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RADIO COMMUNICATION METHOD AND RADIO
COMMUNICATION TERMINAL
ACCOMMODATING APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a radio communi-
cation method for use in a radio communication system
designed to carry out the transmission/reception of data
among a plurality of radio communication terminals, and a
radio communication terminal accommodating apparatus
made to accommodate a plurality of radio communication
terminals in the radio communication system.

BACKGROUND ART

[0002] So far, a radio communication network, designed
to conduct the interchange of data among a plurality of radio
communication terminals, has been in existence. Radio
communication methods for use in this radio communication
network are roughly classified into a centralized control type
communication method in which a radio communication
terminal (which will hereinafter be referred to as a radio
communication terminal accommodating apparatus),
designed to carry out communication management, exists
for giving communication rights to each of radio commu-
nication terminals and a distributed control type communi-
cation method in which no radio communication terminal
accommodating apparatus for communication management
among other radio communication terminals exists and each
radio communication terminal carries out the confirmation
of communication situations (carrier sense) in a radio trans-
mission medium (hereinafter referred to as a transmission
medium) for preventing a loss stemming from the occur-
rence of transmitted data collision so that access is made to
the transmission medium when the transmission medium is
in a vacant state.

[0003] In the case of the distributed control type commu-
nication method, each radio communication terminal carries
out the carrier sense before conducting transmission, and
starts transmission after confirming the fact that a transmis-
sion medium is in a vacant state (no radio signal exists on the
transmission medium) FIG. 13 is an illustration of one
example of a conventional distributed control configuration
for a radio communication system, and FIG. 14 is a time
chart showing one example of communication to be made in
the radio communication system shown in FIG. 13. In FIG.
13, a radio communication system including four radio
communication terminals 1001 to 1004 is shown as one
example. These radio communication terminals 1001 to
1004 are on equal status and, as indicated by arrows, the
transmission/reception of data can be made directly between
all the radio communication terminals 1001 to 1004.

[0004] For example, in a case in which data is transmitted
from the radio communication terminal 1001 to the radio
communication terminal 1004, the radio communication
terminal 1001 first confirms a communication situation of a
transmission medium through the use of carrier sense and
carries out the data transmission after a predetermined time
Tp+random time Ty, elapses from the time at which a signal
disappears in the transmission medium. For example, in a
period of time 1111 of this transmission operation, a series
of operations are conducted as follows. In this connection,
during the transmission operation time period 1111, through
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the use of the carrier sense, each of the other radio commu-
nication terminals 1002 and 1003 detects a signal transmit-
ted from the radio communication terminal 1001 to the
transmission medium, thereby carrying out the setting so as
to inhibit a transmission operation using this transmission
medium.

[0005] First of all, the radio communication terminal 1001
transmits a transmission request signal indicative of a trans-
mission request to the reception side radio communication
terminal 1004. Upon receipt of the transmission request
signal, the radio communication terminal 1004 transmits a
transmission permission signal indicative of a transmission
permission as a reply to the transmission request signal to
the transmission side radio communication terminal 1001
and makes a notification on the fact that the preparation for
the data reception reaches completion. Upon receipt of this
transmission permission signal, the transmission side radio
communication terminal 1001 transmits a signal (data sig-
nal) on data to the reception side radio communication
terminal 1004 while, after the reception of this data, the
reception side radio communication terminal 1004 transmits
an acknowledgment signal representative of “reception was
correctly made” or “reception was not correctly made” to the
transmission side radio communication terminal 1001 while,
upon receipt of this acknowledgment signal, the transmis-
sion side radio communication terminal 1001 terminates a
series of operations related to the data transmission from the
radio communication terminal 1001 to the radio communi-
cation terminal 1004. In this connection, within the trans-
mission operation time period, when the radio communica-
tion terminals 1001 to 1004 start the signal transmission,
after waiting for a predetermined time T, (<Ty), they con-
duct the signal transmission. Accordingly, for example, the
predetermined time T, lies between the transmission request
signal and the transmission permission signal, between the
transmission permission signal and the data signal and
between the data signal and the acknowledgment signal.

[0006] In addition, in a case in which a plurality of radio
communication terminals 1001 to 1004 simultaneously con-
duct transmissions on the transmission medium, a conten-
tion (sometimes referred to equally as collision) occurs for
the use of the transmission medium. For avoiding such a
contention, at the start of the transmission operation, the
radio communication terminals 1001 to 1004 carry out the
carrier sense to confirm the fact that the transmission
medium is in a vacant state, and each radio communication
terminal waits for a random time, thereby avoiding a situ-
ation in which, for example, a contention repeatedly occurs
between the radio communication terminals so as to make
the communication substantially impossible.

[0007] For example, in a case in which the radio commu-
nication terminal 1002 and the radio communication termi-
nal 1003 try to make data transmissions after the transmis-
sion operation time period 1111 for the radio communication
terminal 1001, after the transmission operation time period
1111 elapses, the radio communication terminal 1002 tries to
conduct a data transmission operation after waiting for a
predetermined time Tp+random time Tg,, while the radio
communication terminal 1003 tries to conduct a data trans-
mission operation after a predetermined time Tp+random
time Tg;. In this case, when Tg,<Tg;, the radio communi-
cation terminal 1002 first starts the signal transmission and,
on the other hand, the radio communication terminal 1003
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detects the start of the transmission by the radio communi-
cation terminal 1002 through the carrier sense while waiting
for its own transmission time, and puts off the transmission.
Moreover, the data transmission operation can be conducted
after waiting for a predetermined time T+(Tg;-Tg,) from
when a transmission operation time period 1112 for the radio
communication terminal 1002 comes to an end or elapses.
That is, after the end of the predetermined time T+(Tg;—
Tg,) from when a transmission operation time period 1112
comes to an end, a transmission operation time period 1113
starts wherein the radio communication terminal 1003 con-
ducts the data transmission.

[0008] In addition, a communication method supporting
QoS (Quality of Service), data to be transmitted/received
requires, becomes realizable in a manner such that the
predetermined time Ty, or random time Ty, serving as a
transmission stand-by time, is set at a different value for
each type of QoS according to QoS or it is determined
through a different algorithm.

[0009] On the other hand, in the case of the centralized
control type communication method, each radio communi-
cation terminal carries out communications with respect to
only a radio communication terminal accommodating appa-
ratus and only a radio communication terminal permitted in
communication by the radio communication terminal
accommodating apparatus can carry out the communica-
tions. FIG. 15 is an illustration of one example of a con-
ventional centralized control configuration in a radio com-
munication system, and FIG. 16 is a time chart showing a
first example of communication to be conducted in the radio
communication system shown in FIG. 15. In FIG. 15, as one
example, there is shown a radio communication system
including a radio communication terminal accommodating
apparatus 1201 and three radio communication terminals
1202 to 1204. As indicated by arrows in FIG. 15, the
respective radio communication terminals 1202 to 1204 can
make communications with respect to only a radio commu-
nication terminal accommodating apparatus 1201.

[0010] The radio communication terminal accommodat-
ing apparatus 1201 almost periodically transmits an index
signal (beacon signal) 1311 for setting a time period for
which the radio communication terminal accommodating
apparatus 1201 executes centralized control. The radio com-
munication terminal accommodating apparatus 1201 can
transmits a signal to a transmission medium after a prede-
termined time T, from when signal disappears in the trans-
mission medium, and it can acquire access to the transmis-
sion medium with priority to the predetermined time Tp,
(>T,,) for which the radio communication terminals 1202 to
1204 need to wait.

[0011] This index signal 1311 enables all the radio com-
munication terminals 1202 to 1204 to carry out a data
transmission operation only when receiving a communica-
tion permission from the radio communication terminal
accommodating apparatus 1201. When the aforesaid prede-
termined time starts, the radio communication terminal
accommodating apparatus 1201 transmits a polling signal
(Poll) 1312 to make a notification for selecting a desired
radio communication terminal (for example, the radio com-
munication terminal 1202) as a communication partner. At
this time, a data signal 1313 to be transmitted can also be
transmitted in succession. Upon receipt of the polling signal
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1312+the data signal 1313, the radio communication termi-
nal 1202 transmits a polling reception acknowledgment
signal (Poll acknowledgment) 1314 for making a notifica-
tion on the reception completion after a predetermined time
T, (<T,). In this connection, the radio communication ter-
minal 1202 can also transmit a data signal 1315 subse-
quently to the polling reception acknowledgment signal
1314.

[0012] After the completion of the transmission by the
radio communication terminal 1202, the radio communica-
tion terminal accommodating apparatus 1201 can also pro-
duce and transmit an acknowledgment signal 1316 for the
notification on the completion of reception of the data signal
1315+a polling signal (Poll) 1317 to a different radio com-
munication terminal (for example, the radio communication
terminal 1203) after waiting for the predetermined time T..
In a case in which the radio communication terminal 1203
does not return the polling reception acknowledgment signal
1314 to the radio communication terminal accommodating
apparatus 1201 for some reason, the radio communication
terminal accommodating apparatus 1201 can also transmit a
polling signal (Poll) 1318 to a different radio communication
terminal (for example, the radio communication terminal
1204) after a predetermined time T,. Moreover, when the
radio communication terminal accommodating apparatus
1201 transmits an end signal 1319, this centralized control
type communication method comes to an end.

