CONNECTI ON VEMB®0F DI G TAL CORDLESS TELEPHONE APPARATUS BACKGROUND OF THE
~ INVENTION Field of the Invention: The present invention relates to a

- connection nmethod of a digital cordless tel ephone apparatus in which
conmmuni-cation between a base unit and a portable unit and comuni cation
anong;-a pkurality of portable units are carried out by transmtting and
receiving digital data. Description of the Related Art: As shown in FIG 1,
a digital corCORSECTEOR MEFROR [ DHRGITALNCORDEESS BELEPHANE APRBARAEUS
plurality of portable units 2, 3 and 4. The base unit 1 serves as a base
station. The base unit 1 is connected to a telephone |l i ne and has an

antenna la for communicating w a uralit ortable units 2 to 4. The
portable units 2, 3 and 4 h%&c @Hﬁ%@lﬁgﬂ ﬁ'g respectively, and

radi o commupni_cati on therebetmeen can be carrled out through the antenna | a
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and receiving digital data.

Description of the Related Art:

As shown in FIG. 1, a digital cordless teiephone
apparatus includes a base unit 1 and a plurality of portable
units 2, 3 and 4. The base unit 1 serves as a base station.
The base unit 1 is connected to a telephone line and has an
antenna la for cbmmunicating with é.plurality of portable units
2 to 4. The portable units 2, 3 and 4 have antennas 2a, 3a, aﬁd
4a, respectively, and radio communication therebetween can be
carried out through the antenna la of the base unit 1 and the
antennas 2a, 3a and 4a of the respective portable units 2, 3 and
4. |

When the portable units 2, 3 and 4 communicate with
the base unit 1 (or a telephone connected to the base unit 1 via
the telepﬁone line), each of the portable units 2, 3, and 4
transmits an access control signal.of a predetermined'format to
the base unit'1 51de{? The portable unlts Z,ﬁs, and 4 transmit

and recelve dlgltlzed audlo data to and from the base unit 1 by

using d1v1ded time slots of one channel. Thus, the portable



Some digital cordless tel ephone apparatus descri bed above enploy a tine

di vi sion duplex (TDD) comruni cation systemin which data is transmtted and
received at the sane frequency to carry out a so-call ed reciprocal

transm ssion, or a tinme division nultiplex access (TDMA) communi cati on
systein Ingthe TDD conmuni cationn system as shown in FIG 2A one channel
(frequency) is divided into transm ssion slots T and reception slots R in
vi ew of a unfbsi At ed yadnd ahdcommun icatsrivsidiiorhel bas® unditt he reception sl ot
R are alternately and repeatedly | ocated on one channel. A guard time (not
shown) is provided béiomesligidal gerfilessohesephone apparrtyedgagmibed ot

R In this case, each of the transmssion _slot T and the reception slot R
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predet er m pedepeibadslot8CROLAESW VO E M & M d@itRirWangdand the

* transmission slot T and the reception slot R are alternately and
repeatedly located on one channel. A guard time (not shown) is
provided between the transmission slot T and the reception slot
R. In this case, each of the transmission slot T and the

reception slot R has an interval of 1 msec., and the guard time

has an interval of several tens of usec. A portable telephone

(the portable unit) transmits data to a base station (the base
unit) during the transmission slot T and receives data from the
base station during the reception slot R.

In the TDMA communication system which is an improved
version of the TDD communication system, as showﬁ in FIG. 2B, a
plurality of pairs of a transmission slots (Tl to T4) and a
reception slots (Rl to R4) form one frame on one channel. This
allows multipié communications on one channel.

As described above, the TDMA system provides
effective use of a frequency band allocated to a cordless
telephone. Wheh such communication is carried out, the base

unit transmits control signals to the respective portable units



format. Specifically, as shown in FIG 3A, the base unit transmts a
control signal dl to the portable units during a period of 625 [err] at
intervals of 125 nsec. When the base unit calls any of the portable units
t hrough an extension call or the like, tdhe base unit transmts an

I dent{fication nunber of the corresponding portable unit on the control
signal dl to call the corresponding portable unit having the above

i dentificadatoa predetermineéd gpgmiddihire amvcdrdancei withoal predest exnm nexd
signal intermttently in its reception standby state in a predeterm ned
period (e.§ormahce Specific@lkyc@nishowrhdm FIG.s3pesthel kase urituce a
consunmed power of the portable unit required for receiving the control
signal in FFaNEBELHIR FPREEMLISiIGNAL €1 MnddwepPatRhlecuBItE dYring oh
enough time for receiving one control signal. However, the portable unit
practi cal | perdodi o€s62nansemi rat ntpmtalduciing 25 psecgd @henbblle h@sesec. .
in consideration of sone factors such as a start-up tinme of its reception
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possible to drastically reduce the consuned power of the portable unit as
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Recently, the portable uni of the digital cordless tel ephone apparatus not

only respogntle torfespbhdingnpdhealbbs cunit thduilngplthe abovbeidertifidcabior
extension call between the portable units. This requires the portable units
to check nubefret hEf thenportiéiele umitmeamivesoondlyl theecohtnokl sigoal
di rect _
intermittently in its reception standby state in a predetermined
period (e.g., once every 1.2 seconds), then it is possible to
reduce a consumed power of the portable unit required for

receiving the control signal in its reception standby state.

Fundamentally, 625 psec. is an enough time for réceiving one

control signal. However, the portable unit practically receives .
one control signal during a period of about 10 msec. in
consideration of some factors such as a start-up time of its
reception unit. Accordingly, assuming that the portable unit
receives one control signal during a period of 10 msec. at every
interval of 1.2 seconds, a time during-which the reception unit
is operated is 1/120. Therefore, it is possible to drastically
reduce the consumed power of the portable unit as compared with
the time when the ;eception unit ié operated continuously.
Recently, the portable unit of the digital cordless
telephone apparatus not only responds to a call from the base
unit but also can be used for an extension call between the

portable units. This requires the portable units to check



communi cati on between the portable units. For exanple, assum ng that ten
frequencies (i.e., ten channels) are allocated to the channels for direct
comuni cati on between the portable units, then the portabl e unit nust check
all the ten channels in a predeterm ned period. Accordingly, as shown in
FIG 3B, if a tinme during which the reception unit of the portable unit in
its reception standby state is energized is 120 nsec. including 625 [err]
during whi whethercent rot thgnrel isany ¢akhon 1aldd theechapnedsnioredbreet
unit, it is necessary that during a time t1 (about 110 nsec.) after the
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the portable units. For exanp e reception unitT 1s energized during
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the reception unit is energized during a 1/10 tine period. Accordingly, the
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consi derabl'y increased as conpared
from the base unit, it is necessary that during a time tl (about
110 msec.) after the recepfion unit receives the control signal
dl from the base unit, the poftable unit successively checks all
the ten channels and determine whether or not there is a call
from any of another portable units (i.e., determine whether or
not it has received a direct access request signal from any
other portable unit). The time tl when the portable unit checks
all the ten channels in this case is set to about 110 msec. in
consideration of the fact that it takes about 10 msec. for the
portable unit to check one frequenc& and it takes about 1 msec.
to switch channels.

As descriﬁed above, it disadvantageously takes a
considerable time for the portable unit to check all the
channels for direct'communications between the portable units.
For example, if the reception unit is energized during a period
of 120 msec. at the interval of 1.2 seconds, this fact means
that the reception unit is energized during a 1/10 time period.

