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(57) A radio communication system includes: a mo-
bile terminal apparatus that is capable of establishing a
plurality of radio links that are shared in a time-division
scheme; a plurality of base station apparatuses each of
which establishes one radio link with the mobile terminal
apparatus; and a control apparatus that selects, from

among the plurality of radio links established, a data link
that is used for data communication. The mobile terminal
apparatus, using the data link selected, performs the data
communication with one of the plurality of base station
apparatus establishing the data link.
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Description

BACKGROUND

1. Technical Field

[0001] The present disclosure relates to a radio com-
munication system, a radio communication control meth-
od, a mobile terminal apparatus, a base station appara-
tus, and a control apparatus.

2. Description of the Related Art

[0002] A wireless LAN (local area network) system is
constituted by an aggregate of a plurality of basic service
units in each of which a plurality of mobile stations (mobile
terminal apparatuses) and one base station (base station
apparatus) perform mobile station-base station commu-
nication on a specific frequency.
[0003] The mobile stations are assigned roles as sta-
tions (STAs), and the base station is assigned a role as
an access point (AP). The mobile stations have a function
of establishing a radio link with one AP. Meanwhile, the
base station has a function of establishing radio links with
the plurality of STAs.
[0004] The plurality of STAs connect to the AP, for ex-
ample, under a signal collision avoidance scheme called
CSMA/CA. The term "CSMA/CA" is an abbreviation for
"Carrier Sense Multiple Access/Collision Avoidance".
[0005] The wireless LAN system is configured such
that in a case where the communication (i.e. radio link)
between an STA and the AP is disconnected, the STA
performs a rescanning process to search for another AP
with which it is able to establish a radio link, and performs
switching of destination APs (i.e. a handover).
[0006] Japanese Unexamined Patent Application Pub-
lication No. 2005-175932 is an example of related art.

SUMMARY

[0007] As mentioned above, since the wireless LAN
system is configured such that a rescanning process is
performed in a case where a disconnection from the com-
munication with the AP has been detected in an STA,
the STA continues to be disconnected from the commu-
nication until completion of a handover. In other words,
the wireless LAN system does not support a soft hando-
ver.
[0008] One non-limiting and exemplary embodiment
provides a radio communication system in which a mobile
terminal apparatus performs an interbase station appa-
ratus handover with reduced occurrence of a communi-
cation disconnect.
[0009] In one general aspect, the techniques disclosed
here feature a radio communication system including: a
mobile terminal apparatus that is capable of establishing
a plurality of radio links that are shared in a time-division
scheme; a plurality of base station apparatuses each of

which establishes one radio link with the mobile terminal
apparatus; and a control apparatus that selects, from
among the plurality of radio links established, a data link
that is used for data communication, wherein the mobile
terminal apparatus, using the data link selected, performs
the data communication with one of the plurality of base
station apparatus establishing the data link.
[0010] An aspect of the present disclosure makes it
possible to achieve a radio communication system in
which a mobile terminal apparatus performs an interbase
station apparatus handover with reduced occurrence of
a communication disconnect.
[0011] It should be noted that general or specific em-
bodiments may be implemented as a system, a method,
an integrated circuit, a computer program, a storage me-
dium, or any selective combination thereof.
[0012] Additional benefits and advantages of the dis-
closed embodiments will become apparent from the
specification and drawings. The benefits and/or advan-
tages may be individually obtained by the various em-
bodiments and features of the specification and draw-
ings, which need not all be provided in order to obtain
one or more of such benefits and/or advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

Fig. 1 is a block diagram showing an example con-
figuration of a wireless LAN system according to an
embodiment;
Fig. 2 is a diagram showing an example operation
during which a beacon is received from a mobile sta-
tion in the wireless LAN system according to the em-
bodiment;
Fig. 3 is a diagram showing an example operation
of beam training of base stations in the wireless LAN
system according to the embodiment;
Fig. 4 is a diagram showing examples of a state of
establishment of radio links in the wireless LAN sys-
tem according to the embodiment;
Fig. 5 is a flow chart showing an example of a process
for establishing radio links and an example of a proc-
ess for selecting a radio link that is used for data
communication according to the embodiment;
Fig. 6 is a flow chart showing another example of the
process for establishing radio links and another ex-
ample of the process for selecting a radio link that is
used for data communication according to the em-
bodiment;
Fig. 7 is a flow chart showing an example of a radio
link quality monitoring process and an example of a
radio link updating process according to the embod-
iment;
Fig. 8 is a diagram showing an example of a state
of establishment of radio links in a case where the
mobile station has moved in the wireless LAN system
according to the embodiment;
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Fig. 9 is a diagram showing an example of a state
of establishment of radio links in a case where two
mobile stations are present in a wireless LAN system
according to a modification of the embodiment;
Fig. 10 is a diagram showing an example in which
redundancy has been imparted to data links in the
wireless LAN system according to the modification
of the embodiment;
Fig. 11 is a flow chart showing an example of data
processing according to the modification of the em-
bodiment;
Fig. 12 is a diagram chronologically showing an ex-
ample of transmission of packet data according to
the modification of the embodiment; and
Fig. 13 is a block diagram showing an example con-
figuration of a wireless LAN system according to a
comparative example.

DETAILED DESCRIPTION

[0014] An embodiment of the present disclosure is de-
scribed below as appropriate with reference to the draw-
ings. Note, however, that an unnecessarily detailed de-
scription may be omitted. For example, a detailed de-
scription of a matter that is already well known and a
redundant description of substantially the same compo-
nents may be omitted. This is intended to prevent the
following description from becoming unnecessarily re-
dundant and facilitate understanding of persons skilled
in the art.
[0015] It should be noted that the accompanying draw-
ings and the following description are provided for per-
sons skilled in the art to fully understand the present dis-
closure but are not intended to limit the subject matter
recited in the claims.
[0016] Further, in each of the accompanying drawings,
a common constituent element is given an identical sign.
In each of the accompanying drawings, elements of the
same sort are described in distinction from each other
by using reference signs obtained by adding letters of
the alphabet, such as "... 102A" and "... 102B", and ele-
ments of the same sort are described without distinction
by using reference signs not including letters of the al-
phabet, such as "... 102".
[0017] First, a handover is described.
[0018] In order to reduce the occurrence of a commu-
nication disconnect that is entailed by a handover, a tech-
nique has been studied by which an STA is mounted with
a plurality of transceiver-receivers and radio links are es-
tablished in advance with a plurality of APs that are
present around the STA. However, this technique, by
which an STA is mounted with a plurality of transceiver-
receivers, may increase, for example, the cost, size,
and/or power consumption of the STA.
[0019] Further, a technique has been studied by which
each of a plurality of STAs performs a scanning process
in advance in preparation for a communication discon-
nect. For example, in a case where the received signal