[0013] Furthermore, FIG. 17 is a time chart showing a
second example of communication to be conducted in the
radio communication system shown in FIG. 15. The radio
communication terminal accommodating apparatus 1201
can select one of the radio communication terminals 1202 to
1204 after a predetermined time T, from when signal dis-
appears in the transmission medium to transmit a polling
signal (Poll) 1411 thereto. This polling signal 1411 makes
the setting so as to inhibit the other radio communication
terminals 1202 to 1204 from making communications. A
transmission-allowable time period 1412 for which only a
radio communication terminal to which a transmission right
is given through the polling signal 1411 can make data
transmission is set after the elapse of a predetermined time
T, from the completion of the transmission of this polling
signal 1411. This transmission-allowable time period 1412
runs on from when the polling signal 1411 is transmitted
until a predetermined time period elapses or until an end
signal 1319 is transmitted by the radio communication
terminal accommodating apparatus 1201.

[0014] In this connection, the radio communication termi-
nal accommodating apparatus 1201 can transmit this polling
signal 1411 at any time when a predetermined time T,
elapses after an arbitrary signal disappears in the transmis-
sion medium, and the predetermined time T}, is set at a time
period shorter than the predetermined time T, forming a
stand-by time of the radio communication terminals 1202 to
1204. Moreover, it is possible to select this radio commu-
nication terminal accommodating apparatus 1201 itself
through the polling signal 1411 and, since the communica-
tion mode is not limited in the transmission-allowable time
period 1412 (that is, it is also possible to transmit a polling
signal for again selecting the radio communication terminal
accommodating apparatus 1201 itself in the transmission-
allowable time period 1412), the radio communication ter-
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minal accommodating apparatus 1201 has an extremely
strong access right to the transmission medium.

[0015] Furthermore, FIG. 18 is an illustrative view show-
ing one example of communication based on a combination
of conventional distributed control type and centralized
control type communication methods. As shown in FIG. 18,
the aforesaid distributed control type and centralized control
type communication methods are used in a state combined
with each other. For example, in a radio communication
system having the radio communication terminal accommo-
dating apparatus 1201 shown in FIG. 15, the distributed
control type communication method and the communication
method of the first example of the centralized control type
are almost periodically conducted alternately under control
of the radio communication terminal accommodating appa-
ratus 1201, and the radio communication terminal accom-
modating apparatus 1201 can start the communication
method of the second example of the centralized control

type.

[0016] However, the conventional radio communication
methods are mainly for the purpose of avoiding the conten-
tion between radio communication terminals and the colli-
sion between signals and, hence, the overheads (for
example, transmission of polling signals for each radio
communication terminal) on communications other than
data, such as guard times (for example, the aforesaid pre-
determined times T, T, Tr, and others) and control signals,
are provided between signals to be transmitted from each
radio communication terminal or a radio communication
terminal accommodating apparatus to a radio transmission
medium. The data communication time becomes shorter as
the communication time for the guard times and the over-
heads becomes longer, thereby leading to a decrease in
throughput, which produces a great factor of a decrease in
throughput of data communications. In this case, the
throughput signifies an average data transmission volume
per unit time which is to be correctly transmitted/received
through a radio communication medium between trans-
ceiver sand, usually, it is expressed by an average number of
bits [bit/second] correctly transmitted per second.

DISCLOSURE OF THE INVENTION

[0017] In consideration of the above-described problems,
it is an object of the present invention to provide a radio
communication method and radio communication terminal
accommodating apparatus capable of improving the com-
munication throughput while maintaining the interchange-
ability with a radio communication system or radio com-
munication method employing a time division multiple
access (IDMA) using carrier sense in a conventional mul-
tiple access system.

[0018] For achieving the above-mentioned purpose, a
radio communication method according to the present
invention for use in a radio communication system, designed
to make communications between one radio communication
terminal accommodating apparatus and a plurality of radio
communication terminals, communication-controlled by the
radio communication terminal accommodating apparatus,
through a radio transmission medium, wherein the radio
communication terminal accommodating apparatus deter-
mines the allocation order of communication right permit-
ting occupation of the radio transmission medium with
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respect to each of the plurality of radio communication
terminals, and the radio communication terminal accommo-
dating apparatus monitors a communication on the radio
transmission medium and transmits information on the
determined allocation order of the communication right
collectively to the plurality of radio communication termi-
nals at an arbitrary timing of a detection of a non-signal time
longer than a predetermined length in communication on the
radio transmission medium so that, on the basis of the
information on the order, each of the plurality of radio
communication terminals acquires the communication right
to use the radio transmission medium and makes commu-
nication.

[0019] Thus, the radio communication terminal accommo-
dating apparatus can determine the given order of the
communication rights with respect to the respective radio
communication terminals and can transmit the information
indicative of this order at an arbitrary transmission timing
acquired through the carrier sense, which optimizes the time
interval of the communication right time periods adjacent to
each other so that the communication throughput is improv-
able.

[0020] In addition, for the aforesaid purpose, a radio
communication method according to the present invention
for use in a radio communication system, designed to make
communications between one radio communication terminal
accommodating apparatus and a plurality of radio commu-
nication terminals, communication-controlled by the radio
communication terminal accommodating apparatus, through
a radio transmission medium, wherein the radio communi-
cation terminal accommodating apparatus determines a time
zone to be allocated as the communication right permitting
occupation of the radio transmission medium with respect to
each of the plurality of radio communication terminals, and
the radio communication terminal accommodating appara-
tus determines the allocation order of communication right
permitting occupation of the radio transmission medium
with respect to each of the plurality of radio communication
terminals, and the radio communication terminal accommo-
dating apparatus monitors a communication on the radio
transmission medium and transmits information on the time
zone and the order collectively to the plurality of radio
communication terminals at an arbitrary timing of a detec-
tion of a non-signal time longer than a predetermined length
in communication on the radio transmission medium so that,
on the basis of the information on the time zone, each of the
plurality of radio communication terminals acquires the
communication right to use the radio transmission medium
and makes communication and subsequently, on the basis of
the information on the order, acquires the communication
right to use the radio transmission medium and makes
communication.

[0021] Thus, the radio communication terminal accommo-
dating apparatus can determine the time zones to be given as
the communication rights with respect to the respective
radio communication terminals and can transmit the infor-
mation indicative of this time zone at an arbitrary transmis-
sion timing acquired through the carrier sense, which opti-
mizes the time interval of the communication right time
periods adjacent to each other so that the communication
throughput is improvable. Moreover, the radio communica-
tion terminal accommodating apparatus can determine the
given order of the communication rights subsequently to the
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setting of the communication rights based on the time zone
and can transmit the information indicative of this order at
an arbitrary transmission timing acquired through the carrier
sense, which optimizes the time interval of the communi-
cation right time periods adjacent to each other so that the
communication throughput is improvable.

[0022] Still additionally, in accordance with the present
invention, the radio communication terminal accommodat-
ing apparatus determines a direction of communication
between the radio communication terminal accommodating
apparatus and the radio communication terminals with
respect to the communication rights allocated as the time
zones and transmits information on the communication
direction in addition to the information on the time zones
and the order collectively to the plurality of radio commu-
nication terminals, while each of the plurality of radio
communication terminals makes communication according
to the communication direction when making communica-
tion according to the communication right allocated as the
time zone.

[0023] For example, this can reduce a redundant stand-by
time for a communication right time period related to the
downlink from the radio communication terminal accom-
modating apparatus to each of the radio communication
terminals, thereby improving the communication through-
put.

[0024] Yet additionally, according to the present inven-
tion, further to the above-described invention, when starting
the communication by the communication right allocated as
the order, the radio communication terminal monitors the
communication by the radio communication terminal having
the allocated turn immediately preceding the turn of this
radio communication terminal and, when detecting a non-
signal time longer than a predetermined length in the com-
munication by the radio communication terminal having the
immediately-preceding allocated turn, decides the incoming
of its own communication right time period and starts the
communication by the communication right.

[0025] This enables smooth and reliable shifting or tran-
sition to the communication right time period determined in
order.

[0026] Moreover, according to the present invention, fur-
ther to the above-described invention, the radio communi-
cation terminal transmits information indicative of the
completion of the communication by the communication
right when terminating the communication by the commu-
nication right allocated as the order.

[0027] This enables a clear pronouncement on the end of
the communication right with respect to the radio commu-
nication terminal accommodating apparatus and the other
radio communication terminals, thereby achieving the
smooth and reliable shifting among the communication
rights.

[0028] Still moreover, according to the present invention,
further to the above-described invention, the radio commu-
nication terminal monitors the communication by the radio
communication terminal having the allocated turn immedi-
ately preceding the turn of this radio communication termi-
nal and, when detecting that the information indicative of the
completion of the communication is transmitted from the
radio communication terminal having the immediately-pre-
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ceding allocated turn, decides the incoming of its own
communication right time period and starts the communi-
cation by the communication right.

[0029] This enables smooth and reliable shifting to the
communication right time period determined in order.

[0030] Yet moreover, according to the present invention,
further to the above-described invention, the radio commu-
nication terminal accommodating apparatus is made to carry
out the order allocation such that, of the communication
rights allocated as the order, with respect to the communi-
cation rights having the turns adjacent to each other, the
radio communication terminal having the succeeding allo-
cated turn monitors the communication by the radio com-
munication terminal having the preceding allocated turn.