Accordingly, the consumed power of the portable unit in its



wi th a consumed power consunmed when the portable unit checks no channel for
di rect communi cation between the portable units. In order to solve the
above problem the sane assignee of the present invention proposed a

cordl ess tel ephone apparatus which allows the comunication between the
portable upits via the base unit (Japanese |ai d-open patent publication No.
129805/ 1993). As shown in FIGS. 4A, 4B and 4C, when conmuni cati on between
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each of the portable units receives only the cont r ol signal fromthe base
unit in itsombeitcationt bathgen two Spateabldamits ils aoi5|bherﬁed eat) of
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the proposed cordless telephone apparatus is operated as

follows. Specifically, the base unit receives data, such as
audio data in one time slot of a call, transmitted from one
portable unit 1 during a réception slot Rl. The base unit
transmits the received data to the other portable unit 2 during
a transmission slot T3 of the base unit., The portable unit 2
receives the transmitted data. On the other hand, the base unit
receives data, such as audio'daﬁa in one time slot of a call,
transmitted from the portable unit 2 during a reception slot R3.
Thé base unit transmits the received data to the portable unit 1
during a transmission slot Tl of the base unit. The portable
uﬁit 1 receives the transmitted dat;. |

Since the communication between the portable units is
carried out wvia the base unit as described above, each of the
portable units does not need to receive a call request signal
directly transmitted from another portable unit in its reception
standby state. If each of the portable units receives only the

control signal from the base unit in its reception standby



communi cate with the base unit and carry out the conmuni cati on between the
portable units via the base unit. However, in the conmunication between the
portable units via the base unit, when the base unit has no free tinme slots
because the base unit communi cates with gnother portable unit, there is

t hen the dj sadvantage that the comuni cati on between the portable units
becones inpossible. Specifically, as shown in FIGS. 4A, 4B and 4C, it is
assuned t hstatepnbhenaitonsbposeible hfopazaciblaf mhia portabliesundtksi €d out
via the base unit during reception slots Rl, R3 and transm ssion slots TI1,
T3 of the coo@upiratgnwithetbaskaseiuntbrandicanes ontt thencomaunjeatione
unit during its reception slot R2 and its transm ssion slot T2. At this
time, the gRi thaaposhpbleBnitsevid gthe hase vodddption slot R4 and its
transm ssion slot T4. _As a result, even if the base unit receives froma
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portabl e uRHownOHinaAFAGREr 4A, 4B and 4C, it is assumed that communication
between the portable units 1, 2 is carried'out via the base unit
during reception slots R1l, R3 and transmission slots Tl, T3 of
the base unit and the base unit communicates with another .
portable unit during its reception slot R2 and its transmission
slot T2. At this time, the base unit has only two time slots,
its reception slot R4 and its transmission slot T4. As a
result, even if the base unit receives from a still another
portable unit a request for communication between portable
units, i£ is. impossible for the base unit to satisfy the
request.

The description hés hitherto been made on the
assumption tpat all of 8 time slots prépared in one frame can be
used. Practically, it is frequently observed that a performance
of the base unit limits use of all the time slots prepared in
‘one frame. For example, the base unit sometimes reaches the
limit of its performance when one communication betweén the
portable units is carried out with four time slots occupied

shown in FIG. 4. Even in this case, the base unit cannot



comuni cati on between portable units via the base unit. Mreover, in the
communi cati on between the portable units via the base unit, there is then
t he di sadvantage that both of two portable units to carry out the
comuni cati on between the portable unitsynust be located within an area
whi chra radi o wave fromthe base unit ranges and that if either of the two
portable units is located out of the area, the communication between the
portabl e usatisfy amposyiudst [weciamoddery porhebdegunit for dmstshar| ephone
apparatus of this kind basically has a comruni cati on performance which
al | ows a tFaFBwWRicaHioRde-wRaR poyhabdéhuaipsavdaabbatbane watiway fromthe
base unit. If a distance between the two portable units is 100 m or | ess,
then it is possi bI e t’@?r&%"ﬁf’o&fl GheeCPMBERECRT LER iRpT YR ddIe tﬂ?étt%e
portable units. t he communi catiqQn bet t he rtable u ts via
p?i?‘?&br‘ge g
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t el ephone apparatus descri bed bel ow. The 8 digital cordl ess t el ephone
apparatus baetdefiSthePpsetalé wilksl is impossible. Specifically, the
digital cordless telephone apparatus of this kind basically has
a communication performance which allows a transmitted radio
wave to reach a place about 100 m away from the base unit. If a
‘distance between.the two portable units is 100 m or 1ess, then
it is possible to carry out direct communication between the-two
portable units. However, the cémmunication between the portable
units via the base unit is carried out, both of the portable
units must be located within a 100-m range from the base unit or
less, which limits an area where the communication between the
portable units via the base unit is possible.
SUMMARY OF THE INVENTION
In view of such aspects, an.object of the present
invention is to propose a connection meihod of a digital
cordless telephone apparatus which allows satisfactory |
communication between portable units in any state.
A connection method of a digital cordless telephone
apparatus according to the present invention is applied to a

digital cordless telephone apparatus described below. The



plurality of portable units. One channel is divided into frames in view of
time, each frame being formed of a plurality of transm ssion slots and a
plurality of reception slots. A digital data is transnmitted and received
during respective periods of the transmgssion slot and the reception slot.
By using the plurality of transm ssion slots and reception slots in each of

the frames, the base unit can communicate with the plurality of .portable
units anddpga&adeceﬁdiﬁﬁsc§9199h9%¢vﬂﬂﬂﬁﬁﬁﬁpﬁxﬁﬂﬁﬂﬂd;suﬁiPaéﬁdu&ﬁ ﬁﬁa a
portable unit of the pluralit
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not there any transSm ssion s reception ot "avail'abl e for
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unit can used. If there are available transm ssion slot and reception

sl ot, thendiify Rase pivira14$8s ofsebhashli 8550h0s Bbtovam erldegisiorearldtize in
first portable unit "and the second portable unit by using the avail able

slots. |f ddun R ErauRid althe basesunisi oanstatmamitate epitlorths ot, then
the base unit transmits the control signal including a busy 9
i nf or mat i oplurdieify rcfl portaiilec uniits aedepvevideccemmnitation between
one portable unit and another portable unit of the plurality of
portable units via the base unit.

‘The connection method according'to the present
invention is used for connection for communication between a
first calling side pqrtable unit and a second called side
portablé unit of the plurality of pdrtable units.

According to a first aspect of the present invention,
the first portable unit transmits an access request signal for
requesting a call to the second portable unit. The base unit
receives the access request signal and determines whether or not
there are any transmission slot and reception slot available for
connecting the first portable unit to fhe second portable unit

) -via the base unit can be used. If theré are available
transmission slot and reception slot, then the base unit uses
usable slots to allow a call between the first portable unit and
the second portable unit by using the available slots. If there
are no available tranémission slot and reception slot, then the

base unit transmits the control signal including a busy



signal and transmts to the second portable unit a direct access request
signal for requesting a call to the second portable unit. The second
portabl e .unit receives the direct access request signal, thereby
communi cating with the first portable ungt. According to a second aspect of
the presenf invention, portable units other than the first portable unit
anong the plurality of portable units are brought in their standby state
for receptinfoxmationdi Met fdosss portqbdet usignz¢ceiness rdueiadmigralne
control signal including the busy information. According to a third aspect
of the prestgnal mathttirgnsnits ftior $hepsecapieportabletenr e AIFRGha@caasot
it is possible to receive a control signal fromthe base unpit. If the first
port abl e URETURSH HINA diofe negesANgoR SRYhaEC ERRSeFRN] i PQ¥taRA] abl e
unit transmi, the direct uest, signaL to tﬁg gcond ort%PIe unit.
e

cess r
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t hereby comunicate. with the fi:rst portable.unit.. According to a fqurth
nspectof TRENEF 6 tiaBaTy dlfarby rlopgaF APy, Wishr el et Rfriahie
plurality 9 igortable units determnes that it cannot receive the control
signal, portable units other than the first portable unit are brought in
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di agr am shou8gt forY PSFEit fe AIHAWYEHYr than the first portable unit
| among the plurality of portable units are brought in their
standby state for reception of the direct access request signal
when receiving the control signal including thé busy
informatién.
| According to a third aspect of the present invention,
the first portable unit determines whether or not it is possible
to receive a control signal from the base unit. If the first
portable unit cannot receive the control signal, then,thé first '
portable uﬁit transmit the direct access request signal to the
second portable unit. The second portable unit receives the
direct access request signal to thereby communicate with the
first portable unit.

