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& (57) Abstract: The present invention relates to a radio communication system of a frequency hopping system, which carries out

& time division multiplex by TDMA and carrying out communications while changing over two or more frequencies with respect to a

m radio link, wherein it is therefore an object to effectively utilize radio resources by establishing a plurality of radio links. The first

& communication apparatus periodically transmits control data by a frame cycle and the second communication apparatus of a com-

& munication partner thereof receives the above-described control information during standby and secures synchronization in timing
of frames and slots and timing of frequency hopping, wherein communication signals between both communication apparatuses and
control information are overlapped in a slot to establish radio links. Also, once radio links are established in a plurality of slots other
than a slot for transmitting control information, it is controlled that the control information is overlapped in the slots in which a radio
link is established.
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DESCRIPTION

RADIO COMMUNICATION SYSTEM AND COMMUNICATION METHOD

<Technical Field>
The present invention relates to a radio communication
system for carrying out communications of audio signals using

radio signals.

<Background Art>

Recently, in radio  telephone apparatuses for
communicating audio signals by radio, digital communication
using a TDMA-TDD systemﬁsuch.as a DECT system or PHS system has
been made main stream. And, in the IMS band, TDMA-TDD system
communication apparatuses have been developed, which are
composed of a frequency hopping system for carrying out
communications while gradually varying the use frequencies.

It becomes an important subject to prevent communication
quality from deteriorating due to radio interference when
implementing radio communications. In communication
apparatuses of a TDMA system using a frequency hopping system,
a method for preventing errors from occurring due to radio
interference, in which a so-called channel-swap method is
employed, hasbeengenerallyutilized. Inthechannel-swapsystem,
a part of the channels that can be utilized for communications

are made into reserve channels for substitution, and where a
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radio status is favorable, channels other than the reserve
channels are used for communications while swapping the channels
(frequencies) in a predetermined order. As the radio quality
of a channel in use is worsened, a notice is issued to a
communication partner, which instructs substitution of the
worsened channel for a reserve channel, and the communication
is continued.

However, in the channel swap, since channels are
substituted after radio deterioration occurs, it was difficult -
to prevent an initial receiving error. Also, where only a few
reserve channels are available, there is another problem in that
all the channels whose radio status is ndt satisfactory cannot
bé substituted for reserve channels. On the other hand, where
the number of reserve channels are increased, the number of
channels (frequencies) that are used for communications is
decreased, and the band of frequency diffusion by frequency
hoppingisnarrowed.Thisbringsaboutaresultwhichrunscounter
to the inherent purpose of widening the frequency diffusion by
frequency hopping. Therefore, it becomes difficult to
sufficiently prevent interference.

Further, as a communication system which is further less
influencedbyradiointerference,suchasystemhasbeenproposed,
in which a radio link having a favorable communication status
is selected among a plurality of radio links established, and

attempts to improve the communication quality. In a radio
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communication apparatus of a TDMA systemusing the presentmethod,
signals that are obtained by digitally converting audio signals
to be transmitted are transmitted by a plurality of slots in
one frame, and data whose receiving condition is favorable are
selected at the receiving side from the receiving data in a
plurality of receiving slots in one frame, and the audio signals
are re—-constructed therefrom. With respect to the reference of
selection, a method for selecting data in slots having no error
detected using CRC 124 data for judging errors, which are
transmitted along with the audio data, that is, having no CRC
124 error detected is easily achievable.

In Japanese Published Examined Patent Application No.
Héi—7—28248 that is a Japanese Patent Publication Gazette,
frequency diversity is introduced, in which all the signals in
a frame are made identical to each other and the same signals
are sent with the transfer frequencies varied in terms of time
in a system (frequency hopping) for carrying out communications
while varying frequencies for respective slots (one of divided
periods of time in a frame is made into a slot) in one frame
usiﬁg a plurality of frequencies in a time division radio
communication system. In addition, this is called a slot
diversity technique in that not only are the frequencies varied,
but also the same signals are transmitted by a plurality of slots
in one frame.

However, in a method by which the same data are merely
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transmitted a plurality of times by a plurality of slots (or
allslots) inone frame andsignals in favorable slotsareselected,
there is aproblemin that a number of radio resources are consumed
in comparison with a case of carrying out communications by only
one rédio link. In particular, in the TDMA communication using
the frequency hopping system, consumption of radio resources
becomes a great problem in a communication apparatus for
preventing interference by channel swap, because, in the TDMA
communication using the frequency hopping system, since it is
difficult to substitute channels in response to the receiving
conditions of all receiving partners with respect to broadcast
signals used for control in a communication apparatus for
preventing interference by channel swap, it was impossible to
carry out channel swap with respect to the broadcast signals
used for control. Therefore, since it is difficult to prevent
the radio quality from déteriorating even i1if it occurs where
audio signals for service are overlapped on communication slots
of broadcast signals used for control, the communication slots
for control cannot be commonly used for communication service.
Accordingly, in the TDMA communication apparatus for preventing
interferencebycmannelswapusingthefrequencyhoppinésystem
in which one of the usable slots is occupied for control, an
increase in the number of slots used for a single communication
service simultaneously results in a lowering in the number of

communication-possible slots, where it remarkably adversely
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influences communications.

Also, since a plurality of radio links are established
“at all times when carrying out communications in a conventional
method for establishing a plurality of radio links and for
selecting signals of a radio link having a favorable state, radio
resources which can be used, that is, only a half or less the
number of slots can be simultaneously used in the TDMA system.

In addition, in order to minimize a lowering in the radio
resources, such a method has been proposed, by Which, where -
deterioration of radio signals is detected, a new radio link
is established, and signals of a radio link whose receiving state
is favorable are selected and are re-constructed, and when
deterioration of the radio signals is improved, one radio link
ig left over and the other radio links are opened. However, the
receiving state is not favorableuntil apluralityof radio links
are established after a radio-deteriorated state is recognized.
Also, in an environment where the radio quality always
deteriorates, it is impossible to avoid deterioration of the
communication quality in commencement of communications.

Further, even if, in conventional slot diversity means,
it is possible to avoid a communication failure as a system when
a sequence collision occurs, communication is impossible in one
communication slot inwhich the sequence collisionhas occurred,

wherein a diversity effect is lost.
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<Disclosure of Invention>

In view of the above-described problems in prior arts,
it is therefore an object of the invention to provide a radio
communication apparatus and a communication method, in which
where a method for establishing a plurality of radio links and
selecting signals in a radio link whose receiving state is
favorable is implemented in the TDMA communication system using
frequency hopping, a plurality of radio links are established
in an optional slot including a slot for control and radio
resources are effectively utilized.

In view of the above-described problems in prior arts,
according to the first aspect of the invention, the first
éommunication unit (hereinafter called a parent set) transmits
aradiosignal (hereinafter calledacontrol radiosignal), which
becomes the reference, in at least one of the slots at a cycle
of a pfedetermined frame, and another second communication unit
(hereinafter called a child set) receives the above-described
control radio signals during standby and secure synchronization
between the timing of the parent set with respect to frames and
slc“)ts and the timing of frequency hopping; wherein the first
aspect of the invention is provided with means for establishing
apluralityof radio linkswhenacommunicationbetweentheparent
set and child set is commenced and for making communications
therebetween; and at least one of the above-described means

causes control radio signals and communication signals between
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the parent set andchild set tooverlap each other and establishes
radio links, and, where a communication is carried out between
" the parent set and child set with a plurality of radio links
established, the first aspect thereof can transmit at least one
of the control signals and signals transmitted and received
through the above-described plurality of radio links by using
a slot for control and has an action by which the radio resources
can be effectively utilized.

Also, the second aspect of the invention is provided with -
means for usually estéblishing a plurality of radio links in
slots other than the slots (hereinafter called control slots)
for transmitting control information when establishing a
piurality of radio links in communication between the parent
set and child set, and shifting the control slots by causing
the control information to be sent to the slots of the radio
links thus established; wherein, when establishing a plurality
of radio links, the procedure for establishing the first radio
link can be made similar to those for establishing the second
and after-coming radio links, and an action by which the circuit
configurationoftheapparatuscanbesimplifiedisbroughtabout.
In addition, immediately after the first radio 1link is
established in slots other than the control slot, the parent
set causes communication signals to the child set to overlap
in the control slot, a new radio link can be established in the

control slot without any complicated procedures.
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Further, the third aspect of the invention is such that,
after the first radio link is established in the child set,
communication signals are transmitted by transmission slots of
the child set, which correspond to the slots where control
information is received from the parent set, wherein, in the
case of overlapping signals in the control slot, it becomes
possible to establish a newradio link on the control slot without
any complicated procedures, and such an action is brought about,
by which a new radio link can be established on the control slot
immediately after the first radio link is established.

