 110-1 and becomes coupled to the AP 110-2 for
transferring the received data to the AP 110-2.

[0090] Preferably, the STA 120-1 disconnects from the AP
110-2 after transferring the data to the AP 110-2, and
becomes coupled to the AP 110-1 again.
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[0091] Similarly, the AP 110-2 sets the STA 120-2, which
is coupled to the AP 110-2 and is able to become coupled to
the AP 110-1, as a relay device for transferring data received
from the AP 110-2 to the AP 110-1.

[0092] For example, in FIG. 4, in a case where the AP
110-1 transmits predetermined data to the STAs 120-1
through 120-3 and to the AP 110-2 simultaneously, the AP
110-1 transmits the predetermined data to the 120-1 via
millimeter-wave wireless communication.

[0093] When the STA 120-1 receives the predetermined
data from the AP 110-1, the STA 120-1 disconnects from the
AP 110-1 and becomes coupled to the AP 110-2, which is a
preset transfer-destination, via millimeter-wave wireless
communication. Further, the STA 120-1 transfers the pre-
determined data received from the AP 110-1 to the AP 110-2
via millimeter-wave wireless communication.

[0094] From among the STAs 120-1 through 120-3, when
the AP 110-2 receives the predetermined data from the STA
120-1, the AP 110-2 transmits the received predetermined
data to the others, i.e., the STAs 120-2 and 120-3.

[0095] In the above way as described above, for example,
the AP 110-1 is able to transmit predetermined data to
another communication device, which is coupled to the AP
110-2.

[0096] (System Configuration of Communication System)
[0097] FIG. 5 is a drawing illustrating an example of a
system configuration of a communication system according
to an embodiment. A communication system 500 includes
multiple communication devices having a millimeter-wave
wireless communication unit for performing millimeter-
wave wireless communication and a wireless LAN commu-
nication unit for performing wireless LAN communication.
In the communication system 500, multi-hop communica-
tion is performed among the communication devices via
millimeter-wave wireless communication.

[0098] Note that millimeter-wave wireless communication
is an example of first wireless communication for perform-
ing communication by use of a directional radio wave.
Further, wireless LAN communication is an example of
second wireless communication for performing communi-
cation with another communication device by use of a radio
wave of a larger communication range than the first wireless
communication.

[0099] The multiple communication devices in the com-
munication system 500 include, for example, a central
control device 501, multiple distributed control devices
502a through 5024, at least one relay device 503, and at least
one coupled device 504. Note that, in the following expla-
nation, an arbitrary distributed control device among the
distributed control devices 502a through 5024 may be
indicated as “a distributed control device 502”. Further, in
FIG. 5 and subsequent drawings, a central control device
501 may be indicated as “C”; a distributed control device
502 may be indicated as “P”; a relay device 503 may be
indicated as “B”; and a coupled device 504 may be indicated
as “S”.

[0100] The central control device (i.e., information pro-
cessing apparatus) 501 has a function as an access point that
forms a BSS 506 of wireless LAN communication, by use
of wireless LAN communication (e.g., IEEE802.11a/b/g/n/
ac, etc.) having a larger communication range than milli-
meter-wave wireless communication. Note that the BSS 506
of' wireless LAN communication is a network formed by use
of wireless LAN communication on infrastructure mode.
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[0101] In the present embodiments, communication
devices other than the central control device 501, ie., a
distributed control device 502, a relay device 503, and a
coupled device 504 have a function as a station of wireless
LAN communication, which enables the central control
device 501 and other communication devices in the BSS 506
to perform communication with each other via wireless
LAN communication (i.e., the second wireless communica-
tion).

[0102] The central control device 501 manages a commu-
nication path of multi-hop communication, which is per-
formed via millimeter-wave wireless communication. Fur-
ther, the central control device 501 utilizes wireless LAN
communication for controlling distributed control devices
502 located on the communication path of the multi-hop
communication to transfer data via millimeter-wave wireless
communication.

[0103] Further, in the example of FIG. 5, the central
control device 501 further includes a function as a distrib-
uted control device 502 as described below and forms a
BSS1, which is a network cell of millimeter-wave wireless
communication.

[0104] The distributed control devices 502 utilize milli-
meter-wave wireless communication for forming BSS2
through BSSS, respectively, which are individual network
cells of millimeter-wave wireless communication. Further,
with respect to a BSS formed by a distributed control device
502 via millimeter-wave wireless communication, the dis-
tributed control device 502 controls at least one communi-
cation device coupled to the BSS to transfer data via
millimeter-wave wireless communication.

[0105] Note that, in the following explanation, a BSS 506
of wireless LAN communication may be indicated as a
“BSS of wireless LAN communication”. Further, a BSS of
millimeter-wave wireless communication may be simply
indicated as a “BSS”, so as to be distinct from the “BSS of
wireless LAN communication”.

[0106] InFIG. 5, the distributed control device 502a forms
the BSS2, which is a network cell of millimeter-wave
wireless communication, and transmits beacon frames in the
range of the BSS2.

[0107] In the example of FIG. 5, five communication
devices are in a state of being “coupled” to the distributed
control device 502a as connected with solid lines. Among
the five communication devices in the state of being
“coupled”, the distributed control device 502a selects one
communication device that is in a state of being a “coupling
candidate” of the BSS1, and controls the selected commu-
nication device as a relay device for transferring data via
millimeter-wave wireless communication to the BSSI.
Similarly, among the five communication devices in the state
of being “coupled”, the distributed control device 502a
selects one communication device that is in the state of being
a “coupling candidate” of the BSS5, and controls the
selected communication device as a relay device for trans-
ferring data via millimeter-wave wireless communication to
the BSS5.

[0108] A relay device 503 is a communication device that
is coupled to a BSS formed by a distributed control device
502, such as the BSS2 formed by the distributed control
device 502qa. Further, upon being controlled by the distrib-
uted control device 5024, the relay device 503 transfers data
received from the distributed control device 502a to another
distributed control device 502.

Aug. 22,2019

[0109] A coupled device 504 is a general communication
device that is coupled to a BSS formed by a distributed
control device 502. Further, a coupled device 504 is con-
trolled by a distributed control device 502 to operate as a
relay device 503.

[0110] In the example of FIG. 5, each of the communica-
tion devices included in the communication system 500 is
able to perform wireless communication via both millime-
ter-wave wireless communication and wireless LAN com-
munication, and is able to utilize both of the wireless
communications simultaneously.

[0111] As millimeter-wave wireless communication is
performed in a narrow communication range with direc-
tional radio waves, the communication system 500 for
performing data communication among communication
devices via millimeter-wave wireless communication is con-
stituted, for example, in combination of multiple network
cells (i.e., BSSs) as illustrated in FIG. 5. In a case where data
is transmitted from a communication device to another
communication device via millimeter-wave wireless com-
munication in the communication system 500, multi-hop
communication is performed. In the multi-hop communica-
tion, hopping-transfer for transmitting data in a sequential
order among one or more BSSs is performed.

[0112] Further, in the present embodiments, the central
control device 501 decides, on a per BSS basis, a commu-
nication path of multi-hop communication, which is per-
formed via millimeter-wave wireless communication. Fur-
ther, each distributed control device 502 decides a
communication path inside a BSS. As the wireless commu-
nication network via millimeter-wave wireless communica-
tion is hierarchized in the above way, such that the load for
controlling a communication path in multi-hop communi-
cation is dispersed, it is possible to perform high-speed
decision and real-time formation-control of paths even in a
situation where paths are frequently changed.

[0113] For example, a distributed control device 502 com-
prehends link states of millimeter-wave wireless communi-
cation among communication devices inside a BSS that is
self-formed by the distributed control device 502 at all
times. Further, the central control device 501 collects, from
each distributed control device 502, information indicative
of a link state of millimeter-wave wireless communication
with a communication device belonging to each BSS.

[0114] Based on the collected information, the central
control device 501 calculates a communication path of
multi-hop communication, which is performed via millime-
ter-wave wireless communication, on a per BSS basis, and
performs adjustments of the number of coupled devices
inside a BSS, the number of BSSs, etc. Further, the central
control device 501 provides results of the calculation and
adjustments to each distributed control device 502. In the
communication system 500, transmission and reception of
such control information between the central control device
501 and a distributed control device 502 as described above
is performed via wireless LAN communication, and trans-
mission of content data is performed through multi-hop
communication via millimeter-wave wireless communica-
tion. Therefore, in the communication system 500, it is
possible to reduce the amount of packets and radio wave
interference with respect to both of the wireless LAN
communication and the millimeter-wave wireless commu-
nication.
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[0115] Further, in the communication system 500 accord-
ing to the present embodiments, information transmitted
from the central control device 501 to a distributed control
device 502 is in a simple command format, and the distrib-
uted control device 502 that has received a packet decodes
the command to perform detail control of paths. Further, a
distributed control device 502 transmits information relating
to the BSS self-formed by the distributed control device 502
on a per event basis, not at all times. Therefore, as the
amount of packets and the amount of communication via
wireless LAN communication are reduced in the communi-
cation system 500, it is expected that a chance of occurrence
of radio wave interference and congestion is reduced and an
effect of low power consumption is achieved.

[0116] Note that, in order for all communication devices to
be able to communicate with another communication device
via millimeter-wave wireless communication, data-transfer
between BSSs as explained with reference to FIG. 4, etc., is
required. In the communication system 500, data-transfer
between BSSs is achieved by means of a relay device 503.
[0117] A distributed control device 502 selects, from
among communication devices coupled to the BSS self-
formed by the distributed control device 502, a relay device
503 and a BSS to be a transfer-destination of data. Further,
a distributed control device 502 sets (i.e., provides a setting
to) the selected communication device to perform a relay (or
a “bridge”) between BSSs. Each distributed control device
502 provides the central control device 501 with information
indicative of BSSs to which data can be transferred by use
of a relay device 503.

[0118] Each distributed control device 502 sets a relay
device 503 corresponding to an adjacent BSS, and controls
the relay device 503 to transfer data to the adjacent BSS.
Preferably, a distributed control device 502 controls one
relay device 503 to transfer data to one another BSS.
However, if the above is not possible, the distributed control
device 502 may utilize one relay device 503 to transfer data
to multiple BSSs.

[0119] For example, in FIG. 5, the central control device
501, which has a function as a distributed control device
forming the BSS1, is able to transmit data via millimeter-
wave wireless communication through a relay device 503 to
other BSSs, i.e., the BSS2 through BSS4. Further, data-
transfer from the BSS1 to the BSS3 and to the BSS4 is
performed through one relay device 503.

[0120] Note that, as illustrated in FIG. 4, a solid line
connecting communication devices indicates that the com-
munication devices are in the state of being “coupled” via
millimeter-wave wireless communication. Further, a dashed
line connecting communication devices indicates that the
communication devices are in the state of being a “coupling
candidate”, i.e., being able to become coupled to each other.
[0121] Note that, in the example of FIG. 5, as a distributed
control device 502 selects a relay device 503 for transferring
data to an adjacent BSS, different relay devices 503 are
utilized for communication between BSSs in an uplink
direction and in a downlink direction.

[0122] The above is simply a preferable example, and
therefore the same relay device 503 may be utilized for
communication between BSSs in an uplink direction and in
a downlink direction. Explanation of the present embodi-
ments is provided on the premise that different relay devices
503 are utilized for communication between BSSs in an
uplink direction and in a downlink direction.
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[0123] Note that, although the above explanation is pro-
vided on the premise that the central control device 501 has
a function as a distributed control device 502, the central
control device 501 need not have the function as a distrib-
uted control device 502.

[0124] FIG. 6 is a drawing illustrating another example of
the system configuration according to an embodiment. In the
example of FIG. 6, the central control device 501 utilizes
wireless LAN communication to form the BSS 506 and to
manage a communication path of multi-hop communication,
which is performed via millimeter-wave wireless commu-
nication, similarly to the communication system 500 as
illustrated in FIG. 5.

[0125] Further, in the example of FIG. 6, instead of the
central control device 501, a distributed control device 502¢
forms the BSS1. As illustrated, the central control device
501 need not have a function as a distributed control device
502, i.e., a function for forming a BSS of millimeter-wave
wireless communication. Even in such a case as illustrated
in FIG. 6, the central control device 501 may utilize wireless
LAN communication for managing a communication path of
multi-hop communication, similarly to the communication
system 500 as illustrated in FIG. 5.

[0126] As described above, in the communication system
500 according to the present embodiments, the central
control device 501 utilizes wireless LAN communication for
controlling, by use of a predetermined path-controlling
message, multiple distributed control devices 502 to transfer
data through a communication path of multi-hop commu-
nication.