According to a fourth aspect'of the present
invention, when the first portable unit of the plurality of
portable units determines that it cannot receive the control
signal, portable units other than the.first poitable unit are
brought.in their standby state for regeption of the control
signal and the direct access request signal.

BRIEF DESCRIPTION OF THE DRAWINGS



of a cordless tel ephone apparatus; FIGS. 2A and 2B are di agrans
respectively showi ng a TDD comruni cati on system and a TDVMA conmuni cati on
system FIGS. 3A and 3B are diagrans showing a timng at which a base unit
transmts a control signal and a timng a which a reception unit of the
portable unit is energized; FIGS. 4A, 4B and 4C are di agrans show ng a
processing of a communi cation between portable units via the base unit;
FIG 5 is a diagram $d&ai dgisnaafdiaggareshoving dEystematia aryrngegegkt al
cordl ess tel ephone_apparatus to which the present invention is applied;
FIG 6 is %foé)afﬁ?%%ﬁﬁ)\iﬁq;fﬂwlﬁ PRPGEAENEof a base unit of a digital
cordl ess tel ephone agparat s to meich th&,gresent I nventjon is_applied;
FIG 7 is a diagram 'néAaﬁnQr BngtRefttagrans ARt Wiy¥as RR¥dddAng to

nmbodi nent; FIG 8 is.a fl hart shoyy | f_t.h tab
i ¢ for mERy sPumiRsGEnidh, PuRRel andh Al SoBmaRERR bR ol s
fl hart show [ f oth Iyf Ldh Lt . '
Standby Stat e aocor dPAGo JPnenBABaEREr( aprad gk th f CHGR R
s accor drig Yo e TEENDE an g
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a_di agr am ghowh g Aeddpt 5h AniicHh € portB®bakhet Uik tehdbgd sl pUt Si de a
comruni cat1 on range carries out recept Ion 1 n I_t S recept Ion s andby st ate.

FIGS. 4A, 4B and 4C are diagrams showing a processing-

of a communication between portable units via the base unit;

FIG. 5 is a diagram showing an arrangément of a
portable unit of a digital cordless telephone apparatus to which
the present invention is applied;

FIG. 6 is a diagram showing an arrangement of a base
unit of a digital cordless telephone apparatus to which the |
present invention is applied;

FIG. 7 is a diagram showing an arrangement of a
control signal according to an embodiment;

FIG. 8 is a flowchart showing a processing of the
portable unit for making an extension call according to the
embodiment;

FIG. 9 is a flqwchart showiné a processing of the
portable unit in its reception standby state according to the
embodiment ;

FIGS. 10A, 10B and 10C are diagrams showing a timing
at which the portable unit carries out reception in ;té
reception standby state according to the embodiment; and

FIG. 11 is a diagram showing a timing at which the



DESCRI PTI ON OF THE PREFERRED EMBCDI MENT A connection nmethod of a digital
cordl ess tel ephone apparatus according to an enbodi nent of the present
invention will hereinafter be described with reference to FIGS. 5 to 11. In
this enbodi ment, the present invention igjapplied to a TDVA conmuni cation
systemdigital cordless tel ephone apparatus which is simlar to that
described above. A portable unit 10 of the digital cordless tel ephone -
appar at us Pertabledenitsletaned ioutmide B copomuhdgAtionFrangs, careiesrouhl e
unit 10 has an antenpa 11, a radio unit 12, a nodul ati on/ denmodul ation unit

13, a conmEAFeRtien %ﬁn%tﬁfFeQﬁPﬁkﬂﬁnﬁﬁﬁPQBYfﬁ&ﬁ&ﬁtlaI pul se code nodul ati on
(ADPCM codec unit 15, eaker unit 16, _and a m crophone 17. The antenna
11 receives a digital @@ﬁggngﬁgﬁiPFeHHFrBB$EE%%§% QDIMENT, ot her portable
it d i th dd I th di t 1 di
anit 12 subj ect st he & GEARGE e AeERodaps acdistEal ot gt ianhind 3 °
i t QL al
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signal to the speaker unit 16. The speaker un|t 16 converts the anal og
audi 0 si gngb hNPEMA OEOkiuREa €161 A RSt di &1 IS cord1&8sAte2epHoAe an audi o

signal picked up by the m crophone 17 is supplied to the ADPCM codec unit
15. The ADRpphratus which is similar to that described above. A portable
unit 10 of the digital cordless telephone apparatus is arranged
as shown in FIG. 5. As shown in FIG. 5, the portable unit 10
“has an antenna 11, a radio unit 12, a modulation/demodulation
unit 13, a communication unit 14, an adaptive differential pulse
code modulation (ADPCM) codec unit 15, a speaker unit'16, and a
microphone 17. The antenna 11 receives a digital data
transmitted from a base unit or another.portable unit and
supélies‘the received digital data to the radio unit 12. The
radio unit 12 subjects the received digital data to a reception -
processing and supplies the digital data to the modulation/‘
demodulation unit 13; The modulation/demodulation unit 13
demodulates the received digital data ﬁnd supplies the.
demodulated data through the communication unit 14 to the ADPCM
codec.unit 15. The ADPCM codec unit 15 converts the received
ADPCM digital data into an analog audio signal and supplies the
analog audio signal to the speaker unit 16. The speaker unit 16
converts the analog audip signal into sounds and emanates the

sounds.



codec unit 15 converts the supplied analog audio signal into a digital data
and supplies the digital data through the communication control unit 14 to
t he nodul ati on/ denodul ation unit 13. The nodul ati on/ denodul ation unit 13
nodul ates the digital data for transm ssjpon and supplies the nodul at ed
digital data to the radio unit 12. The radio unit 12 supplies the nodul at ed
data to the antenna 11. The antenna 11 transnits the nodul ated digital data
in the formof a radhosornd ommn pdishsdonalt pigkadsuR R¥ytM@put unit 18,
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signal transmtted fromthe base unit on a predeterm ned channel at a

predet er mdied ¥ @ folheransmi8s§ah! Qﬁdcélﬁ%épiesl Rite hbdudRited digheal
reception operation in its second operation state such that the portable

unit 10 rerfid/ @fo Wi eadicolunitgnal. frhe theidaseitinia sapplies the -

predeterm ned interval and receives a direct access request signal

transmitt esbdliYamsdd Wdtaoecadichanteanaable Uhhe antenna 11 transmits the
‘modulated digital data in the form of a radio wave.

The portable unit 10 has a key input unit 18, a
man-machine interface unit 19, and a display unit 20. The key
inpuf unit 18 is connected ﬁhrough the man-machine interfaée
unit 19 to the ADPCM codec unit 15, thereby an operation
information from the key input unit 18 being supplied to the
communication control unit 14 side. Moreover, the display unit
.20 is connected to the man-machine interface unit 19, thereby
displaying thereon some information such as an operation state
lor the like.