Also, the fourth aspect of the invention is such that
it has means for controlling so that the control slot is shifted
to a slot of a radio slot established when the number of
communication-possible slots becomes a predetermined threshold
value or less, wherein such an action is brought about, by which,
where the communication capacity is sufficient, a plurality of
radio links are established in slots other than the control slot,
and where the communication capacity is not sufficient, a radio
link now used for communication by a slot other than the control
slot can be shifted to the control slot, and, in response to
the vacancy of the communication capacity, a plurality of radio
links are established in slots, other than the control slot,
whose communication quality is high whén the vacancy 1is
sufficient, and a plurality of radio links are enabled using

the control slot by which the radio resources can be effectively

8
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utilized when the vacancy is not sufficient.

Also, the fifth aspect of the invention is such that the
parent set has means for transmitting control radio signals
including control information, which notifies whether or not
aplurality of radio links are periodically or non-periodically
enabled, and on the other hand, the child set has means for
receiving all or a part of the above-described control radio
signals, the child set is informed, on the basis of the
above—-described control radio signals transmitted by the parent -
set, of whether or not a plurality of radio links are enabled,
and the child set is controlled in response thereto so as to
determine whether, when carryingout communications, aplurality
of radio links are established .for communication or one radio
link is established for communication, wherein when selecting
aparentsetthechildsetcaneasilyfinda;mrentsetpermitting
apluralityof radio links before commencement of communications
only by receiving a control channel.

In addition, the sixth aspect of the invention is provided
with means for notifying, by radio signals, whether or not a
plufalityofzadiolinksarepermitted,andn@ansforinquiring,
by radio signals, whether or not a plurality of radio links have
beenpermitted, whereinprior to commencement of communications,
the above-described inquiring means makes an inquiry to the
above-described notifying means in regard to whether or not a

plurality of radio links have been permitted, and, where a
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pluralitycﬁfradiolinksarepermittedjjlresponse1x>theresult
of notification, such an operation is carried out so that a
pluralityofradiolinksareestablished,whileifnotpermitted,
such an operation is carried out so that only one radio link
is established. Where a communication request is simultaneously
given by two child sets to the parent set and a plurality of
radio links are not permitted at the second child set since it
is . possible to acquire the latest information, about whether
or not a plurality of links are permitted at the parent set,
whenever a communication is executed, it is possible to acquire
the information at once, wherein such an action can be brought
about, by which a useless link extension operation can be
prevented in communications with the second child set.

R In addition, the seventh aspect of the invention is
provided with means for registering child sets in a parent set
andmeansforstoringinformation,whichisnotifiedbytheparent
setinaregisteringaction,inchildsets.Theparentsetinforms
the child sets, in a registering action by the above-described
registering means, of whether or not a plurality of radio links
are“permitted or not permitted, and the child sets store the
information in the above-described storing means. Then, where
a plurality of radio links are permitted at a certain child set
onthebasisoftheinformationstoredintheébovestoringmeans,
the child set operates so as to establish a plurality of radio

links, and if not permitted, operates so as to establish only

10
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one radio link. Since it is possible to notify in a registering
action whether a plurality of radio links are permitted or not
‘permitted, it is possible to permit or not to permit a plurality
of radio links for eachof thechildsets, for example, aplurality
of radio links are permitted in a child set for audio
communicationswhile apluralityof radio links arenot permitted
in a child set for data communication.

Also, the eighth aspect of the invention is provided with
means for inputting an instruction of a user and storing the -
same and is constructed so that notification is executed in
accordance with an instruction of a user so as to permit or not
to permit a plurality of radio links, wherein, in accordance
withause state, for example, whenonlyonechildsetisregistered
in the parent set, all the radio links are permitted, and when
aplurality of child sets are registered and there are many child
sets that are simultaneously used, a plurality of radio links
are not permitted. That is, user’s selection is enabled, that
is, where the use environment is frequently subjected to radio
interruptions, a plurality of radio links are permitted, and
where the use environment is less subjected thereto, aplurality
of radio links are not permitted. In such cases, a user may make
selection, and it becomes possible to improve convenience to
the user.

Also, according to the ninth aspect of the invention,

inaradio communication systemcapableof formingaradionetwork

11
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betweenasingle radio communicationapparatus (parent set) which
becomes the master and a plurality of radio communication
apparatuses (childsets) whichbecome slave sets, in a case where,
after a communication link is formed between the parent set and
a certain child set, control information and signals for
communication between the parent and child sets are overlapped
in a slot, the slot in which the control information and signals
for communication between the parent and child sets are
overlapped is removed from the objects to be channel-swapped, -
and the hopping pattern is fixed, wherein it is possible for
child sets other than the child set, which is in communication,
to easily receive control information.

Further, the tenth aspect of the invention is a
communication apparatus of a frequency-hopping system, which
carries out frequency diversity communications using two slots.
The communication apparatus is a frequency-hopping
communication apparatus in which a receiving error is monitored
by the respective communication slots, and a frequency varying
processofaslot, inwhicha transmittingandreceivingcollision
is brought about, is carried out by utilizing a control field
in a data format in one slot not having the collision brought
about where the transmitting and receiving collision is
continuously detected in the other slot. Thereby, even in a case
where a radio device subjected to communications at the same

timing and with the same hopping pattern exists nearby, and the

12
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transmitting and receiving data are continuously brought into
collision, if two slots are always used for communications and
'a message to vary the hopping pattern of a slot brought into
collision is transmitted and received by utilizing another
communication slot, the hopping patterns of both FHSS
communication  apparatuses in communications can be
simultaneously varied, wherein it is possible to prevent a
sequence collision from occurring.

Tn addition, the eleventh aspect of the invention is -
provided with means for transmitting diversity stop, which
informsacmmmunicationpartneroféslotdiversitystoprequest,
and a diversity stop monitoring portion for monitoring a slot
diversity stop request from a communication partner in an FHSS
communication apparatus. Thereby, by carrying out a diversity
stop process utilizing a control field in one slot not subjected
to a collision where a transmitting and receiving collision is
continuously detected in the other communication slot,
disconnection of the collision slot is completed in not only
a self radio communication device but also a communication
parfner’s apparatus, and where another radio device making
communications with the same hopping pattern exists nearby and
a transmitting and receiving collision is brought about in the
other slot, a radio link disconnecting procéss of the collision
slot is simultaneously carried out in both FHSS communication

apparatuses by utilizing one communication slot. After that,

13
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by establishing a radio link in a separate vacant slot and
re-startingslotdiversity, it is possible to continuously carry
outdiversitycommunicationfreefromanycollision{Therefore,
where the hopping pattern cannot be easily varied based on the
reason why a collision slot is concurrently used not only as
the communication slot but also as a control slot of the FHSS
radio communication system, it is possible to prevent a sequence

collision from occurring.

<Brief Description of Drawings>

Fig. 1 is a block diagram showing an embodiment of the
invention;

Fig. 2 is a block diaéram of a radio communication
apparatus according to Embodiment 1 of the invention;

Fig. 3 is a format diagram of data format;

Fig. 4 is a descriptive view showing slot configuration;

Fig. 5 is a sequence diagram by which two radio links
are established for communication;

Fig. 6 is a sequence diagram by which two radio links
are established for communication;

Fig. 7 is a sequence diagram between a parent set and
a child set for notifying permission or non-permission of radio
links during communication;

Fig. 8 is a sequence diagram between a parent set and

achild set for notifying permission or non-permissionof a radio

14
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link during a registering action;

Fig. 9 is a configurational view of an FHSS communication
apparatus according to Embodiment 2 of the invention;

Fig. 10 is a flowchart showing a process for preventing
a sequence collision in the same Embodiment Z;

Fig.lljjsaconfigurationalviewofaanHSScommunication
apparatus according to Embodiment 3 of the invention;

Fig. 12 is a flowchart showing a process for preventing
a sequence collision in the same Embodiment 3; and

Fig. 13 is a configurational view of a prior art FHSS

communication apparatus.

éﬁest Mode for Carrying Out the Invention>
(Embodiment 1)
Fig.1isablockdiagramshowingacommunicationapparatus
that composes a radio communication system according to the
invention. Using Fig. 1, adescriptionis givenof actionsbelow.
As shown in Fig. 1, the present communication apparatus
includes: an antenna 101 for transmitting and receiving radio
Siénals; a transmitting portion 102 for converting inputted
transmitting signals to radio signals; a receiving portion 103
for decoding received radio signals; a synthesizing portion 104
for generating radio signals of a frequency hopping system and
for generating sinusoidal waves of determined frequencies

necessary for decoding; and a timing controlling portion 105

15
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for generating data configuration timing of frames and slots
for time division multiplex.

The timing controlling portion 105 generates timing of
frames divided in compliance with a predetermined period of time
and that of slots divided as per time in one frame, and time
division multiplex is carried out at the frame timing and slot
timing.