[0031] This enables smooth and reliable shifting to the
communication right time period determined in order.

[0032] Yet moreover, according to the present invention,
combined with the above-described invention, each of the
plurality of radio communication terminals acquires identi-
fication information on the communication-monitorable
other radio communication terminal, and each of the plu-
rality of radio communication terminals transmits the iden-
tification information on the other radio communication
terminal, acquired through the monitoring, to the radio
communication terminal accommodating apparatus, while
the radio communication terminal accommodating appara-
tus carries out the order allocation on the basis of the
identification information on the other radio communication
terminal received from each of the plurality of radio com-
munication terminals.

[0033] Thus, the radio communication terminal accommo-
dating apparatus can determine the order so as to enable the
smooth and reliable shifting between the communication
right time periods.

[0034] Furthermore, for the above-mentioned purpose, a
radio communication method according to the present
invention for use in a radio communication system, designed
to make communications between one radio communication
terminal accommodating apparatus and a plurality of radio
communication terminals, communication-controlled by the
radio communication terminal accommodating apparatus,
through a radio transmission medium, wherein the radio
communication terminal accommodating apparatus deter-
mines a time zone to be allocated as communication right
permitting occupation of the radio transmission medium
with respect to each of the plurality of radio communication
terminals, and the radio communication terminal accommo-
dating apparatus monitors a communication on the radio
transmission medium and transmits information on the time
zone collectively to the plurality of radio communication
terminals at an arbitrary timing of a detection of a non-signal
time longer than a predetermined length in communication
on the radio transmission medium so that, on the basis of the
information on the time zone, each of the plurality of radio
communication terminals acquires the communication right
to use the radio transmission medium.

[0035] Thus, the radio communication terminal accommo-
dating apparatus can determine the time zones correspond-
ing to the communication rights given with respect to the
respective radio communication terminals and can transmit
the information indicative of this time zone at an arbitrary
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transmission timing acquired through the carrier sense,
which optimizes the time interval of the communication
right time periods adjacent to each other so that the com-
munication throughput is improvable.

[0036] Still furthermore, according to the present inven-
tion, combined with the above-described invention, the radio
communication terminal accommodating apparatus deter-
mines a communication direction between the radio com-
munication terminal accommodating apparatus and the radio
communication terminals with respect to the communication
rights allocated as the time zones and transmits the infor-
mation on the communication direction in addition to the
information on the time zone collectively to the plurality of
radio communication terminals so that each of the plurality
of radio communication terminals makes the communica-
tion according to the communication direction when making
the communication by the communication right allocated as
the time zone.

[0037] For example, this can reduce a redundant stand-by
time for a communication right time period related to the
downlink from the radio communication terminal accom-
modating apparatus to each of the radio communication
terminals, thereby improving the communication through-
put.

[0038] Yet furthermore, according to the present inven-
tion, combined with the above-described invention, when
the communications by all the communication rights allo-
cated to the plurality of radio communication terminals by
the radio communication terminal accommodating appara-
tus reach completion, the communication mode in the radio
transmission medium is returned to a communication mode
before the allocation of the communication rights by the
radio communication terminal accommodating apparatus.

[0039] This can maintain the interchangeability with a
radio communication system or radio communication
method using carrier sense in a conventional multiple access
system.

[0040] In addition, for the aforesaid purpose, a radio
communication terminal accommodating apparatus accord-
ing to the present invention, designed to make communica-
tions with respect to each of a plurality of radio communi-
cation terminals through a radio transmission medium and to
carry out communication control in each of the plurality of
radio communication terminals, comprises means for deter-
mining the allocation order of communication right permit-
ting the occupation of the radio transmission medium with
respect to each of the plurality of radio transmission termi-
nals and means for monitoring communication in the radio
transmission medium to transmit information on the order
collectively to the plurality of radio communication termi-
nals at an arbitrary timing of a detection of a non-signal time
longer than a predetermined length on the communication in
the radio transmission medium, with each of the plurality of
radio communication terminals being made to acquire com-
munication right to use the radio transmission medium on
the basis of the information on the order for carrying out
communication.

[0041] This configuration enables the radio communica-
tion terminal accommodating apparatus to determine the
order of the communication right to be given to each radio
communication terminal and transmit the information on
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this order at an arbitrary transmission timing acquired
through the carrier sense, which optimizes the time interval
between the adjoining communication right time periods to
improve the communication throughput.

[0042] Still additionally, for the aforesaid purpose, a radio
communication terminal accommodating apparatus accord-
ing to the present invention, designed to make communica-
tions with respect to each of a plurality of radio communi-
cation terminals through a radio transmission medium and to
carry out communication control in each of the plurality of
radio communication terminals, comprises means for deter-
mining a time zone to be allocated as a communication right
permitting the occupation of the radio transmission medium
with respect to each of the plurality of radio transmission
terminals, means for determining an allocation order of
communication right permitting the occupation of the radio
transmission medium with respect to each of the plurality of
radio transmission terminals and means for monitoring
communication in the radio transmission medium to trans-
mit information on the time zone and the order collectively
to the plurality of radio communication terminals at an
arbitrary timing of a detection of a non-signal time longer
than a predetermined length on the communication in the
radio transmission medium, with each of the plurality of
radio communication terminals being made to acquire com-
munication right to use the radio transmission medium on
the basis of the information on the time zone for carrying out
communication and subsequently to acquire communication
right to use the radio transmission medium on the basis of
the information on the order for carrying out communica-
tion.

[0043] This configuration enables the radio communica-
tion terminal accommodating apparatus to determine the
time zone of the communication right to be given to each
radio communication terminal to transmit the information on
this time zone at an arbitrary transmission timing acquired
through the carrier sense, which optimizes the time interval
between the adjoining communication right time periods to
improve the communication throughput. Moreover, it
enables the radio communication terminal accommodating
apparatus to determine the order of the communication right
to be given thereto subsequently to the setting of the
communication right on the time zone to transmit the
information on this order at an arbitrary transmission timing
acquired through the carrier sense, which optimizes the time
interval between the adjoining communication right time
periods to improve the communication throughput.

[0044] Yet additionally, for the aforesaid purpose, a radio
communication terminal accommodating apparatus accord-
ing to the present invention, designed to make communica-
tions with respect to each of a plurality of radio communi-
cation terminals through a radio transmission medium and to
carry out communication control in each of the plurality of
radio communication terminals, comprises means for deter-
mining the time zone to be allocated as the communication
right permitting the occupation of the radio transmission
medium with respect to each of the plurality of radio
transmission terminals and means for monitoring commu-
nication in the radio transmission medium to transmit infor-
mation on the time zone collectively to the plurality of radio
communication terminals at an arbitrary timing of a detec-
tion of a non-signal time longer than a predetermined length
on the communication in the radio transmission medium,
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with each of the plurality of radio communication terminals
being made to acquire communication right to use the radio
transmission medium on the basis of the information on the
time zone for carrying out communication.

[0045] This configuration enables the radio communica-
tion terminal accommodating apparatus to determine the
time zone of the communication right to be given to each
radio communication terminal and transmit the information
on this time zone at an arbitrary transmission timing
acquired through the carrier sense, which optimizes the time
interval between the adjoining communication right time
periods to improve the communication throughput.

[0046] In accordance with the present invention, the radio
communication terminal accommodating apparatus deter-
mines the allocation order of communication right permit-
ting the occupation of the radio transmission medium with
respect to each of the plurality of radio transmission termi-
nals and monitors communication in the radio transmission
medium to transmit information on the order collectively to
the plurality of radio communication terminals at an arbi-
trary timing of a detection of a non-signal time longer than
a predetermined length on the communication in the radio
transmission medium, with each of the plurality of radio
communication terminals being made to acquire communi-
cation right to use the radio transmission medium on the
basis of the information on the order for carrying out
communication, which enables the radio communication
terminal accommodating apparatus to determine the given
order of communication right to each radio communication
terminal for transmitting the information on this order at an
arbitrary transmission timing acquired through the carrier
sense, thus optimizing the time interval between the adjoin-
ing communication right time periods to improve the com-
munication throughput.

[0047] Moreover, in accordance with the present inven-
tion, the radio communication terminal accommodating
apparatus determines the time zone allocated as the com-
munication right permitting the occupation of the radio
transmission medium with respect to each of the plurality of
radio transmission terminals and monitors communication
in the radio transmission medium to transmit information on
the time zone collectively to the plurality of radio commu-
nication terminals at an arbitrary timing of a detection of a
non-signal time longer than a predetermined length on the
communication in the radio transmission medium, with each
of the plurality of radio communication terminals being
made to acquire communication right to use the radio
transmission medium on the basis of the information on the
time zone for carrying out communication, which enables
the radio communication terminal accommodating appara-
tus to determine the time zone to be given as communication
right to each radio communication terminal for transmitting
the information on this time zone at an arbitrary transmis-
sion timing acquired through the carrier sense, thus opti-
mizing the time interval between the adjoining communi-
cation right time periods to improve the communication
throughput.