When the portable unit 10 is in its reception standby
state, the communication control unit 14 controls a reception
operation in its first operation state such that the portable
unit 10 receives only a control signal transmitted from the base
unit on a predetermined channei at a predetermined interval.
The communication control unit 14 controls the reception
operation in its second operation state such that the portable

unit 10 receives the control signal from the base unit at a



predetermned interval. It will be described |ater on how the conmunication
control unit 14 switches the reception operation in the reception standby
state of the portable unit 10. The conmuni cation control unit 14

di scrimnates contents of -the received cqgtrol signal. As a result of the
di scrimnation, if the comunication control unit 14 determnes that this
portable unit 10 is being called based on an access request signal included
in the copgraeretsmuialedintervali aed receives sa pbiregit cacgess Mequestei ng
call ed based on the direct access request signal from another portable

uni t, thersignal poranssidted directdyofsent agother PoxtaRke Ao @s A ng
corresponding to the request signal under the control of the conmunication
control urpredeterminad wintesyad -.unit Wallsbendesesheed i lareio Ay e by
transmtting the access reqﬁgﬁ: si.gnal , the called portable unit sonetines
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request si uni e contr channel . However, when the

user int e”&fs{:?iﬂ?ﬁ‘f&tf&h e NS it 1RAWRAN cBAL F8R! €nibi 18, détetiitnes

control signa transmite rom the base unit indicates that the base 14
unit is inghie PNSY SdAtMpId Nisidusy i PeAny bhibeddpasedbes antatcosy or

if the portable unit” 10 cannot receive the control
request signal included in the control signal or determines that
this portable unit 10 is being called based on the direct access
request signal from another portable ﬁnit, then this portable
unit 10 is operated to carry out a processing corresponding to
the request signal under the control of the communication
control unit 14. When the base unit calls the respective-
portable unit by transmitting the access reﬁuest signal, the
called portable unit sometimés communicates with the base unit
for an extension call or an oﬁtside call and sometimes
communiéates with another portable unit for an extension call.
When a user iptends to make an outside call or an
extension call (i.e., an extension'cali to the base unit and an
extension call between portable units) from the portable unit,
under the control of the communication controllunit 14, the
portable unit io.transmits an access request signal to the'base
unit on the control channel. However, when the user intends to

"make an extension call between portable units, if the control

signal transmitted from the base unit indicates that the base



signal fromthe base unit, under the control of the comunication contro
unit 14, the portable unit 10 uses a channel for direct conmunication with
anot her portable unit (any one of ten channels for direct conmunication
prepared on ten frequencies) and transm td4a direct access request signal
to aneother, portable unit. FIG 6 shows an arrangenent of the base unit 30.
The base unit 30 has an antenna 31, a radio unit 32, a_nodul ation/

denodul at i BRitni® BB, its dowsyirftake dithdsnbusy shrteswilinbartesredord unit
35, aline_interface unit 36, and an anal og _tel ephone |ine connection
term nal 3}¥aternPRirPy 16 thR RRFtaI® Wit 1focapRetaReeRhye3the e ERL an
ADPCM di gi t al ditf and supplies the recgive digbtal daga éo the radio unit
32. The ra8tgnghi £re® the base qpie, Sed LrokPE tBSa reception
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suppl i es the anal og audi o si gna e l'tne intertace unrt 36. The line

interface ¢iebiudAcidBh! 4RE tFEnamMPtoh AHTtS addss! eelfiesenaligaatetgphone

| i ne connection termnal 37 side. An anal og audi o signal obtained fromthe

anal og tel apbeher! poeteppaceai®n ternmnal 37 side is supplied through 15
the line interface unit 36 to the ADPCM codec unit 35. The ADPCM codec unit
35 converts the supplFEG. shahmwsud @ryapgement of the base unit 30. The

base unit 30 has an antenna 31, a radio unit 32, a modulation/
demodulation unit 33, a communication éontrol unit 34, an ADPCM
codec uhit 35, a line interface unit 36, and an analog teléphone
- line connecfion terminal 37. Similarly to the portable unit 10,
the antenna 31 receives an ADPCM digital data and supplies the
received digital data to the radio unit 32. The radio unit 32
subjects the received digital data to a reception processing and
supplies the digital data to the modulation/demodulation unit
33. The modulation/demodulation unit 33 demodulates the
supplied digital data and supplies the demodulated digital data
through the communication control unit 34 to the ADPCM codec
unit 35. The ADPCM codec unit 35 convefts thé ADPCM digital
data into an’'analog audio signal and supplies the analog audio
signal'td the line interface unit 36. The line interface unit
36 supplies the analog audio signal to the analog telephone line
connection terminal 37 side.
An analog audio signal obtained from the analog

telephone line connection terminal 37 side is supplied through



into the ADPCM digital data and supplies the digital data through the .
comuni cation control unit 34 to the nodul ati on/ denodul ation unit 33. The
nodul ati on/ denodul ati on unit 33 nodul ates the digital data for transm ssion
and supplies the nodul ated digital data tqsthe radio unit 32. The radio
unit 32 supplies the digital data to the antenna 31 which transnits the
digital data in the formof a radio wave. The base unit 30 has a hand set
38 and a kdhe dme dmterfeceThoibadd tettBe ARP@ mastaeanditr 85t y The t he
l'ine |nterface unlt 36, thereby the base unit making an outside cal
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state, the communicati dn control unit 34 detects whet her” or not the access

request si gigh m.rs qu.%tdloaaQ%.t WBCEhkNEnBEARA I B Wi K drfarddniitiyTitheed
from any port Ie unit. en the 16 base unit receives this access

request si gibgitaldideadd Vil @hed foRfUOT at @adabryaesl conmuni cation between
t he base unit and the _

The base unit 30 has a hand set 38 and a key input
unit 39. The hand set 38 is connected directly to the line
interface unit 36, thereby the base unit making an outside call
through the analog telephone line connection terminal 37. .The
hand set 38 is connectéd to the ADPCM codec unit 35 side,
thereby the base unit making an extension call to thé portable
unit. Moreover, the key input.ﬁﬁit 39 is connécted to the line
interface unit 36, thereby the user carrying out various
controls such as making an outside call or the like.

The communication control unit 34 of the base unit 30
transmits the control signal to the portable units at a
predetermined interval'op a channel (alfrequency band) prépared
for exclusive use for a control signal transmission. The base
unit 30.calls the portable ﬁnits by transmitting the control
signals thereto. When the base unit 30 is in its reception
standby state, the communication control unit 34 detects whether
or not'the'access request signallforlcommunication between the

portable units is transmitted from any portable unit. When the



portable unit, the base unit 30 transmits the control signal to the
correspondi ng portable unit in order to designate a call channel or the:

| i ke, thereby comrenci ng the conmunication between the base unit 30 and the
correspondi ng portable unit. Wen the basg unit 30 receives the access
request signal indicative of a request to carry out -communi cati on between
portable units froma portable unit (a calling portable unit), under the
control of bage vBinreceives this ragcess ragmesthsigned indicativeapénits an
access request signal indicative of commencenent of the conmuni cation

bet ween poF?&BPétuﬁPt§a¥§Ya9%EJ¢Qﬁﬂ¥kﬁQ%ﬁ#QPthﬁqWQQW FP&n@ﬁﬁ?tPﬁéttﬁ§d the
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all the eight tinme slots conmuni cati on wt units, the

base unit ihansEhkSbhbe ﬁﬁﬂtrgb PbEBPYes NEhe! Hotbdd & ﬂ %ﬁ@hﬁﬁl'on
indicating that all the time slots are occupied. Wen the base unit uses

six tinme sligigi cheiveoBifual eaghest o hcahey Paut adunenuiiiidat il befthveeane
transm ssion sl ot and one 17 reception slots are not occupied, the base
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that under the control of the communication control unit 34, the base
unit 30 transmits an access request signal indicative of
commencemeht of the communication between portable units to a
called portable unit by transmitting the control signal on the
control channel.