Also, the communicationapparatus showninFig. 1 includes
anaudioprocessingportion106 fordigitallyconvertinginputted -
audio signals and outputting the received signals after
analog-converting the same; an operation portion 107 such as
ten numeral keys, etc., a ringer 108 for notifying incoming of
signals, andacontrollingportion 109 for controllingthe entire
apparatus.

Next, a description is given of actions of a radio
communication system according to the Embodiment 1. Inputted
audio signals are converted to digital signals by the audio
processing portion 106 and are transmitted to the timing
controlling portion 105. In the timing controlling portion 105,
a synchronization signal necessary for TDMA communications and
CRC 124 codes necessary for error detection are added to the
digitally converted audio signals, andthe signals are outputted
at a timing determined by frames of TDMA.

Hereinafter, a description is given of a system in which

a plurality of radio links (hereinafter, a description is given

16
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of an example in which two radio links are utilized) are
established in one communication and signals of a radio link
having favorable received signals are selected.

In this case, the timing controlling portion 105 adds
a synchronization signal necessary for TDMA communications and
CRC codes, etc, necessary for error detection to the digitally
converted audio signals and outputs the same into two slots in
a TDMA frame. At this time, the audio data in the respective
slots in one frame may be generated from signals of the audio -
data in the same zone (in this case, the transmission data of
the two slots aremade identical to eachother) ormaybe generated
from signals of audio data indifferent zones, for example, those
of zones responsive to differences in the transmission timing
(in this case, the transmission data of the two slots does not
become identical to each other).

Data outputted from the timing controlling portion 105
are converted to radio signals by using sinusoidal waves from
the synthesizing portion 104 in the transmitting portion 102
and are outputted from the antenna 101. At this time, with respect
to the frequencies of sinusoidal waves outputted from the
synthesizing portion 104, frequencies are generated in a
predetermined sequence in order to carry out communications of
a frequency hopping system.

Also, signals received by the antenna 101 are decoded

in the receiving portion 103 by using sinusoidal waves from the

17
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synthesizing portion 104 and are transmitted to the timing
controlling portion 105. At this time, with respect to the
frequenciesofsinusoidalwavesoutputtajfrmnthesynthesizing
portion 104, the frequencies are generated in a predetermined
sequence in order to carry out communications of a frequency
hopping system.

In addition, the timing controlling portion 105 extracts.
a data portion of audio signals from the received decoded data
and outputs the same to the audio processing portion 106. Where -
a communication is carried out by using two slots, favorable
received data are selected from the data received by the
respective slots on the basis of CRC 124 error judgement and
afeoutputtaitotheaudioproceﬁsingportima106.Atthistime,
where the data of the same audio zone are transmitted in one
frame, either one of the data is outputted after both of the
data are received.

Also, where audio data generated from audio data signals
ofdifferentzones,:ﬁn:example,zonesresponsiveix»differences
"in the transmission timing (in this case, the transmission data
ofthetwoslotsck>notbecomethesame)aretransmittedbytminq
two slots, the received data free from any CRC error are
transmitted to the audio processing portion 106 in sequence.
Atthistime,wherea;mrtiallyoverlappingportimnisgenerated
in the audio data included in the preceding receiving slot and

the next receiving slot, the overlapping portion of the audio

18
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‘data of the preceding receiving data is abolished. The audio
processingportionl06converts the transmitted signals toanalog
signals and outputs the same.

Further, in a case of data transmission, the transmission
signalsareinputteddirectlyintothe timing controllingportion
105, and the received signals are outputted from the timing
controlling portion 105. Also, the configuration and actions
of a radio -communication apparatus which will become a
communication partner of the present invention, for example, -
a child set corresponding to a parent set are the same as those
of the communication apparatus according to the invention.

Next, adescriptionisgivenof transmissionandreceiving
of radio signals for control, in a cordless telephone set
cgnsisting of a parent set and a child set, which is one of the
applicationexamples of the radio communicationsystem according
to the invention. For example, where a radio communication
apparatus operates as a parent set, usually the parent set
periodically outputs control data by predetermined slots of a
TDMA communication frame. That is, the controlling portion 109
outputs control data to the timing controlling portion 105 at
apredetermined timing. Slots for transmitting such control data
are hereinafter called “control slots.”

The timing controllingportion 105 adds a synchronization
signal necessary for communications and CRC codes, etc.,

necessary for error detection and outputs the same at adesignated
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timing of a TDMA frame. In a cordless telephone set consisting
of aparent setandachildset, whereaudiosignalsaretransmitted
after being overlapped on the control slots, the audio data
transmitted from the audio processing portion 106 and the CRC
codes thereof are further added to the above-described data,
and the data are outputted at the designated timing of the TDMA
frame.

The data outputted from the timing controlling portion
105 are converted to radio signals in the transmitting portion -
102 by using sinusoidal waves from the synthesizing portion 104
andareoutputtedfromtheantennalOl.Atthistime,withrespect
to the frequencies of sinusoidal waves, which are outputted from
the synthesizing portion 104, the frequencies are generated in
aEredeterminedsequenceforcontrolslots,regardlessofwhether
or not the audio data are overlapped, in order to carry out
communications of a frequency hopping system.

In a cordless telephone set that is an applicationexample
of the present invention, where a communication apparatus shown
in Fig. 1 is used as a child set for communication, in order
to synchronize the TDMA frames and slots or synchronize the
hopping cycles of a frequency hopping, the child set receives
a control channel that is periodically transmitted by a parent
set. The controlling portion 109 controls the receiving portion
103, synthesizing portion 104 and timing controlling portion

105 so that it continuously receives one of the communication

20
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frequencies for control, and at the moment when the child set
receives a control signal from the parent set, the controlling
" portion 109 controls so that the continuous receiving is held
and the child set receives in compliance with the timing of
transmission slot of control signals from the parent set, and
at the same time it controls so that the receiving frequencies
are varied in compliance with the sequence of the frequency
hoppingof control slots. Onthe other hand, where a communication
iscarriedoutbyusingtwoslotsincludingaslofinwhichcontrol-
information is overlapped, the control information and other
data (that is, audio data in the case of audio communication)
are separated, by the timind controlling portion 105 of the
receiving side communication apparatus, from the data of the
s%othavingthecontrolinformationoverlapped,andarethereby
processed.

Fig. 2 shows data formats. In Fig. 2, (A) is a data format
of a control slot which is composed of a bit synchronization
portion (121), a frame synchronization portion (122), a control
data portion (123) and a CRC(124). (B) is a data format of a
communication slot, which is composed of a bit synchronization
portion, a frame synchronizationportion, acontrol dataportion,
a CRC; (125), a communication data portion (126), and CRC:(127).
In the case of audio communications, the audio data are
transmitted by utilizing the communication data portion. Also,

control commands necessary during communications, such as an
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interruption request, a frequency changeover request, etc., are
transmitted by the control data portion. (C) is a data format
of the control slot where communication data are overlapped in
the control slot, which is composed of a bit synchronization
portion, a frame synchronizationportion, acontroldataportion,
a CRC;, a communication data portion, and CRC,. And, in a case
of audio communications, audio data to be overlapped are
transmitted by utilizing the communication data portion.

Fig. 3 shows slot configurations. In Fig. 3, an example -
of slot configuration is shown, in which four slots are
multiplexed inone frame for anupstream (child set transmission)
and a downstream (parent set transmission), respectively. (A)
shows an example in which a parent set carries out transmission
ofm a control slot in slot 1. (B) shows an example in which a
parent set iscarrying outr acommunicationwithachildset through
one radio link in slot 2 while transmitting control information
in slot 1, and (C) is an example in which a parent set is carrying
out a communication with a child set through two radio links
in slot 2 and slot 4 while transmitting control information in
slotl.Also, (D) shows anexample inwhichaparent set iscarrying
out a communication with a child set through two radio links
overlapping data in slot 4 and further using slot 2 while
fransmitting control information in slot 4.

In the examples shown in Fig. 3, a process, in which a

communication is commenced between a parent set and a child set,
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the first radio link is established, the second radio link is

established, and a control slot is shifted to the slot of the

second radio link, is shown by a sequence of (A)—(B)—(C)—> (D).

[Table 1]
SLOT NO.

RS SLOT1 | storT2 | sLoT3 | sLot4
FRAME 1 T 3 5 77
FRAME 2 2 T4 6 78
FRAME 3 i3 i5 7 f1
FRAME 4 T4 T 8 2
FRAME 5 i5 {7 1 i3
FRAME 6 16 I8 2 i4
FRAME 7 {7 1 i3 i5
FRAME 8 i8 2 4 6

fo {9 9 f9
RESERVE £10 £10 £10 £10

- (Table 1) shows an example of hopping frequencies of the
frequency hopping system. In the present example, eight types
of frequencies from fl through £8 are sequentially used as the
frequencies, and two types of frequencies £9 and £10 are prepared
for channel swapping. In Table 1, frequencies used in respective
slots when time division multiplex is carried out in four slots
aremshown in the vertical row, and frequencies shown in the same
frame are shown in the horizontal row. That is, when the frame
number is 1, fl is used in slot 1, £3 is used in slot 2, £5 is
used in slot 3, and f7 is used in slot 4. Similarly, when the
frame number is 2, f2 is used in slot 1, f4 is used in slot 2,

f6 is used in slot 3, and f8 is used in slot 4. In addition,
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when the frame number exceeds 8, the number is returned to 1,
and the frequency is determined.