level of a radio link has become smaller than a threshold,
the STA performs a scanning process in advance in a
time-division scheme before the radio link is disconnect-
ed. However, since the STA performs an authentication
procedure with a new destination AP after having
switched destination APs, a communication disconnect
occurs.
[0020] The occurrence of such a communication dis-
connect can be a factor that causes a disturbance in a
reproduced image, for example, during low-delay video
transmission or the like. Further, in a case where the
STA, which is a mobile station, moves at high speed or
in a millimeter-wave high-speed wireless LAN system
(e.g. IEEE802.11ad/ay), the frequency of occurrence of
a communication disconnect may increase, as the com-
munication distance tends to be shorter and the directivity
tends to be higher than those of a micrometer-wave sys-
tem. Configuration of Wireless LAN System and Process
for Establishing Radio Link
[0021] Fig. 1 is a block diagram showing an example
configuration of a wireless LAN system 10 according to
an embodiment. The wireless LAN system 10 may adopt,
for example, a communication protocol conforming with
(or based on) a wireless LAN-related standards such as
IEEE802.11b/g/a/n/ac/ad/ay.
[0022] As shown in Fig. 1, the wireless LAN system 10
illustratively includes a mobile station 100 and a base
station system 101.
[0023] The base station system 101 includes, for ex-
ample, a plurality of base stations 102A, 102B, and ...
and a base station control apparatus 103. It should be
noted that the following description sometimes refers to
the plurality of base stations 102A, 102B, and ... as "base
station A", "base station B", and the like with the reference
numeral "102" omitted therefrom.
[0024] The base station control apparatus 103 and
each of the plurality of base stations 102 may be con-
nected to each other using either/both a wired interface
or/and a wireless interface. An non-limiting example of a
wired interface that may be applied is an Ethernet (reg-
istered trademark) cable or an optical fiber cable. An wire-
less interface that may be applied is an interface that is
capable of communication equivalent to that which in-
volves the use of a wired interface.
[0025] The mobile station 100 illustratively performs
radio communication with any of the plurality of base sta-
tions 102. The mobile station 100 may fall under the cat-
egory of mobile terminals such as cellular phones or may
fall under the category of wireless applications mounted
on moving bodies such as drones, automobiles, and
trains.
[0026] The mobile station 100 illustratively includes a
data processor (data processing circuit) 104 and a wire-
less communicator (radio communication circuit) 105.
The data processor 104 for example processes signals
that are transmitted and received via the wireless com-
municator 105 in radio communication with any one or
more of the plurality of base stations 102.
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[0027] Types of signal may include, for example, data
signals, control signals, beacon signals, and training sig-
nals. For example, a signal (uplink) that is transmitted
from the mobile station 100 toward the base station sys-
tem 101 (i.e. any of the plurality of base stations 102)
may contain video data captured by a camera mounted
on the mobile station 100.
[0028] Further, a signal (uplink) that is transmitted from
the base station system 101 toward the mobile station
100 may contain, for example, a control signal for con-
trolling how the mobile station 100 operates. Examples
of beacon signals and training signals will be described
later.
[0029] The wireless communicator 105 of the mobile
station 100 establishes one or more radio links with any
one or more of the plurality of base stations 102 and
transmits and receives signals via at least one of the radio
links thus established. That is, since the wireless com-
municator 105 of the mobile station 100 has a function
which is similar to that of an AP, it is capable of estab-
lishing a plurality of radio links and can establish a radio
link with one or more base stations 102.
[0030] Each of the plurality of base stations 102 illus-
tratively includes a wireless communicator (radio com-
munication circuit) 106. The wireless communicator 106
for example establishes a radio link with the mobile sta-
tion 100 and transmits and receives signals via the radio
link thus established. Further, the wireless communicator
106 receives a signal and transmits the signal to the base
station control apparatus 103. Meanwhile, the wireless
communicator 106 receives a signal directed to the base
station 100 from the base station control apparatus 103
and transmits the signal to the mobile station 100 through
the radio link thus established. In the present embodi-
ment, the wireless communicator 106 of each of the plu-
rality of base stations 102 is capable of establishing a
single link like an STA and establishes a radio link with
one mobile station 100.
[0031] In this way, one or more radio links are estab-
lished between the wireless communicator 105 of one
mobile station 100 and the wireless communicator(s) 106
of any one or more of the plurality of base stations 102,
and signals are transmitted and received through at least
one of the radio links thus established.
[0032] Further, in the base station system 101, the
base station control apparatus 103 includes a data proc-
essor (data processing circuit) 107 and a base station
controller (base station control circuit) 108.
[0033] The data processor 107 for example processes
a data signal inputted from any base station 102 and
processes a data signal that is outputted to any base
station 102. Further, a data signal that is inputted from a
base station 102 is for example a data signal that the
mobile station 100 has outputted. Further, a data signal
that is outputted to a base station 102 is a data signal
directed to the base station 100.
[0034] The base station controller 108 performs control
such as the selection from among the plurality of base

stations 102 of a base station 102 with which to establish
a radio link and the selection from among the plurality of
base stations 102 of a base station 102 that is used for
transmission of a data signal (i.e. data communication).
It should be noted the "selection of a base station 102
that is used for transmission of a data signal" may be
construed as the "selection of a radio link that is used for
data communication".
[0035] The base station controller 108 may illustrative-
ly include a transceiver (transmitting circuit) 1081 and a
selector (selection circuit) 1082. The transceiver 1081
transmits to the plurality of base stations 102 an instruc-
tion to establish with the mobile station 100 one of a plu-
rality of radio links that are shared in a time-division
scheme.
[0036] The selector 1082 selects, from among the plu-
rality of radio links established at the instruction of the
transceiver 1081, a radio link that is used for data com-
munication (hereinafter sometimes referred to as "data
link"). The data processor 107 processes a data signal
of data communication that is performed using the data
link thus selected between the mobile station 100 and a
base station 102 that has established the data link.
[0037] It should be noted that in Fig. 1, the sign 109
denotes an input-output terminal of the base station con-
troller 108. The base station controller 108 sends and
receives data signals to and from an external network
such as a backbone network (also sometimes referred
to as "core network") via the input-output terminal 109.
[0038] In Fig. 1, the mobile station 100 establishes ra-
dio links with two or more base stations 102 by connecting
to them, respectively, as the mobile station 100 has a
function which is similar to that of an access point (AP)
of wireless LAN technology. That is, the mobile station
100 is capable of establishing a plurality of radio links.
[0039] Meanwhile, each of the base stations 102 es-
tablishes one radio link with one mobile station 100, as
it has a function which is similar to that of a station (STA)
of wireless LAN technology. That is, each of the base
stations 102 is capable of establishing a single radio link.
[0040] Accordingly, a plurality of radio links are estab-
lished between the mobile station 100, which operates
as an AP, and the plurality of base stations 102, which
operate as STAs.
[0041] Thus, in the present embodiment, the mobile
station 100 is assigned a role as an AP, and each of the
base stations 102 is assigned a role as an STA. There-
fore, the mobile station 100 may be read as "AP 100",
and each of the base stations 102 may be read as "STA
102".
[0042] The plurality of radio links established between
the mobile station 100 and the plurality of base stations
102 are for example shared in a time-division scheme
under a multiple (or multi-way) access scheme based on
CSMA/CA.
[0043] For example, the mobile station 100 multiplexes
a plurality of radio links of the same frequency (i.e. fre-
quency channels) in a time-division scheme and com-
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municates with any of the plurality of base stations 102.
[0044] Meanwhile, in a case of transmitting a signal to
the mobile station 100, each of the plurality of base sta-
tions 102 performs carrier sense of an established radio
link and, in a case where no busy state is detected, trans-
mits a signal to the established radio link.
[0045] It should be noted that the "multiple (or multi-
way) access scheme based on CSMA/CA" is hereinafter
sometimes abbreviated as "CSMA access scheme" for
descriptive purposes.
[0046] In the following, an example of operation of the
wireless LAN system 10 according to the present em-
bodiment is described with reference to Figs. 2, 3, and
4. It should be noted that Figs. 2, 3, and 4 show examples
in which the base station system 101 includes six base
stations 102A, 102B, 102C, 102D, 102E, and 102F.
[0047] Further, a case is described where a drone is
used as a non-limiting example of the mobile station 100.
Furthermore, a case is described where a millimeter-
wave band (60 GHz band) of radio waves is used as a
non-limiting example in radio communication between
the mobile station 100 and each of the base stations 102.
Further, a case is described where the mobile station 100
and each of the plurality of base stations 102 have a
beamforming function of scanning the directivity of a ra-
dio wave (i.e. the antenna direction of a directional an-
tenna).
[0048] Fig. 2 shows a state where radio links are yet
to be established between the mobile station 100 and
the base stations A, B, C, D, E, and F.
[0049] The mobile station 100 for example periodically
transmits a beacon signal 110 while scanning the anten-
na direction. Meanwhile, the base stations A, B, C, D, E,
and F wait to receive the beacon signal 110 through an-
tenna patterns 111A, 111B, 111C, 111D, 111E, and
111F, respectively, whose beam widths are defined in a
quasi-omni scheme.
[0050] In a case where the beacon signal has been
received by one or more of the base stations A, B, C, D,
E, and F, a result of reception of the beacon signal (here-
inafter sometimes abbreviated as "beacon reception re-
sult") is notified (or reported) to the base station control
apparatus 103.
[0051] The beacon reception result may contain infor-
mation (or an index) indicating the reception quality of
the beacon signal (hereinafter sometimes abbreviated
as "beacon reception quality"). Non-limiting examples of
the information indicating a beacon reception quality in-
clude the received power of the beacon signal and a re-
ceived signal strength indicator (RSSI).
[0052] The base station control apparatus 103 uses,
for example, the base station controller 108 to, on the
basis of the beacon reception result thus notified, select,
from among the base stations A, B, C, D, E, and F, a
base station 102 that establishes a radio link with the
mobile station 100.
[0053] For example, in a case where the beacon re-
ception qualities of four of the six base stations A, B, C,