When the base unit 30 acéording to this embodiment
uses all the time slots prepared for communication with the
portable units and has no free slots, the base unit transmits
the control ‘signal including an information indicative of its
busy state (hereinafter referred to as a busy information).
Specifically, in this embodiment, one frame includes eight time
slots, i.e., four transmission slots Tl'to T4 and four_reception
sldts Rl to R4 as shown in FIG. 2B. When the base unit uses all
the eight time slots for communication with the portable units,
the base unit transmits the control signal including the busy
information;indicating that all the time slots are occupied.
When the base unit uses six time slots for communication with

the portable units and only one transmission slot and one



six slots are occupied. An arrangenent of the control signal transmtted
with such busy information will be described with reference to FIG 7. The
base unit transmts the control .signal having a duration of 625 [err] at a
cycle of 125 nsec. on the control channel ;prepared for the control signal
transm ssipn. One control signal having a duration of 625 [err] is arranged
as showmn in FIG 7. The control signal includes a preanble PR having a

pr edet er m medep&ioer alobat aneenodwdenpiedy dhet basenadipetrausmitanthpe
word UWhaving a specific pattern indicating that the signal is the contro
signal , a epakmel sdgnalfinaluding uphrbw@y infiormatienoingdicabangl thakd for
t he communi cation, a control data CAC indicative of control contents, and
an error-déﬂéc?ﬂ@ﬁspaFPt9cQFE?$® ‘this order. The base unit transmts the

control signal |nclud|ng t he busy infornation by_usin redeterm ned bjts
of the control data G ‘-{F&%%’ f the, comtr 1s§€:ﬂg3§?cm‘?§ﬂ‘1§? Fithg
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correspondi ng portable unit. If the discrimnated contents of the access

18 request priepadiedafert Rher egiesdl 06 ignalue arpdmicys iloai.weOnet bentrol
correspondi ng portable unit and another portable unit, then the

signal having a duration of 625 psec. is arranged as shown in
FIG. 7. The control signal includeé a preamble PR having a
predetermined patterh continued during a predetermined period, a
unique word UW having a specific pattern'indicatihg that the
signal is the control signal, a.channel identification number CI
indicative of a channel used for the communication, a control
data CAC indicative of control contents, and an error-detection
parity CRC in this order. The base unit transmits the control
signal including the busy information by using predetermined
bits of the control data CAC. -

" The base unit transmits sudh a control signal and
receives the access request signal transmitted from the portable
units during a predetermined period. When the base unit
receives the access request signal transmitted from the portable
unit, the base unit discriminates contents of the access request
signal (e.g., an outside call, an extension call to the bése
unit, an extension éall to another portable unit, and so on) and
allocates time slots to communication with the corresponding

portable unit. If the discriminated contents of the access



base unit further allocates tine slots to conmuni cation with anot her
portable unit. The base unit uses allocated tine slots to transmt and
recei ve data, such as audio data or the like, to and fromthe portable
unit, thereby carrying out communication tg nake an outside call or an
extension call. A call processing required upon an extension call from one
portable unit (the calling portable unit) to the other portable unit (the
cal | ed portrggiuesinistignaill arge thescefuest of conmumigakionhetwaan e abl e
unit according to this enbodi nent can make an extension call to another
port abl e uMIQrLASPAKE NG Perableornikeant aABAtRAT dPPEAIR | Upktoy ithan the
bet ween the base ynit. and the calligg gortab e unit and al so can nmpke an
r
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conmuni cati on ,het ween %@}able units. The communi cation control unit 14 of
t he caIIirmf&ﬁ) %ﬁﬂQ?qﬂ% S&8P¢%rs one of the above- nentioned communication
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communi cation control unit 'l e portable unit. The processing proceeds

to step 10Znhd Hortibid4nildle t@@r@%&p&aﬁirQﬁnaobﬁébéMicéEiﬁ 1@ e Gn
the control signal transmtted fromthe base unit on the control channel to

t her eby det®itside WiIher Gin RXitdnsioanckaetei ve the control signal. If it
Is determned in step 102 19 that the correspondi ng portable unit cannot

receive the control sigeallf ppocebsihgsreguited tupor emmexteats ion ealflr ol

unit 4 from one portable unit (the calling portable unit) to the other
portable unit (the called portable unit) will be described. 1In
this embodiment, the portable unit according to this embodiment
can make an extension call to another portable unit via the base
unit on the transmission channel provided between the base unit
and the calling portable unit and also.can make an extension
call directly to another portable unit on the qhannel for direct
communication between portable units. The communicatidﬁ control
unit 14 of the calling portable unit selects one of the above-
mentioned communication systems of an extension call between the
portable units in accordance with a processing shown in FIG. 8
which is a flowchart. Specifically, iﬂ step 101, the user givés
an instruction to make an extension call to the commupication
control unit 14 of the portable unit. The processing proceeds
to step 102. 1In step 102, the corresponding portabie unit trieé
to detect the control signal transmitted from the base unit on
the control channel to thereby determine whether or not it can

receive the control signal. If it is determined in step 102



determ nes that the corresponding portable unit is |ocated out of a range
to receive a radio wave transmtted fromthe base unit (i.e., outside of a
comuni cation range). Then, the processing proceeds to step 103. 1In step
103, the corresponding portable unit trangmts the direct access request
signal to.,the called portable unit to call the called portable unit and
carries out a call processing for.the direct extension call between the
portabl e uthias. the tbrrsespording paertdble wiitt kannbanneteiye. the ¢emtrol
channel s) for direct conmunication between portable units are prepared. The
cal i ng postigbhd @rpm thesbasg wmit pfthehecammunisiadion conhsaltunhb W rect
access request signal to the called portable unit. If it is determned in
step 102 t determdneg| thay pbeteerrespend ingh poxgable pRatcéht Leratednart f rom
the base unit and hence it. is located, within the cqQmruni cati on  range, then
the proces$th§ pRBGEHS F8°§%¥§ ﬁdﬁad¥?|%ﬁ%ﬁ)?ﬁ§?smﬂﬁ§egoﬁﬁﬂﬂlEB?lB S@ont r ol
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access request si to the called portable unit "to cal 20 called
portabl e URidrr3ed Sak’ heeadi! ?irbée§§ihgpfc9§3§ﬁé RO et eRRctshieal caxiensi on
S.

cal |l between the portable uni
between the portable units. In this case, a plurality of the
channels (e.g., ten channels) for direct communication between
portable units are prepared. The calling portable unit uses any
one of the channels to transmit the direct access request signal
to the called portable unit.