Where a parent set transmits the above-mentioned control
information in slot 1, the control information is transmitted
while changing over the frequencies f1, f2,... of respective
frames. By continuously receiving a certain frequency (either
frequency of £l through £8), a child set receivesi the control
information of a parent set at the timing when the control
informationof the parent set is transmittedat the same frequency,
whereby it becomes possible for the child set to establish
synchronization of the hopping frequency. At this time, slot
synchronization is enabledbynotifying, as apart of the control
information, through which slot the parent set transmits.

) In slots other than the slot for transmitting control
slots, the parent set always receives data at a receiving
frequency responsive to the frequencies shown in Table 1 in order
to receive transmission from a child set. That is, in the case
of transmitting a control channel by slot 1, in the frame whose
number is 1, the parent set receives data at the frequency £3
in slot 2, frequency f£5 in slot 3, and frequency f7 in slot 4.
Where a child set transmits a radio link establishment request
described later to a parent set and the radio link is established,
transmission is carried out in response to the receiving

frequency of the parent set in slots other than the control slot

upon establishing synchronization of the slots and frequencies

24



WO 2005/006801 PCT/JP2004/010146

by receiving the control slot.

In addition, where the radio status is worsened with the
frequency in use when both a parent set and a child set are in
communication, the corresponding frequency is changed over by
a reserved frequency. At this time, the frequency before
changeover and that after changeover are notified to a
communication partner, and the changeover is carried out after
the response -is secured.

Also, inthe control slot, the above-described changeover -
(channel swapping) of the frequency is not carriedout even where
only the control information is transmitted, and even where
communication data for executing communications by a plurality
of radio 1links are overlapped in addition to the control
ir}formation.

Fig. 4 shows a sequence for establishing two radio links
for communications, which controls, when a plurality of radio
links are established when a communication is carriedout between
a parent set and a child set, so that a plurality of radio links
are established in slots other than the control slot and the
control slot is shifted to the slot of the established radio
links.

The child set makes a link establishing a request in slots
other than the control slot, and by receiving link allotment
from the parent set, the first radio link is established, wherein

a calling control sequence for communication, that is, a
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comunicétion commencement request and a communication
commencement response inthe example shown inFig. 4, is commenced
on the first radio link.

simultaneously, the child set makes a link establishment
request as in the case of establishing the first radio link in
slots other than the control slot and slots used in the first
radio 1link, and receives link allotment from the parent set,
whereby the second radio link is established. At this time, where
it is necessary that the second radio link is overlapped on the -
control slot when the communication capacity slightly remains
as shown in Fig. 4, channel swapping of the frequencies used
in the second radio link is prohibited. This is because the second
radio link is overlapped on the control slot.

i As shown in Fig. 4, where the receiving state is worsened
in the second radio link at the child set, the child set makes
a channel swapping request through a radio 1link whose
communication state deteriorates. However, where the parent set
isinanattempt toshiftcontrol informationtothe corresponding
link or after the parent set has already shifted the same, the
parent set does nof permit channel swapping with respect to slots
in which the corresponding control information is planned to
be overridden (or has been overridden) . For a request of channel
swapping given from the child set, a respbnse which does not
permit channel swapping is returned. Therefore, alternation of

the frequencies is prohibited in the corre‘sponding radio link.
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Where the control slot is shifted to the slot which has
beenusedforcémmunicationsuntilthen,theparentsetcommences
an action for shifting the control slot to a slot used for the
second radio link after the second radio link is established.
At this time, since other child sets become unable to receive
the control slot of the parent set, the control slot of the parent
set is searched again, and re-synchronization of the control
slot is carried out. Also, at this time, the parent set carries
out transmission of control information in both the former
control slot and the control slot, in which a new address is
multiplexed, fora fixedperiodof time. Accordingly, other child
sets that wait for the parent set temporarily can receive the
control information by the former control slot and the slot of
the new address, wherein it is poss.ible for child sets to easily
follow the shifting of the control slot at the parent set. During
theperiod,intheformercontrolslot,thecontrolslotisshifted,
and the slot of the new address is notified. The other child
sets that are receiving the control channel may be made into
a system which can shift the control slot in response to the
notification.

Also, after that, in the second radio link, it is possible
to stop transmissionor transmission andreceivingonlyineither
one of the upstream and downstream. That is, in the second radio
link, in order to secure synchronized control or to establish

the second link by the same control as that of the first link
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start, bi-directional communications are carried out once.
However, after the 1link is established, transmission or
transmission and receiving only in one of the upstream and
downstream is (are) stopped. At this time, by determining in
advance that one of them is stopped after the radio link is
established, there are no cases where a process for receiving
errors such as, for example, channel swappingandslot changeover
is uselessly commenced even if the receiving cannot be carried
out at the stopped side.

Fig. 5 shows an example of a sequence for overlapping
communication signals to a child set by overlapping data in a
controlslotafterestablishingthefirstradiolinkintheparent
sétjjlasequenceforestablishingtworadiolinkswhenexecuting
cqmmunication37 The child set first makes a link establishment
request in slots other than the control slot, and receives link
allotment from the parent set, and establishes the first radio
link.

Usingtheslotinwhichthefirstradiolinkisestablished,
theparentsettransmitsan@ssagetothechildset,whichnotifies
that data are overlapped in the control slot. Upon receiving
the notification, the child set commences receiving of the
control slot and commences receiving of the data overlapped in
the control slot (audio data or image data). In this case, it

is possible to establish radio links in two slots only in the

downstream (parent set—>child set) and to maintain one radio
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link in the upstream (child set—>parent set) asit is. For example,
if audio data are transmitted by the two slots, respectively,

" in the downstream direction (parent set—>child set), and audio

data are transmitted by one slot in the upstreamdirection (child
set—parent set), the probability of errors can be lowered with
respect to the audio from the parent set to the child set, and
the audio quality can be improved, and further it is possible
to save power -when transmitting data from the child set to the
parent set. Also, transmission is subsequently commenced in the -
upstream direction, wherein two radio links can be established
in both upstream and downstream directions.

In particular, in a case of a radio communication system
composed of a parent set driven by commercially available power
and child sets wirelessly connected to the parent set and driven
by a battery, the same audio data are transmitted by two slots,
respectively, with respect to the transmission from the parent
set to a child set and audio data are transmitted by one slot
with respect to the transmission from a child set to the parent
set, consumption of the battery of the child set can be saved,
whefein the period of communication can be elongated.

Fig. 6 shows an example of a sequence for transmitting
communication signals by a transmission slot of a child set,
corresponding to the slot by which control information is
received from the parent set, after the first radio link is

established in the child set in a sequence for establishing two
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radio links when executing communications. The child set first
makes a link establishment requestby slots other thanthe control
slot, and receives link allotment from the parent set, wherein
the first radio link is established.

Using the slot inwhich the first radio link is established,
the parent set notifies a message for permitting that
communication data are overlapped in the control slot. The child
set receives the notification and commences transmission by the
transmission slot of the child set, corresponding to the -
transmission slot of the control slot of the parent set. Then,
the parent set commences receiving data of the second link by
the receiving slot corresponding to the control slot. In this
case, radiolinksareestablishedintwoslotsonly intheupstream
direction, and it is possible to maintain one radio link in the
downstreamdirectionas it is. Also, continuously, communication
data are overlapped in the control slot, and transmission is
commenced in the downstream direction, wherein it is possible
to establish two radio links in both upstream and downstream
directions.

Next, a description is given of an action for permitting
or not permitting a plurality of radio links in a control slot.
The configuration of the apparatus is similar to that shown in
Fig. 1. A radio communication apparatus according to the
invention operates as a parent set and periodically outputs data

for control by slots determined in a TDMA communication frame.

30



WO 2005/006801 PCT/JP2004/010146
That is, the controlling portion 109 outputs control data to
the timing controlling portion 105 at a predetermined timing.

" The timing controlling portion adds a synchronization signal
necessary for communications and a CRC 124 code necessary for
error detection and outputs data at a designated timing of the
TDMA frame.

At this time, information on whether or not the
corresponding parent set permits a plurality of radio links is
placed on a part of the control information transmitted from -
the parent set.