[0127] Further, a distributed control device 502 controls
the distributed control device 502 itself and at least one
communication device coupled to the network cell self-
formed by the distributed control device 502 to transfer data
through a communication path of multi-hop communication,
based on a path-controlling message received from the
central control device 501.

[0128] In the communication system 500 according to the
present embodiments, as a millimeter-wave wireless com-
munication network has a hierarchic structure in which
communication devices inside a network cell is controlled
by a distributed control device 502, it is possible to disperse
the load on the central control device 501 and to facilitate
control of a dynamic communication path.

[0129] <Hardware Configuration>

[0130] FIGS. 7A and 7B are drawings illustrating an
example of a hardware configuration of a communication
device according to an embodiment.

[0131] For example, a distributed control device 502, a
relay device 503, and a coupled device 504 have a hardware
configuration of a communication device 700 as illustrated
in FIG. 7A. Further, the central control device 501 may have
the hardware configuration of a communication device 700
as illustrated in FIG. 7A and may have a hardware configu-
ration of a central control device 501 as illustrated in FIG.
7B.

[0132] (Hardware Configuration of a Communication
Device)
[0133] A communication device 700 has a configuration of

a general computer. For example, a communication device
700 includes a central processing unit (CPU) 701, a random
access memory (RAM) 702, a read only memory (ROM)
703, a storage device 704, a wireless LAN communication
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unit 705, a millimeter-wave wireless communication unit
706, a display/input device 707, a bus 708, etc.

[0134] The CPU 701 is an arithmetic device that retrieves
a program or data stored in the ROM 703, the storage device
704, etc., onto the RAM 702 for executing a process to
actualize each function of the communication device 700.
The RAM 702 is a volatile memory used as a work area of
the CPU 701. The ROM 703 is a non-volatile memory that
is able to store a program or data even when the power is off.
[0135] The storage device 704 may be, for example, a hard
disk drive (HDD), a solid state drive (SSD), a flash ROM,
etc., which stores an operation system (OS), an application
program, various types of data, etc.

[0136] The wireless LAN communication unit (i.e., the
second communication unit) 705 is a wireless communica-
tion unit, such as IEEE802.11a/b/g/n/ac, etc., for performing
wireless LAN communication. The wireless LAN commu-
nication unit 705 may include, for example, an antenna, a
radio-communication unit, a media access control (MAC)
unit, a communication control unit for wireless LAN com-
munication, etc.

[0137] The millimeter-wave wireless communication unit
(i.e., the first communication unit) 706 is a wireless com-
munication unit, such as IEEE802.11ad, etc., for performing
millimeter-wave wireless communication. The millimeter-
wave wireless communication unit 706 may include, for
example, an antenna, a radio-communication unit, a MAC
unit, a communication control unit for millimeter-wave
wireless communication, etc.

[0138] The display/input device 707 includes a display
device for display, input device for accepting an input, etc.
The bus 708 is coupled to each of the above constituent
elements, so as to transmit an address signal, a data signal,
various types of control signals, etc.

[0139] (Hardware Configuration of the Central Control
Device)
[0140] The central control device 501 may include, for

example, a wired LAN communication unit 709 in addition
to the hardware configuration of the communication device
700 as illustrated in FIG. 7A. Further, the central control
device 501 may not include the millimeter-wave wireless
communication unit 706.

[0141] The wired LAN communication unit 709 connects
(as a gateway function) a wireless communication network
(i.e., a wireless LAN network or a millimeter-wave wireless
network) in the communication system 500 with a wired
communication network (such as a LAN network inside a
building). The wired LAN communication unit 709 may
include, for example, a network interface unit, a communi-
cation control unit for actualizing the gateway function, etc.
[0142] Note that the hardware configuration of the central
control device 501 as illustrated in FIG. 7B is an example.
The central control device 501 is not required to include the
wired LAN communication unit 709, for example.

[0143] <Functional Configuration>

[0144] (Functional Configuration of the Central Control
Device)

[0145] FIG. 8 is a drawing illustrating an example of a

functional configuration of a central control device accord-
ing to an embodiment. The central control device 501 may
include, for example, a wired LAN connecting unit 801, a
wireless LAN communication unit (AP) 811, a network cell
information acquiring unit 812, a network cell information
storing unit 813, a communication-path deciding unit 814, a
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transfer-destination information providing unit 815, a net-
work cell managing unit 816, etc.

[0146] In addition, the central control device 501 may
further have a function 820 as a distributed control device
502. The function 820 as a distributed control device 502
may include, for example, a millimeter-wave wireless com-
munication unit (AP) 821, a communication link state
detecting unit 822, a device information acquiring unit 823,
a device information storing unit 824, a relay device select-
ing unit 825, a relay device setting unit 826, a network cell
information providing unit 827, a data transferring unit 828,
a coupled device number managing unit 829, etc.

[0147] The wired LAN connecting unit 801 is actualized,
for example, by a wired LAN communication unit 709
illustrated in FIG. 7B. The wired LAN connecting unit 801
provides a function as a gateway for connecting a commu-
nication network in the communication system 500 with an
external network.

[0148] The wireless LAN communication unit (AP) 811
enables the wireless LAN communication unit 705 of the
central control device 501 to provide a function as an AP of
wireless LAN communication. The wireless LAN commu-
nication unit (AP) 811 is actualized, for example, by the
wireless LAN communication unit 705 illustrated in FIGS.
7A and 7B and a program executed by the CPU 701
illustrated in FIGS. 7A and 7B.

[0149] Note that, in the following explanation, an AP of
wireless LAN communication may be indicated as an “AP
of wireless LAN communication”. Further, an AP of milli-
meter-wave wireless communication may be simply indi-
cated as an “AP”, so as to be distinct from the “AP of
wireless LAN communication”.

[0150] The wireless LAN communication unit (AP) 811
provides the BSS 506, which is a wireless LAN network on

infrastructure mode, via wireless LAN communication (e.g.,
IEEE802.11a/b/g/n/ac, etc.).

[0151] The network cell information acquiring unit 812
utilizes wireless LAN communication for acquiring network
cell information from multiple distributed control devices
502 that form different BSSs (i.e., network cells) via milli-
meter-wave wireless communication, respectively. Further,
the network cell information acquiring unit 812 stores the
network cell information in the network cell information
storing unit 813. The network cell information acquiring unit
812 is actualized, for example, by a program executed by the
CPU 701 illustrated in FIGS. 7A and 7B.

[0152] Note that, in a case where the central control device
501 has the function 820 of a distributed control device 502,
the network cell information acquiring unit 812 may acquire
network cell information from the network cell information
providing unit 827 included in the function 820 of a dis-
tributed control device 502, for example.

[0153] The network cell information storing unit 813 is a
mechanism for storing network cell information acquired by
the network cell information acquiring unit 812. The net-
work cell information storing unit 813 is actualized, for
example, by the storage device 704 and the RAM 702
illustrated in FIGS. 7A and 7B and a program executed by
the CPU 701 illustrated in FIGS. 7A and 7B. An exemplary
image of network cell information that is acquired by the
network cell information acquiring unit 812 and stored in the
network cell information storing unit 813 is illustrated in
FIG. 11A.
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[0154] FIG. 11A is a drawing illustrating an exemplary
image of network cell information 1110 that is managed by
the central control device 501. In the example of FIG. 11A,
the network cell information 1110 includes information such
as “NETWORK CELL NUMBER?”, “BSSID”, “SSID”, “IP
ADDRESS OF AP”, “NUMBER OF COUPLED
DEVICES”, “COMMUNICATION CHANNEL”, “AP
THAT CAN BE RELAYED TO”, etc.

[0155] “NETWORK CELL NUMBER” is information
including a number or a name of a BSS formed by a
distributed control device 502.

[0156] “BSSID (Basic Service Set Identifier)” and “SSID
(Service Set Identifier)” is identification information of a
distributed control device 502 (or a central control device
501).

[0157] “IP (Internet Protocol) ADDRESS OF AP”
includes an IP address of a distributed control device 502 (or
a central control device 501) in millimeter-wave wireless
communication and an IP address of the distributed control
device 502 (or the central control device 501) in wireless
LAN communication.

[0158] “NUMBER OF COUPLED DEVICES” is the
number of communication devices 700 coupled to a BSS
formed by a distributed control device 502 (or a central
control device 501) via millimeter-wave wireless commu-
nication. “COMMUNICATION CHANNEL” is a channel
number of a communication channel used in a BSS formed
by a distributed control device 502 (or a central control
device 501) via millimeter-wave wireless communication.
[0159] “AP THAT CAN BE RELAYED TO” is identifi-
cation information of a distributed control device 502 to
which data can be transferred from a distributed control
device 502 (or a central control device 501) through a relay
device 503 via millimeter-wave wireless communication.
[0160] Referring back to FIG. 8, the central control device
501 is further explained in the following description.
[0161] The communication-path deciding unit 814 decides
a communication path of multi-hop communication, based
on network cell information 1110 that is acquired by the
network cell information acquiring unit 812 and stored in the
network cell information storing unit 813. The communica-
tion-path deciding unit 814 is actualized, for example, by a
program executed by the CPU 701 illustrated in FIGS. 7A
and 7B.

[0162] For example, the communication-path deciding
unit 814 creates network topology that is indicative of a
relation of connection among BSSs, based on the network
cell information 1110 as illustrated in FIG. 11A, and decides
a communication path of multi-hop communication on a per
BSS basis.

[0163] The transfer-destination information providing unit
815 utilizes wireless LAN communication for providing
each distributed control device 502 located in a communi-
cation path that is decided by the communication-path
deciding unit 814 with information (i.e. transfer-destination
information) indicative of a distributed control device 502 or
a BSS to be destination of transferring data through multi-
hop communication via millimeter-wave wireless commu-
nication. The transfer-destination information providing unit
815 is actualized, for example, by a program executed by the
CPU 701 illustrated in FIGS. 7A and 7B.

[0164] The network cell managing unit 816 is a mecha-
nism for performing management relating to BSSs in the
communication system 500. The network cell managing unit
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816 is actualized, for example, by a program executed by the
CPU 701 illustrated in FIGS. 7A and 7B. The network cell
managing unit 816 performs management, for example, such
that the number of BSSs in the communication system 500
does not exceed a predetermined limit.

[0165] The millimeter-wave wireless communication unit
(AP) 821 causes the millimeter-wave wireless communica-
tion unit 706 to provide a function as an AP of the milli-
meter-wave wireless communication system as explained in
FIGS. 1A through 4. The millimeter-wave wireless commu-
nication unit (AP) 821 is actualized, for example, by the
millimeter-wave wireless communication unit 706 illus-
trated in FIGS. 7A and 7B and by a program executed by the
CPU 701 illustrated in FIGS. 7A and 7B.

[0166] The communication link state detecting unit 822
detects a communication link state (i.e., communication
quality) between each communication device (i.e., a relay
device 503 and a coupled device 504) coupled to a BSS
formed by the millimeter-wave wireless communication unit
(AP) 821. The communication link state detecting unit 822
is actualized, for example, by the millimeter-wave wireless
communication unit 706 illustrated in FIGS. 7A and 7B and
by a program executed by the CPU 701 as illustrated in
FIGS. 7A and 7B.

[0167] The device information acquiring unit 823
acquires, from each communication device 700 coupled to a
BSS formed by the millimeter-wave wireless communica-
tion unit (AP) 821, device information including informa-
tion indicative of a distributed control device 502 that the
communication device 700 is able to become coupled to via
millimeter-wave wireless communication. The device infor-
mation acquiring unit 823 is actualized, for example, by a
program executed by the CPU 701 illustrated in FIGS. 7A
and 7B.

[0168] The device information storing unit 824 is a
mechanism for storing device information acquired by the
device information acquiring unit 823. The device informa-
tion storing unit 824 is actualized, for example, by the
storage device 704 and the RAM 702 illustrated in FIGS. 7A
and 7B and by a program executed by the CPU 701 as
illustrated in FIGS. 7A and 7B, etc. An exemplary image of
device information that is acquired by the device informa-
tion acquiring unit 823 and stored in the device information
storing unit 824 is illustrated in FIG. 11B.