If it is determineﬁ in sfep 102 that the calling
portable ﬁnit can receive the control signal from the base unit
and hence it isllocated within the communication range, then the
processing proceeds to step 104. In step 104, the communication
control unit 14 of the corresponding portable unit discriminates
the contents of the received control signal to determine whether
or not the busy information is included in tﬁe coﬁtrol signal.
If it is determined in step 104 that any of the busy information
is included, then it means that the base unit has no free time
siot_which can be used for the extension call. In this case,
the processing proceeds to stép 103. In step 103, as described
above, the corresponding portable unit transmits the direct

access request signal to the called portable unit to call the



Moreover, if it is determned in step. 104 that the busy information is not
i ncluded. in the received control signal, then the processing proceeds to
step 105. In step 105, the corresponding portable unit transmts the
control signal including the access reques® signal for comunication
between the portable units to the base unit, thereby carrying out the
processing for the extension call between the portable units via the base
unit. Sinceallhedpperidbieuanit candicarnies outh tdel cagdoprosengingr fonhethe
extension call, the portable unit gives priority to the call processing for
communi cat FdkepEt REEANS henpeal hbpetvern sthe partabdgsandsst when the cal |
processi ng for comruni cati on between the portable units via the base unit
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owchart. It Is en the portabl & unit 1S energized (i n step 201) and when
the portablipe Po%%abﬁbt uhligssBesthéebEasé | uf £} U Jdrrgiingouitdensal | )

(in step 202) that the corresponding portable unit is brought in its
processing for the extension call between the portable units via
the base unit. o

Since the portable unit carries out such call
processing for the extension call, the portable unit gives
priority to the call processing for communication between the
portable units via the base unit ﬁhen the call processing for

- communication betwéen the portable units via the base unit is
possible. Only when the call processing for communication
between the portable units via the base unit jis impossible
because the corresponding unit is located outside the |
communication rénge-or because the base unit is in its busy
state, the portable unit automatically:switches the call
processing to the call processing for direct communication
between the portable units.

A processing of the porfable unit in its reception
standby state that the portable unit waits for a call from the
base unit or another portable unit will be described with
reference to FIG. 9 which is a flowchart. It is when the

portable unit is energized (in step 201) and when the portable



reception standby state. In each of the above cases, the processing
proceeds to step 203. In step 203, under the control of the comrunication
control unit 14 of the portable unit, the portable unit carries out an
acqui sition processing for reception of tjdje control signal intermttently
transpmtted fromthe base unit. The portable unit carries out the

acqui sition processing by trying to continuously receive a signal on the

control chanfel fimishe® tdrec@uds. (Extebhsdonseall oroceesidéacslEp @l .sdap
step 204, the communi cation control unit 14 determ nes whether or not the

control sigoa) that edde wakrddpondiimy gereablecdnih isepr@@ght him itee
control signal is received, the processing proceeds to step 205. In step
205, the poeceptéonrstandherstatent In eacsdi 0ésthheabovieroases grihe wi t h
reference to a timng at which the control signal is received in the
processi ngPEPCESSHNP(ALOCRACS 4 &HAR 20%- r dBepEPBN208, tmd%n'@hslcsnw
Is carri-ed out as follows. Specifically, when the control

transmi t t eBEf EReh cPmMpRECALIPR Gaptral &ﬁ&F’ﬂ&vPﬁgtaedB?ﬁPﬁg% O?HBEG he v

transmtted at sg interval of 125 nsec. % Fl G t he reception
unit of thBOpbR %l‘énhh‘ia’?%l%é’r"di z’éﬂaﬂq&ﬂws FQBeBF?SﬁS’ﬁﬁP? ‘s’?’art up
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control channel for two seconds. The processing proceeds to
step 204. In step 204, the communication control unit 14
determines whether or not the control signal is received.
If it is determined.in step 204 that the control
signal is.received, the processing proceeds to step 205. In
step 205, the portable unit intermittently receives the control
signal with reference to a timing at which the control signal is
received in the processing of step 204._ This intermittent

reception of the control signal is carried out as follows.

Specifically, whern the control signal transmitted from the base
unit is a signal having a duration of 625 usec. transmitted at
an interval of 125 msec. as shown in FIG. 102, the reception
unit of the portable unit is energized from a reception-unit

start-up period located a little before a timing at which the

control signal is to be received (a period B; shown in FIG. 10B,

whose interval is about 9 msec.). Thus, the reception unit

tries to receive the control signal durlng a period (a period B;

shown in FIG. 10B) when the control signal is transmitted. The



The processing proceeds to step 206. In step 206, it is determ ned whet her
or not the control signal obtained by the intermttent reception includes
the busy information (i.e., whether or not the base unit is in its busy
state). If it is determined in step 206 ppat the control signal does not

I nclude the busy information, then the processing proceeds to step 207. In
step 207, the portable unit continues to receive only the control signal

i nt er m t t eperpabilecunitoparnies soyt cthe i gtasmitaent recephionnshownt In
reception of the control signal _as shown in FIG_ 10B). If it is determ ned
in step 208IfhalOBhatcantyele sefrabonteceiy &pappd/h&orneZARPL®ent recepti on

I ncl udes the busy information, then the processing proceeds to ste %08, n
step 208, the recepti B BPFCLSFINE PrAGeedSHHtReFt Ht%?ﬁftt%ﬂt's?%e@? ot n

T e R 0800555 s SR S
' ' LU I 08, th
0 o0 SCC 988145305 S0Bhe AT ABEUARE R VARY fFmablch (B.875 (N

' £Fb Gad@Cani £ d CHFAILBHULY beaREN, 18Ukt is

Speci fi cal LN
reception oﬁtﬁgﬁs§§2@9kdurlng one Intermttent reception. "After

recept i on- aleriiidielr YA_REGLOS0E CERLL et RISREKbY WArAC B0 RO ihoLGi1ES

to receive the control sign during a control-sign transm ssi on period

C2. During ghdl bh%gtzi?&ée‘ﬁn&tibﬁg U€Rén s{;s@ag;r@éwimf@r@ée@asofto_l £@ep5207.
after the period , 23 the reception unit checks transm ssion of any
direct acceass steguedt,stheaportablenghiitrcontimds ttnirecéifvenonlly theeption
control signal intermittently (i.e., continuously carries out
- only the intermittent reception of the control signal as shown
in FIG. 10B). | |
If it is determined in step 206 that the éontrol
signal received by the intermittent reception includes the busy
information, then the processing proceeds to step 208. In step
208, the reception- unit carfies out another intermittent
reception in order to carry out the acquisition processing for
reception of the control signal and'qarry out a check processing
for checking transmission of any direct access request signal
from another portable unit. In step 208, the portable unit
carries-out this intermittent reception-as follows.
Specifically, as shown in FIG. 10C, the reception unit carries

out reception for 120 msec. during one intermittent reception.

After a reception-unit start-up period C; has passed, the

reception unit tries to receive the control signal during a

control-signal transmission period C,. During a direct-access-

request-signal check period C; of 110 msec. after the period Cp,



units carries out the check processing during the direct-access-
rrequest - si gnal check period C3 of 110 nsec., the reception unit
successively checks each of the ten channels for the direct communication
between the portable units during an intggyval of 10 nmsec.. It takes about 1
nmsec. .t o change the reception channel. Therefore, it takes about 110 nsec.
as a total to check all the ten channels. This reception carried out during
a period otha Zaeeepiion unidyr dherksutranspisgipa of anyudinect srCCRREB. After
the processing in step 207 or step 208 is finished, the processing proceeds
to step 200°qyestisignmb fram japqiher; poxsdbdReREE- or Wheh the Feeepkiom
unit fails tp receive the control. signal in threg syccessive.intermttent
reception ?Pﬁ%§.°§¥r*?siQP?kﬁWﬁﬁ*ﬁ%&gﬁﬁ°§F§§1?€9 RRART: hRe (AP -3GCRRT - i s
not received in each of . the three s essi.ve . intermttent receptijon tines
or that t MESTRREFof LR Fhath FAE S8 Cacaf, Lo [ReGer <t Seiqat fon unit
intermttent reception tinmes or | ess, then the processing is returned to
step 206. SRefesshvely shadkseach afethentennghaneehsr 6 Bhe dheeehnt r ol
signal includes the busy information and_the

. ng for - e o
control si gAEURiCIRoRhetyeen thes narfabde & : %%Iea}slhg Begﬁzégggﬁléfg# 288
de di : th t 1 hat i ' 06 I ed t
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processi ngchbk! §¥1 "ghd kdf AT, This reception carried out during a

period of 120 msec. is carried out at a cycle of about 1.5
seconds..