In addition, the information may be transmitted whenever
the control information is transmitted, or may be transmitted
once every determined period of, time, or may be transmitted at
least one time in cases where the status of the parent set is
changed from a permission state to a non-permission state or
fromjanon—permission.state'toeapermission.state. In addition,
at this time, in a case where audio signals are overlapped in
the control slot and transmitted, the audio data transmitted
fromtheaudioprocessingportion106andtheCRC124codethereof
are further added to the above-described data, and are outputted
at a designated timing of the TDMA frame. The data outputted
from the timing controlling portion are converted to radio
Signalsinthetransmittingportion102byusingsinusoidalwaves
from the synthesizing portion 104 and are outputted from the

antenna 101.
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Further, where the radio communication apparatus
accordingtothe inventionoperatesasachildset, itisnecessary
that the child set receives a control channel periodically
transmitted by the parent set. By receiving the control channel
which is periodically transmitted by the parent -set, it is
possible for the child set to secure synchronization of a TDMA
frame and slots, and synchronization of a hopping cycle of the
frequency hopping. Also, since thechildset receives the control
channel, it is possible to know whether or not the parent set -
permits a plurality of radio links for a single communication.

The controlling portion 109 of a radio communication
apparatus that operates as a child set controls the receiving
portion 103, synthesizing portion 104 and timing controlling
pqrtion 105 so that it continuously receives one of the
communication frequencies for control. At the moment when the
child set receives a control signal from the parent set, the
child set carries out controlling so that the continuous
receiving is changed to receiving in response to the timing of
transmission slots of control signals from the parent set. At
the ‘'same time, the child set also controls so as to alter the
receiving frequencies one after another in response to the
sequence of the frequency hopping of the control slots.

Thus, the child set that has received the control signals
from the parent set stores in the controlling portion 109 the

information where the control information includes information
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regardingwhetherornota;ﬂuralityofradiolinksarepermitted
for a single communication, and when executing a communication,
the child set determines, on thebasis of the stored information,
whether or not a plurality of radio links are established. Also,
where a communication is carried out by two slots including the
control slot, the signals receivedby the control slotaredivided
into control information and other data, that is, separated into
audio data in the case of audio communication, for processing.
As described above, the parent set permits mﬁltiple links to -
a child set if the vacancy of radio resources (slots) of the
parent set is greater than the threshold value for a request
for permitting multiple links from the child set.

Next, a description is given of an action for permitting
o§notpermittingapluralityofradiolinksduringcommunication.
Fig. 7 shows an action when transmitting from a child set to
a parent set, and shows an example of a case of permitting a
plurality of radio links. When a transmission operation is
carried out at a child set, the child set issues a request for
linkallotment,andacquireslinkallotmentfromtheparentset,
wherein the first bi-directional radio link is established.
Continuously, the child set requests communication commencement,
the parent set sounds a ringer when receiving the communication
commencement request in compliance therewith. And, the parent
set commences paging. In line therewith, the parent set returns

a communication commencement receipt to the child set.
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Here,thechildsetmakesarequestforpermittingmultiple
links to inquire whether or not a plurality of radio links may
beestablished.Theparentsetreturnsairesponseforpermitting
multiple links to the child set with respect to a request for
permitting multiple links if the vacancy of the radio resources
of the parent set is greater than the threshold value. At the
moment when a user makes a response, the parent set side returns
a response notice to the child set side, and opens a mutual audio
path and commences audio communications.

Subsequently, the child set issues a link establishment
request by using a slot, which is not used for the first radio
link, in order to establish the second radio link and receives
slot allotment, wherein the second radio link is established
apd the child set commences transmission and receiving audio
signalsbytwo:adiolinks.Thus,thechildsetfurthercommences
a process for establishing the second radio link on the way once
an audio communication is commenced by one radio link.

In the present example, although the second radio link
iz established after an audio communication is commenced, a
methodforcommencinganactionforestablishingthesecondradio
link without waiting for a response notice from the parent set
after the child set receives a multiple link permission notice
may be possible. Where the multiple link permission notice is
received, the timing at which the child set starts the second

radio link may be any time until the communication ends.
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In addition, where the parent set does not permit a
plurality of radio links with respect to a multiple 1link
" permission request due to a reason which is that the parent set
does not have any vacancy in its radio resources or that the
parent set does not have any multiple link feature, the parent
set returns a response for not permitting amultiple link instead
of a response for permitting multiple links. Also, similarly,
where any multiple links are not permitted, a method for not
permitting a plurality of radio links at the child set without .
returning anymultiple link permission responsemay be possible.
In this case, at the moment when vacancy is secured in the radio
resources of the parent set and a plurality of radio links can
be permitted, the parent set returns a response for permitting
mgltiple links to the child set, and a method for the child set
to shift to an action for establishing the second radio link
from the time being may be possible.

Fig. 8 shows a sequence between a parent set and a child
set, which notifies during a registering action whether a radio
link is permitted or not permitted, and in particular, it shows
an éxample where a plurality of radio links are permitted. When
the power source is turned on at a child set side or a registering
action is commenced when a user moves to another base station
area in a public system, the registering action is commenced.
When the registering action is commenced, the child set issues

a request for link allotment and receives link allotment from
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the parent set, whereinaradio linkisestablished. Subsequently,
when the child set requests registering commencement, and the
- parent set receives a request for registering commencement, the
parent set stores a code for identifying the child set, which
isincluded inthe registeringcommencement request, for example,
a child set ID, and returns a registering receipt to the child
set.Herein, thechildsetmakesamultiplelinkrequesttoinquire
whether a plurality of radio links may be established.
Where the parent set permits a pluralify of radio links .

with respect to a multiple link permission request, the parent
set returns a response for permittingmultiple links to the child
set, and where a plurality of radio links are prohibited, the
parentsetreturnsaxesponsefo;notpermittingnmltiplelinks.
The child set stores a permission or non-permission state, and
subsequentlydetermineswhetherornotanactionfor establishing
a plurality of radio links is carried out, in compliance with
the stored content when communicating with the corresponding
parent set. In addition, although the present example is such
that the parent set notifies whether or not a plurality of radio
links are permitted, on the basis of a multiple link request
from a child set and a response made by the parent set therefor,
such a method for notifying a state of permission or
non-permission from the parent set to a child set without any
request from the child set as a part of information exchanged

between the parent set and the child set during a registering
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action may be possible as in a method for notifying a state of
permission or non-permission from the parent set as a part of
register-receiving information.

Next, a description is given of an action for permitting
or not permitting a plurality of radio links by an operation
of a user. A radio communication apparatus according to the
present description is similar to the radio communication
apparatus shown in Fig. 1. Where a user changes over permission
or non-permission of a plurality of radio links in Fig. 1, the -
user inputs a command of permission or non-permission in the
operation portion 107. The controlling portion stores the
inputted command, and,, in subsequent communications, the
controlling portion determines whether or not a plurality of
radio links are established, in compliance with the stored
information, that is, a state of permission or non-permission
which is determined by the user. Further, either the parent set
or child set may have the present feature.

Where a non-permission state is set by the parent set,
the setting is made valid in communications with all the child
sets which communicate with the parent set, wherein it becomes
possible not to permit communications through a plurality of
radio links. Also, where non-permission is set by a child set,
communication through a plurality of radio links is prohibited
only at the corresponding child set. This may be utilized for

the purpose of attempting effective utilization of radio
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resources and increasing the number of simultaneous
communications between a parent set and child sets by permitfing
only the corresponding child set and not permitting the other
child sets where consumption of batteries is in an attempt to
be saved by temporarily prohibiting communications through a
plurality of radio links when the battery capacity of the
corresponding child set is decreased, and where an apparatus
whose radio state isworse, for example, whichbecomes anobstacle
in radio communications between the parent set and child sets -
is installed in the vicinity of the child set when the radio
state of the parent set differs fromthat of child sets according
to an installation environment.

In addition, with respect to setting permission or
ngn—permission, such amethod is possible, bywhich transmission
from a parent set to a child set or transmission from a child
set to a parent set can be independently set. For example, where
transmission from a child set to a parent set is not permitted,
the second radio link enabled only the transmission from the
parent set in cases where the second radio link is established
following the first radio link. However, transmission necessary
for establishment of the second radio link is carried out, for
example, even if a request for establishing a radio link from
a child set is prohibited, and transmissioh from the child set
to the parent set may be stopped after the bi-directional radio

link is established. Thus, by independently setting the
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transmission from a parent set to a child set or transmission
from a child set to a parent set with respect to the setting
of permissionornon-permission, only the upstream communication
is permitted, for example, where an apparatus which becomes an
obstacle in radio communications between the parent set andchild
sets is installed in the vicinity of the parent set, and the
radio resource is effectively utilized, whereby it becomes
possible to improve the receiving quality of the parent set.
By permitting only the downstream communication, it becomes -
possible to suppress the power consumption of a battery in child
sets driven by a battery.

Although the second radio link is established after an
audio communication is commenced, such a method is possible,
wl}ich commences an action for establishing the second radio link
without waiting for any responsenoticeaftera child set receives
amultiple link permission notice from the parent set, and where
a multiple link permission notice is received, the timing at
which the child set commences the second radio link may be any
time until the communication ends.