D, E, and F, namely the base stations B, C, D, and E,
are equal to or higher than a predetermined quality and
good, the base station control apparatus 103 selects the
base stations B, C, D, and E.
[0054] The following describes an example of a beam
training process of a base station 102 with reference to
Fig. 3. It should be noted that a beam training process
of a base station 102 may be controlled by the base sta-
tion control apparatus 103.
[0055] As shown in Fig. 3, with attention paid to a beam
training process of the base station B, the base station
B scans the direction of a beam 112B and transmits a
training signal.
[0056] Meanwhile, the base station 100 waits to re-
ceive, through an antenna pattern 113 whose beam width
is defined in a quasi-omni scheme, the training signal
that is transmitted from the base station B.
[0057] On the other base stations C, D, and E, too,
beam training processes are performed in a scheme sim-
ilar to that which is performed on the base station B.
[0058] Upon completion of the beam training process-
es of the base stations B, C, D, and E, each of the base
stations B, C, D, and E transmits a connection request
for a radio link to the mobile station 100, for example, in
accordance with control (or an instruction) from the base
station control apparatus 103.
[0059] By the mobile station 100 receiving a connec-
tion request transmitted by a base station 102, a process
(or procedure) for establishing a radio link between the
mobile station 100 and the base station 102 from which
the connection request has been transmitted is executed.
[0060] For example, as shown in Fig. 4, assume a case
where radio links 200B, 200C, 200D, and 200E have
been established between the mobile station 100 and
the base stations B, C, D, and E, respectively. In this
case, the base station control apparatus 103 selects one
or more data links from among the radio links 200B,
200C, 200D, and 200E thus established.
[0061] It should be noted that in a case where the radio
links 200B, 200C, 200D, and 200E are described without
distinction, they are described as "radio links 200" with
the letters of the alphabet omitted therefrom.
[0062] A criterion for the selection of a radio link may
involve the use of information (or an index) indicating the
communication quality of a radio link at a base station
102 (hereinafter sometimes referred to as "radio link qual-
ity"). Non-limiting examples of the information or index
indicating a radio link quality include a signal received
power, an RSSI, an error rate, and a modulation and
coding scheme (MCS). A criterion for the selection of a
radio link 200 may involve the use of one or more selected
from among these pieces of information or indices.
[0063] For example, the base station control apparatus
103 selects as a data link(s) one or more radio links of
the radio links 200B, 200C, 200D, and 200E whose qual-
ities are equal to or higher than the predetermined quality.
It should be noted that "selecting a data link" may be read
as "allocating a selected radio link to data communica-
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tion".
[0064] For example, in a case where the quality of the
radio link 200C of the radio links 200B, 200C, 200D, and
200E thus established is equal to or higher than the pre-
determined quality in Fig. 4, the base station control ap-
paratus 103 allocates the radio link 200C, which is indi-
cated by a solid line, to a data link.
[0065] It should be noted that the radio links 200B,
200C, 200D, and 200E established between the mobile
station 100 and the base stations B, C, D, and E, respec-
tively, are for example shared in a time-division scheme
among the base stations B, C, D, and E under the CSMA
access scheme.
[0066] For example, in a case of performing a downlink
transmission (e.g. a control data transmission) directed
to the mobile station 100, each of the base stations 102
performs carrier sense on the radio link 200 thus estab-
lished and, in a case where no busy state is detected,
performs the downlink transmission directed to the mo-
bile station 100.
[0067] For uplink and downlink data communication,
the radio link 200C, which has been selected as a data
link, of the radio links 200B, 200C, 200D, and 200E thus
established, is used.

Establishment of Radio Link and Selection of Data Link

[0068] The example of operation described above with
reference to Figs. 1 to 4 is illustrated with reference to a
flow chart of Fig. 5.
[0069] As shown in Fig. 5, the mobile station 100 trans-
mits a beacon signal (S201).
[0070] The base station control apparatus 103 (e.g.
the base station controller 108) selects, on the basis of
beacon reception qualities reported from base stations
102 that have received the beacon signal, base stations
102 (B, C, D, and E) that establish radio links with the
mobile station 100 (S202).
[0071] After that, the base station control apparatus
103 instructs each of the base stations B, C, D and E
thus selected to conduct a beam training process. This
causes a beam training process to be performed between
the mobile station 100 and each of the base stations B,
C, D, and E (S203).
[0072] After the beam training process, the base sta-
tion control apparatus 103 for example instructs each of
the base stations B, C, D, and E to transmit a connection
request to the mobile station 100. Each of the base sta-
tions B, C, D, and E thus instructed transmits a connec-
tion request to the mobile station 100 (S204).
[0073] In a case of permitting the connection request,
the mobile station 100 transmits a connection permission
to the base station 102 from which the connection request
has been transmitted (S205). By each of the base sta-
tions B, C, D, and E receiving the connection permission
from the mobile station 100, the radio links 200B, 200C,
200D, and 200E are established between the mobile sta-
tion 100 and the base stations B, C, D, and E, respec-