After the processing in step 207 or step 208 is
'finished, the processing proceeds to step 209. In step 209, it
is determined whether or not the reception unit fails to receive
the control signal ih_three successive intermittent reception
times. If it is determined in step 209 that the control signal
is not received in each of the three successive intermittent
reception times or that the control signal cannot be received in
two successive intermittent reception timés or 1e§s, tﬁen the
processing is returned to step 206. Then, the processing for
determining whether or not the control signal includes the busy
information and the processing for receiving the control signal
or the difect access request signal in step 207 or step 208
depending upon the above determination in step 206 are carried
out repeatedly.

If it is determined in step 209 that the reception

*
unit fails to receive the control signal in the three successive



control signal for two seconds and the succeedi ng processings are repeated.
If it is determined in step 204 that the reception unit cannot receive the
control signal even by trying to receive a signal on the control channel
for two successive seconds, then the con@#énication control unit 14

determ nes that the portable unit is |ocated outside the area which the
radio wave fromthe base unit ranges (i.e., outside the conmunication
range), andntrpsmprtentsregeptierdines, than the pracesspngi1ds reteERed | em
‘st andby processiag carried out when the portable unit is |ocated outside

t he communP&gPi 8A3r anfReRs tBR IPERCRRINTHOL LZVAEG kg pPEEaBEsth® step
211. In step 2 '

11, this reception stand rocessing is carried out.b
cartying. oGDIERDY: RiLUBEA FOLLHIN STROME, AR Hen SHEGERLLPAGPRARSEF IRY% o
receive the_control, siignal on the control channel and the check processing
for succes?F?bF?pgﬁggﬂrng each of the ten channels for direct conmunication

e LI PorLal e bl 1o 1D IU] %R kB0 Y0k SRy Hhd FlMB1on

Specifically, as shown in e réceptron-unit carries out* one

|t orm ¢ efin e6aRhbeN-HAKIDE epdUEaREEn) i) RER: bV By IhG":5CR8Rsre I N

this intermttent reception nsec. , e receptio nti nuou

tries to recgiiiRatiN8nCeRE 8bnttaNabnné eSO suekarla kel etbBlqs, f theh
period [err] of 400 nsec. and successively checks each of the ten channel s

for direct therohingaticatibat WeRBroéNeuRDE t PP téiniihedlUthat the pueegpléend

period D2 of 110 nsec.. Then, the 25 processing proceeds to step 212. In

step 212, mwniits idellecateddowhsilierthe awda tvteich the radio wave from the
base unit ranges (i.e., outside the communication range), and
the processing procee&s to step 210. In step 210, a reception
standby processing carried out when the pbrtable unit is located
outside the communication range is carried out. The processing -
proceeds to step 211. In step 211, this reception standby
processing is carried out by carrying out intermittently both
the acquisition processing for trying to receive the control
signal on the control channel and the check processing for
successively checking each of the ten channels for direct
communication between the portable units intermittently at a
cycle of 10 seconds. Specifically, as shown in FIG. 11, thé
reception unit carries out one interﬁiﬁtent reception having a
duration of 510 msec. every ten seconds. In this intermittent
reception of 510 msec., the receptioh unit continuously tries to
receive the control signal on the control channel'duriné a first

period D; of 400 msec. and successively checks each of the ten

channels for direct communication between the portable units

'during the succeeding period D, of 110 msec.. Then, the



control signal is received on the control channel during the processing of -
reception outside the conmunication range. If it is determ.ned in step 212
that the control signal is received, then the processing proceeds to step
205, in which the reception unit carries,put the-intermttent reception of
the contral signal with reference to the timng at which the control signa
Is received in the processing of step 211. If it is determned in step 212
t hat t he cpnveessingrprtodeedwits extmp/@i2.t hen the processing is returned to
step 211, in which the reception standby processing for reception outside
the communi cation rardge Step &idat ddl jiscdeternined whethey e it Hheeconds.
As descri bed above, the processing in the standby state of the portable
unit is cafPREEChUSigmabris HeeqeiNed omtherconsa@incBanngh GHF%HQ4th%ereof
If the correspondin ortable unit is called based gn the control si

recei ved iarags’i%amg ‘gésre?%?ﬂ?%é"ﬂb?#%M?dFﬁQ“"HB#FéEPQ“uEPPg‘FranE %’é
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bet ween t he por e un| S In any e corresponding portable
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time-slot arrangenent) to and 26 Trom anot her portable unit which
transm tt edst fecdiveat iACERS Spr6EESSing i dalteP214si NG £t he det getedmined

channel . Thus, the
in step 212 that the control signal is not received, then the
processing is returned to step 211, in which the reception
standby processing for réception outside the communication range
is repeatedly carried out at a cycle of 10 seconds.

As described above, the processing in the standby
sta£e of the portéble unit is carried out under the control of
the communication unit 14 thereof. If the corresponding
portable unit is called based on the control signal received in
any of steps, then the corresponding portable unit transmits and
receives a data to and from the base unit with using the time
slots indicated by the received control signal, thereby
commencing a call (the outside call or £he extension call). If

~the portable unit detécts any difect access request signal
indicative of the direct communication between the portable
units when checking the channels for direct communication
.between the portable units in any of steps, then the
corresponding portable unit transmits and receives the audio

data (e.g., digital data having a time-slot arrangement) to and



portable unit makes an extension call to another calling portable unit

t hrough direct conmunication. The definition of the reception of the
control signal in the acquisition processing carried out in accordance with
the flowmhart shown in FIG 9 is to recepge the control signal transmtted
fromthe hase unit belonging to the same systemin which the conmon system
code is allocated to all the units. Therefore, even if the reception unit
of the porfapincanother cpertalslen wurkt which granspibhedi theddirent A¢RR™S unit
of another systemin the acquisjition processing, the reception unit

di sregar dsre@iBest iRl c WY reiing gihe deiecsed fBanpelne EddHecE?dn net hod

of the digital cordless tel ephone appar.atus this enbodi nepf, when the
ext ensi on PAFFaBiewaRht tml%k%rqrhtﬁ"é: n \‘Fﬁ‘ig't ke 5ﬁgggﬁﬁi?a££”b%ssi bl e,
this extensiog ézll bef ween the portable units £La the base unit is carried
out. When PRECARSE WAL HOKOYIN GRLTY FEMNRLCALLOB o nuni cati on or when t he
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portable units via the base unit is inpossible. Accordingly, onl'y when the
extensi on ¢zhhsheteeantibn ors tFdde it belichding BaSehENEhmbSs{8RERSIR! €,

t he 27 portable unit nmust check the channel's for the direct

communi cat whi.chetheegoinon P9y $ bdrh ecode tis iallidcatedcept adh the units.
Therefore, even if the reception unit of the portable unit
receives a control signal transmitted from a base unit of
another system in the acquisition processing, the reception unit
disregards the received control signal.