In addition, where the parent set does not permit a
plurality of radio links due to a reason which is that, with
respect to amultiple link request, the parent set has no vacancy
secured in the radio resources or does not have any multiple
link feature, the parent set returns a multiple 1link

non-permission response instead of a multiple link permission
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response. Also, in cases of non-permission, there is a method
that does not permit a plurality of radio links to child sets
by not returning a multiple link permission response. In this
case, at the moment when vacancy is secured in the radio resources
of the parent set and apluralityof radio links canbe permitted,
the parent set returns a multiple link permission response to
the child sets. From that time, such a method becomes possible,
by which the child sets shift to an action of establishing the
second radio link.

Further, a description is given of another action example
for permitting or not permitting a plurality of radio links.
In a radio communication apparatus, an audio communication and
a data communication such as transfer of telephone number book
da}_ta are carried out. In the case of the data communication,
temporary radio interruption does not become disadvantageous
to users in comparison with audio communications. That is, in
the case of the data communication, since lost data can be
re-transmitted by re-transmission control even if radio
interruptionoccurs, it ispossibletoguaranteethe transmission
of all the data. Such communications can be carried out without
a user noticing some radio interruption.

Therefore, in a radio communication apparatus, according
to the invention, which is provided with an audio communication
feature and adata communication feature, it ispossible to change

over the audio communication and data communicationwith respect
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to whether a plurality of radio links are permitted or not

permitted. For example, where only the audio communication is

permitted with the data communication not permitted, or
permission or non-permission is changed over on the basis of
vacancyintheradioresource,suchanmthodcanbemadepossible,

by which it is controlled so that the threshold value of
non-permission in the case of audio communication ismade smaller

than the threshold value in the case of data communication, and
a plurality of radio links are further easily:permitted.in the-
case of the audio communication. As a matter of course, such
amethod is alsomade possible, by which changeover of permission
and non-permission with respect to the audio communication and
data communication can be determined by an operation of a user

as in the above description.

As described above, according to the present embodiment,
where a method for establishing a plurality of radio links and
selecting signals of a radio link whose receiving state is
favorable is carried out, it becomes possible to establish a
plurality of radio links in optional slots including a control
slot and to carry out communications, wherein an effect of
effectively utilizing radio resources can be brought about.

Further, by permitting or not permitting a plurality of
radio links in response to the radio resource in use, an effect
of effectively utilizing the radio resources can be brought

about.
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Further, bydeterminingwhether ornot the control channel
is shifted to a slot in service in a piurality of radio links
-~ in response to the radio resource inuse, aneffect of effectively
utilizing the radio resource can be also brought about.

Inaddition, sinceauseroperatestoestablishaplurality
of radio links and determines whether or not signals of a radio
1ink whose receiving state is favorable are selected, an effect
of effectively utilizing the radio resources and an effect for
increasing convenience to a user, by which the user can determine -
control subject to the use environment and circumstances at his
or her option, can be brought about.

Further, since, in compliance with whether or not the
communication is an audio commynication, a plurality of radio
links are established, and it is determinedwhether ornot signals
of a radio link whose receiving state is favorable are selected,
the radio resource can be allotted to the audio communication
with priority, wherein an effect of effectively utilizing the
radio resource can be brought about.

In addition, since a plurality of radio links are
established in a registering action and it is determined whether
or not signals of a radio link whose receiving state is favorable
are selected, it becomes unnecessary to notify permission or
non-permissionduring standbyorduringa communication, wherein
an effect can be brought about, by which control during standby

time which occupies almost all the times in operations of a radio
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communication apparatus and control during communication can
be facilitated.

Also, since a plurality of radio links are established
inaregisteringactionanditisdeterminedwhetherornotsignals
of a radio 1ink whose receiving state is favorable are selected,
permissionandnon—permissionperradiocommunicationapparatus
are enabled where it is possible to connect a plurality of radio
communication apparatuses as in a public system, wherein, if
a radio communication apparatus which can meet communications -
through a plurality of radio links and those which cannot meet
the same coexist, it is sufficient that only a plurality of radio
links are not permitted in registering in the latter radio
communication apparatuses. Therefore, an effect can be brought
about, by which control of the radio communication apparatuses
can be facilitated.

Further, since connection of a plurality of radio links
canbeprohibitedbyanoperationofatmer,itbecomesimpossible
to use a plurality of radio links through a single communication
by an operation of a user if there is a possibility of hindering
another system. If an obstacle adversely influencing other
apparatuses occurs, an effect of suppressing or lowering the

influence thereon can be brought about.

(Embodiment 2)

Next, a description is given of an example in which a
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hopping pattern is changed and a sequence collision can be
prevented from occurring where a system using the same hopping
pattern exists in the vicinity or radio apparatuses are mobile
communication apparatuses and respective systems approach each
other due tophysical movement in an FHSS communication apparatus
in which slot diversity is carried out.

Fig. 9 shows a configurational view of a communication
apparatus according to Embodiment 2. As shown in Fig. 9, the
present communication apparatus is composed bf means 154 for -
selectingahoppingpattern fromapluralityof hoppingpatterns;
a slot diversity controlling portion 153 for controlling the
hopping pattern and communication status of two communication
slots; error monitoring means 164 and 174 for monitoring a
receiving status of data received. by respective communication
slots; sequence collision monitoring portions 168 and 178 for
detecting a sequence collision; received data selecting means
152 for selecting data, whose receiving state is favorable, from
the data received by the two slots; pattern alteration
transmittingmeans 165 and 175 for transmitting a hopping pattern
altération request to a communication partner; response
confirming portions 162 and 172 for confirming a response from
a communication partner with respect to a transmitted hopping
pattern alteration request; pattern alteration monitoring
portions 167 and 177 for monitoring a hopping pattern alteration

request from a communication partner; transmission controlling
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portions 161 and 171 in charge of processing data transmission;
receiving controlling portions 163 and 173 in charge of
processing data receiving; and a radio portion 151 in charge
of processing radio communications.
Adescriptionisgivenofactionsof the FHSS communication
apparatus constructedas described above. Fig. 10 shows aprocess
for detecting a sequence collision andpreventing the same during
a slot diversity communication. As the receiving controlling
portion 163 receives data from a communication partner via the -
radio portion 151, the error monitoring means 164 checks whether
ornot there isanyreceivingerror (Fig.20:202) . Ifthe receiving
is normal, the continuocus error counter (EC_A) is cleared to
become “07 (Fig. 10: 209). If.,a receiving error occurs, the
continuous error counter (EC A) is incremented (Fig. 10: 203).
The sequence collision monitoring portion 168 checks
whether or not the continuous error counter (EC_A) exceeds the
threshold value (Fig. 10: 204), wherein if it is greater than
the threshold value, it is judged that a sequence collision
occurred. In this case, the slot diversity controlling portion
153 acquires a new hopping pattern from the hopping pattern
selecting means 154 and transmits the same to the pattern
alteration transmitting means 175 in another slot controlling
portion. The pattern alteration transmitting means 175 places
apatternalterationrequest identifier and anewhoppingpattern

inthe control fieldof the transmissiondata format and transmits
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the same to a communication partner through the transmission
controllingportion 171 and the radio portion 151 (Fig. 10: 205).
When the pattern alteration monitoring portion 177
detects receiving of a pattern alteration request, the FHSS
communication apparatus side which is a communication partner
transmits a response of the pattern alteration request via the
transmission controlling portion 171 and radio portion 151, and
thehoppingpatterntable166isIenewedonainewhoppingpattern
transmitted to the slot diversity controlling portion 153.
At the FHSS communication apparatus side which requested
hopping pattern alteration, when the receiving controlling
portion173receivestherequestimmediatelyafterthealteration
réquest is transmitted, the error monitoring means 174 checks
whetherorruﬂ:areceivingerroroccurs(Fig.10:206),wherein,
since a response of a pattern alteration request from a
communication partner cannot be confirmed if a receiving error
occurs,thepatternalterationtransmittingmeans175transmits
a hopping pattern alteration request once again via the
transmission controllingportion 171 and radio portion 151 (Fig.
10: 205) . When the receiving is normal, the response confirming
portion172checksthecontrolfieLiofthereceivingdata(Fig.
10: 207), wherein if the response of the hopping pattern
alteration request is confirmed, it is ndtified to the slot
diversity controllingportion 153, and the hoppingpattern table

167 is renewed to the new hopping pattern (Fig. 10: 208). If
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the response 1is not confirmed, the pattern alteration
transmitting means 175 transmits a hopping pattern alteration
request to a communication partner once again via the
transmission controlling portion 171 and radio portion 151 (Fig.
10: 205).