tively, as illustrated in Fig. 4 (S206).
[0074] After the establishment of the radio links 200B,
200C, 200D, and 200E, the base station control appara-
tus 103 for example selects, on the basis of the signal
reception qualities of the base stations B, C, D, and E,
the base station C that is used for data communication.
It should be noted that "selecting the base station C" may
be read as "selecting the radio link 200C corresponding
to the base station 102C". Further, the base station con-
trol apparatus 103 notifies the mobile station 100 of se-
lection information (base station C) of the base station
that is used for data communication, and requests the
start of data communication (S207). For the notification
from the base station control apparatus 103 to the mobile
station 100, the radio link 200C of the base station C that
is used for data communication is typically used, although
any of the radio links 200B, 200C, 200D, and 200E can
be used.
[0075] Upon receiving the request, the base station C
performs data communication with the mobile station 100
using the radio link 200C established between the base
station 102C and the mobile station 100 (S208).
[0076] It should be noted that various control signals
such as an acknowledgment (ACK/NACK) signal in re-
sponse to a data signal may be bidirectionally transmitted
and received between the mobile station 100 and the
base station 102C. Fig. 5 omits to illustrate a process for
transmitting and receiving control signals.
[0077] Further, S201 of Fig. 5 may be thought of as
being equivalent to a timing of attention paid to one trans-
mission period in a case where the mobile station 100
periodically transmits a beacon signal. Each of the inter-
vals at which beacon signals are transmitted is called a
beacon interval, and step S202 of Fig. 5 and its subse-
quent steps may be executed over a plurality of beacon
intervals.
[0078] Further, the flow chart shown in Fig. 5 is an ex-
ample, and unless a contradiction arises, the order of the
steps may be rearranged or some of the steps may be
omitted. For example, after the beam training process of
each base station 102 in the base station system 101,
the selection of a base station 102 that establishes a
radio link with the mobile station 100 may be made. Fur-
ther, for example, in a case where a relative positional
relationship between the mobile station 100 and each
base station 102 can be identified on the basis of posi-
tional information of the mobile station 100 or the like,
the beam training process may be omitted.
[0079] Further, each individual step illustrated in Fig.
5 may be divided into a plurality of steps, and the plurality
of steps thus divided may be executed in parallel or may
be executed in order. For example, some or all of the
beam training processes of the base stations 102 (S203),
the connection request (S204), and the connection per-
mission (S205) may be executed in parallel for the plu-
rality of base stations 102 selected in step S202 or may
be executed in order as will be described later with ref-
erence to Fig. 6. The order of execution may be deter-
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mined according to a predetermined rule or may be de-
termined at random.
[0080] Further, a step other than those illustrated in
Fig. 5 may be added. For example, between the trans-
mission of a beacon signal (S201) and the establishment
of the radio links (S206), the mobile station 100 may per-
form beam training processes on the base stations 102
apart from the beam training processes of the base sta-
tions 102 (S203). It should be noted that an example of
the beam training processes that the mobile station 100
performs on the base stations 102 will be described later
with reference to Fig. 6.

Modifications of Establishment of Radio Link and Selec-
tion of Data Link

[0081] Fig. 6 is a flow chart that is equivalent of a mod-
ification of the flow chart illustrated in Fig. 5. Steps in Fig.
6 given the same signs as those illustrated in Fig. 5 may
be thought of as being steps which are the same as or
similar to those described with reference to Fig. 5.
[0082] In Fig. 6, the respective beam training process-
es (S210B, S210C, S210D, and S210E) of the base sta-
tions B, C, D, and E are executed in order in the order of
the base stations B, C, D, and E.
[0083] Further, in Fig. 6, beam training processes
(S211B, S211C, S211D, and S211E) that the mobile sta-
tion 100 performs on the base stations B, C, D, and E,
respectively, are executed in order in the order of the
base stations B, C, D, and E.
[0084] It should be noted that the beam training proc-
esses (S211B, S211C, S211D, and S211E) that the mo-
bile station 100 performs on the base stations B, C, D,
and E, respectively, may be executed, for example, in
accordance with a procedure similar to the beam training
process, described with reference to Fig. 2, which in-
volves the use of a beacon signal.
[0085] Further, in Fig. 6, the order of the beam training
processes (S210B, S210C, S210D, and S210E) of the
base stations B, C, D, and E may be mutually rearranged.
For example, the beam training processes of the base
stations B, C, D, and E may be executed in a random
order.
[0086] Similarly, the order of the beam training proc-
esses (S211B, S211C, S211D, and S211E) that the mo-
bile station 100 performs on the base stations B, C, D,
and E, respectively, may be mutually rearranged. For
example, the beam training processes may be executed
in a random order on the base stations B, C, D, and E,
respectively.
[0087] By the mobile station 100 thus performing the
beam training processes (S211B, S211C, S211D, and
S211E) on the base stations B, C, D, and E, respectively,
the accuracy of beam training can be improved as com-
pared with the case of Fig. 5.
[0088] This makes it possible, for example, to increase
a success rate of reception at a destination of the already-
described connection request (S204) and connection

permission (S205). This in turn makes it possible to in-
crease a success rate of establishment of a radio link
200 between the mobile station 100 and each of the base
stations B, C, D, and E.

Monitoring and Updating of Radio Link

[0089] After the establishment of a radio link, the base
station control apparatus 103 (e.g. the base station con-
troller 108) may periodically (or aperiodically) monitor the
communication quality of the radio link thus established
(hereinafter sometimes abbreviated as "radio link quali-
ty").
[0090] Fig. 7 is a flow chart showing an example of a
process for monitoring a radio link quality and a process
for updating a radio link.
[0091] As shown in Fig. 7, the base station control ap-
paratus 103 monitors the quality of a data link between
a base station 102 and the mobile station 100 (S220).
The quality of a data link that is monitored may for ex-
ample be any one of the already-described signal re-
ceived power, RSSI, error rate, and MCS.
[0092] The base station control apparatus 103 deter-
mines, as a result of the monitoring, whether there is a
problem with the quality of the data link (S221). For ex-
ample, in a case where the base station control apparatus
103 has determined that the quality of the data link mon-
itored is equal to or higher than a preset quality (i.e. has
no problem) (NO in S221), the base station control ap-
paratus 103 returns to S220 to continue monitoring the
quality of the data link.
[0093] On the other hand, in a case where the base
station control apparatus 103 has determined that the
quality of the data link monitored is lower than the preset
quality (i.e. has a problem) (YES in S221), the base sta-
tion control apparatus 103 selects, from among a plurality
of already-established radio links, a destination to which
switching is made from the data link (S222). It should be
noted that the plurality of radio links that have already
been established may be thought of as being equivalent
to candidates for the destination to which switching is
made from the data link.
[0094] For example, in a case where it has been de-
termined that the quality of the data link 200C is lower
than the preset quality, one or more radio links to which
switching is made from the data link 200C is/are selected
from among the other already-established radio links
200B, 200D, and 200E.
[0095] As with the selection criterion used for the se-
lection of the data link 200C, a criterion for the selection
of the destination to which switching is made from the
data link 200C may involve the use of one or more se-
lected from among a signal received power, an RSSI, an
error rate, and an MCS.
[0096] For example, assume a case in Fig. 4 where
the quality of the radio link 200D of the radio links 200B,
200D, and 200E serving as candidates for the destination
to which switching is made from the data link 200C is
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equal to or higher than the predetermined quality. In this
case, the base station control apparatus 103 selects the
radio link 200D as the destination to which switching is
made from the data link 200C.
[0097] After the selection of the radio link 200D, the
base station control apparatus 103 performs a process
for changing (i.e. switching) from the data link 200C to
the newly-selected radio link 200D (S223).
[0098] For example, the base station control apparatus
103 (e.g. the base station controller 108) notifies the mo-
bile station 100 of a control signal for switching from the
data link 200C to the data link 200D. The mobile station
100 conducts data communication with the data link
switched from the radio link 200C to the radio link 200D.
[0099] The present embodiment, in which the mobile
station 100 selects another link from among the plurality
of already-established radio links, makes it possible to
reduce the occurrence of a communication disconnect
due to switching from one data link to another.
[0100] It should be noted that the base station control
apparatus 103 for example selects a base station 102
that newly establishes a radio link with the mobile station
100 (S224). For example, with the establishment of the
data link 200D maintained, the base station control ap-
paratus 103 executes step S201 illustrated in Fig. 5 or 6
and its subsequent steps and step S206 illustrated in Fig.
5 or 6 and its preceding steps. In a case of using a newly-
established radio link for data communication, the base
station control apparatus 103 notifies the mobile station
100 of selection information of the base station 102 that
is used for data communication, and requests the start
of data communication. For the notification from the base
station control apparatus 103 to the mobile station 100,
that one of the already-established radio links 200 which
belongs to the base station 102 that is used for data com-
munication may be used. It should be noted that one of
the already-established radio links that was not selected
as a radio link to be newly established may be discon-
nected.
[0101] After step S224, the base station control appa-
ratus 103 may return to step S220 to repeatedly execute
steps S220 to S224.
[0102] Fig. 8 shows a state where the data link has
been switched from the radio link 200C to the radio link
200D. Fig. 8 shows a case where the mobile station 100
moves in a direction from the base station A toward the
base station F. Although Fig. 8 shows, for descriptive
purposes, an example in which the plurality of base sta-
tions 102 are linearly arranged, there are various geo-
graphical positional relationships between the plurality
of base stations 102.
[0103] As illustrated in Fig. 8, as the mobile station 100
moves, the data link is switched from the radio link 200C
to the radio link 200D, which is indicated by a solid line.
Further, while a radio link 200F is newly established be-
tween the mobile station 100 and the base station 102F,
the radio link 200B, which was established in Fig. 4, is
disconnected.