[0169] FIG. 11B is a drawing illustrating an exemplary
image of device information 1120. In the example of FIG.
11B, the device information 1120 includes information such
as “COUPLED DEVICE NUMBER”, “IP ADDRESS OF
COMMUNICATION  DEVICE”, “LQ  VALUE”,
“THROUGHPUT VALUE”, “MCS VALUE”, “RELAY
DEVICE”, “AP THAT CAN BE COUPLED TO”, etc.
[0170] “COUPLED DEVICE NUMBER” is a manage-
ment number that is assigned temporarily to a communica-
tion device 700 coupled to a BSS formed by a millimeter-
wave wireless communication unit (AP) 821.

[0171] “IP ADDRESS OF COMMUNICATION
DEVICE” includes an IP address of millimeter-wave wire-
less communication and an IP address of wireless LAN
communication, with respect to a communication device
700 coupled to a BSS formed by a millimeter-wave wireless
communication unit (AP) 821.

[0172] “LQ VALUE”, “THROUGHPUT VALUE”, and
“MCS VALUE” are examples of information indicative of a
communication link state of millimeter-wave wireless com-
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munication between the central control device 501 (or a
distributed control device 502) and a communication device
700 coupled to a BSS formed by a millimeter-wave wireless
communication unit (AP) 821. “L.Q (Link Quality) VALUE”
is information indicative of communication quality of a link
via millimeter-wave wireless communication.
“THROUGHPUT VALUE” is information indicative of
throughput, or an amount of data-transfer per unit time.
“MCS (Modulation Coding Scheme) VALUE” is informa-
tion indicative of combination of a modulation type, a
coding rate, etc.

[0173] “RELAY DEVICE” is information indicative of
whether a communication device 700 is a relay device 503
corresponding to an “AP THAT CAN BE COUPLED TO”.
[0174] “AP THAT CAN BE COUPLED TO” is identifi-
cation information of another distributed control device 502
to which a communication device 700 is able to become
coupled via millimeter-wave wireless communication.
[0175] Referring back to FIG. 8, the functional configu-
ration of the central control device 501 is further explained
in the following description.

[0176] Based on device information 1120 acquired by the
device information acquiring unit 823, the relay device
selecting unit 825 selects, from among communication
devices 700 coupled to the BSS formed by the millimeter-
wave wireless communication unit (AP) 821, a communi-
cation device 700 for transferring data to another distributed
control device 502. The relay device selecting unit 825 is
actualized, for example, by a program executed by the CPU
701 illustrated in FIGS. 7A and 7B.

[0177] For example, based on information of “AP THAT
CAN BE COUPLED TO” that is included in the device
information 1120, the relay device selecting unit 825 speci-
fies a communication device 700 that can transfer data to
another distributed control device 502 via millimeter-wave
wireless communication. Further, in a case where there are
multiple communication devices 700 that can transfer data
to another distributed control device 502 via millimeter-
wave wireless communication, the relay device selecting
unit 825 selects one communication device 700 having the
best communication quality, based on “LQ VALUE”,
“THROUGHPUT VALUE”, “MCS VALUE”, etc.

[0178] The relay device setting unit 826 sets the commu-
nication device 700 selected by the relay device selecting
unit 825 as a relay device 503 for transferring data to another
distributed control device 502 via millimeter-wave wireless
communication. The relay device setting unit 826 is actu-
alized, for example, by a program executed by the CPU 701
illustrated in FIGS. 7A and 7B.

[0179] For example, the relay device setting unit 826
provides a communication device 700 with connection
information including identification information (e.g., a
BSSID and an SSID), etc., of a distributed control device
502 that is destination of transferring data via millimeter-
wave wireless communication. Further, the relay device
setting unit 826 provides an instruction to the communica-
tion device 700 to operate as a relay device 503.

[0180] The network cell information providing unit 827
provides the network cell information acquiring unit 812
with network cell information of the BSS formed by the
millimeter-wave wireless communication unit (AP) 821.
The network cell information providing unit 827 is actual-
ized, for example, by a program executed by the CPU 701
illustrated in FIGS. 7A and 7B.
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[0181] The data transferring unit 828 transfers data to a
distributed control device 502 that is destination of trans-
ferring data through multi-hop communication, based on
information provided by the transfer-destination information
providing unit 815, which is indicative of the distributed
control device 502 that is destination of transferring data
through multi-hop communication. The data transferring
unit 828 is actualized, for example, by a program executed
by the CPU 701 illustrated in FIGS. 7A and 7B.

[0182] The coupled device number managing unit 829
manages the number of communication devices 700 coupled
to the BSS formed by the millimeter-wave wireless com-
munication unit (AP) 821. The coupled device number
managing unit 829 is actualized, for example, by a program
executed by the CPU 701 illustrated in FIGS. 7A and 7B.
[0183] Note that, as described above, the central control
device 501 is not required to have the function 820 of a
distributed control device 502 illustrated in FIG. 8.

[0184] (Functional Configuration of a Distributed Control
Device)
[0185] FIG. 9 is a drawing illustrating an example of a

functional configuration of a distributed control device
according to an embodiment. A distributed control device
502 may include, for example, a wireless LAN communi-
cation unit (STA) 911, a network cell information providing
unit 912, a transfer-destination information receiving unit
913, and a device function control unit 914, a storing unit
915, etc. Further, the distributed control device 502 may
include, for example, the millimeter-wave wireless commu-
nication unit (AP) 821, the communication link state detect-
ing unit 822, the device information acquiring unit 823, the
device information storing unit 824, the relay device select-
ing unit 825, the relay device setting unit 826, the data
transferring unit 828, the coupled device number managing
unit 829, etc.

[0186] The wireless LAN communication unit (STA) 911
causes the wireless LAN communication unit 705 of a
communication device 700 to provide a function as an STA
of wireless LAN communication. The wireless LAN com-
munication unit (STA) 911 is actualized, for example, by the
wireless LAN communication unit 705 illustrated in FIG.
7A and by a program executed by the CPU 701 illustrated in
FIG. 7A.

[0187] For example, the wireless LAN communication
unit (STA) 911 receives a beacon of wireless LAN commu-
nication transmitted by the central control device 501.
Further, the wireless LAN communication unit (STA) 911
establishes wireless LAN communication with the central
control device 501 and causes the distributed control device
502 to become coupled to the wireless LAN network.
[0188] The network cell information providing unit 912
utilizes wireless LAN communication for providing the
central control device 501 with network cell information
about the BSS (i.e., network cell) of millimeter-wave wire-
less communication formed by the distributed control device
502. The network cell information providing unit 912 is
actualized, for example, by a program executed by the CPU
701 illustrated in FIG. 7A.

[0189] The transfer-destination information receiving unit
913 receives information (i.e., transfer-destination informa-
tion) about transfer-destination, which is provided from the
central control device 501 via wireless LAN communica-
tion. The information is indicative of a distributed control
device 502 or a BSS, to which data should be transferred



US 2019/0261245 Al

through multi-hop communication performed via millime-
ter-wave wireless communication.

[0190] The device function control unit 914 sets a com-
munication device 700 to operate as a distributed control
device 502, a relay device 503, or a coupled device 504. The
device function control unit 914 is actualized, for example,
by a program executed by the CPU 701 illustrated in FIG.
7A.

[0191] For example, the device function control unit 914
causes a communication device 700 to operate as a coupled
device 504. Further, in a case where the communication
device 700 operating as a coupled device 504 cannot detect
a BSS of millimeter-wave wireless communication, the
device function control unit 914 causes the communication
device 700 to operate as a distributed control device 502.
Further, when a communication device 700 is operating as
a coupled device 504 coupled to a BSS, the device function
control unit 914 causes the communication device 700 to
operate as a relay device 503, upon being controlled by a
distributed control device 502 or the central control device
501, which forms the BSS.

[0192] The storing unit 915 stores, for example, a pro-
gram, etc., for causing a communication device 700 to
operate as a distributed control device 502, a relay device
503, or a coupled device 504. The storing unit 915 is
actualized, for example, by the storage device 704 illustrated
in FIG. 7A and by a program executed by the CPU 701
illustrated in FIG. 7A.

[0193] The function 820 of a distributed control device,
which is included in a distributed control device 502, is the
same as the function 820 of a distributed control device 502
as illustrated in FIG. 8, except that the distributed control
device 502 includes the network cell information providing
unit 912 instead of the network cell information providing
unit 827 illustrated in FIG. 8.

[0194] The millimeter-wave wireless communication unit
(AP) 821 is a mechanism for causing the millimeter-wave
wireless communication unit 706 of a communication
device 700 to operate as an AP of millimeter-wave wireless
communication. The millimeter-wave wireless communica-
tion unit (AP) 821 is actualized, for example, by the milli-
meter-wave wireless communication unit 706 illustrated in
FIG. 7A and by a program executed by the CPU 701
illustrated in FIG. 7A.

[0195] The communication link state detecting unit 822
detects a communication link state with each of communi-
cation devices coupled to the BSS formed by the millimeter-
wave wireless communication unit (AP) 821. The commu-
nication link state detecting unit 822 is actualized, for
example, by the millimeter-wave wireless communication
unit 706 illustrated in FIG. 7A and by a program executed
by the CPU 701 illustrated in FIG. 7A.

[0196] The device information acquiring unit 823
acquires, from each communication device 700 coupled to
the BSS formed by the millimeter-wave wireless commu-
nication unit (AP) 821, device information including infor-
mation indicative of a distributed control device 502 to
which the communication device 700 can become coupled
via millimeter-wave wireless communication. The device
information acquiring unit 823 is actualized, for example, by
a program executed by the CPU 701 illustrated in FIG. 7A.
[0197] The device information storing unit 824 is a
mechanism for storing device information acquired by the
device information acquiring unit 823. The device informa-
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tion storing unit 824 is actualized, for example, by the
storage device 704 and the RAM 702 illustrated in FIG. 7A
and by a program executed by the CPU 701 illustrated in
FIG. 7A.

[0198] Based on device information acquired by the
device information acquiring unit 823, the relay device
selecting unit 825 selects, from among at least one commu-
nication device 700 coupled to the BSS formed by the
millimeter-wave wireless communication unit (AP) 821, a
communication device 700 for transferring data to another
distributed control device 502. The relay device selecting
unit 825 is actualized, for example, by a program executed
by the CPU 701 illustrated in FIG. 7A.

[0199] The relay device setting unit 826 sets the commu-
nication device 700 selected by the relay device selecting
unit 825 as a relay device 503 for transferring data to another
distributed control device 502 via millimeter-wave wireless
communication. The relay device setting unit 826 is actu-
alized, for example, by a program executed by the CPU 701
as illustrated in FIG. 7A.

[0200] Based on the information received by the transfer-
destination information receiving unit 913, which is indica-
tive of a distributed control device 502 that is destination of
transferring data through multi-hop communication, the data
transferring unit 828 transfers data to the distributed control
device 502 that is the destination of transferring data through
multi-hop communication. The data transferring unit 828 is
actualized, for example, by a program executed by the CPU
701 illustrated in FIG. 7A.

[0201] The coupled device number managing unit 829
manages the number of communication devices 700 coupled
to the BSS formed by the millimeter-wave wireless com-
munication unit (AP) 821. The coupled device number
managing unit 829 is actualized, for example, by a program
executed by the CPU 701 illustrated in FIG. 7A.

[0202]

[0203] FIG. 10A is a drawing illustrating an example of a
functional configuration of a relay device. A relay device
503 may include, for example, a wireless LAN communi-
cation unit (STA) 911, a device function control unit 914, a
storing unit 915, a millimeter-wave wireless communication
unit (STA) 1011, a communication link state detecting unit
1012, a connection information storing unit 1013, a connec-
tion control unit 1014, a data relaying unit 1015, etc.

[0204] Note that explanation of the wireless LAN com-
munication unit (STA) 911, the device function control unit
914, and the storing unit 915 is omitted as the above units
are the same as the wireless LAN communication unit (STA)
911, the device function control unit 914, and the storing unit
915 included in a distributed control device 502 as explained
with reference to FIG. 9.

[0205] The millimeter-wave wireless communication unit
(STA) 1011 causes the millimeter-wave wireless communi-
cation unit 706 of a communication device 700 to operate as
an STA of the millimeter-wave wireless communication
system as explained with reference to FIGS. 1A through 4.
The millimeter-wave wireless communication unit (STA)
1011 is actualized, for example, by the millimeter-wave
wireless communication unit 706 illustrated in FIG. 7A and
by a program executed by the CPU 701 as illustrated in FIG.
7A.

(Functional Configuration of a Relay Device)

[0206] For example, the millimeter-wave wireless com-
munication unit (STA) 1011 causes to become coupled to a
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BSS formed by a distributed control device 502 (or the
central control device 501) as an STA.