[0048] Still moreover, in accordance with the present
invention, a radio communication terminal accommodating
apparatus determines a time zone to be allocated as a
communication right permitting the occupation of the radio
transmission medium with respect to each of the plurality of

Feb. 15, 2007

radio transmission terminals, determines an allocation order
of communication right permitting the occupation of the
radio transmission medium with respect to each of the
plurality of radio transmission terminals and monitors com-
munication in the radio transmission medium to transmit
information on the time zone and the order collectively to
the plurality of radio communication terminals at an arbi-
trary timing of a detection of a non-signal time longer than
a predetermined length on the communication in the radio
transmission medium, with each of the plurality of radio
communication terminals being made to acquire communi-
cation right to use the radio transmission medium on the
basis of the information on the time zone for carrying out
communication and subsequently to acquire communication
right to use the radio transmission medium on the basis of
the information on the order, which enables the radio com-
munication terminal accommodating apparatus to determine
the time zone to be given as communication right to each
radio communication terminal for transmitting the informa-
tion on this time zone at an arbitrary transmission timing
acquired through the carrier sense, thus optimizing the time
interval between the adjoining communication right time
periods to improve the communication throughput, and
which enables the radio communication terminal accommo-
dating apparatus to determine the order of the communica-
tion right to be given thereto subsequently to the setting of
the communication right on the time zone to transmit the
information on this order at an arbitrary transmission timing
acquired through the carrier sense, thereby optimizing the
time interval between the adjoining communication right
time periods to improve the communication throughput.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] FIG. 1is an illustration of a configuration of a radio
communication system common to first to third embodi-
ments of the present invention;

[0050] FIG. 2 is an illustrative view showing the outline of
a communication common to the first to third embodiments
of the present invention;

[0051] FIG. 3 is a block diagram showing a configuration
of a radio communication terminal accommodating appara-
tus common to the first to third embodiments of the present
invention;

[0052] FIG. 4 is a time chart showing a communication
according to the first embodiment of the present invention;

[0053] FIG. 5A is an illustration of a first example of a
time chart showing a communication mode within a com-
munication right time period according to the first embodi-
ment of the present invention;

[0054] FIG. 5B is an illustration of a second example of a
time chart showing a communication mode within a com-
munication right time period according to the first embodi-
ment of the present invention;

[0055] FIG. 6 is an illustrative view showing one example
of a configuration of a radio communication system accord-
ing to the first embodiment of the present invention;

[0056] FIG. 7 is an illustration of the relationship in
detection of existence between radio communication termi-
nals in the radio communication system shown in FIG. 6;
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[0057] FIG. 8 is an illustrative view showing the relation-
ship in detection of existence in the radio communication
system according to the first embodiment of the present
invention;

[0058] FIG. 9 is a time chart showing a communication
according to the second embodiment of the present inven-
tion;

[0059] FIG. 10 is a time chart showing a communication
according to the third embodiment of the present invention;

[0060] FIG. 11 is a time chart showing one example in the
case of shifting to communication methods according to the
first to third embodiment of the present invention;

[0061] FIG. 12 is an illustrative view showing a case in
which a radio communication terminal accommodating
apparatus has a directional antenna or has an antenna
capable of producing a directivity;

[0062] FIG. 13 is an illustration of one example of a
distributed control configuration in a conventional radio
communication system;

[0063] FIG. 14 is a time chart showing one example of a
communication to be conducted in the radio communication
system shown in FIG. 13;

[0064] FIG. 15 is an illustration of one example of a
centralized control configuration in a conventional radio
communication system;

[0065] FIG. 16 is a time chart showing a first example of
a communication to be conducted in the radio communica-
tion system shown in FIG. 15;

[0066] FIG. 17 is a time chart showing a second example
of a communication to be conducted in the radio commu-
nication system shown in FIG. 15; and

[0067] FIG. 18 is an illustrative view showing one
example of a communication based on a combination of
conventional distributed control type and centralized control
type communication methods.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0068] First to third embodiments of the present invention
will be described hereinbelow with reference to the draw-
ings. FIG. 1 is an illustration of a radio communication
system common to first to third embodiments of the present
invention. As FIG. 1 shows, a radio communication system
according to the present invention is of a centralized control
type made up of one radio communication terminal accom-
modating apparatus 101 and a plurality of radio communi-
cation terminals accommodated by the radio communication
terminal accommodating apparatus 101. Incidentally, the
following description will be given assuming that n radio
communication terminals 102a to 102 reside in the radio
communication system shown in FIG. 1.

[0069] Moreover, FIG. 2 is an illustrative view showing
the outline of a communication common to the first to third
embodiments of the present invention. In a radio commu-
nication method according to the present invention, in a
communication mode in which a conventional distributed
control type communication method and a conventional
centralized control type communication method described
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as the first example are almost periodically and alternately
conducted under control of the radio communication termi-
nal accommodating apparatus 101, the radio communication
terminal accommodating apparatus 101 can start to work at
any time as needed. In this respect, this can be considered to
be on an equivalent status to the conventional centralized
control type communication method described as the second
example.

[0070] Still moreover, FIG. 3 is a block diagram showing
a configuration of a radio communication terminal accom-
modating apparatus common to the first to third embodi-
ments of the present invention. The radio communication
terminal accommodating apparatus 101 shown in FIG. 3 is
composed of an antenna 11, a radio transmission/reception
unit 12, a PHY (Physical Layer) unit 13, a DLC (Data Link
Control) unit 14, an MAC (Media Access Control) unit 15
and a scheduler unit 16. The radio transmission/reception
unit 12 carries out a signal conversion to transmit a signal,
received from the PHY unit 13, as a radio signal through the
antenna 11, and makes a conversion on a radio signal
received through the antenna 11 and outputs it to the PHY
unit 13. The PHY unit 13 makes a mutual conversion
between data to be transmitted/received and a signal corre-
sponding to a radio transmission medium. The DLC unit 14
carries out data transmission control, and the MAC unit 15
constitutes a portion of the DLC unit 14 and performs data
sending control.

[0071] Moreover, the scheduler unit 16 allocates commu-
nication rights with respect to the radio communication
terminals 102a to 102n. Concretely, for example, with
respect to each of the plurality of radio communication
terminals 102a to 102, the scheduler unit 16 determines the
order or turn of the allocation of the communication right
(first embodiment described later), determines a time zone to
be allocated as the communication right (second embodi-
ment described later) or determines both the aforesaid
communication right allocation order and time zone, and
produces a multiple-polling signal representative of the
allocation of the communication right and carries out control
on a transmission timing of data to be transmitted.

First Embodiment

[0072] A description will be given hereinbelow of a first
embodiment of the present invention. FIG. 4 is a time chart
showing a communication according to the first embodiment
of the present invention. First of all, the radio communica-
tion terminal accommodating apparatus 101 carries out
carrier sense on a communication situation of a transmission
medium and, after waiting for only a predetermined carrier
sense time T, from a point of time that signal disappears in
the transmission medium, transmits a multiple-polling signal
(MultiPoll) 311 to the transmission medium. The transmis-
sion of this multiple-polling signal 311 is conducted by
means of the broadcast to the respective radio communica-
tion terminals 102a to 102z, and all radio communication
terminals 1024 to 1027 accommodated in the radio commu-
nication terminal accommodating apparatus 101 can receive
the multiple-polling signal 311 to refer to it.

[0073] In this multiple-polling signal 311, there is written
the order of communication rights to be given to each of the
radio communication terminals 102a to 102z. That is, in the
multiple-polling signal 311, there is written the order of the
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communication rights to be given thereto, such as “radio
communication terminal 1024”, “radio communication ter-
minal 10257, . . ., “radio communication terminal 102»”. In
this connection, as an identifier of the “radio communication
terminal 1024” which specifies the radio communication
terminal 102aq, it is possible to use, for example, an MAC-ID
determined globally and uniquely, an connection ID set at
connection, or the like, and it is desirable that the radio
communication terminal accommodating apparatus 101
acquires or sets these identifiers in advance.

[0074] As methods of allocating a communication right to
each of the radio communication terminals 1024 to 102» in
the radio communication terminal accommodating appara-
tus 101, for example, there are a method of allocating
communication rights selectively to the radio communica-
tion terminals 102« to 1027 which make a request for data
transmission and a method of allocating the communication
rights to all the radio communication terminals 102a to
102n. Moreover, as well as the respective radio communi-
cation terminals 102a to 1027, a communication right can
also be allocated through the multiple-polling signal 311 to
even the radio communication terminal accommodating
apparatus 101 itself.

[0075] In the case of the method of allocating the com-
munication rights selectively to the radio communication
terminals 102a to 102z which make a request for data
transmission, before the transmission of the multiple-polling
signal 311, the radio communication terminal accommodat-
ing apparatus 101 collects the data transmission requests
from the respective radio communication terminals 102a to
102r and gives a communication right to only the radio
communication terminals 102a to 102~ which have made a
request for the data transmission. At this time, for example,
in a case in which the radio communication terminals 102a
to 102z, which have made the data transmission request, are
many in number, the radio communication terminal accom-
modating apparatus 101 can also limit the radio communi-
cation terminals 1024 to 102% to which the communication
rights are to be given. In the case of this method, in the
multiple-polling signal 311, there is written only the iden-
tification information on the radio communication terminals
102a to 1027 which make a data transmission request.