[0104] According to the embodiment described above,
the data link that the mobile station 100 uses is selected
from among the plurality of radio links already established
between the mobile station 100 and the plurality of base
stations 102. This makes it possible to shorten the time
it takes for the mobile station 100 to switch from connect-
ing to one base station 102 to connecting to another (i.e.
to perform a handover), thus making it possible to reduce
the occurrence of a communication disconnect that is
entailed by a handover.
[0105] This in turn allows the mobile station 100 to per-
form a handover between base stations 102 with reduced
occurrence of a communication disconnect. This further
makes it possible to suppress an increase in the frequen-
cy of occurrence of a communication disconnect due to
properties that a millimeter-wave band of radio waves
has in association with communication distance and di-
rectivity (straightness).
[0106] Further, the plurality of base stations 102 that
establish radio links with the mobile station 100 are not
fixed in the base station system 101 but updated on the
basis of a radio link quality between the mobile station
100 and each of a plurality of candidate base stations
102. Accordingly, for example, even in a case where a
movement of the mobile station 100 has effected a
change in radio environment, the occurrence of a com-
munication disconnect that is entailed by a handover can
be reduced.
[0107] Further, the plurality of radio links that are es-
tablished between the mobile station 100 and the plurality
of base stations 102, respectively, are for example
shared (i.e. multiplexed) in a time-division scheme on the
basis of CSMA/CA. Accordingly, the mobile station 100
does not need to include a plurality of transceiver-receiv-
ers corresponding to the plurality of radio links. The mo-
bile station 100 can establish a radio link with each of the
plurality of base stations 102 through one transceiver-
receiver (e.g. the wireless communicator 105).
[0108] Further, in a case where a millimeter-wave band
of frequencies is applied as the frequencies of the radio
links 200, the radio links 200 are established using beam-
forming of the plurality of base stations 102 or beamform-
ing of the mobile station 100 and the plurality of base
stations 102 as described with reference to Fig. 5 or 6.
This makes it possible to increase the success rate of
establishment of the radio links 200.
[0109] Further, since a base station 102 that has re-
ceived a beacon signal from the mobile station 100 is
selected as a base station 102 that establishes a radio
link with the mobile station 100, a base station 102 that
does not receive a mobile station beacon signal can be
prevented from performing a process for establishing a
radio link. This makes it possible to improve the success
rate of establishment of a radio link while reducing a
wasteful process for establishing a radio link.
[0110] Although the aforementioned embodiment has
been described by taking, as an example, a case where
the number of base stations 102 is 6, the number of base
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stations 102 may be equal to or larger than 2 and less
than 6 and may be equal to or larger than 7. Further, for
example in Fig. 2, the base station control apparatus 103
does not need to receive (or collect) information (e.g.
beacon reception results) from all of the plurality of base
stations 102 but may receive information from some of
the plurality of base stations 102.
[0111] For example, the base station control apparatus
103 may receive information from one of the plurality of
base stations 102 which has received (or detected) a
beacon signal transmitted by the mobile station 100.
Since the base station control apparatus 103 does not
need to communicate with a base station 102 that does
not receive the beacon signal, the base station control
apparatus 103 has its processing load reduced.
[0112] Further, for example, on the basis of the posi-
tional information of the mobile station 100, the base sta-
tion control apparatus 103 may receive information from
that one of the plurality of base stations 102 which is
located within an area around the mobile station 100.
The area around the mobile station 100 may be set by
information indicating a range centered at the position of
the mobile station 100.
[0113] The position of the mobile station 100 may be
identified by information acquired using the GPS (Global
Positioning System) or may be estimated on the basis of
the signal received powers or RSSIs of the plurality of
base stations 102.
[0114] Further, the number of mobile stations 100 is
not limited to 1, but there may be a plurality of mobile
stations 100 in the wireless LAN system 10. Fig. 9 shows,
as an example, an example of a state of establishment
of radio links in a case where there are two mobile stations
100 and 120 in the wireless LAN system 10.
[0115] In the case of Fig. 9, the base station control
apparatus 103 executes, on each of the mobile stations
100 and 120, the process or procedure described with
reference to Figs. 2 to 8.
[0116] As a result, as shown in Fig. 9, for example, as
for the mobile station 100, radio links 200A, 200B, and
200D are established between the mobile station 100
and the base stations A, B, and D, respectively, and the
radio link 200B is allocated to a data link.
[0117] Meanwhile, as for the mobile station 120, radio
links 210C, 210E, and 210F are established between the
mobile station 120 and the base stations C, E, and F,
respectively, and the radio link 210E is allocated to a data
link.
[0118] The data links 200B and 210E may be of the
same frequency (channel) or may be of different frequen-
cies (channels) from each other.
[0119] Further, although the aforementioned embodi-
ment (e.g. Figs. 5 and 6) has taken, as an example, a
"passive scan" by which the mobile station 100, which
operates as an AP, autonomously transmits a beacon
signal, an "active scan" may be applied to the wireless
LAN system 10 of the present embodiment.
[0120] For example, the mobile station 100 may trans-

mit a beacon signal upon receiving a probe request sig-
nal(s) transmitted by any one or more of the plurality of
base stations 102. While no probe request signal is being
received, the mobile station 100 may wait in a sleep mode
(or a power-saving mode) to receive a probe request sig-
nal. This allows the mobile station 100 to consume less
electric power than in a case of autonomously and peri-
odically transmitting a beacon signal by an active scan.
[0121] In a case where a flying object such as a drone
is applied to the mobile station 100, the time during which
movements can be made by flying can be extended by
being able to reduce power consumption. Being able to
extend the time during which movements can be made
makes it possible to expand the range of movement of
the drone 100, thus making it possible, for example, to
expand a range of shooting of the camera mounted on
the drone 100. This makes it possible to expand the range
of shooting that can be covered by one drone 100.
[0122] Further, in an active scan, the base stations 102
that transmit probe requests may be not all but some of
the plurality of base stations 102 that constitute the base
station system 101.
[0123] For example, on the basis of the already-de-
scribed position information of the mobile station 100,
the base station control apparatus 103 may select, from
among the plurality of base stations 102, a base station
102 that transmits a probe request signal.
[0124] For example, on the basis of the positional in-
formation of the mobile station 100, an area where the
mobile station 100 is estimated to succeed in receiving
a probe request signal in a case where it is transmitted
(e.g. the area around the mobile station 100) may be
identified. The base station control apparatus 103 may
select, as a base station(s) 102 that transmit(s) a probe
request signal(s), one or more base stations 102 located
in the area thus specified.
[0125] A base station 102 that was not selected to
transmit a probe request signal may shifts to a sleep
mode (or a power-saving mode) either autonomously or
under control of the base station control apparatus 103.
[0126] Further, in the aforementioned embodiment
(e.g. Figs. 1 to 4 and Figs. 8 to 10), the base station
control apparatus 103 may be provided in any one of the
plurality of base stations 102. Further, some or all of the
functions of the base station control apparatus 103 may
be dispersedly provided in any two or more base stations
102.
[0127] Further, some or all of the functions of the base
station control apparatus 103 may be dispersedly pro-
vided in the mobile station 100. For example, the selec-
tion of a data link may be conducted on the mobile station
100 side on the basis of the radio link quality of each
radio link.