[0207] The communication link state detecting unit 1012
detects a communication link state with the distributed
control device 502 forming the BSS to which the millimeter-
wave wireless communication unit (STA) 1011 is coupled.
The communication link state detecting unit 822 is actual-
ized, for example, by the millimeter-wave wireless commu-
nication unit 706 illustrated in FIG. 7A and by a program
executed by the CPU 701 illustrated in FIG. 7A.

[0208] The connection information storing unit 1013
stores connection information provided via wireless LAN
communication by the distributed control device 502 (or the
central control device 501). The connection information
includes identification information (e.g., a BSSID and an
SSID), etc., of a distributed control device 502 to be
destination of transferring data via millimeter-wave wireless
communication. The connection information storing unit
1013 is actualized, for example, by the RAM 702 and the
storage device 704 illustrated in FIG. 7A and by a program
executed by the CPU 701 illustrated in FIG. 7A. An exem-
plary image of connection information stored in the con-
nection information storing unit 1013 is illustrated in FIG.
11C.

[0209] FIG. 11C is a drawing illustrating an exemplary
image of connection information 1130. In the example of
FIG. 11C, the connection information 1130 includes “NET-
WORK CELL NUMBER”, “CONNECTION STATE”,
“BSSID”, “SSID”, “IP ADDRESS”, “CHANNEL NUM-
BER?”, etc.

[0210] “NETWORK CELL NUMBER” is information
indicative of a numerical number or a name of a BSS.
“CONNECTION STATE” is indicative of whether being in
a state of “COUPLED” or “COUPLING CANDIDATE”
with respect to a BSS corresponding to “NETWORK CELL
NUMBER”.

[0211] “BSSID” and “SSID” are identification informa-
tion of a distributed control device 502 (or the central control
device 501) that forms a BSS corresponding to “NET-
WORK CELL NUMBER”.

[0212] “IP ADDRESS” is an IP address of millimeter-
wave wireless communication with respect to a distributed
control device 502 (or the central control device 501) that
forms a BSS corresponding to “NETWORK CELL NUM-
BER”. “CHANNEL NUMBER” is a channel number of
millimeter-wave wireless communication with respect to a
BSS corresponding to “NETWORK CELL NUMBER”.

[0213] Referring back to FIG. 10A, the functional con-
figuration of a relay device 503 is further explained.

[0214] The connection control unit 1014 is coupled via
millimeter-wave wireless communication to a distributed
control device 502 (hereinafter referred to as a transfer-from
distributed control device 502), which is in a connection
state of “COUPLED” according to the connection informa-
tion 1130 stored in the connection information storing unit
1013. Further, the connection control unit 1014 receives data
via millimeter-wave wireless communication from the trans-
fer-from distributed control device 502, and then discon-
nects from the transfer-from distributed control device 502
to become coupled to another distributed control device 502
(hereinafter referred to as a transfer-destination distributed
control device 502), which had been in a connection state of
“COUPLING CANDIDATE”. The connection control unit
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1014 is actualized, for example, by a program executed by
the CPU 701 illustrated in FIG. 7A.

[0215] The data relaying unit 1015 transfers the data
received via millimeter-wave wireless communication from
the transfer-from distributed control device 502 to the trans-
fer-destination distributed control device 502. The data
relaying unit 1015 is actualized, for example, by a program
executed by the CPU 701 illustrated in FIG. 7A.

[0216] (Functional Configuration of a Coupled Device)
[0217] FIG. 10B is a drawing illustrating an example of a
functional configuration of a coupled device. A coupled
device 504 may include, for example, a wireless LAN
communication unit (STA) 911, a device function control
unit 914, a storing unit 915, a millimeter-wave wireless
communication unit (STA) 1011, a communication link state
detecting unit 1012, etc.

[0218] Explanation of functions of the wireless LAN
communication unit (STA) 911, the device function control
unit 914, and the storing unit 915 is omitted as functions of
the above units are the same as the wireless LAN commu-
nication unit (STA) 911, the device function control unit
914, and the storing unit 915 included in a distributed
control device 502 as explained with reference to FIG. 9.
[0219] The millimeter-wave wireless communication unit
(STA) 1011 causes the millimeter-wave wireless communi-
cation unit 706 of a communication device 700 to operate as
an STA of the millimeter-wave wireless communication
system as explained with reference to FIGS. 1A through 4.
The millimeter-wave wireless communication unit (STA)
1011 is actualized by, for example, by the millimeter-wave
wireless communication unit 706 illustrated in FIG. 7A and
by a program executed by the CPU 701 illustrated in FIG.
7A.

[0220] The communication link state detecting unit 1012
detects a communication link state with a distributed control
device 502 forming a BSS to which the millimeter-wave
wireless communication unit (STA) 1011 is coupled. The
communication link state detecting unit 1012 is actualized,
for example, by the millimeter-wave wireless communica-
tion unit 706 illustrated in FIG. 7A and a program executed
by the CPU 701 illustrated in FIG. 7A.

[0221] <Sequence of Processing>

[0222] Next, processing of a method for managing com-
munication in the communication system 500 according to
the present embodiments is explained in the following
description.

First Embodiment

[0223] <<Process for Creating a Communication Net-
work>>
[0224] (Process for a Communication Device to Newly

Join a Communication System)

[0225] FIG. 12 is a flowchart illustrating an example of a
process for a communication device according to the first
embodiment to newly join a communication system. The
following process is an example of a process for a commu-
nication device 700 to newly join the communication system
500. Note that, at the time when the process as illustrated in
FIG. 12 starts, the central control device 501 is operating as
an AP of wireless LAN communication, and a communica-
tion device 700 stores connection information in advance,
for connecting to the central control device 501 via wireless
LAN communication.
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[0226] At Step S1201, a communication device 700 starts
an operation as a coupled device 504 and utilizes wireless
LAN communication for becoming coupled to a central
control device 501 operating as an AP of wireless LAN
communication.

[0227] At Step S1202, the coupled device 504 performs
scanning via millimeter-wave wireless communication to
detect an AP (i.e., a distributed control device 502 or the
central control device 501) of millimeter-wave wireless
communication.

[0228] At Step S1203, in a case where the coupled device
504 determines that there is an AP as a result of the scanning
via millimeter-wave wireless communication, the coupled
device 504 proceeds processing to Step S1204. Contrarily, in
a case where the coupled device 504 determines that there is
not an AP as a result of the scanning via millimeter-wave
wireless communication, the coupled device 504 proceeds
processing to Step S1206.

[0229] At Step S1204, the millimeter-wave wireless com-
munication unit (STA) 1011 of the coupled device 504
becomes coupled to the detected AP via millimeter-wave
wireless communication as a coupled device 504.

[0230] At Step S1205, the communication link state
detecting unit 1012 of the coupled device 504 provides the
coupled AP with device information including an L.Q value
that is detected as a result of scanning an AP at Step S1202.
[0231] On the other hand, at Step S1206, the device
function control unit 914 of the coupled device 504 utilizes
wireless LAN communication for transmitting a request for
creating a new BSS, which includes the result of scanning an
AP at Step S1202, to the central control device 501.
[0232] At Step S1207, the device function control unit 914
of the coupled device 504 divaricates processing, based on
whether permission information for permitting creation of a
new BSS is received from the central control device 501.
[0233] In a case where permission information is received
from the central control device 501, the device function
control unit 914 proceeds processing to Step S1208. Con-
trarily, in a case where the permission information is not
received from the central control device 501, the device
function control unit 914 reverses processing back to Step
S1202, so as to repeat the same processing.

[0234] Note that, as an example of a case where the central
control device 501 rejects creation of a new BSS, there may
be a case where, in response to a request from a coupled
device 504 to create a new BSS, the central control device
501 has provided a response indicative of permission of
creation, but the new BSS has not been created yet. In a case
where the central control device 501 receives a request for
creating a new BSS from another coupled device 504 in such
a situation as above, the central control device 501 may
reject the request from the said another coupled device 504
in consideration of the possibility that a new BSS will be
created by the coupled device 504 to which the permission
of creating a new BSS has already been provided.

[0235] Additionally, the central control device 501 may
reject creation of a new BSS requested by a coupled device
504, in a case where the number of BSSs in the communi-
cation system 500 would exceed a predetermined limit.

[0236] At Step S1208, the device function control unit 914
of the coupled device 504 changes the role of the commu-
nication device 700 from a coupled device 504 to a distrib-
uted control device 502. In the above way, the communica-
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tion device 700 forms a new BSS of millimeter-wave
wireless communication, as a distributed control device 502.
[0237] At Step S1209, the distributed control device 502
(i.e., the communication device 700) that has formed the
new BSS utilizes wireless LAN communication for provid-
ing the central control device 501 with completion of
creating the BSS.

[0238] Through the above processing, a communication
device 700 that newly joins the communication system 500
starts operating as a distributed control device 502 or a
coupled device 504.

[0239] FIGS. 13A and 13B are drawings for explaining a
process for a communication device according to the first
embodiment to newly join the communication system. In
FIG. 13A, three communication devices 700 newly join the
communication system 500 including a BSS1 formed by the
central control device 501. In the above case, the three
communication devices 700 start scanning an AP as coupled
devices 504-1 through 504-3, respectively.

[0240] In the example of FIG. 13A, the coupled devices
504-1 and 504-2 can detect the BSS1 formed by the central
control device 501. Therefore, the coupled devices 504-1
and 504-2 become coupled to the central control device 501
via millimeter-wave wireless communication as illustrated
in FIG. 13B.

[0241] However, in the example of FIG. 13 A, the coupled
device 504-3 cannot detect the BSS1 formed by the central
control device 501. Therefore, the coupled device 504-3
operates as a new distributed control device 502 to newly
create a BSS2 as illustrated in FIG. 13B.

[0242] (Process for a Communication Device to Newly
Join a Communication System)

[0243] FIG. 14 is a sequence diagram (1) illustrating an
example of a process for a communication device to newly
join a communication system according to the first embodi-
ment. The process is an example of a process performed in
the communication system 500 in the case where it is
determined that “there is an AP at Step S1203 of FIG. 12.
Note that, in FIG. 14 and subsequent drawings, a solid arrow
is indicative of a signal or information transmitted via
millimeter-wave wireless communication, and a dashed
arrow is indicative of a signal or information transmitted via
wireless LAN communication.

[0244] At Step S1401 of FIG. 14, a communication device
700 starts operating as a coupled device 504.

[0245] At Step S1402, the wireless LAN communication
unit (STA) 911 of the coupled device 504 becomes coupled
via wireless LAN communication to a central control device
501 operating as an AP of wireless LAN communication.
[0246] At Step S1403, the millimeter-wave wireless com-
munication unit (STA) 1011 of the coupled device 504
performs scanning (i.e., detects a beacon transmitted by an
AP) of an AP (i.e., a distributed control device 502 or a
central control device 501) of millimeter-wave wireless
communication.

[0247] Suppose that, at Step S1404, the millimeter-wave
wireless communication unit (STA) 1011 of the coupled
device 504 receives a beacon transmitted by a distributed
control device 502-1.

[0248] At Step S1405, the communication link state
detecting unit 1012 of the coupled device 504 detects an L.Q
value (hereinafter referred to as an LQ value 1) of the
received beacon.
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[0249] At Step S1406, the millimeter-wave wireless com-
munication unit (STA) 1011 of the coupled device 504
becomes coupled to the distributed control device 502-1 via
millimeter-wave wireless communication.

[0250] At Step S1407, the communication link state
detecting unit 1012 of the coupled device 504 provides the
distributed control device 502-1 with device information
including the detected LQ value 1. The device information
includes, for example, information corresponding to a
“COUPLED DEVICE NUMBER?” included in the device
information 1120 as illustrated in FIG. 11B.

[0251] At Step S1408, the device information acquiring
unit 823 of the distributed control device 502-1 acquires the
device information provided by the coupled device 504, and
stores the device information in the device information
storing unit 824 as device information 1120.

[0252] At Step S1409, the network cell information pro-
viding unit 912 of the distributed control device 502-1
utilizes wireless LAN communication for providing the
central control device 501 with network cell information
about the BSS formed by the distributed control device
502-1. The network cell information includes, for example,
information corresponding to a “NETWORK CELL NUM-
BER” included in the network cell information as illustrated
in FIG. 11A.

[0253] At Step S1410, the millimeter-wave wireless com-
munication unit (STA) 1011 of the coupled device 504
coupled to the BSS formed by the distributed control device
502-1 performs scanning of millimeter-wave wireless com-
munication, for example, on a regular basis.