Based on the above-described construction, if a message
to alter a hopping pattern of a collision slot is transmitted
and received by carrying out communications through two slots
at all times and utilizing another communication slot where -
another radio apparatus that carries out communication at the
same timing and hopping pattern exists in the vicinity, and
transmission and receiving data are continuously brought into
collision with each other, the,hopping patterns of both FHSS
communication apparatuses communicating with each other can be
simultaneously altered, and such an effect can be brought about,

by which a sequence collision can be prevented from occurring.

(Embodiment 3)

Next, a description is given of another example in which
a sequence collision can be prevented where a system using the
same hopping pattern exists in the wvicinity.

Fig. llisaconfigurational viewof an FHSS communication
apparatus showing Embodiment 3. As shown in Fig. 11, in the
construction of Embodiment 3, the FHSS communication apparatus

is internally provided with diversity stop transmitting means
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315 and 325 for transmitting a slot diversity stop request to
a communication partner and diversity stop monitoring portions
317 and 327 for monitoring a slot diversity stop request from
the communicationpartner, wherein the hoppingpattern selecting
means, pattern alteration transmitting means and pattern
alteration monitoring portion are excluded therefrom.

Adescriptionisgivenofactions of the FHSS communication
apparatus constructedas described above. Fig. 12 shows aprocess
for preventing a sequence collision when the sequence collision -
is detected in one communication slot. Where the sequence
collision monitoring portion 328 continuously detects a
receiving error and it is judged that a sequence collisionoccurs
(Fig. 12: 410), the slot diversity controlling portion 303
transmits the same to the diversity stop transmitting portion
315 in another slot controlling portion. The diversity stop
transmitting means 315 places a slot diversity stop redquest
identifier on the control field of a transmission data format
and transmits the same to a communication partner via the
transmission controllingportion 311 and radioportion 301 (Fig.
12:°402).

TIf the diversity stop monitoring portion 317 detects
receiving of a slot diversity stop request, the FHSS
communication apparatus side which is a communication partner
transmits a response of the slot diversity stop request via the

transmission controlling portion 311 and radio portion 301, and
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at the same time, the slot diversity controlling portion 303
carriers out a process for interrupting the radio link of the
collision slot.

At the FHSS communication apparatus side that requests
slot diversity stop, when the stop request is received by the
receiving controlling portion 313 immediately after the stop
request is transmitted, the error monitoring means 314 checks
whether or not-there is a receiving error (Fig. 12: 403), wherein
since the response of the slot diversity stop request of the -
communicatifnzpértner cannot be confirmed if a receiving error
occurs, the diversity stop transmitting means 315 transmits a
slot diversity stop request to the communication partner once
adain via the transmission controlling portion 311 and radio
portion 301 (Fig. 12: 402). If the receiving is normal, the
response confirming portion 312 checks the control field of the
receivingdata (Fig.12: 404). Then, ifthediversitystoprequest
response is confirmed, it is transmitted to the slot diversity
controlling portion 303, wherein a process for interrupting the
radio link of the collision.slof is carried out (Fig. 12: 405},
and if not confirmed, the diversity stop transmitting means 315
transmits a slot diversity stop request to the communication
partner once again via the transmission controlling portion 311
and radio portion 301 (Fig. 12: 402).

Thus, if only the radio links of the collision slots of

both FHSS communication apparatuses communicating with each
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other are interrupted at the same time, the slot diversity
controlling portion 303 temporarily stops the process of the
receiving data selectingmeans 302 and changes the communication
status as a communication by a single slot. At the same time,
a process for establishing a radio link in an empty slot separate
from the collision slot is carried out (Fig. 12: 406). As the
process for establishing a radio link is completed, the slot
diversity cohtrolling portion 303 restores the process of the
receiving data selecting means 302 and re-starts the slot

diversity (Fig. 12: 407).

<Industrial Applicability>

v Based on the above-described construction, where the
hopping pattern cannot be easily altered due to a reason that
the collision slot is concurrently used not only as the
communication slot but also the control slot of the FHSS
communication system, the process for interrupting the radio
links of the collision slot is simultaneously carried out in
both FHSS communication apparatuses communicating with each
otﬁer by utilizing another communication slot. After that, by
establishing a radio link by an empty slot separate from the
collisionslotandre-starting the slotdiversity, suchaneffect
can be brought about, by which the sequence collision can be

prevented from occurring.

50



WO 2005/006801 PCT/JP2004/010146

CLAIMS

1. Aradiocommunicationsystemof a frequencyhopping system,
which is capable of executing time division multiplexing and
carrying out communications while changing over two or more
frequenciesbetweenthe systemandasingle communicationpartner,
comprising:

a first communication apparatus, including a
transmitting portion which transmits a control information by
one slot in one frame; and

a second communication apparatus, communicating with the
first communication apparatus and including a receiving portion
éoas1x>receivethecwntrolinformationandeatiminggenerating
portion so as to acquire synchronization in timingwith the first
communication apparatus;

wherein the transmitting portion of the first
communication apparatus transmits communication signals with

the control information in one slot.

2. The radio communication system according to claim 1,
wherein the first communication apparatus transmits a
control informationby at least one slot in one frame in advance;
the second communication apparatus acquires
synchronizationintimingwiththe first communicationapparatus

on the basis of the control information to be received by the
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second communication apparatus during standby:;

the first communication apparatus and the second
communication apparatus establish a plurality of radio links
when commencing communications; and

at least one of the first communication apparatus and
the second communication apparatus transmits communication
signals and the control information in one slot between the first

communication apparatus and the second communication apparatus.

3. The radio communication system according to claim 1,
wherein the first communication apparatus transmits control
information to be the reference by at least one of slots_in a
predetermined frame cycle;

i the second communication apparatus receives the control
informationduring standby and securing synchronizationbetween
timing of the frame and slots and timing of frequency hopping
with the first communication apparatus so as to establish a
plurality of radio links when commencing communications and
carrying out communications:

wherein at least one of the first means and the second
means establishes a radio link so as to include communication
signals and control information in one slot between the first
communication apparatus and the second communication apparatus

and establishes a radio link so as to transmit communication

signal in another slot.
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4. The radio communication system according to claim 3,
further comprising:

controlling means, which establishes radio links in a
plurality of slots other than a control slot for transmitting
control informationwhen establishingapluralityof radio links
and controls so that the control information is overlapped onto

the slots of the established radio links.

5. The radio communication system according to claim 3, -
wherein the second communication apparatus immediately
transmits a communication signal by a transmission slot
corresponding to the slpt which receives a control slot from
the first communication apparatus after the first radio link

is established.

6. Aradiocommunicationsystemof a frequencyhoppingsystem,
which is capable of carrying out time division multiplex by
dividing time by a predetermined period of time and by dividing
time in a frame by a predetermined period of time, and carrying
out communications while changing over two or more frequencies
for one radio link; comprising:

a first communication apparatus, including first means
for transmitting a control information to be the reference, by
at least one of the slots in a predetermined frame cycle;

a second communication apparatus, communicating with the

53



WO 2005/006801 PCT/JP2004/010146

first communication apparatus and including second means for
receiving the control information during standby, securing
synchronization between timing of the frame and slots and timing
of frequency hopping with the first communication apparatus so
as to establish a plurality of radio links when commencing
communications and carrying out communications;

at least one of the first means and the second means is
capable of transmitting communication signal with control
information to each other and establishing radio links; and -

controlling means controls so that control information
is overlapped onto slots of radio links that are already
establishedwhen the numbher of communication-possible slots that
are not used yet becomes a predetermined threshold value or less.
7. Aradiocommunicationsystemof a frequencyhopping system,
which is capable of carrying out time division multiplex by
dividing time by a predetermined period of time and by dividing
time in a frame by a predetermined period of time, and carrying
out communications while changing over two or more frequencies
for one radio link; comprising:

a first communication apparatus and a second
communicationapparatus, communicatingwitheachotherandwhich
are capable of establishing radio links by transmitting
communication signals with control information, and are capable

of establishing at least one or more radio links during
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communication, selecting decoded signals through a radio link
whose communication quality is favorable, and carrying out
communications;

wherein the first communication apparatus includes means
for transmitting control information for notifying whether or
not a plurality of radio links are enabled;

the second communication apparatus that becomes a
communication partner of the first communication apparatus
includes means for receiving the control information; and

wherein the control information transmitted from the
first communicationapparatusnotifiesWhetherornot aplurality
of radio links are enabled, and

the second communication apparatus is controlled in
response thereto so that it determines whether a communication
is carried out with a plurality of radio links established or

with a single radio link established.