[0076] On the other hand, in the case of the method of
allocating the communication rights to all the radio com-
munication terminals 102a to 102, the radio communica-
tion terminal accommodating apparatus 101 produces a
multiple-polling signal in which written are the identifica-
tion information of the radio communication terminals 102a
to 102» accommodated. Moreover, the radio communication
terminal accommodating apparatus 101 can also use the
above-described two methods properly or combine them in
accordance with the number of radio communication termi-
nals 102a to 1027 to be accommodated or the number of
radio communication terminals 102a to 102z which make a
request for the data transmission. Still moreover, if the radio
communication terminals to be accommodated are many in
number, then the allocation of the communication rights can
also be made by a plurality of divided multiple-polling
signals 311 such that the first multiple-polling signal 311
conducts the allocation of the communication rights on the
radio communication terminals 102a to 102/ while the next
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multiple-polling signal 311 performs the allocation of the
communication rights on the radio communication terminals
102g to 102

[0077] After the completion of transmission of the mul-
tiple-polling signal 311, the communications are made
according to the communication rights of the respective
radio communication terminals 102a to 102z allocated
through the use of the multiple-polling signal 311. That is,
after the completion of transmission of the multiple-polling
signal 311, a communication right time period 312 for the
radio communication terminal 102a starts after leaving out
a predetermined time T, (<T,) sufficiently shorter than a
conventional guard time. Incidentally, since the next-trans-
mission-permitted radio communication terminal 102a is
already determined by the multiple-polling signal 311, a
predetermined time period shorter than the conventional
predetermined time T, is also employable as the time T,.
Within this communication right time period 312, of the n
radio communication terminals 1024 to 102z, only the radio
communication terminal 1024 is permitted on the transmis-
sion medium, while the other non-permitted radio commu-
nication terminals 1026 to 102z other than the radio com-
munication terminal 102a cannot conduct the transmission
operations using this transmission medium.

[0078] In addition, the radio communication terminal
accommodating apparatus 101 does not determine the length
of the communication right time period 312, and the com-
munication right time period 312 for the radio communica-
tion terminal 1024 continues until the data transmission
from the radio communication terminal 102a reaches
completion. Still additionally, within the communication
right time period 312, it is preferable that the radio com-
munication terminal 102a uses a predetermined time Ty
shorter than the aforesaid T, . As this predetermined time Tj,
for example, the shortest guard time (time needed for the
switching from reception to transmission) is employable.
The radio communication terminal 1025 to which the turn of
the communication right time period is allocated next to the
radio communication terminal 102a, which is making a
communication using the communication right time period
312, monitors the communication between the radio com-
munication terminal accommodating apparatus 101 and the
radio communication terminal 102a and, when the radio
transmission medium has been in a non-signal state for the
predetermined time T (>Tp, <T,,) from the last point of time
that a signal existed in the transmission medium, starts the
data transmission, and the shifting or transition occurs from
the communication right time period 312 for the radio
communication terminal 102¢ to a communication right
time period 313 for the radio communication terminal 1025.
Incidentally, in this case, although the radio communication
terminal 1025 to which the communication right is given
next to the radio communication terminal 102a carries out
the carrier sense to detect the timing of the shifting of the
communication right, for example, it is also acceptable to
make clear the timing of the shifting of the communication
right by including a bit indicative of the end of the com-
munication right time period or a spontaneous release in
acknowledgment signal 412, acknowledgment signals 422a
to 422¢, mentioned later, the last packet when the transmis-
sion reaches completion, or the like.

[0079] Furthermore, the radio communication terminals
102a to 1027 which does not require the communication
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rights determined through the use of the multiple-polling
signal 311 (for example, the radio communication terminals
1024 to 102» which cancel the data transmission after
making a request for the data transmission or the radio
communication terminals 102a to 102% having no intention
of carrying out the data but receiving the allocation of the
communication rights) need to transmit some signal for
using the communication right. At this time, the signal to be
transmitted from each of the radio communication terminals
102a to 1027 which does not require the communication
rights can be an arbitrary signal. In a case in which a
non-signal time period longer than the predetermined time
T occurs on the transmission medium, since there is a
pgssibility that the communication is made without obeying
the order set through the multiple-polling signal 311, there
is a need to prevent the aforesaid occurrence of a non-signal
time period longer than the predetermined time T,.

[0080] When the shifting from the communication right
time periods 312 and 313 takes place according to the order
set through the multiple-polling signal 311 in this way and
a communication right time period 314 for the radio com-
munication terminal 1027 having the last turn comes to an
end, the radio communication system again returns to the
distributed control type communication method. In this
connection, for example, in a case in which a maximum
communication right time period is set for each of the radio
communication terminals 102« to 1027 so that the shifting
to the communication right time period for the radio com-
munication terminal 102a to 1027 corresponding to the next
turn is made when that time period elapses or when the radio
communication terminal accommodating apparatus 101
transmits a forced termination signal, it is also possible to
return the operation to the distributed control type commu-
nication method. Within the time period of carrying out the
distributed control type communication method, a conven-
tional radio communication terminal can also conduct the
transmission and reception. Moreover, it is also possible to
again transmit the next multiple-polling signal 311 without
returning to the distributed control after the end of the
communication right time period 314, thereby shifting to a
communication method similar to that shown in FIG. 4.

[0081] In addition, in a manner such that the radio com-
munication terminal accommodating apparatus 101 sets the
last communication right time period, specified by the
multiple-polling signal 311, in the radio communication
terminal accommodating apparatus 101 itself and again
transmits the multiple-polling signal 311 within this last
communication right time period, it is possible to continue
the communication mode specified by the multiple-polling
signal 311.

[0082] Still additionally, in a case in which the lastly set
communication right time period 314 for the radio commu-
nication terminal 102» comes to an end and the communi-
cation method again returns to the distributed control type,
there is a case in which the radio communication terminal
102a to 1027 which cannot detect the completion of the
communication mode specified by the multiple-polling sig-
nal 311 (for example, a radio communication terminal which
cannot detect the communication by the radio communica-
tion terminal 1027) exists, which leads to a radio commu-
nication system unfair in the radio communication terminals
1024 to 102n.
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[0083] For keeping the fairness among the radio commu-
nication terminals 102a to 102, the communication may be
made according to the following setting.

[0084] When detecting the end of the last communication
right time period 314, the radio communication terminal
accommodating apparatus 101 broadcasts an end notifica-
tion signal indicative of the completion of this communica-
tion mode to all the radio communication terminals 102a to
102n.

[0085] In a case in which a power control (transmission
power control) is implemented and a possibility exists that,
of the radio communication terminals 1024 to 102, there is
the radio communication terminal 102a to 1027 on which
the radio communication terminal accommodating appara-
tus 101 cannot detect the communication, the last commu-
nication right time period 314 is positively allocated to the
radio communication terminal 102a to 1027 detectable by
the radio communication terminal accommodating appara-
tus 101 and, when detecting the end of the last communi-
cation right terminal 314, the radio communication terminal
accommodating apparatus 101 broadcasts an end notifica-
tion signal indicative of the completion of this communica-
tion mode to all the radio communication terminals 102a to
102n.

[0086] The last communication right time period 314 is set
in the radio communication terminal accommodating appa-
ratus 101 itself and, at the end of this communication right
time period, an end notification signal indicative of the
completion of this communication mode is broadcasted to
all the radio communication terminals 102a to 1027.

[0087] A maximum continuation time for a communica-
tion mode specified by the multiple-polling signal 311 is set
and, when this maximum continuation time eclapses, the
radio communication system is made to return to the dis-
tributed control type communication method.

[0088] Furthermore, the radio communication terminals
102a to 1027, which conduct the communications using the
communication right time periods 312 to 314 (the commu-
nication rights are allocated thereto) within these commu-
nication right time periods, can employ any communication
mode. FIGS. 5A and 5B are time charts showing commu-
nication modes within communication right time periods
according to the first embodiment of the present invention.
For example, within the communication right time period
312, as shown in FIG. 5A, the radio communication terminal
102a transmits data signals 411a to 41le, to be sent, in
succession to the radio communication terminal accommo-
dating apparatus 101, and the radio communication terminal
accommodating apparatus 101 can once transmit an
acknowledgment signal 412 for the confirmation of these
data signals 411a to 411e. In addition, as shown in FIG. 5B,
the radio communication terminal accommodating appara-
tus 101 can also alternately transmit data signals 421a to
421c¢ and acknowledgment signals 422a to 422¢ by one.

[0089] Preferably, a predetermined time Ty (<T,) is
employed within each of the communication right time
periods 312 to 314. Moreover, when data signals to be sent
are transmitted in succession to the radio communication
terminal accommodating apparatus 101, the redundancy
predetermined time Ty and the acknowledgment signals are
reducible, so the communication efficiency is improvable.
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Still moreover, a communication forming a feature of the
present invention after the transmission of the multiple-
polling signal 311 utilizes the times T, and Ty shorter than
the predetermined time T, taken as a stand-by time between
data so far. This inhibits a radio communication terminal
accommodating apparatus or radio communication terminal
in a conventional system from carrying out data transmis-
sions. Yet moreover, for example, if it takes time until the
turn comes or when the communication right allocated was
already used, it is also possible that the radio communication
terminals 102a¢ to 102e fall into a power-saving mode to
suppress the useless consumption of electric power.