[0254] Suppose that, at Step S1411, the millimeter-wave
wireless communication unit (STA) 1011 of the coupled
device 504 receives a beacon transmitted by the distributed
control device 502-1.

[0255] Suppose that, at Step S1412, the millimeter-wave
wireless communication unit (STA) 1011 of the coupled
device 504 receives a beacon transmitted by a distributed
control device 502-2.

[0256] At Step S1413, the communication link state
detecting unit 1012 of the coupled device 504 detects an L.Q
value 1 of the beacon received at Step S1411 and an L.Q
value (hereinafter referred to as an L.Q value 2) of the beacon
received at Step S1412.

[0257] At Step S1414, the communication link state
detecting unit 1012 of the coupled device 504 provides
device information including the detected LQ values 1 and
2 to the distributed control device 502-1.

[0258] At Step S1414, the device information acquiring
unit 823 of the distributed control device 502-1 acquires the
device information provided by the coupled device 504. At
Step S1415, the device information is stored in the device
information storing unit 824 as device information 1120.
[0259] At Step S1416, the network cell information pro-
viding unit 912 of the distributed control device 502-1
utilizes wireless LAN communication for providing network
cell information about the BSS formed by the distributed
control device 502-1.

[0260] Through the above processing, the central control
device 501 acquires network cell information as illustrated,
for example, in FIG. 11A, and an AP (i.e., a distributed
control device 502 or the central control device 501) man-
ages device information 1120 as illustrated in FIG. 11B.
[0261] FIG. 15 is a sequence diagram (2) illustrating an
example of a process for a communication device to newly
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join the communication system according to the first
embodiment. The process is an example of a process per-
formed in the communication system 500 in the case where
it is determined that “there is not an AP” at Step S1203 of
FIG. 12. Note that, as the processing of Steps S1401 trough
S1403 of FIG. 15 are the same as in FIG. 14, the following
description mainly explains differences from the processing
illustrated in FIG. 14.

[0262] Suppose that, at Step S1501, the millimeter-wave
wireless communication unit (STA) 1011 of the coupled
device 504 cannot receive a beacon transmitted by a dis-
tributed control device 502-1.

[0263] At Step S1502, the device function control unit 914
of the coupled device 504 utilizes wireless LAN communi-
cation for transmitting a request for creating a new BSS,
which includes the result of scanning an AP, to the central
control device 501.

[0264] At Step S1503, the network cell managing unit 816
of the central control device 501 checks the number of BSSs
in the communication system 500. The network cell man-
aging unit 816 divaricates processing, based on the number
of BSSs in the communication system 500.

[0265] In a case where the number of BSSs in the com-
munication system 500 is smaller a predetermined limit, the
network cell managing unit 816 utilizes wireless LAN
communication for providing permission information for
permitting creation of a network cell to the coupled device
504, at Step S1504. The permission information includes,
for example, information about a communication channel
and a network address of a BSS to be newly created,
information about another BSS, etc.

[0266] At Step S1505, the device function control unit 914
of the coupled device 504 changes the role of the commu-
nication device 700 from a coupled device 504 to a distrib-
uted control device 502. Further, the communication device
700 that has started operating as a distributed control device
502 forms a new BSS, based on the information provided by
the central control device 501.

[0267] At Step S1506, the distributed control device 502
(i.e., the coupled device 504) that has formed the new BSS
provides the central control device 501 with notification
indicative of completion of creating the BSS.

[0268] Contrarily, in a case where the number of the BSSs
in the communication system 500 is equal to or greater than
the predetermined limit, the network cell managing unit 816
utilizes wireless LAN communication for providing rejec-
tion information for rejecting creation of a network cell to
the coupled device 504, at Step S1507.

[0269] At Step S1508, the millimeter-wave wireless com-
munication unit (STA) 1011 of the coupled device 504
performs scanning of an AP of millimeter-wave wireless
communication again, so as to repeat the same processing.
[0270] (Process for Setting a Relay Device)

[0271] Next, a process performed by an AP of millimeter-
wave wireless communication for setting a relay device is
explained in the following description.

[0272] FIG. 16 is a flowchart illustrating an example of a
process for setting a relay device according to the first
embodiment. The process is an example of a process for an
AP (i.e., a distributed control device 502 or the central
control device 501) to set one or more communication
devices 700 coupled to the network cell formed by the AP
as a relay device.
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[0273] At Step S1601, the device information acquiring
unit 823 of an AP acquires device information of a commu-
nication device 700 coupled to the BSS formed by the AP.
[0274] At Step S1602, the device information acquiring
unit 823 of the AP determines whether the acquired device
information has changed from device information acquired
in the previous time.

[0275] In a case where the device information has not
changed, the device information acquiring unit 823 of the
AP terminates processing. Contrarily, in a case where the
device information has changed, the device information
acquiring unit 823 of the AP proceeds processing to Step
S1603.

[0276] At Step S1603, the relay device selecting unit 825
of the AP extracts a communication device 700 (i.e., a relay
device 503 or a coupled device 504) that is able to relay data
to another BSS via millimeter-wave wireless communica-
tion.

[0277] Note that the process for setting a relay device is
conducted the same number of times as the number of
adjacent BSSs. However, for ease of explanation, the fol-
lowing explanation is provided on the premise that there is
only one adjacent BSS.

[0278] At Step S1604, it is determined whether a commu-
nication device 700 that is able to relay data to another BSS
via millimeter-wave wireless communication is extracted.
[0279] In a case where a communication device 700 that
is able to relay data to another BSS via millimeter-wave
wireless communication is not extracted, the relay device
selecting unit 825 of the AP terminates processing. Con-
trarily, in a case where a communication device 700 that is
able to relay data to another BSS via millimeter-wave
wireless communication is extracted, the relay device select-
ing unit 825 of the AP proceeds processing to Step S1605.
[0280] At Step S1605, the relay device selecting unit 825
of the AP determines whether multiple communication
devices 700 are extracted at Step S1604.

[0281] In a case where multiple communication devices
700 are extracted, the relay device selecting unit 825 of the
AP proceeds processing to Step S1606. Contrarily, in a case
where multiple communication devices 700 are not
extracted, i.e., in a case where only one communication
device 700 is extracted, the relay device selecting unit 825
of the AP proceeds processing to Step S1607.

[0282] At Step S1606, the relay device selecting unit 825
of the AP selects, from among the extracted multiple com-
munication devices 700, one communication device 700
having the best communication quality (e.g., the highest L.Q
value or throughput value, etc.).

[0283] Contrarily, at Step S1607, the relay device select-
ing unit 825 of the AP selects the only one extracted
communication device 700.

[0284] At Step S1608, the relay device setting unit 826 of
the AP sets the selected communication device 700 as a relay
device to relay to another BSS. For example, the relay
device setting unit 826 of the AP transmits connection
information as illustrated in FIG. 11C to the selected com-
munication device 700 and sets the selected communication
device 700 as a relay device 503. In the above way, the
selected communication device 700 starts operating as a
relay device 503 to relay to another BSS.

[0285] At Step S1609, the relay device setting unit 826 of
the AP determines whether a relay device 503 has been
changed because of the above processing.
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[0286] In a case where a relay device 503 has not been
changed, the relay device setting unit 826 of the AP termi-
nates processing. Contrarily, in a case where a relay device
503 has been changed, the relay device setting unit 826 of
the AP sets the former relay device 503 to a coupled device
504.

[0287] Through the above processing, in a case where
there is a change with respect to communication devices 700
belonging to a BSS formed by an AP, the AP is able to update
a relay device 503 for transferring data to another BSS via
millimeter-wave wireless communication.

[0288] FIGS. 17A through 19B are drawings for explain-
ing the process for setting a relay device according to the
first embodiment.

[0289] In the case as illustrated in FIG. 17A, a distributed
control device 502-1 forms a BSS1, and a distributed control
device 502-2 forms a BSS2. Further, coupled devices 504-1
and 504-2 are coupled to the distributed control device
502-1 via millimeter-wave wireless communication.

[0290] In the above situation, in a case where the distrib-
uted control device 502-1 conducts the process for setting a
relay device as illustrated in FIG. 16, the coupled device
504-2 as illustrated in FIG. 17A is set as a relay device 503-1
for transferring data to the BSS2, as illustrated in FIG. 17B.
Note that, in the above situation, data can be transmitted
from the distributed control device 502-1 to the distributed
control device 502-2 via millimeter-wave wireless commu-
nication, although data cannot be transmitted from the
distributed control device 502-2 to the distributed control
device 502-1 via millimeter-wave wireless communication.

[0291] In the above situation, in a case where, for
example, a coupled device 504-3 becomes newly coupled to
the BSS2 as illustrated in FIG. 17C, the distributed control
device 502-2 conducts the process for setting a relay device
as illustrated in FIG. 16. Hence, the coupled device 504-3
illustrated in FIG. 17C is set as a relay device 503-2 for
transferring data to the BSS1, as illustrated in FIG. 17D. In
the above way, data transmission becomes possible via
millimeter-wave wireless communication between the dis-
tributed control device 502-1 and the distributed control
device 502-2 in both directions.

[0292] Further, in the above situation, in a case where a
coupled device 504-4 becomes newly coupled to the BSS2,
as illustrated in FIG. 18A, the distributed control device
502-2 conducts the process for setting a relay device as
illustrated in FIG. 16. In the above case, the distributed
control device 502-2 selects, from among communication
devices 700 that is able to transfer data to the BSS1, i.e., the
coupled device 504-4 and the relay device 503-2, a com-
munication device 700 having better communication quality
to be a new relay device.

[0293] For example, in a case where the coupled device
504-4 has better communication quality than the relay
device 503-2, the coupled device 504-4 illustrated in FIG.
18A is newly set as a relay device 503-3 as illustrated in FIG.
19B. In the above situation, the relay device 503-2 illus-
trated in FIG. 18A starts operating as a coupled device 504-3
again, as illustrated in FIG. 18B.

[0294] The following description explains an exceptional
process with respect to the process for setting a relay device.

[0295] In the example as illustrated in FIG. 19A, a central
control device 501 forming a BSS1 is coupled, via one relay
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device 503, to a distributed control device 5025 forming a
BSS3 and to a distributed control device 502¢ forming a
BSS4.

[0296] As described above, in a case where there is only
one relay device 503 that is able to relay from the BSS1 to
the BSS3 and to the BSS4, the relay device selecting unit
825 of an AP may select one relay device 503 for transfer-
ring data to multiple BSSs.

[0297] Note that, the above is an exceptional process that
is performed, for example, in a case where there is only one
relay device 503 that is able to relay to the BSS3 and to the
BSS4 or in a case where there is a communication device
700 that is able to relay, but the communication quality is not
desirable (e.g., lower than a threshold value).

[0298] In situations other than the above, it is preferred
that the relay device selecting unit 825 of an AP controls
such that transfer-destination of a relay device 503 is one
BSS.

[0299] In the example as illustrated in FIG. 19B, there is
not a relay device 503 in the BSS2. Therefore, a commu-
nication device 700 in the BSS2 such as a distributed control
device 5024 is able to receive data from the BSS1 but is not
able to transmit data to the BSS1.

[0300] In the above case, with respect to a BSS with only
a distributed control device 502 such as the BSS2 of FIG.
19B, it is preferred that the communication-path deciding
unit 814 of a central control device 501 manages the
communication path, such that data is transferred to the
distributed control device 502q last, when transferring the
data to multiple communication devices 700, etc.

[0301] Note that, in a case where a communication device
700 in the BSS2 as illustrated in FIG. 19B is where data is
transferred from, the communication device 700 may utilize
wireless LAN communication for transferring content data
to the central control device 501. In the above case, the
central control device 501 may utilize millimeter-wave
wireless communication for transferring the content data to
destination communication devices 700.

[0302] Note that, in the present embodiment, there may be
a BSS that is not able to transfer data with any other BSSs
through a relay device 503 via millimeter-wave wireless
communication. In such a case, similarly to the case as
illustrated in FIG. 19B, a distributed control device 502,
which forms the BSS that is not able to transfer data with any
other BSSs via millimeter-wave wireless communication,
may utilize wireless LAN communication for transferring
content data to the central control device 501.

[0303] Through the above processing a millimeter-wave
wireless communication network is formed by multiple
BSSs.