Modification of the Embodiment

[0128] Fig. 10 is a diagram showing an example con-
figuration of a wireless LAN system 10 according to a
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modification of the embodiment. Fig. 10 shows an exam-
ple in which the two radio links 200C and 200D have
been selected as data links from among the already-es-
tablished radio links 200B, 200C, 200D, and 200E in step
S207 described above with reference Fig. 5 or 6.
[0129] In the present modification, the process or pro-
cedure by which the radio links 200B, 200C, 200D, and
200E are established are as already described, for ex-
ample, with reference to Figs. 2 to 6. In the following, an
example of a data transmission process that involves the
use of the two data links 200C and 200D is described
with reference to Figs. 11 and 12.
[0130] Further, an example is described in which video
data is transmitted in the form of packet data (hereinafter
sometimes abbreviated as "packets") through the data
links 200C and 200D. Continuous data such as video
data is for example compressed and then divided into a
plurality of packets for transmission. It should be noted
that the video data is for example video data captured
by the camera mounted on the mobile station 100. In
other words, the present modification is described with
attention paid to a process of transmitting video data in
an upward direction from the mobile station 100 to the
base stations 102.
[0131] Fig. 11 shows steps S301, S302, S303C,
S303D, and S304 as an example of a data transmission
process.
[0132] Step S301 (data replication) represents a step
that is executed by the data processor 104 of the mobile
station 100, and step S302 (data transmission) repre-
sents a step that is executed by the wireless communi-
cator 105 of the mobile station 100.
[0133] Further, step S303C (data reception) repre-
sents a step that is executed by the wireless communi-
cator 106 of the base station C corresponding to the data
link 200C. Step S303D (data reception) represents a step
that is executed by the wireless communicator 106 of the
base station D corresponding to the data link 200D.
[0134] Step S304 (data demodulation) represents a
step that is executed by the data processor 107 of the
base station control apparatus 103.
[0135] As shown in Fig. 11, for example, the data proc-
essor 104 of the mobile station 100 divides video data
into a plurality of packets and replicates each of the pack-
ets thus divided by the same number as the number of
data links 200C and 200D (S301). The packets thus rep-
licated are transmitted by the wireless communicator 105
of the mobile station 100 to the data links 200C and 200D,
respectively (S302). In other words, identical packets are
redundantly transmitted in an upward direction to the data
links 200C and 200D.
[0136] The packet transmitted to the data link 200C is
received by the wireless communicator 106 of the base
station C (S303C), and the packet transmitted to the data
link 200D is received by the wireless communicator 106
of the base station D (S303D).
[0137] The packets received by the base stations C
and D are transferred from the base stations C and D to

the base station control apparatus 103, respectively. The
data processor 107 of the base station control apparatus
103 demodulates and decodes the packets received from
the base stations C and D (S304).
[0138] One of the redundant packets received via the
different data links 200C and 200D (i.e. the two packets
having the same information) may be discarded. Alter-
natively, the redundant packets received via the different
data links 200C and 200D may be combined. It should
be noted that Fig. 11 omits to illustrate a coding and mod-
ulation process in the mobile station 100 that corre-
sponds to demodulation and decoding processes in the
base stations C and D.
[0139] Fig. 12 is a diagram chronologically showing
packets in the data transmission process described
above with reference to Fig. 11.
[0140] In (a) INPUT DATA of Fig. 12, 400A and 400B
(or A and B) represent packets that are inputted to the
data processor 104 of the mobile station 100. Each of
the packets 400A and 400B are subjected to data repli-
cation by the data processor 104 of the mobile station
100 (which is equivalent to step S301 of Fig. 11).
[0141] For example, as shown in (b) DATA REPLICA-
TION (S301) of Fig. 12, the packet 400A is replicated
into packets 401A and 402A (A1 and A2) having the same
information, the packet 400B is replicated into packets
401B and 402B (B1 and B2) having the same information.
The packets A1, A2, B1, and B2 obtained by replication
are outputted to the wireless communicator 105 of the
mobile station 100.
[0142] As shown in (c) DATA TRANSMISSION (S302)
OUTPUT (RADIO LINK 200C) of Fig. 12, the wireless
communicator 105 of the mobile station 100 transmits
either of the packets A1 and A2 (e.g. the packet A1) to
the radio link 200C and transmits the other packet (e.g.
the packet A2) to the radio link 200D.
[0143] As shown in (d) DATA TRANSMISSION (S302)
OUTPUT (RADIO LINK 200D) of Fig. 12, the wireless
communicator 105 of the mobile station 100 transmits
either of the packets B1 and B2 (e.g. the packet B1) to
the radio link 200C and transmits the other packet (e.g.
the packet B2) to the radio link 200D.
[0144] Note here that the wireless communicator 105
for example transmits the individual packets to the radio
links 200C and 200D in a time-division scheme under
the CSMA access scheme. This prevents any two of the
packets A1, A2, B1, and B2 flowing through the radio
links 200C and 200D from overlapping (i.e. colliding with)
each other in a time domain.
[0145] The packet transmission processes illustrated
in (c) DATA TRANSMISSION (S302) OUTPUT (RADIO
LINK 200C) and (d) DATA TRANSMISSION (S302)
OUTPUT (RADIO LINK 200D) of Fig. 12 are equivalent
to step S301 of Fig. 11. Further, (c) DATA TRANSMIS-
SION (S302) OUTPUT (RADIO LINK 200C) of Fig. 12
shows an example in which the packet B1 of the packets
A1 and B1 transmitted to the radio link 200C disappears
(packet loss) during transmission to the radio link 200C
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and does not reach the base station C.
[0146] Therefore, the base station C receives the pack-
et A1 of the packets A1 and B1 transmitted to the radio
link 200C. The base station D receives both the packets
A2 and B2 transmitted to the radio link 200D.
[0147] The base station C transmits, to the base station
control apparatus 103, the packet A1 received from the
radio link 200C, and the base station D transmits, to the
base station control apparatus 103, the packets A2 and
B2 received from the radio link 200D.
[0148] For example, as shown in (e) DATA DEMOD-
ULATION (S304) INPUT of Fig. 12, the data processor
107 of the base station control apparatus 103 receives
the packet A1 from the base station C and the packets
A2 and B2 from the base station D (which is equivalent
to step S304 of Fig. 11).
[0149] As shown in (f) DATA DEMODULATION OUT-
PUT of Fig. 12, the data processor 107 of the base station
control apparatus 103 discards either of the packets A1
and A2 having the same information (e.g. the packet A2,
which was received later), demodulates and decodes the
packet A, and outputs it. Alternatively, the data processor
107 may combine the packets A1 and A2 having the
same information.
[0150] Further, as shown in (f) DATA DEMODULA-
TION OUTPUT of Fig. 12, the data processor 107 de-
modulates and decodes the packet B2 from the base
station D and outputs it.
[0151] As noted above, the modification of the embod-
iment makes it possible, for example, to improve the ro-
bustness of any radio link 200 against a packet loss by
redundantly transmitting packets having the same infor-
mation to the plurality of radio link 200. In other words,
the modification of the embodiment makes it possible to
reduce an error rate of data transmission by the radio
links 200.
[0152] In a case of application where a millimeter-wave
band of frequencies is used as the frequencies of the
radio links 200, a packet loss tends to occur due to the
interruption of a radio link 200 by a shield such as a hu-
man body, as a millimeter-wave band of radio waves is
more highly straight than a microwave band of radio
waves.
[0153] The aforementioned modification makes it pos-
sible to reduce deterioration in data transmission quality
(e.g. video transmission quality) in a wireless environ-
ment where such a packet loss tends to occur.
[0154] Although the aforementioned modification has
described a case where two radio links 200 are used for
data communication, three or more radio links 200 may
be used for data communication. Further, data process-
ing that makes redundant packets that are transmitted
to the plurality of radio links 200 is not limited to "DATA
REPLICATION" illustrated in Figs. 11 and 12.
[0155] For example, in the data processing of the mo-
bile station 100, an error rate of data communication may
be reduced by adding a redundant packet to a transmis-
sion data stream under a coding scheme using an error