8. A radio communication systemof a frequency hopping system,
which ig capable of carrying out time division multiplex by
dividing time by a predetermined period of time and by dividing
time in a frame by a predetermined period of time, and carrying
out communications while changing over two or more frequencies
for one radio link; comprising:

a first communication apparatus and a second

communicationapparatus, communicating witheachother andwhich
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are capable of establishing radio links by overlapping control
information and communication signals Dbetween the first
communication apparatus and the second communication apparatus,
and are capable of establishing at least one or more radio links
during communication, selecting decoded signals through a radio
link whose communication quality is favorable, and carrying out
comnunications;

wherein the first communication apparatus includes means
for notifying b a radio signal whether or not a plurality of -
radio links are permitted;

the second communication apparatus includes means for
inguiring by a radio signal whether or not a plurality of radio
links are permitted; and

) the second communication apparatus inquires from the

inguiring means to the notifying means with respect to whether
or not radio links are permitted, and operates on the basis of
the result of notification so that a plurality of radio links
are established where a plurality of radio links are permitted,
and only one radio link is established where a plurality of radio
links are not permitted, prior to commencement of a

communication.

9. Aradio communication systemof a frequencyhopping system,
which is capable of carrying out time division multiplex by

dividing time by a predetermined period of time and by dividing
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time in a frame by a predetermined period of time, and carrying
out communications while changing over two or more frequencies
for one radio link in which a first communication apparatus is
capable of communicating with at least one or more second
communication apparatuses registered in advance, comprising:

a first communication apparatus and a second
communication apparatus, communicating with each other, which
are capable of establishing radio links by overlapping control
information and communication signals between the first -
communication apparatus and the second communication apparatus,
and are capable of establishing at least one or more radio links
during communication, selecting decoded signals through a radio
link whose communication quality is favorable, and carrying out
communications;

wherein the first communication apparatus and the second
communication apparatus include registering means for carrying
out registrationof the second communication apparatusbyaradio
signal and storing means for storing information notified by
the first communication apparatus in registering; and

when carrying out registration by the registering means,
the first communication apparatus notifies to the second
communication apparatus whether a plurality of radio links are
permitted or not permitted the second communication apparatus
stores the information in the storing means;

when carrying out communications, the second
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communication apparatus operates so as to establish a plurality
of radio links on the basis of the stored information where a
plurality of radio links are permitted, and operates so as to
establish only one radio link where a plurality of radio links

are not permitted.

10. The radio communication system according to claim 7 and
8, wherein the radio communication system notifies that a
piurality of radio links are not permitted when the number of -
usableradioresourcesbecomes21predeterminedthresholdvalue

or less.

11. The radio communication, system according to claim 7, 8

and 9, further comprising:
meansforinputtingauser’scommandandstoringthesame;
wherein the radio communication system notifies that a

plurality of radio 1inks are permitted or not permitted in

compliance with the user’s command.

12. A communication method making communications by using
a frequency hopping system, which is capable of carrying out
time division multiplex by dividing time by a predetermined
period of time and by dividing time in a frame by a predetermined
periéd.of time, and carrying out communications while changing

over two or more frequencies for one radio link,
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in which a first communication apparatus transmits
control information, which becomes the reference, by at least
one of the slots in a predetermined frame cycle; and

a.second.communication.apparatus communicating with the
firstcommunicationapparatus,receivesthecontrolinformation
during standby and secures synchronization.between timing of
frames and slots with the first communication apparatus and
timing of frequency hopping;

comprising the steps of:

establishing a first radio 1link when the first
communication apparatus and the second communication apparatus
commences a communication;

establishingfurtheroneprnmreradiolinksandcarrying
out a communication; and

establishing a radio 1ink so that at least one of the
plurality of radio links transmits communication signals with

control information.

13. The communication;method,according'to claim 12, further
comprising the steps of:
establishing a first radio 1link when commencing a
communication;
establishingaradiolinkjjlaslototherthanthecontrol
slot for transmitting control information and communicating

therethrough; and
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shifting the control slot to the slot in which a radio

link is established.

14. The communication method according to claim 12, further
comprising the steps of:

rransmitting communication signals to the second
communication apparatus by overlapping the communicationsignal
onto the control slot after establishing the first radio link

in the first communication apparatus.

15. The communication method according to claim 12, further
comprising the step of:,

transmitting communication signals by a transmission
slot corresponding to a receiving slot of a control slot from
the first communication apparatus after establishing the first

radio link in the second communication apparatus.

16. The communication method according to claim 12, further
comprising the steps of:

shifting the control slot toa slot in which a radio slot
is established when the number of communication-possible slots

becomes a predetermined threshold wvalue or less.

17. Aradiocommunication method of a frequency hopping system,

which is capable of carrying out time division multiplex by

60



WO 2005/006801 PCT/JP2004/010146

dividing time by a predetermined period of time and by dividing
time in a frame by a predetermined period of time, and carrying
out communications while changing over two or more frequencies
for one radio link;

in which a first communication apparatus and a second
communication apparatus communicates with the first
cmmmunicationapparatusarecapableofestablishingradiolinks
bytransmittingcommunicationsignalswithcontrolinformation,
and are capable of establishing at least one or more radio links -
duringcommunication,selectingdecodedsignalsthrou@naradio
link whose communication quality is favorable, and carrying out
communications; comprises:

a step for the first commuynication apparatus to transmit
control information including control information thatnotifies
whether or not a plurality of radio links are enabled;

astep for the second communication apparatus thatbecomes
a communication partner of the first communication apparatus
to receive the control information;

a step of notifying whether or not a plurality of radio
linKsareenabled,insaidcontrolinformationtransmittedfrom
the first communication apparatus; and

astep for the second communication apparatus todetermine
whether a communication is carried out with a plurality of radio
links established or a communication is carried out with one

radio link established.
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18. Aradiocommunicationmethodofafrequencyhoppingsystem(
which is capable of executing time division multiplexing and
carrying out communications while changing over two or more
frequencies for one radio link,

wherein a first communication apparatus and a second
communicatianapparatusarecapableofestablishingradiolinks
bytransmittingcommunicationsignalswithcwntrdlinformation
and are capable of establishing at least one or more radio links
duringcommunication,selectingdecodedsignalsthrou@naradio-
1ink whose communication quality is favorable, and carrying out
communications; and includes the steps of:

notifying by a radio signal whether or not a plurality
of radio links are permitted; .

i inquiring by a radio signal whether or not a plurality

of radio links are permitted; and

establishingarﬂuralityofradiolinkswhereapﬂurality
of radio links are permitted and establishing only one radio
1ink where a plurality of radio 1inks are not permitted, on the
basisoftheresultofnotificationwhenthesecondcommunication
apparatus inquires from the inquiring means to the notifying
means with respect to whether or not radio links are permitted,

prior to commencement of a communication.

19. The communication method according to claim 17 and 18,

further comprising the steps of:
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operating so as to establish a plurality of radio links
in a permitted state according to a state where a plurality of
radio links are permitted or not permitted in cases of audio

communications.

20. The radio communication system of a frequency hopping
system, which is capable of executing time division multiplexing
and carrying out communications while changing over two or more
frequencies between the system and a single communication -
prartner,

wherein a receiving error is monitored in respective
slots; and

in one slot in which ,no collision occurs where a
transmission and receiving collision is continuously detected
in the other slot, a frequency altering process of the slot where
a collision occurs is carried out by utilizing a control field

of a data format.

21. The communication apparatus according to claim 20,
wherein, where a transmission and receilving collision is
continuously detected in one communication slot when carrying
out frequency diversity communications by two slots, a diversity
stop process is carried out by utilizing a control field of the

other slot where no collision occurs.
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22, Aradiocommunicationsystemof a frequencyhopping system,
which is capable of executing time division multiplexing and
carrying out communications while changing over two or more
frequenciesbetweenthe systemanda single communicationpartner,
comprising:

means for carrying out a diversity communication that
transmits the same information by two slots by using the same
hopping pattern in both radio communication apparatuses;

means for selecting a hopping pattern from a plurality -
of hopping patterns;

a slot diversity controlling portion for controlling a
hopping pattern and a communication state in two communication
slots;

i means for monitoring a receiving state of data received
by respective slots;

a sequence collision monitoring portion for detecting
a sequence collision;

means for selecting data having a better receiving state
from data received by the two slots:

means for transmitting pattern alteration, which
transmits ahoppingpatternalterationrequest toacommunication
partner;

a response confirming portion for confirming a response
from a communication partner with respect to a transmitted

hopping pattern alteration request; and
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a pattern alteration monitoring portion for monitoring
a hopping pattern alteration request from a communication

partner.

23. Aradiocommunicationsystemof a frequency hoppingsystem,
which is capable of executing time division multiplexing and
carrying out communications while changing over two or more
frequenciesbetweenthe systemanda single communicationpartner,
comprising:

diversity stop transmitting means for monitoring a
receiving error by respective communication slots and
transmittingaslotdiversitystoprequestbyutilizingacontrol
fieldofoneslotinwhichnocollisionoccurswhereatransmission
and receiving collision is continuously detected in the other
communication slot; and

adiversity stopmonitoring portion formonitoringa slot

diversity stop request from a communication partner.
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