[0090] In addition, with respect to the order of the respec-
tive radio communication terminals 102a to 102z to be set
through the use of the multiple-polling signal 311, there is a
need to make the setting carefully for the following reasons.
FIG. 6 is an illustrative view showing one example of a
configuration of a radio communication system according to
the first embodiment of the present invention. For an easy
understanding of the description, FIG. 6 shows a radio
communication system made up of one radio communica-
tion terminal accommodating apparatus 101 and five radio
communication terminals 102a to 102e, where a communi-
cation range is drawn illustratively. Moreover, the five radio
communication terminals 102a to 102¢ are numbered by (1)
to (5), respectively. In the illustration, the numbers (1) to (5)
given to the radio communication terminals 102a to 102¢ are
indicated in a state circled.

[0091] FIG. 7 is an illustration of the relationship in
detection of existence between radio communication termi-
nals in the radio communication system shown in FIG. 6. In
FIG. 7, a left column indicates subjects of detection while an
upper column indicates objects of the detection, and o is
used when the subject of the detection can detect the
presence of the object while x is used when the subject of the
detection cannot detect the presence of the object. As seen
from FIGS. 6 and 7, for example, the radio communication
terminal 102¢ exists in the communication ranges of the
radio communication terminals 1025, 1024 and 102e and,
hence, it can know the existence thereof. On the other hand,
the radio communication terminal 102a exists out of the
communication range of the radio communication terminal
102¢ and, hence, it cannot accurately detect the communi-
cation based on the radio communication terminal 102c.

[0092] Accordingly, for example, in FIG. 6, when the turn
is allocated to the radio communication terminal 102a next
to the radio communication terminal 102¢ under the present
condition, the radio communication terminal 102a cannot
detect the end of the communication right time period for the
radio communication terminal 102¢ so that difficulty is
experienced in normally making the continuous shifting
between the communication right time periods. For avoiding
this problem, for example, the radio communication termi-
nal accommodating apparatus 101 acquires the information
on the other radio communication terminals 102a to 102e,
detectable by each of the radio communication terminals
102a to 102e, from each of the radio communication termi-
nals 102a to 102e so as to make out a list shown in FIG. 7
for carrying out the order allocation.

[0093] FIG. 8 is an illustrative view showing the relation-
ship in detection of existence in a radio communication
system according to the first embodiment of the present
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invention. Moreover, FIG. 8 is an illustration of the rela-
tionship among the radio communication terminals 102a to
102¢ in the radio communication system shown in FIGS. 6
and 7. In the illustration, when a signal comes from one
radio communication terminal to the other radio communi-
cation terminal (when the other radio communication ter-
minal exists in the communication range of one radio
communication terminal), arrows are drawn in directions
from one radio communication terminal to the other radio
communication terminal. For example, in FIG. 8, a search is
made for a route can be drawn with a single stroke which
passes through all the radio communication terminals 102a
to 102¢, and the order of communication right time periods
is set according to this route can be drawn with a single
stroke (for example, (1)—=(3)—=(5)—(4)—=(2)), thereby
enabling the setting of the order which smoothes the shifting
among the communication right time periods. Moreover, it
is also appropriate that the sequence can be drawn with a
single stroke, including the radio communication terminal
accommodating apparatus 101, is set therein.

Second Embodiment

[0094] Secondly, a description will be given hereinbelow
of a second embodiment of the present invention. FIG. 9 is
a time chart showing a communication according to a
second embodiment of the present invention. As in the case
of the first embodiment, the radio communication terminal
accommodating apparatus 101 makes the carrier sense on a
communication situation of a transmission medium and
transmits a multiple-polling signal (MultiPoll) 811 to the
transmission medium after waiting for a predetermined
carrier sense time T, from which signal disappears in the
transmission medium.

[0095] Inthis multiple-polling signal 811, there are written
start time and end time of the communication right with
respect to each of the radio communication terminals 102«
to 1027 and information on downlink (transmission from the
radio communication terminal accommodating apparatus
101 to the radio communication terminals 102a to 102#) or
uplink (transmission from the radio communication termi-
nals 102a to 102z to the radio communication terminal
accommodating apparatus 101). The start time to be written
can be a relative time set with reference to one time or it can
also be a universal time. Moreover, with respect to commu-
nication right time periods 812 to 817, in addition to the start
time, it is also possible to write duration of the communi-
cation right time period and the end time of the communi-
cation right time period.

[0096] In addition, the multiple-polling signal 811 can also
specify the time of each communication right time period
subsequent to the next multiple-polling signal 811 without
specifying the time of each communication right time period
812 to 817 immediately after this signal. Moreover, if the
length of each of the communication right time periods 812
to 817 and a method of allocating the downlink or uplink,
and others, are specified between the radio communication
terminal accommodating apparatus 101 and the radio com-
munication terminals 102a to 102n, it is possible to further
reduce the information included in the multiple-polling
signal 811. The lengths of the communication right time
periods 812 to 817 can also be set at different lengths
according to the radio communication terminals 102a to
102n.
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[0097] That is, in the multiple-polling signal 811, for
example, there are written the start time of the communi-
cation right to be given to each of the radio communication
terminals 102a to 102z and the information related to the
downlink (DOWN) or uplink (UP), such as:

[0098] “radio communication terminal 102a” start time
o, DOWN

[0099] “radio communication terminal 1025 start time
B, DOWN

[0100]

[0101] “radio communication terminal 1027” start time
y, UP

[0102] Moreover, the information on transmission/recep-
tion can also be written in place of the downlink/uplink.

[0103] As methods in which the radio communication
terminal accommodating apparatus 101 allocates the com-
munication rights to the respective radio communication
terminals 102a to 102#, as well as the above-described first
embodiment, for example, there are a method of allocating
communication rights selectively to the radio communica-
tion terminals 102« to 1027 which make a request for data
transmission and a method of allocating the communication
rights to all the radio communication terminals 102a to
102n.

[0104] In the second embodiment, in the case of the
method of allocating the communication rights selectively to
the radio communication terminals 102a to 102z which
make a request for data transmission, before the transmis-
sion of the multiple-polling signal 811, preferably, in addi-
tion to collecting the data transmission requests from the
respective radio communication terminals 102a to 1027, the
radio communication terminal accommodating apparatus
101 collects the time needed for the data transmission, the
transmission data volume or the like from the radio com-
munication terminals 102a to 102z. On the basis of the time
needed for the data transmission or the transmission data
volume, the radio communication terminal accommodating
apparatus 101 determines the length of the communication
right time period to be allocated to each of the radio
communication terminals 102a to 102z, which enables
efficiently setting the communication right time period
needed for each of the radio communication terminals 102a
to 102z. In this connection, for example, by setting a
maximum length of the communication right time period to
be allocated to each of the radio communication terminals
102a to 102#, it is possible to prevent the communication
right time periods to be allocated from being extremely
one-sided.

[0105] Moreover, the radio communication terminal
accommodating apparatus 101 can also use the above-
described two methods properly or combine them in accor-
dance with the number of radio communication terminals
102a to 102z to be accommodated, the number of radio
communication terminals 102a to 102z which make a
request for the data transmission, the lengths of the com-
munication right time periods for which the radio commu-
nication terminals 102a to 102z make a request, the trans-
mission data volume, or the like.

[0106] After the completion of transmission of the mul-
tiple-polling signal 811, the communication is made accord-
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ing to the communication right for each of the radio com-
munication terminals 102a to 102z allocated through the use
of the multiple-polling signal 811. In a mode shown by the
timing chart of FIG. 9, subsequently to the multiple-polling
signal 811, the communication right time periods 812 to 814
for the downlink to the respective radio communication
terminals 102a to 102z are continuously specified without
providing a non-signal zone and, following this, the com-
munication right time periods 815 to 817 for the uplink from
the respective radio communication terminals 102a to 102
are specified in a state spaced by a predetermined time T,
(<T,) sufficiently shorter than a conventional guard time. As
in the case of the first embodiment, within the communica-
tion right time periods 812 to 817 allocated to predetermined
radio communication terminals 102z to 102x, the other
non-permitted radio communication terminals 102a to 102
are set so that a transmission operation using this transmis-
sion medium is inhibited.

[0107] In particular, for the data transmission (downlink)
from the radio communication terminal accommodating
apparatus 101 to each of the radio communication terminals
102a to 102#, as shown in FIG. 9, since the radio commu-
nication terminal accommodating apparatus 101 is not
required to confirm the completion of the transmission with
in each of the communication right time periods 812 to 814,
it can set the communication right time periods 812 to 814
continuously without providing a non-signal zone with
respect to the respective radio communication terminals
102a to 102r. On the other hand, in the case of the data
transmission (uplink) from each of the radio communication
terminals 1024 to 102# to the radio communication terminal
accommodating apparatus 101, for the shifting among the
communication right time periods 815 to 817, there is a need
to leave space by at least a predetermined time TA<(T)).

[0108] In this connection, with respect to the time setting
on the communication right time periods 815 to 817 speci-
fied in the multiple-polling signal 811, in consideration of
the predetermined time T ,, it is also possible to leave space
by the predetermined time T, between the communication
right time period 814 and the communication right period
815 and among the communication right time periods 815 to
817, and further to, when the radio communication terminals
102a to 102# start the uplink, delay the transmission by the
predetermined time T, without leaving space between the
communication right time period 814 and the communica-
tion right period 815 and among the communication right
time periods 815 to 817.