correcting code.
[0156] Further, deterioration of the data transmission
quality may be reduced by improving error resistance by
lowering a transmission rate per radio link instead of mak-
ing redundant packets that are transmitted to the plurality
of radio links 200. Since the error rate can be lowered
even with the same received power by lowering the trans-
mission rate, the data transmission quality can be im-
proved by distributing the packets to the plurality of radio
links 200.
[0157] Further, the direction of data communication is
not limited to the aforementioned direction (upward di-
rection) from the mobile station 100 toward the base sta-
tion control apparatus 103 but may be a direction (down-
ward direction) from the base station control apparatus
103 toward the mobile station 100. In downward data
communication, the aforementioned packet redundancy
technology may be applied. For example, identical pack-
ets directed to the mobile station 100 may be redundantly
transmitted from different base stations 102 to different
radio links 200.

Effects of the Embodiment Including the Modification

[0158] As noted above, the embodiment including the
aforementioned modification makes it possible to estab-
lish a plurality of radio links 200 between a mobile station
100 (compatible with multiple links) mounted with one
transceiver-receiver and a plurality of base stations 102
(compatible with a single link). This makes it possible to
increase the speed of a handover by which the mobile
station 100 switches from connecting to one base station
102 to connecting to another.
[0159] By applying the embodiment including the
aforementioned modification as a non-limiting example
to a millimeter-wave high-speed wireless LAN system,
low-delay and high-quality radio transmission of high-
definition video data can be achieved.

Comparative Example

[0160] A comparative example with the embodiment
including the aforementioned modification is described
with reference to Fig. 13.
[0161] Fig. 13 is a diagram showing a configuration of
a radio communication system 1010 according to the
comparative example. As shown in Fig. 13, the radio
communication system 1010 includes a base station
1100 and a plurality of mobile stations 1102A, 1102B,
and .... A basic service set is constituted by one base
station 1100 and a plurality of mobile stations 1102. It
should be noted that the sign 1109 denotes an input-
output terminal via which to transmit and receive data
signals to and from an external network.
[0162] The base station 1100 can for example float in
space by being attached to a balloon. The base station
1100 operates as an AP and therefore is capable of es-
tablishing a plurality of radio links, and each of the plu-
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rality of mobile stations 1102 operates as an STA and
therefore is capable of establishing a single radio link.
[0163] Therefore, upon receiving a beacon signal
transmitted from the base station 1100, each of the plu-
rality of mobile stations 1102 transmits a connection re-
quest to the base station 1100 from which the beacon
signal has been transmitted. By the mobile station 1102
receiving a connection permission in response to the con-
nection request, a radio link is established between the
mobile station 1102 and the base station 1100.
[0164] Fig. 13 uses solid allows to show an example
in which radio links 1200A and 1200B have been estab-
lished between the base station 1100 and the mobile
stations 1102A and 1102B, respectively. The radio links
1200A and 1200B are used for the individual mobile sta-
tions 1102A and 1102B to transmit and receive data, re-
spectively. In other words, the radio links 1200A and
1200B are data links that are individually used by the
mobile stations 1102A and 1102B, respectively.
[0165] For example, each of the plurality of mobile sta-
tions 1102 transmits and receives data to and from the
base station 1100 by exercising autonomous decentral-
ized control of the timings of transmission and reception
of data to and from the corresponding radio link 1102 on
the basis of CSMA/CA.
[0166] Accordingly, in the comparative example illus-
trated in Fig. 13, each of the plurality of radio links 1200
thus established is a data link for each individual mobile
station 1102.
[0167] On the other hand, in the embodiment de-
scribed with reference to Figs. 1 to 12, the plurality of
radio links 200 are established between the mobile sta-
tion 100, which operates as an AP, and the plurality of
base stations 102, which operate as STAs. At least one
of the plurality of radio links 200 thus established is as-
signed to a data link.
[0168] Accordingly, in the embodiment described with
reference to Figs. 1 to 12, some of the plurality of radio
links 200 may not be selected as data links. A radio link
200 that is not selected as a data link may be maintained
in an established state in preparation for a predicted
handover of the mobile station 100. A radio link 200 that
is not selected as a data link in preparation for a predicted
handover of the mobile station 100 may be read as "pre-
dictive link" or "backup link" for descriptive purposes.

Miscellaneous

[0169] Each functional block used in the description of
the embodiment described above can be typically real-
ized by an LSI such as an integrated circuit. These LSIs
may be individually formed as one chip, or one chip may
be formed so as to include a part or all of the functional
blocks. The LSI here may be referred to as an IC (inte-
grated circuit), a system LSI, a super LSI, or an ultra LSI
depending on a difference in the degree of integration.
[0170] However, the technique of implementing an in-
tegrated circuit is not limited to the LSI and may be real-