[0304] <<Process for Performing Communication>>
[0305] Next, the following description explains a process
for performing communication regarding multi-hop com-
munication performed by a central control device 501.
[0306] (Network Configuration)

[0307] FIG. 20 is a drawing illustrating an example of a
network configuration of a communication system accord-
ing to the first embodiment. In the example of FIG. 20, there
are eight BSSs, i.e., BSS1 through BSS8 in the communi-
cation system 500. Further, in FIG. 20, for example, “chl”
in brackets as illustrated right by “BSS1” indicates that the
communication channel used for the BSS1 is “ch1”.
[0308] The central control device 501 according to the
present embodiment manages a network configuration of the
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communication system 500 as illustrated in FIG. 20 on a per
BSS basis, as illustrated in FIG. 21.

[0309] (Management of a Communication Path)

[0310] FIG. 21 is a drawing illustrating an example of
network topology created by a central control device accord-
ing to the first embodiment. For example, the central control
device 501 creates network topology 2100 as illustrated in
FIG. 21 on a per BSS basis, based on network cell infor-
mation 1110 as illustrated in FIG. 11A.

[0311] In FIG. 21, the numbers in brackets below each
BSS name indicate a communication channel and the num-
ber of communication devices 700 coupled to the BSS. For
example, in the example of FIG. 21, it is indicated that the
communication channel used for the BSS1 is “1”, and the
number of communication devices 700 coupled to the BSS1
is “77.

[0312] The central control device 501 manages a commu-
nication path of multi-hop communication on a per BSS
basis, based on such network topology on a per BSS basis
as illustrated in FIG. 21. The reason for such a management
approach is that there is no need for the central control
device 501 to manage a communication path inside a BSS,
as a communication path inside a BSS is managed by a
distributed control device 502 through such a process for
setting a relay device as illustrated in FIG. 16. Therefore, the
load imposed on the central control device 501 is consider-
ably reduced.

[0313] (Processing Performed By a Central Control
Device)
[0314] FIG. 22 is a flowchart illustrating an example of

processing performed by a central control device according
to the first embodiment.

[0315] At Step S2201, the network cell information
acquiring unit 812 of a central control device 501 utilizes
wireless LAN communication for acquiring network cell
information from multiple distributed control devices 502.
[0316] At Step S2202, the communication-path deciding
unit 814 of the central control device 501 creates such
network topology 2100 of millimeter-wave wireless com-
munication on a per BSS basis as illustrated in FIG. 21,
based on the acquired network cell information.

[0317] At Step S2203, the central control device 501
determines whether a request (i.e., transfer-starting request)
for starting transmission via millimeter-wave wireless com-
munication is received. The transfer-starting request is trans-
mitted from a communication device 700 in the communi-
cation system 500 via wireless LAN communication.
[0318] In a case where a transfer-starting request is not
received, the central control device 501 repeats conducting
processing of Steps S2201 and S2202. Contrarily, in a case
where a transfer-starting request is received, the central
control device 501 proceeds processing to Step S2204.
[0319] At Step S2204, the communication-path deciding
unit 814 of the central control device 501 determines (i.e.,
calculates) a communication path on a per BSS basis from
a BSS including a transfer-from communication device 700
to a BSS including a transfer-destination communication
device 700. In the case of the following description, the
communication-path deciding unit 814 calculates a path to
the transfer-destination, based on a well-known path-search-
ing algorithm such as Dijkstra’s algorithm.

[0320] At Step S2205, the transfer-destination information
providing unit 815 of the central control device 501 provides
information about a BSS to be a transfer-destination of data
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to at least one distributed control device 502 located in the
communication path determined by the communication-path
deciding unit 814.

[0321] At Step S2206, the transfer-destination information
providing unit 815 of the central control device 501 instructs
the communication device 700, from which the transfer-
starting request is transmitted, to transmit data.

[0322] (Process for Performing Communication in a Com-
munication System)

[0323] Next, the following description explains an
example of an overall process for transferring data in the
communication system 500.

[0324] FIG. 23 is a sequence diagram illustrating an
example of a process for transferring data in the communi-
cation system according to the first embodiment. The pro-
cess is an example of a process for transferring data via
millimeter-wave wireless communication in the communi-
cation system 500 as illustrated in FIG. 20, for example,
from a coupled device 504q included in a BSS7 to a coupled
device 5045 included in a BSS8.

[0325] At Step S2301, a coupled device 504a, which is the
transfer-from coupled device, utilizes wireless LAN com-
munication for transmitting to a central control device 501
a transfer-starting request including destination-information
(e.g., an IP address) of a coupled device 5045, which is the
transfer-destination coupled device.

[0326] At Step S2302, the communication-path deciding
unit 814 of the central control device 501 determines a
communication path on a per BSS basis, from a BSS7
including the transfer-from coupled device 504a to a BSS8
including the transfer-destination coupled device 5045. For
example, based on such network topology 2100 as illus-
trated in FIG. 21, the communication-path deciding unit 814
determines to transfer data in such an order as the BSS7, the
BSSS5, and the BSSS.

[0327] At Steps S2303 through S2305, the transfer-desti-
nation information providing unit 815 of the central control
device 501 provides the distributed control devices 502a,
5025, and 502¢ that are located in the communication path
determined by the communication-path deciding unit 814
with destination of transferring data.

[0328] For example, the transfer-destination information
providing unit 815 provides the distributed control device
502a forming the BSS7 with information (e.g. a BSSID, an
SSID, etc.) for designating the distributed control device
50256 forming the BSS5 as destination of transferring data.
Similarly, the transfer-destination information providing
unit 815 provides the distributed control device 5025 form-
ing the BSS5 with information for designating the distrib-
uted control device 502¢ forming the BSS8 as destination of
transferring data. Further, the transfer-destination informa-
tion providing unit 815 provides the distributed control
device 502¢ forming the BSS8 with, for example, informa-
tion not to transfer the data to any other BSSs.

[0329] At Step S2306, the transfer-destination information
providing unit 815 of the central control device 501 instructs
the coupled device 504a, which is the transfer-from coupled
device, to transmit data.

[0330] At Step S2307, the coupled device 504a transmits
data including the destination-information to the distributed
control device 502a to which the coupled device 504a is
coupled via millimeter-wave wireless communication.
[0331] At Step S2308, based on such device information
1120 as illustrated in FIG. 11B, the distributed control
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device 502a specifies a relay device 503a for transferring the
data to the distributed control device 5025, which is the
designated transfer-destination, and then transmits the data
to the relay device 503a.

[0332] At Step S2309, upon receiving the data, the con-
nection control unit 1014 of the relay device 503a discon-
nects the millimeter-wave wireless communication from the
distributed control device 502a.

[0333] At Step S2310, based on such connection informa-
tion 1130 as illustrated in FIG. 11C, the connection control
unit 1014 of the relay device 503a becomes coupled via
millimeter-wave wireless communication to the distributed
control device 50254, which is a pre-set as a “coupling
candidate”.

[0334] At Step S2311, the data relaying unit 1015 of the
relay device 503a transfers the data received from the
distributed control device 502a to the distributed control
device 5025.

[0335] Preferably, after the data relaying unit 1015 trans-
fers the data, the connection control unit 1014 of the relay
device 503a disconnects from the distributed control device
5025, and then becomes coupled to the distributed control
device 502a again via millimeter-wave wireless communi-
cation.

[0336] At Step S2312, based on such device information
1120 as illustrated in FIG. 11B, the distributed control
device 5025 specifies a relay device 5035 for transferring the
data to the distributed control device 502¢, which is the
designated transfer-destination, and then transmits the data
to the relay device 5035.

[0337] At Step S2313, upon receiving the data, the con-
nection control unit 1014 of the relay device 5035 discon-
nects millimeter-wave wireless communication from the
distributed control device 5025.

[0338] At Step S2314, based on such connection informa-
tion 1130 as illustrated in FIG. 11C, the connection control
unit 1014 of the relay device 5035 becomes coupled via
millimeter-wave wireless communication to the distributed
control device 502¢, which is pre-set as a “coupling candi-
date”.

[0339] At Step S2315, the data relaying unit 1015 of the
relay device 5034 transfers the data received from the
distributed control device 5024 to the distributed control
device 502c.

[0340] Preferably, after the data relaying unit 1015 trans-
fers the data, the connection control unit 1014 of the relay
device 5035 disconnects from the distributed control device
502¢, and then becomes coupled to the distributed control
device 5024 again via millimeter-wave wireless communi-
cation.

[0341] At Step S2316, the distributed control device 502¢
transmits the data to the coupled device 5045, based on the
destination-information included in the data, not transferring
the received data to any other BSSs.

[0342] As described above, in the communication system
according to the present embodiment, data is easily trans-
mitted among communication devices 700 by means of
multi-hop communication via high-speed millimeter-wave
wireless communication.

Second Embodiment

[0343] As the second embodiment, the following descrip-
tion explains an example of a process performed in a case
where a limit is set for the number (hereinafter referred to as
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a connection acceptable number) of the communication
devices 700 connectable to an AP (i.e., a distributed control
device 502 or the central control device 501) of millimeter-
wave wireless communication. The connection acceptable
number may be calculated, for example, based on restriction
relating to the millimeter-wave wireless communication unit
706 or system requirements, etc. Further, preferably, an
administrator, etc., may be allowed to change the value of
the connection acceptable number.

[0344] FIGS. 24A and 24B are drawings for explaining a
process for a communication device to join a communica-
tion system according to the second embodiment. Suppose
that the connection acceptable number of the central control
device 501 is seven, in the example of FIG. 24A. Further, the
following description explain a case where a BSS1 formed
by the central control device 501 and coupled by seven
coupled devices 504, which is the connection acceptable
number of coupled devices 504, is requested to be coupled
by a coupled device 504a, which is the eighth coupled
device.

[0345] In the above case, the network cell managing unit
816 of the central control device 501 (or a distributed control
device 502, in a case of a distributed control device 502)
permits the eighth coupled device 504a to be temporarily
coupled, although the connection acceptable number is
exceeded. Then, the network cell managing unit 816 trans-
mits a disconnection-requesting message for requesting a
communication device 700 having the poorest communica-
tion quality (e.g., the lowest L.Q value or throughput value)
in the BSS1, for example, a coupled device 5044, to leave
the BSS1. Note that a disconnection-requesting message is
preferred to be transmitted through a packet of a layer higher
than an IP layer, so as to separate from a case of discon-
necting in a regular sequence (i.e., in a case of transmitting
a frame for disconnecting through a MAC layer).

[0346] Upon receiving the message for disconnection
from the central control device 501, the coupled device 5045
disconnects millimeter-wave wireless communication from
the central control device 501. Further, the coupled device
5045 performs scanning of a BSS via millimeter-wave
wireless communication and, in a case of detecting a BSS
other than the BSS1, the coupled device 5045 becomes
coupled to the detected BSS.

[0347] Contrarily, in a case of not detecting any BSSs
other than the BSS1, the coupled device 5045 starts oper-
ating as a distributed control device 502q, as illustrated in
FIG. 24B, to form a new BSS2.

[0348] Note that, in a case where the AP forming the BSS1
is a distributed control device 502, the distributed control
device 502 provides the central control device 501 with
information about all of the communication devices 700
coupled to the BSS1, upon a change of communication
devices 700 connected to the BSS1 or a change in the
number of communication devices 700 connected to the
BSSI1.

[0349] FIG. 25 is a sequence diagram illustrating an
example of the process for a communication device to join
the communication system according to the second embodi-
ment. Note that, as the processing of Steps S1401 trough
S1406 of FIG. 25 is the same as the processing for a
communication device to newly join the communication
system according to the first embodiment, which is illus-
trated in FIG. 14, the following description mainly explains
differences from the processing illustrated in FIG. 14.
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[0350] At Step S2501, a communication device 700 starts
operating as a coupled device 504a.

[0351] At Step S2502, the coupled device number man-
aging unit 829 of a distributed control device 502-1 checks
the number of communication devices 700 coupled to the
distributed control device 502-1. Further, the coupled device
number managing unit 829 divaricates subsequent process-
ing, based on the number of communication devices 700
coupled to the distributed control device 502-1.

[0352] In a case where the number of communication
devices 700 coupled to the distributed control device 502-1
is smaller than the above-explained connection acceptable
number, the coupled device number managing unit 829 of
the distributed control device 502-1 provides the central
control device 501 with information indicative of the num-
ber of communication devices 700 coupled to the distributed
control device 502-1.

[0353] Contrarily, in a case where the number of commu-
nication devices 700 coupled to the distributed control
device 502-1 is equal to or greater than the above-explained
connection acceptable number, the coupled device number
managing unit 829 provides a request for leaving the BSS to
the communication device 700 having the poorest commu-
nication quality, for example, a coupled device 5045.
[0354] At Step S2505, the coupled device 5045 discon-
nects millimeter-wave wireless communication from the
distributed control device 502-1.