[0109] Incidentally, the communication right time period
for each of the radio communication terminals 102a to 102
is fixedly determined with time being used as a parameter
and, as also described in the first embodiment, when a
non-signal time period longer than the predetermined time
T occurs on the transmission medium, there is a possibility
that the communication is made without complying with the
time zone set by the multiple-polling signal 811. Accord-
ingly, even in a case in which the communication right set
by the multiple-polling signal 811 becomes unnecessary (for
example, when the data transmission is canceled although a
request is made for the data transmission, or when a com-
munication right is allocated although the data transmission
is not made) or when the desired data transmission reaches
completion in the middle of the communication right time
period allocated to that terminal, there is a need for each of
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the radio communication terminals 1024 to 102x to transmit
some signal to the transmission medium within the commu-
nication right time period allocated thereto in order to
prevent the occurrence of a non-signal time period longer
than the predetermined time T,. A signal to be transmitted in
this case can be an arbitrary signal.

[0110] In this way, the shifting among the communication
right time periods 812 to 817 takes place according to the
times set by the multiple-polling signal 811 and, when the
communication right time period 817 for the radio commu-
nication terminal 102#, set lastly, comes to an end, the radio
communication system again returns to the distributed con-
trol type communication method. In this connection, for
example, if the radio communication terminal accommodat-
ing apparatus 101 transmits a forced termination signal, then
it can also return to the distributed control type communi-
cation method. Moreover, it is also possible to, after the end
of the communication right time period 817, again transmit
the next multiple-polling signal 811 for the shifting to the
communication method similar to that shown in FIG. 9
without returning the distributed control.

Third Embodiment

[0111] Furthermore, a description will be given hereinbe-
low of a third embodiment of the present invention. FIG. 10
is a time chart showing a communication according to a third
embodiment of the present invention. In this third embodi-
ment, a multiple-polling signal 911 has the information
(information on the order of communication right time
periods) included in the multiple-polling signal 311
described in the first embodiment and the multiple-polling
811 (information on times of the communication right
periods and the communication mode) described in the
second embodiment, and the radio communication method
described in the second embodiment is first implemented
and the radio communication method described in the first
embodiment is then conducted. For the shifting from the
radio communication method described in the second
embodiment to the radio communication method described
in the first embodiment, the shifting can be made in a state
spaced by a predetermined time T (<T,) sufficiently shorter
than a conventional guard time.

[0112] For example, difficulty is encountered in easily
carry out the radio communication method described in the
second embodiment subsequently to the radio communica-
tion method described in the first embodiment. This is
because each communication right period time is not fixed
in the radio communication method described in the first
embodiment, which leads to difficulty being experienced in
specifying the end time of a communication according to the
radio communication method described in the first embodi-
ment. If the end time of the communication according to the
radio communication method described in the first embodi-
ment is specified by compulsion and, when the end time is
reached, the shifting is compulsorily made to a communi-
cation according to the radio communication method
described in the second embodiment even in the middle of
the communication, then the radio communication method
described in the second embodiment can be conducted
subsequently to the radio communication method described
in the first embodiment.

[0113] FIG. 11 is a time chart showing one example of the
shifting to the communication methods in the first to third
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embodiments of the present invention. For example, in a
case in which the radio communication terminal accommo-
dating apparatus 101 transmits a multiple-polling signal 951
and, after the elapse of a communication time period once
taken using an arbitrary communication method, the radio
communication terminal accommodating apparatus 101
transmits a signal (pronouncement signal) 961 forming an
index indicative of entering the above-described communi-
cation methods according to the first to third embodiments
at an arbitrary timing, after this pronouncement signal 961,
one of the communication methods according to the first to
third embodiments can start according to the information on
the order or time zone allocated by the multiple-polling
signal 951.

[0114] In addition, although the first to third embodiments
do not particularly touch the directivity of the antenna 11 of
the radio communication terminal accommodating appara-
tus 101, even in a case in which the radio communication
terminal accommodating apparatus 101 has an omni-direc-
tional antenna, a directional antenna or an antenna capable
of producing the directivity, the present invention is also
applicable.

[0115] FIG. 12 is an illustrative view showing a case in
which a radio communication terminal accommodating
apparatus in the first to third embodiment of the present
invention has a directional antenna or has an antenna
capable of producing a directivity. As shown in FIG. 12, in
a case in which the radio communication terminal accom-
modating apparatus has a directional antenna or has an
antenna capable of producing a directivity and communica-
tion ranges 112a to 112¢ based on the directivity control can
be established with respect to the positions of radio com-
munication terminals 111a to 111¢, the radio communication
terminal accommodating apparatus 101 can conduct simul-
taneously with the radio communication terminals 111a to
111¢ without interference. That is, the communication
between the radio communication terminal accommodating
apparatus 101 and each of the radio communication termi-
nals 111a to 111c is made independently of each other
without exerting the influence on each other and, even
within time zones overlapping with each other (same time
zone), the communication rights are allocatable to the plu-
rality of radio communication terminals 111a to 111¢. There-
fore, the radio communication terminal accommodating
apparatus 101 can set the communication right time periods
for the respective radio communication terminals 111a to
111¢ in the same time zone through the use of the multiple-
polling signals 811, 911 and 951 which specity the commu-
nication right time periods as time zones. In this case, there
is no need to use directional antennas as the antennas of the
radio communication terminals 111a to 111c.

INDUSTRIAL APPLICABILITY

[0116] A radio communication method and radio commu-
nication terminal accommodating apparatus according to the
present invention can improve the communication through-
put while maintaining the interchangeability with a radio
communication system or radio communication method
employing a time division multiple access using carrier
sense in a conventional multiple access system, and they are
useful as a radio communication method for use in a radio
communication system made to conduct data transmission/
reception among a plurality of radio communication termi-
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nals through the use of radio communications and as a radio
communication terminal accommodating apparatus made to
accommodate the plurality of radio communication termi-
nals in the radio communication system.

1-15. (canceled)

16. A radio communication method for use in a radio
communication system, designed to make communications
between one radio communication terminal accommodating
apparatus and a plurality of radio communication terminals,
communication-controlled by said radio communication ter-
minal accommodating apparatus, through a radio transmis-
sion medium, comprising:

a step in which said radio communication terminal
accommodating apparatus determines allocation order
of communication right permitting occupation of said
radio transmission medium with respect to each of said
plurality of radio communication terminals;

a step in which said radio communication terminal
accommodating apparatus monitors a communication
on said radio transmission medium and transmits infor-
mation on the determined allocation order of the com-
munication right collectively to said plurality of radio
communication terminals at an arbitrary timing of a
detection of a non-signal time longer than a predeter-
mined length in communication on said radio transmis-
sion medium; and

a step in which, on the basis of said information on the
order, each of said plurality of radio communication
terminals acquires the communication right to use said
radio transmission medium and makes communication.

17. A radio communication method, designed to make

communications between one radio communication terminal
accommodating apparatus and a plurality of radio commu-
nication terminals, communication-controlled by said radio
communication terminal accommodating apparatus, through
a radio transmission medium, comprising:

a step in which said radio communication terminal
accommodating apparatus determines a time zone to be
allocated as communication right permitting occupa-
tion of said radio transmission medium with respect to
each of said plurality of radio communication termi-
nals;

a step in which said radio communication terminal
accommodating apparatus determines allocation order
of communication right permitting occupation of said
radio transmission medium with respect to each of said
plurality of radio communication terminals;

a step in which said radio communication terminal
accommodating apparatus monitors a communication
on said radio transmission medium and transmits infor-
mation on the time zone and the order collectively to
said plurality of radio communication terminals at an
arbitrary timing of a detection of a non-signal time
longer than a predetermined length in communication
on said radio transmission medium; and

a step in which, on the basis of said information on the
time zone, each of said plurality of radio communica-
tion terminals acquires the communication right to use
said radio transmission medium and makes communi-
cation and subsequently, on the basis of said informa-
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tion on the order, acquires the communication right to
use said radio transmission medium and makes com-
munication.
18. The radio communication method according to claim
17, further comprising:

a step in which said radio communication terminal
accommodating apparatus determines a direction of
communication between said radio communication ter-
minal accommodating apparatus and said radio com-
munication terminals with respect to the communica-
tion rights allocated as the time zones;

a step in which said radio communication terminal
accommodating apparatus transmits, in addition to the
information on the time zones and the order, informa-
tion on the communication direction collectively to said
plurality of radio communication terminals; and

a step in which each of said plurality of radio communi-
cation terminals makes communication according to
the communication direction when making communi-
cation according to the communication right allocated
as the time zone.

19. The radio communication method according to claim

16, further comprising:

a step in which, when starting the communication by the
communication right allocated as the order, said radio
communication terminal monitors the communication
by the radio communication terminal having an allo-
cated turn immediately preceding the turn of said radio
communication terminal; and

a step in which, when a non-signal time longer than a
predetermined length is detected in the communication
by the radio communication terminal having the imme-
diately-preceding allocated turn, said radio communi-
cation terminal decides the incoming of its own com-
munication right time period and starts the
communication by the communication right.