ized by using a dedicated circuit or a general-purpose
processor. In addition, an FPGA (Field Programmable
Gate Array) that can be programmed after the manufac-
ture of the LSI or a reconfigurable processor in which the
connections and the settings of circuit cells disposed in-
side the LSI can be reconfigured may be used.
[0171] If future integrated circuit technology replaces
LSIs as a result of the advancement of semiconductor
technology or other derivative technology, the functional
blocks could be integrated using the future integrated
circuit technology. Biotechnology can also be applied.
[0172] The present disclosure can be realized by any
kind of apparatus, device or system having a function of
communication, which is referred as a communication
apparatus.
[0173] Some non-limiting examples of such communi-
cation apparatus include a phone (e.g, cellular (cell)
phone, smart phone), a tablet, a personal computer (PC)
(e.g, laptop, desktop, netbook), a camera (e.g, digital
still/video camera), a digital player (digital audio/video
player), a wearable device (e.g, wearable camera, smart
watch, tracking device), a game console, a digital book
reader, a telehealth/telemedicine (remote health and
medicine) device, and a vehicle providing communica-
tion functionality (e.g., automotive, airplane, ship), and
various combinations thereof.
[0174] The communication apparatus is not limited to
be portable or movable, and may also include any kind
of apparatus, device or system being non-portable or sta-
tionary, such as a smart home device (e.g, an appliance,
lighting, smart meter, control panel), a vending machine,
and any other "things" in a network of an "Internet of
Things (IoT)".
[0175] The communication may include exchanging
data through, for example, a cellular system, a wireless
LAN system, a satellite system, etc., and various combi-
nations thereof.
[0176] The communication apparatus may comprise a
device such as a controller or a sensor which is coupled
to a communication device performing a function of com-
munication described in the present disclosure. For ex-
ample, the communication apparatus may comprise a
controller or a sensor that generates control signals or
data signals which are used by a communication device
performing a communication function of the communica-
tion apparatus.
[0177] The communication apparatus also may in-
clude an infrastructure facility, such as a base station, an
access point, and any other apparatus, device or system
that communicates with or controls apparatuses such as
those in the above non-limiting examples.
[0178] A radio communication system according to the
present disclosure includes: a mobile terminal apparatus
that is capable of establishing a plurality of radio links
that are shared in a time-division scheme; a plurality of
base station apparatuses each of which establishes one
radio link with the mobile terminal apparatus; and a con-
trol apparatus that selects, from among the plurality of
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radio links established, a data link that is used for data
communication. In the radio communication system, the
mobile terminal apparatus, using the data link selected,
performs the data communication with one of the plurality
of base station apparatus establishing the data link.
[0179] Further, in the radio communication system ac-
cording to the present disclosure, the plurality of radio
links established may be multiplexed on the basis of Car-
rier Sense Multiple Access/Collision Avoidance (CS-
MA/CA).
[0180] Further, in the radio communication system ac-
cording to the present disclosure, in a case where a qual-
ity of a first data link is lower than a preset quality, the
control apparatus may select a second data link from
among the plurality of radio links established and switch
the data link that is used for the data communication from
the first data link to the second data link.
[0181] Further, in the radio communication system ac-
cording to the present disclosure, the control apparatus
may select two or more of the plurality of radio links es-
tablished as data links, and the mobile terminal apparatus
may redundantly or separately transmit data signals hav-
ing identical information to the two or more data links,
respectively.
[0182] Further, in the radio communication system ac-
cording to the present disclosure, each of the plurality of
radio links may be a millimeter-wave radio link and be
established using beamforming of the plurality of base
station apparatuses or beamforming of the mobile termi-
nal apparatus and the plurality of base station appara-
tuses.
[0183] Further, in the radio communication system ac-
cording to the present disclosure, the one of the plurality
of base station may establish the radio link with the mobile
terminal apparatus based on a reception result of a bea-
con signal transmitted by the mobile terminal apparatus.
[0184] Further, in the radio communication system ac-
cording to the present disclosure, the one of the plurality
of base station may establish the radio link with the mobile
terminal apparatus based on positional information of the
mobile terminal apparatus.
[0185] Further, a radio communication control method
according to the present disclosure includes: establish-
ing a plurality of radio links between a mobile terminal
apparatus and a plurality of base station apparatuses,
respectively, the mobile terminal apparatus being capa-
ble of establishing the plurality of radio links, the plurality
of radio links being shared in a time-division scheme;
selecting, from among the plurality of radio links estab-
lished, a data link that is used for data communication;
and using the data link selected, performing the data
communication between the mobile terminal apparatus
and one of the plurality of base station establishing the
data link.
[0186] Further, a mobile terminal apparatus according
to the present disclosure includes: a radio communica-
tion circuit that establishes, with a plurality of base station
apparatuses, a plurality of radio links that are shared in

a time-division scheme; and a processing circuit that, us-
ing a data link selected for data communication from
among the radio links established, performs the data
communication with one of the plurality of base station
apparatus establishing the data link.
[0187] Further, a base station apparatus according to
the present disclosure includes: a radio communication
circuit that establishes one radio link with a mobile ter-
minal apparatus that is capable of establishing a plurality
of radio links that are shared in a time-division scheme;
and a processing circuit that, in a case where the radio
link established is selected as a data link that is used for
data communication, performs the data communication
with the mobile terminal apparatus using the data link.
[0188] Further, a control apparatus according to the
present disclosure includes: a transmitting circuit that
transmits, to a plurality of base station apparatuses, a
request that a mobile terminal apparatus make one radio
link, the mobile terminal apparatus being capable of es-
tablishing a plurality of radio links that are shared in a
time-division scheme; a selection circuit that selects,
from among the plurality of radio links established at the
request, a data link that is used for data communication;
and a processing circuit that processes a data signal in
the data communication that is performed using the data
link selected between the mobile terminal apparatus and
one of the plurality of base station apparatus establishing
the data link.
[0189] The present disclosure is suitable to a wireless
LAN system including a mobile terminal apparatus and
a plurality of base station apparatuses.

Claims

1. A radio communication system comprising:

a mobile terminal apparatus that is capable of
establishing a plurality of radio links that are
shared in a time-division scheme;
a plurality of base station apparatuses each of
which establishes one radio link with the mobile
terminal apparatus; and
a control apparatus that selects, from among the
plurality of radio links established, a data link
that is used for data communication,
wherein the mobile terminal apparatus, using
the data link selected, performs the data com-
munication with one of the plurality of base sta-
tion apparatus establishing the data link.

2. The radio communication system according to Claim
1, wherein the plurality of radio links established are
multiplexed on the basis of Carrier Sense Multiple
Access/Collision Avoidance (CSMA/CA).

3. The radio communication system according to Claim
1, wherein in a case where a quality of a first data
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link is lower than a preset quality, the control appa-
ratus selects a second data link from among the plu-
rality of radio links established and switches the data
link that is used for the data communication from the
first data link to the second data link.

4. The radio communication system according to Claim
1, wherein the control apparatus selects two or more
of the plurality of radio links established as data links,
and
the mobile terminal apparatus redundantly or sepa-
rately transmits data signals having identical infor-
mation to the two or more data links, respectively.

5. The radio communication system according to Claim
1, wherein each of the plurality of radio links is a
millimeter-wave radio link and is established using
beamforming of the plurality of base station appara-
tuses or beamforming of the mobile terminal appa-
ratus and the plurality of base station apparatuses.

6. The radio communication system according to Claim
1, wherein the one of the plurality of base station
establishes the radio link with the mobile terminal
apparatus based on a reception result of a beacon
signal transmitted by the mobile terminal apparatus.

7. The radio communication system according to Claim
1, wherein the one of the plurality of base station
establishes the radio link with the mobile terminal
apparatus based on positional information of the mo-
bile terminal apparatus.

8. A radio communication control method comprising:

establishing a plurality of radio links between a
mobile terminal apparatus and a plurality of base
station apparatuses, respectively, the mobile
terminal apparatus being capable of establish-
ing the plurality of radio links, the plurality of radio
links being shared in a time-division scheme;
selecting, from among the plurality of radio links
established, a data link that is used for data com-
munication; and
using the data link selected, performing the data
communication between the mobile terminal ap-
paratus and one of the plurality of base station
establishing the data link.

9. A mobile terminal apparatus comprising:

a radio communication circuit that establishes,
with a plurality of base station apparatuses, a
plurality of radio links that are shared in a time-
division scheme; and
a processing circuit that, using a data link se-
lected for data communication from among the
radio links established, performs the data com-

munication with one of the plurality of base sta-
tion apparatus establishing the data link.

10. A base station apparatus comprising:

a radio communication circuit that establishes
one radio link with a mobile terminal apparatus
that is capable of establishing a plurality of radio
links that are shared in a time-division scheme;
and
a processing circuit that, in a case where the
radio link established is selected as a data link
that is used for data communication, performs
the data communication with the mobile terminal
apparatus using the data link.

11. A control apparatus comprising:

a transmitting circuit that transmits, to a plurality
of base station apparatuses, a request that a
mobile terminal apparatus make one radio link,
the mobile terminal apparatus being capable of
establishing a plurality of radio links that are
shared in a time-division scheme;
a selection circuit that selects, from among the
plurality of radio links established at the request,
a data link that is used for data communication;
and
a processing circuit that processes a data signal
in the data communication that is performed us-
ing the data link selected between the mobile
terminal apparatus and one of the plurality of
base station apparatus establishing the data
link.
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