[0355] At Step S2506, the coupled device number man-
aging unit 829 of the distributed control device 502-1
utilizes wireless LAN communication for providing the
central control device 501 with information indicative of a
change of communication devices 700 coupled to the dis-
tributed control device 502-1.

[0356] At Step S2507, in a case of not detecting any BSSs
other than the BSS formed by the distributed control device
502-1, the coupled device 50454 starts operating as a distrib-
uted control device 5024 to form a new BSS2.

[0357] Through the above processing, a distributed control
device 502 (or the central control device 501) controls the
number of multiple communication devices 700 in the
self-formed BSS to be equal to or smaller than a connection
acceptable number, while keeping communication devices
700 having better communication quality.

Third Embodiment

[0358] As the third embodiment, the following description
explains a case where the central control device 501 adjusts
the number of communication devices 700 in each BSS of
millimeter-wave wireless communication.

[0359] FIGS. 26A and 26B are drawings for explaining a
process for adjusting the number of coupled devices accord-
ing the third embodiment.

[0360] In a millimeter-wave wireless communication net-
work, times of transferring data between BSSs through a
relay device 503 is preferred to be fewer. This is because
throughput of multi-hop communication is decreased
inversely with an increase of times of transferring data
between BSSs through a relay device 503, as transferring
data between BSSs through a relay device 503 takes com-
paratively more time.

[0361] Therefore, in a millimeter-wave wireless commu-
nication network, a smaller number of BSSs may be pre-
ferred, for example. Additionally, it is preferred that the



US 2019/0261245 Al

number of communication devices 700 assigned to be
coupled to each BSS is approximately equal.

[0362] In the case of FIG. 26A, eight coupled devices 504
are coupled via millimeter-wave wireless communication to
a distributed control device 5024 forming a BSS1, and three
coupled devices 504 are coupled via millimeter-wave wire-
less communication to a distributed control device 5024
forming a BSS2. In the case of FIG. 26A, among the eight
coupled devices 504 coupled to the distributed control
device 502a, three coupled devices 504 are connectable to
the distributed control device 5025 as well.

[0363] In the above case, a central control device 501
according the present embodiment may, for example,
request the distributed control device 502a forming the
BSS1, which is coupled by a large number of coupled
devices 504, to decrease the number of coupled devices 504.
[0364] Further, upon being requested for decreasing the
number of coupled devices 504, the distributed control
device 5024 may, for example, select a coupled device 504
as an exclusion target from among the three coupled devices
504, which are candidates for moving to the BSS2, and then
requests the selected coupled device 504 to move.

[0365] The coupled device 504a, which is requested for
moving from the BSS1, disconnects millimeter-wave wire-
less communication from the distributed control device
502a, and then becomes coupled to the distributed control
device 5025 forming the BSS2, for example.

[0366] In the communication system 500 according to the
present embodiment, a central control device 501 is able to
manage the number of coupled devices 504 coupled to each
BSS in the above way.

[0367] (Process Performed by the Central Control Device)
[0368] FIG. 27 is a flowchart illustrating an example of a
process performed by the central control device according to
the third embodiment.

[0369] At Step S2701, the network cell managing unit 816
of the central control device 501 selects a BSS that needs to
decrease the number of coupled devices 504. For example,
the network cell managing unit 816 selects a BSS corre-
sponding to an AP (i.e., a distributed control device 502 or
the central control device 501) having the largest value of
“COUPLED DEVICE NUMBER” according to network
cell information 1110 as illustrated in FIG. 11A.

[0370] At Step S2702, the network cell managing unit 816
of the central control device 501 selects a BSS to be
moving-destination of a coupled device 504 selected as an
exclusion target. For example, the network cell managing
unit 816 may select, from among APs included in “AP
THAT CAN BE RELAYED TO” according to the network
cell information 1110 as illustrated in FIG. 11A, a BSS
corresponding to an AP having the smallest value of
“COUPLED DEVICE NUMBER”.

[0371] At Step S2703, the network cell managing unit 816
requests the AP forming the BSS that needs to decrease the
number of coupled devices 504 to exclude a coupled device
504.

[0372] Upon receiving a decreasing result from the AP
requested for excluding the coupled device 504 at Step
S2704, the network cell managing unit 816 updates network
cell information as illustrated in FIG. 11A, at Step S2705.
[0373] (Process Performed in the Communication System)
[0374] FIG. 28 is a sequence diagram illustrating an
example of the process for adjusting the number of coupled
devices according to the third embodiment.
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[0375] At Step S2801, the network cell managing unit 816
of the central control device 501 decides a BSS that needs
to decrease the number of coupled devices 504 and a BSS to
be moving-destination of a coupled device 504 to be
selected as an exclusion target. The above step corresponds
to Steps S2701 and 2702 in FIG. 27. Note that in a case of
excluding multiple coupled devices from a BSS that needs
to decrease the number of coupled devices, the network cell
managing unit 816 may decide the number of coupled
devices to be selected as exclusion targets as well.

[0376] At Step S2802, the network cell managing unit 816
of the central control device 501 utilizes wireless LAN
communication (i.e., second wireless communication) for
transmitting a decreasing request to an AP (e.g., a distributed
control device 502a) forming a BSS that needs to decrease
the number of coupled devices 504 for excluding a coupled
device 504. The above step corresponds to Step S2703 in
FIG. 27, etc.

[0377] At Step S2803, the coupled device number man-
aging unit 829 of the distributed control device 502a, which
has received the decreasing request, selects a coupled device
504a as an exclusion target, from among coupled devices
504 coupled to the distributed control device 502a via
millimeter-wave wireless communication.

[0378] Here, for example, based on such device informa-
tion 1120 as illustrated in FIG. 11B, the coupled device
number managing unit 829 may determine that a commu-
nication device 700 without “YES” on the column of
“RELAY DEVICE” is a coupled device 504 coupled to the
distributed control device 5024 via millimeter-wave wireless
communication. Further, the coupled device number man-
aging unit 829 divaricates processing, based on whether
there is a communication device 700 without “YES” on the
column of “RELAY DEVICE”.

[0379] In a case where all communication devices 700
coupled to the distributed control device 502a are set as
relay devices 503, the coupled device number managing unit
829 provides the central control device 501 with a decreas-
ing result indicative of failure of decreasing, at Step S2804.
[0380] Contrarily, in a case where there is a coupled
device 504q that is not set as a relay device 503 among the
communication devices 700 coupled to the distributed con-
trol device 502a, the coupled device number managing unit
829 requests the coupled device 504a selected as the exclu-
sion target to move from the BSS1, at Step S2805.

[0381] At Step S2806, the coupled device 504a, which has
been requested to move from the BSS1, disconnects milli-
meter-wireless communication from the distributed control
device 5024 that forms the BSS1.

[0382] At Step S2807, the network cell information pro-
viding unit 912 of the distributed control device 502a
provides the central control device 501 with a decreasing
result including information indicative of the number of
coupled devices 504 (i.e., communication devices 700)
coupled to the distributed control device 502a.

[0383] At Step S2808, the coupled device 504a performs
scanning of an AP via millimeter-wave wireless communi-
cation. Further, at Step S2809, the coupled device 504a
becomes coupled to a BSS2 instead of the BSS1, from which
the coupled device 504a has been requested to move.
[0384] At Step S2810, the network cell information pro-
viding unit 912 of the distributed control device 5025
provides the central control device 501 with information
(e.g., network cell information) including information
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indicative of the number of coupled devices 504 (i.e.,
communication devices 700) coupled to the distributed
control device 5025.

[0385] Through the above processing, in the communica-
tion system 500 according to the present embodiment, the
central control device 501 is able to manage the number of
coupled devices 504 coupled to multiple BSSs via millime-
ter-wave wireless communication, such that, for example, an
approximately equal number of coupled devices 504 are
coupled to each BSS.

[0386] Note that, although the above processing is a
method for the central control device 501 to automatically
manage the number of coupled devices 504 coupled to
multiple BSSs of millimeter-wave wireless communication,
there may be a case where a user desires to select a
communication device 700 to be moved or select a BSS to
be moving-destination.

[0387] In the above case, network application of the
communication device 700 may receive information indica-
tive of a communication device 700 to be moved or a BSS
to be moving-destination, from user application on an upper
layer. Further, the network application of the communication
device 700 may transmit request-information including
information indicative of a communication device 700
selected by the user, a BSS to be moving-destination, etc., to
the central control device 501.

[0388] Upon receiving the request-information, the central
control device 501 transmits, based on the request-informa-
tion, a decreasing request for excluding a coupled device
504, which includes information indicative of a communi-
cation device 700 selected as an exclusion target and a BSS
to be moving-destination, to the distributed control device
502 to which the communication device 700 selected by the
user is coupled.

[0389] Upon receiving the decreasing request for exclud-
ing a coupled device 504, the distributed control device 502
skips the process at Step S2803, and executes the process for
excluding a coupled device 504.

[0390] For example, in a case where the selected commu-
nication device 700 is set as a relay device 503, the distrib-
uted control device 502 provides the central control device
501 with a decreasing result that is indicative of failure of
decreasing. Contrarily, in a case where the selected com-
munication device 700 is not set as a relay device 503, the
distributed control device 502 requests the selected commu-
nication device 700 (i.e., coupled device 504) to move from
the BSS.

[0391] The central control device 501 provides the com-
munication device 700 that has transmitted the request, with
the decreasing result, which is provided by the distributed
control device 502 to which the decreasing request for
excluding a coupled device 504 has been transmitted.
[0392] <Process for Forming a Network via Millimeter-
wave Wireless Communication>

[0393] Next, the following description explains an overall
process for forming a millimeter-wave wireless communi-
cation network, which includes the processes explained in
the above embodiments.

[0394] FIG. 29 is a flowchart illustrating a flow of the
process for forming a millimeter-wave wireless communi-
cation network according to an embodiment of the present
invention.

[0395] After a central control device 501 starts operating
at Step S2901, the process for forming a millimeter-wave
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wireless communication network is executed in a commu-
nication system 500, as illustrated at Step S2902 and fol-
lowing steps.

[0396] After a communication device 700 newly joins the
communication system 500 at Step S2902, processes at Step
S2903 and following steps are executed in the communica-
tion system 500. Contrarily, in a case where a communica-
tion device 700 does not newly join the communication
system 500, processes at Step S2908 and following steps are
executed in the communication system 500.

[0397] At Step S2903, a process for a communication
device to newly join the communication system, according
to the first embodiment, is executed in the communication
system 500, as illustrated in FIGS. 14 and 15.

[0398] In a case where a new BSS is formed at Step
S2904, a process at Step S2905 is executed in the commu-
nication system 500. Contrarily, in a case where a new BSS
is not formed at Step S2904, a process at Step S2906 is
executed in the communication system 500.

[0399] At Step S2905, the central control device 501 of the
communication system 500 updates network topology of
millimeter-wave wireless communication.

[0400] At Step S2906, the central control device 501 of the
communication system 500 determines whether there is a
need for adjusting the number of coupled devices 504. For
example, in a case where the number of communication
devices 700 coupled to each BSS is not the same, the central
control device 501 may determine that there is a need for
adjusting the number of coupled devices 504.

[0401] In a case where adjustment of the number of
coupled devices 504 is determined to be needed, the central
control device 501 executes, at Step S2907, a process for
adjusting the number of coupled devices 504 as illustrated in
FIGS. 27 and 28.

[0402] Contrarily, in a case where adjustment of the num-
ber of coupled devices 504 is not determined be needed,
processing returns back to Step S2902, so as to repeat the
same processing in the communication system 500.

[0403] Note that, in a case where a communication device
700 does not join the communication system 500 at Step
S2902, processes that relate to leaving of a communication
device 700 are executed in the communication system 500,
as illustrated at Steps S2908 through S2912.

[0404] For example, in a case where a distributed control
device 502 leaves the millimeter-wave wireless communi-
cation network (YES at Step S2910), a process at Step
S2904 is executed in the communication system 500.
[0405] Further, in a case where a relay device 503 leaves
the millimeter-wave wireless communication network (YES
at Step S2911), a process at S2912 is executed in the
communication system 500, so that a process for setting a
relay device as illustrated in FIG. 16 is executed.

[0406] Note that in a case where a communication device
700 other than a distributed control device 502 and a relay
device 503, i.e., a coupled device 504 leaves the millimeter-
wave wireless communication network (NO at Step S2911),
a process at Step S2906 is executed in the communication
system 500.