20. The radio communication method according to claim
16, further comprising a step in which, when terminating the
communication by the communication right allocated as the
order, said radio communication terminal transmits infor-
mation indicative of the completion of the communication
by the communication right.

21. The radio communication method according to claim
20, further comprising a step in which said radio commu-
nication terminal monitors the communication by the radio
communication terminal having the allocated turn immedi-
ately preceding the turn of said radio communication ter-
minal and, when detecting that the information indicative of
the completion of the communication is transmitted from the
radio communication terminal having the immediately-pre-
ceding allocated turn, decides the incoming of its own
communication right time period and starts the communi-
cation by the communication right.

22. The radio communication method according to claim
19, wherein said radio communication terminal accommo-
dating apparatus is made to carry out the order allocation
such that, of the communication rights allocated as the order,
with respect to said communication rights having the turns
adjacent to each other, said radio communication terminal
having the succeeding allocated turn monitors the commu-
nication by said radio communication terminal having the
preceding allocated turn.
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23. The radio communication method according to claim
5, wherein said radio communication terminal accommo-
dating apparatus is made to carry out the order allocation
such that, of the communication rights allocated as the order,
with respect to said communication rights having the turns
adjacent to each other, said radio communication terminal
having the succeeding allocated turn monitors the commu-
nication by said radio communication terminal having the
preceding allocated turn.

24. The radio communication method according to claim
20, further comprising:

a step in which each of said plurality of radio communi-
cation terminals acquires identification information on
the communication-monitorable other radio communi-
cation terminal; and

a step in which each of said plurality of radio communi-
cation terminals transmits said identification informa-
tion on the other radio communication terminal,
acquired through the monitoring, to said radio commu-
nication terminal accommodating apparatus,

said radio communication terminal accommodating appa-
ratus carries out the order allocation on the basis of said
identification information on the other radio commu-
nication terminal received from each of said plurality of
radio communication terminals.

25. A radio communication method for use in a radio
communication system, designed to make communications
between one radio communication terminal accommodating
apparatus and a plurality of radio communication terminals,
communication-controlled by said radio communication ter-
minal accommodating apparatus, through a radio transmis-
sion medium, comprising:

a step in which said radio communication terminal
accommodating apparatus determines a time zone to be
allocated as communication right permitting occupa-
tion of said radio transmission medium with respect to
each of said plurality of radio communication termi-
nals;

a step in which said radio communication terminal
accommodating apparatus monitors a communication
on said radio transmission medium and transmits infor-
mation on the time zone collectively to said plurality of
radio communication terminals at an arbitrary timing of
a detection of a non-signal time longer than a prede-
termined length in communication on said radio trans-
mission medium; and

a step in which, on the basis of the information on the time
zone, each of said plurality of radio communication
terminals acquires the communication right to use said
radio transmission medium.

26. The radio communication method according to claim

25, further comprising:

a step in which said radio communication terminal
accommodating apparatus determines a communica-
tion direction between said radio communication ter-
minal accommodating apparatus and said radio com-
munication  terminals with respect to the
communication rights allocated as the time zones;

a step in which said radio communication terminal
accommodating apparatus transmits, in addition to said
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information on the time zone, information on said
communication direction collectively to said plurality
of radio communication terminals; and

a step in which each of said plurality of radio communi-
cation terminals makes the communication according
to said communication direction when making the
communication by the communication right allocated
as the time zone.

27. The radio communication method according to claim
16, wherein, when the communications by all the commu-
nication rights allocated to said plurality of radio commu-
nication terminals by said radio communication terminal
accommodating apparatus reach completion, a communica-
tion mode in said radio transmission medium is returned to
a communication mode before the allocation of the com-
munication rights by said radio communication terminal
accommodating apparatus.

28. A radio communication terminal accommodating
apparatus, designed to make communications with respect to
each of a plurality of radio communication terminals
through a radio transmission medium and to carry out
communication control in each of said plurality of radio
communication terminals, comprising:

means for determining allocation order of communication
right permitting the occupation of said radio transmis-
sion medium with respect to each of said plurality of
radio transmission terminals; and

means for monitoring a communication in said radio
transmission medium to transmit information on the
order collectively to said plurality of radio communi-
cation terminals at an arbitrary timing of a detection of
a non-signal time longer than a predetermined length
on communication in said radio transmission medium,

each of said plurality of radio communication terminals
being made to acquire communication right to use said
radio transmission medium on the basis of said infor-
mation on the order for carrying out communication.
29. A radio communication terminal accommodating
apparatus, designed to make communications with respect to
each of a plurality of radio communication terminals
through a radio transmission medium and to carry out
communication control in each of said plurality of radio
communication terminals, comprising:

means for determining a time zone to be allocated as a
communication right permitting the occupation of said
radio transmission medium with respect to each of said
plurality of radio transmission terminals;

means for determining allocation order of communication
right permitting the occupation of said radio transmis-
sion medium with respect to each of said plurality of
radio transmission terminals; and

means for monitoring a communication in said radio
transmission medium to transmit information on the
time zone and the order collectively to said plurality of
radio communication terminals at an arbitrary timing of
a detection of a non-signal time longer than a prede-
termined length on the communication in said radio
transmission medium,

each of said plurality of radio communication terminals
being made to acquire the communication right to use
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said radio transmission medium on the basis of said
information on the time zone for carrying out commu-
nication and subsequently to acquire the communica-
tion right to use said radio transmission medium on the
basis of said information on the order for carrying out
communication.

30. A radio communication terminal accommodating
apparatus, designed to make communications with respect to
each of a plurality of radio communication terminals
through a radio transmission medium and to carry out
communication control in each of said plurality of radio
communication terminals, comprising:

means for determining a time zone to be allocated as a
communication right permitting the occupation of said
radio transmission medium with respect to each of said
plurality of radio transmission terminals; and

means for monitoring a communication in said radio
transmission medium to transmit information on the
time zone collectively to said plurality of radio com-
munication terminals at an arbitrary timing of a detec-
tion of a non-signal time longer than a predetermined
length on the communication in said radio transmission
medium,

each of said plurality of radio communication terminals
being made to acquire the communication right to use
said radio transmission medium on the basis of said
information on the time zone for carrying out commu-
nication.
31. The radio communication method according to claim
17, further comprising:

a step in which, when starting the communication by the
communication right allocated as the order, said radio
communication terminal monitors the communication
by the radio communication terminal having an allo-
cated turn immediately preceding the turn of said radio
communication terminal; and

a step in which, when a non-signal time longer than a
predetermined length is detected in the communication
by the radio communication terminal having the imme-
diately-preceding allocated turn, said radio communi-
cation terminal decides the incoming of its own com-
munication right time period and starts the
communication by the communication right.

32. The radio communication method according to claim
17, further comprising a step in which, when terminating the
communication by the communication right allocated as the
order, said radio communication terminal transmits infor-
mation indicative of the completion of the communication
by the communication right.

33. The radio communication method according to claim
32, further comprising a step in which said radio commu-
nication terminal monitors the communication by the radio
communication terminal having the allocated turn immedi-
ately preceding the turn of said radio communication ter-
minal and, when detecting that the information indicative of
the completion of the communication is transmitted from the
radio communication terminal having the immediately-pre-

15

Feb. 15, 2007

ceding allocated turn, decides the incoming of its own
communication right time period and starts the communi-
cation by the communication right.

34. The radio communication method according to claim
31, wherein said radio communication terminal accommo-
dating apparatus is made to carry out the order allocation
such that, of the communication rights allocated as the order,
with respect to said communication rights having the turns
adjacent to each other, said radio communication terminal
having the succeeding allocated turn monitors the commu-
nication by said radio communication terminal having the
preceding allocated turn.

35. The radio communication method according to claim
32, wherein said radio communication terminal accommo-
dating apparatus is made to carry out the order allocation
such that, of the communication rights allocated as the order,
with respect to said communication rights having the turns
adjacent to each other, said radio communication terminal
having the succeeding allocated turn monitors the commu-
nication by said radio communication terminal having the
preceding allocated turn.

36. The radio communication method according to claim
32, further comprising:

a step in which each of said plurality of radio communi-
cation terminals acquires identification information on
the communication-monitorable other radio communi-
cation terminal; and

a step in which each of said plurality of radio communi-
cation terminals transmits said identification informa-
tion on the other radio communication terminal,
acquired through the monitoring, to said radio commu-
nication terminal accommodating apparatus,

said radio communication terminal accommodating appa-
ratus carries out the order allocation on the basis of said
identification information on the other radio commu-
nication terminal received from each of said plurality of
radio communication terminals.

37. The radio communication method according to claim
17, wherein, when the communications by all the commu-
nication rights allocated to said plurality of radio commu-
nication terminals by said radio communication terminal
accommodating apparatus reach completion, a communica-
tion mode in said radio transmission medium is returned to
a communication mode before the allocation of the com-
munication rights by said radio communication terminal
accommodating apparatus.

38. The radio communication method according to claim
25, wherein, when the communications by all the commu-
nication rights allocated to said plurality of radio commu-
nication terminals by said radio communication terminal
accommodating apparatus reach completion, a communica-
tion mode in said radio transmission medium is returned to
a communication mode before the allocation of the com-
munication rights by said radio communication terminal
accommodating apparatus.