[0407] Contrarily, in a case where a communication
device 700 does not leave the millimeter-wave wireless
communication network at Step S2908, a distributed control
device 502 determines whether there is a change of a
communication path.
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[0408] In a case where there is a change of a communi-
cation path (i.e., in a case where there is a change in device
information), the distributed control device 502 causes a
process at Step S2912 to be executed, so as to execute a
process for setting a relay device 503. Contrarily, in a case
where there is not a change of a communication path (i.e.,
in a case where there is not a change in device information),
the processing returns back to Step S2902, so as to repeat the
same processing.

[0409] Through the above processing, in the communica-
tion system 500, after the central control device 501 starts
operating, a system configuration as illustrated in FIGS. 5§
and 6, etc., is automatically constructed, assigning each
communication device 700 with a role of a distributed
control device 502, a relay device 503, or a coupled device
504. Further, in a case where a situation of a communication
device 700 changes, for example, by moving a communi-
cation device 700, the system configuration is automatically
updated.

[0410] As described above, by use of the communication
system 500 according to the present embodiments of the
present invention, multi-hop communication among com-
munication devices 700 is facilitated, by means of a milli-
meter-wave wireless communication network that is struc-
tured in combination of communication devices 700 for
performing communication in a one-on-one or star network
structure.

[0411] Further, the present invention is not limited to these
embodiments, but various variations and modifications may
be made without departing from the scope of the present
invention.

[0412] The present application is based on Japanese pri-
ority application No. 2016-187777 filed on Sep. 27, 2016,
with the Japanese Patent Office, the entire content of which
is hereby incorporated by reference.

REFERENCE SIGNS LIST

[0413] 500 communication system
[0414] 501 central control device (i.e., information pro-
cessing device)

[0415] 502 distributed control device
[0416] 503 relay device

[0417] 504 coupled device

[0418] 700 communication device

[0419] 706 millimeter-wave wireless communication
unit (i.e., first communication unit)

[0420] 705 wireless LAN communication unit (i.e.,
second communication unit)

[0421] 812 network cell information acquiring unit

[0422] 814 communication-path deciding unit

[0423] 815 transfer-destination information providing
unit

[0424] 823 device information acquiring unit

[0425] 825 relay device selecting unit

[0426] 826 relay device setting unit

[0427] 828 data transferring unit

[0428] 912 network cell information providing unit

[0429] 914 device function control unit

1. A communication system for performing multi-hop

communication, the communication system comprising:

a plurality of communication devices, each of which
includes a first communication unit for performing first
wireless communication by use of a directional radio
wave and a second communication unit for performing
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second wireless communication by use of a radio wave
of a larger communication range than the first wireless
communication, the plurality of communication
devices being configured to utilize the first wireless
communication for performing the multi-hop commu-
nication with each other; and
a central control device including the second communi-
cation unit for performing the second wireless commu-
nication, the central control device being configured to
utilize the second wireless communication for manag-
ing a communication path of the multi-hop communi-
cation through which data is transferred,
wherein the plurality of communication devices include
a plurality of distributed control devices, each of which
is configured to utilize the first wireless communi-
cation for forming a network cell to be coupled by at
least one of the plurality of communication devices
and for controlling the at least one of the plurality of
communication devices to transfer the data via the
first wireless communication, based on the commu-
nication path, and

at least one relay device configured to become coupled
to a network cell formed by one of the plurality of
distributed control devices and configured to utilize
the first wireless communication for receiving the
data from the one of the plurality of distributed
control devices and transferring the data to another
one of the plurality of distributed control devices,
and

wherein the central control device utilizes the second
wireless communication for controlling the plurality of
distributed control devices located in the communica-
tion path to transfer the data, based on the communi-
cation path.

2. The communication system according to claim 1,
wherein the central control device includes the first com-
munication unit for performing the first wireless communi-
cation, and operates as one of the plurality of distributed
control devices to form a network cell.

3. The communication system according to claim 1,
wherein the central control device includes

a network cell information acquiring unit configured to
utilize the second wireless communication for acquir-
ing information about a network cell from each one of
the plurality of distributed control devices,

a communication-path deciding unit configured to decide
the communication path of the multi-hop communica-
tion, based on the information acquired by the network
cell information acquiring unit, and

a transfer-destination information providing unit config-
ured to utilize the second wireless communication for
providing each one of the plurality of distributed con-
trol devices located in the communication path decided
by the communication-path deciding unit with infor-
mation about transfer-destination to which the each one
the plurality of distributed control devices is to transfer
the data through the multi-hop communication, the
transfer-destination being another one of the plurality
of distributed control devices or a network cell formed
by the said another one of the plurality of distributed
control devices.

4. The communication system according to claim 3,

wherein the communication-path deciding unit defines a
relation of connection of network cells formed via the
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first wireless communication, based on the information
acquired by the network cell information acquiring
unit, and

wherein, based on the defined relation of connection, a

sequential order of network cells for transferring the
data through the multi-hop communication is decided.

5. The communication system according to claim 1,
wherein each one of the plurality of distributed control
devices includes

a device information acquiring unit configured to acquire,

from the at least one of the plurality of communication
devices coupled to the network cell formed by the each
one of the plurality of distributed control devices,
device information including information about
another one of the plurality of distributed control
devices to which the at least one of the plurality of
communication devices is able to become coupled via
the first wireless communication,

arelay device selecting unit configured to select, based on

the device information acquired by the device infor-
mation acquiring unit, a communication device that
transfers the data via the first wireless communication
to the said another one of the plurality of distributed
control devices, from among the at least one of the
plurality of communication devices coupled to the
network cell formed by the each one of the plurality of
distributed control devices, and

a relay device setting unit configured to set the commu-

nication device selected by the relay device selecting
unit to operate as one of the at least one relay device
that receives the data from the each one of the plurality
of distributed control devices and transfers the data to
the said another one of the plurality of distributed
control devices via the first wireless communication.

6. The communication system according to claim 5,

wherein the device information includes information

about communication quality of the first wireless com-
munication between the each one of the plurality of
distributed control devices and the at least one of the
plurality of communication devices coupled to the
network cell formed by the each one of the plurality of
distributed control devices, and

wherein the relay device selecting unit selects the com-

munication device that transfers the data via the first
wireless communication to the said another one of the
plurality of distributed control devices, based on the
information about communication quality.

7. The communication system according to claim 5,
wherein each one of the plurality of distributed control
devices includes

a network cell information providing unit configured to

utilize the second wireless communication for provid-
ing the central control device with the information
about the network cell formed by the each one of the
plurality of distributed control devices, and

a data transferring unit configured to transfer the data for

the multi-hop communication to one of the at least one
relay device that transfers the data via the first wireless
communication to the said another one of the plurality
of distributed control devices, the data for the multi-
hop communication being transferred based on the
information about the transfer-destination to which the
data is transferred through the multi-hop communica-
tion, the transfer-destination being the said another one
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of the plurality of distributed control devices, the
information about the transfer-destination being pro-
vided by the central control device via the second
wireless communication.

8. The communication system according to claim 5,
wherein the relay device selecting unit executes a process
for selecting a communication device that transfers the data
to the said another one of the plurality of distributed control
devices, the process being executed upon a change of the at
least one of the plurality of communication devices coupled
to the network cell formed by the each one of the plurality
of distributed control devices or upon a change in a number
of'the at least one of the plurality of communication devices.

9. The communication system according to claim 1,
wherein, in a case where at least one of the plurality of
communication devices detects at least one network cell
formed by one of the plurality of distributed control devices
or the central control device, the at least one of the plurality
of communication devices becomes coupled to one of the
detected at least one network cell.

10. The communication system according to claim 9,
wherein the at least one of the plurality of communication
devices includes a device function control unit configured to
cause the at least one of the plurality of communication
devices to operate as one of the at least one relay device,
upon being controlled by the central control device or by one
of the plurality of distributed control devices forming the
one of the at least one network cell to which the at least one
of the plurality of communication devices is coupled via the
first wireless communication.

11. The communication system according to claim 10,
wherein the device function control unit causes the at least
one of the plurality of communication devices to operate as
one of the plurality of distributed control devices, in a case
of not detecting, via the first wireless communication, any
network cells formed by any one of the plurality of distrib-
uted control devices or the central control device.

12. The communication system according to claim 10,

wherein the device function control unit utilizes the

second wireless communication for providing the cen-
tral control device with a request for creating a new
network cell, in a case of not detecting, via the first
wireless communication, any network cells formed by
any one of the plurality of distributed control devices or
the central control device, and

wherein, in a case where permission-information for

permitting creation of the new network cell is provided
via the second wireless communication by the central
control device, the device function control unit causes
the at least one of the plurality of communication
devices to operate as one of the plurality of distributed
control devices.

13. The communication system according to claim 1,
wherein the central control device includes a network cell
managing unit configured to manage a number of network
cells in the communication system, such that the number
does not exceed a predetermined limit.

14. The communication system according to claim 13,

wherein, upon receiving a request for creating a new

network cell from the at least one of the plurality of
communication devices via the second wireless com-
munication, the network cell managing unit checks the
number of network cells in the communication system,
and
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wherein, in a case where the number of network cells in
the communication system is smaller than the prede-
termined limit, the network cell managing unit utilizes
the second wireless communication for providing the
permission-information for permitting creation of the
new network cell to the at least one of the plurality of
communication devices from which the request has
been provided.

15. The communication system according to claim 14,

wherein the permission-information includes a commu-
nication channel or a network address of the first
wireless communication to be used in the new network
cell, and

wherein the network cell managing unit provides the
permission-information to the at least one of the plu-
rality of communication devices from which the
request has been provided, so as to designate the
communication channel or the network address of the
first wireless communication.

16. The communication system according to claim 1,

wherein the central control device utilizes a predeter-
mined path-controlling message for controlling the
plurality of distributed control devices via the second
wireless communication to transfer the data through the
multi-hop communication, based on the communica-
tion path, and

wherein each one of the plurality of distributed control
devices interprets the predetermined path-controlling
message received from the central control device to
obtain an instruction from the central control device
and, based on the instruction, controls the each one of
the plurality of distributed control devices or the at least
one of the plurality of communication devices coupled
to the network cell formed by the each one of the
plurality of distributed control devices to transfer the
data through the multi-hop communication, based on
the communication path.

17. A communication device comprising:

a first communication unit configured to perform first
wireless communication by use of a directional radio
wave; and

a second communication unit configured to perform sec-
ond wireless communication by use of a radio wave of
a larger communication range than the first wireless
communication,

wherein, in a case where a network cell formed by a
distributed control device is detected via the first wire-
less communication, the communication device starts
operating as a coupled device that is coupled to the
detected network cell, and

wherein, in a case where a network cell formed by a
distributed control device is not detected via the first
wireless communication, the communication device
starts operating as a distributed control device to form
a network cell via the first wireless communication.
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18. The communication device according to claim 17,
wherein, when the communication device is operating as the
coupled device, upon being controlled by the distributed
control device forming the network cell via the first wireless
communication, the communication device starts operating
as a relay device that receives data from the distributed
control device and transfers the data to another distributed
control device via the first wireless communication.
19. A method for managing communication in a commu-
nication system for performing multi-hop communication,
the communication system comprising:
a plurality of communication devices, each of which
includes a first communication unit for performing first
wireless communication by use of a directional radio
wave and a second communication unit for performing
second wireless communication by use of a radio wave
of a larger communication range than the first wireless
communication, the plurality of communication
devices being configured to utilize the first wireless
communication for performing the multi-hop commu-
nication with each other; and
an information processing apparatus including the second
communication unit for performing the second wireless
communication, the information processing apparatus
being configured to utilize the second wireless com-
munication for managing a communication path of the
multi-hop communication through which data is trans-
ferred,
wherein the plurality of communication devices include
a plurality of distributed control devices, each of which
is configured to utilize the first wireless communi-
cation for forming a network cell to be coupled by at
least one of the plurality of communication devices
and for controlling the at least one of the plurality of
communication devices to transfer the data via the
first wireless communication, based on the commu-
nication path, and

at least one relay device configured to become coupled
to a network cell formed by one of the plurality of
distributed control devices and configured to utilize
the first wireless communication for receiving the
data from the one of the plurality of distributed
control devices and transferring the data to another
one of the plurality of distributed control devices,
and

wherein the information processing apparatus utilizes the
second wireless communication for controlling the
plurality of distributed control devices located in the
communication path to transfer the data, based on the
communication path.

20. A non-transitory computer-readable recording
medium storing a program that causes a computer to execute
a process performed in an information processing apparatus
for implementing the method for managing communication
according to claim 19.
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