According to the connection method of the digital
cordless telephone apparatus of this embédiment, when the
extension call between the portéble units via the base unit is
possible, this extension call between the portable units via the
base unit is carried out. When the base unit has no free time
slot for communication or wheﬁ the portable unit is located
outside the communication range of the base unit, the direct
extension call between the portablé uni£s is carried out. 1In
this case, the portable unit gives priority to the extension
call between the portable units via the base unit and carries
out the direct extension ¢all between the portable units only
when the extension call between the portable units wvia the base
unit is impossible. Accordingly, only when the extension call

between the portable units via the base unit is impossible, the



standby state. As a result, it is not necessary for the portable unit to
constantly carry out the check processing, which requires a | arge consuned
power, for checking the channels for the direct comunicati on between the
portable units (because the portable unipg carries out the check processing
only when ,the processing is required). This nmeans that regardl ess of -the
state of the base unit, the portable unit of the digital cordless tel ephone
appar at us pRrtablensnihimystlchaek tihe chanpelsafosntbet désacthe portabl e
units can be operated with a m nimum consunmed power. Therefore, it is

possi bl e t@om@ﬂﬂéﬁath@ndvﬁgﬁﬂ%%'ER%%HORﬁaQMﬁauﬂéFﬁaBPelﬁﬁlFeﬁﬁpﬁﬁﬂ%ared with
that required when the portable unit constantly checks the_chan els for

di rect agnﬁEﬁP€H¥|%ﬁaE%Lwﬁ%ﬁ 3 etk ﬁ?ﬂQBQﬁw PRCPFEAr¥-EBEi BRest andby
durati on  BRECaPIS BRit oo oy &f&iﬁﬁ#ﬁ o BB sheek. Brpoessing.
Cranom t PhecB AeaEirEE R 1k idasled PUeay” Rrr  PhabRineHRE Sabiadte
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As a resu'&hei?otéaﬁ@ésﬁﬁiéstéhﬁiiﬁé'éd%tﬂﬁéI@H@E%$§k66e951h69039§tﬁﬁéﬁ uni t
for selecting The comunication system Wile the éxtension’call ™ between -

the two pothabpeotdsssngass besquilbsdyi berhis idans emaediregairdlbse SECERal
28 invention is ' not limted thereto. It is needless to say that the present
i nventi on egatkbeofipphéebase ﬁﬁftsltmétpﬁuxnhie unit of the digital
cbrdless telephone apparatus which constantly allows the
dommunication between the portable units can be operated with a
minimum consuﬁed power. Therefore, it is possible to reduce the
consumed power of the portable unit as compared with that
required when the portable unit constantly checks the channels
for direct communication between the portable units in its
reception standby state, which leads to the advantage that it is
possible to increase a duration time of a battery incorporated
in the portable unit to that extent.

In this case, according to this embodiment, since the
base uni£ transmits the control signal including the busy
inférmatioh, the portable unit can detefmine whether or not the
extension call between the portable units via the base unit is
possible, only by feceiving the control signal. As a result, it
is possible to simplify the processing of the portable unit for
selecting the communication system. |

While the extensioﬁ.call between the two portable

units has been described in this embodiment, the present



communi cati on anong three portable units or greater. Wiile in this

enbodi ment the busy information included in the control signal transmtted
fromthe base unit is used for switching the control for the conmunication
between the portable units, the present pgivention is not limted thereto.
Anot her control processing carried out in the portable unit nmay be sw tched
based on the busy information. For exanple, the busy infornmation may be
used when inventilm ersrinodd hifmdtiedr thereto.t hEtois siekedbess o ggay Hhat
portable unit via the base unit is possible. According to the present

i nvent i on, thpepresrnt daventiiormhgamer applipdetel bhe (gHaulane@Suni cat i on
and cannot receive the data having the tine slot arrangenent and

transnit t CCCTIRYRA-GREEOR AMPIKH Hhagee PeFtablenBnphS oL g¥edt M snits t he

control signal including the ipformatiqQn indicative of, incapabjlity of the
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automati cal ly change the conmuni catl on channel s

be switched based on the busy information. For example, the

busy information may be used when it is determined whether or
not the outside call from the portable unit via the base unit is
possible. | _
| According to the present invention, when the base
unit has no free time slot used for communication and cannot
receive the data héving the time slot arrangement and
transmitted from a certain portable unit, the base unit
transmits the control signal including the information |
indicative of incapability of the communication with the .
portable unit, thereby making it possible for the portable unit
to determine whether or not the communication via the bgse'unit
is possible. Therefore, the portable unit can determine that
the extension call between the portable:units via the base unit
and the outside call via the base unit are impossible. It is
possible for the portable unit to cope therewith in some
fashion.
According to the present invention, when it is

impossible for a plurality of portable units to transmit the



so as to carry out the direct comunicati'on anong the plurality of the
portable units with using the signals for comruni cati on between the
portable units. This nmeans that the portable unit can satisfactorily sel ect
a suitable one of the communication betwpen the portable units via the base
unit and the direct conmuni cati on between the portable units. Therefore,
when the communi cation between the portable units via the base unit is
possi bl e, commpoicabien \igniks hoowgiet another vianthg base cadbk, ridweption -
of the control signal for the extension call between the portable units via -
t he base uPPFtab}e yundis aukonahhaadilyachengsethecfommanieation cchannels)i a
the base unit is inpossible, the portable unit is,also brought in its, -
standby st 3P e2$ oFO reRER iVH dthey r(ﬂcrte@Pn'&‘d:‘Bé§§tF8&u@§‘Pn§i’g‘PFAIP]F‘HfaJd'rfr}éct
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or asent i roekvreh, el oo it bl | ARIRCERBSTRHEE (ppcPSLTaRte il
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portabl e uni onmruni-cati on systemto comuni cati on

bet ween thﬁegﬁééﬂbéﬁbLﬁﬁéfﬁbfﬁ'&Eﬁéﬁﬂ#ﬂa tHeCBabBCulfECatd! théSaifedd S busy

state that it reaches Imt Its performance, the comunicatl on

systemis gdinnGhedatoh et e It PBaIAd Anikel We@hetBLoPE! thEE tHd T S.
Therefore, it is possible to 30 constantly nake an extension cal

ﬁ?t mee-nhp heommuhabationi betweémaitie ipvrusdadle aindwst chianghepbaséi enisutdh as
> PR Ingozsible, the portable unit is brought in its standby state: for
' reception of the control signal for the extension call between
the portable units wvia the base unit. Only when the
communication between the portable units via the base unit is
impossibie, the portable unit is also brought in its standby
state for recéption of any direct access request signal for
direct communication between the portable units. I£ is possible
to constantly make an extension call between the portable units
with a less consumed power required during the standby state of
the portable.unit.' |
' According to the present invention, when the base
unit transmits the control signal indicétive of incapability of
the communication with the portable unit, the portable unit
switches the communication system to the direct communication
between the portable units. As a result, when the base unit is
in its busy state that i£ reaches the limit of its performance,
the communication system is switched to the direct communication

between the portable units. Therefore, it is possible to



button of the portable unit, or the like. According to the present

I nvention, when the portable unit cannot receive the control signal from
the base unit, the portable unit switches the system of the comunication
bet ween the portable units to the direct3zgomuni cati on between the portable
units. Therefore, when the calling portable unit and the called portable
unit are |ocated outside the area which the radio wave fromthe base unit
ranges, i tCPRSERRELYIRAKS alyeRtangipn: gall Setvwere bhecpereabdaiekEs on

between the, above two portable units wthout the user's swi tching operation
such as m*gl%&%tm & '&ﬁ’f oh SFLeqling oPgratieR; uch, agnis Reshingiqg

?ﬁZ‘”aL_ﬁ’ﬁﬂp%aﬁﬁéeﬁ Z&%%ﬁof’rq%qﬁ% hitrg OBnABRCIOB L ot the prosent
changes. and modi f1 caPKEREY B8 SRPCEERRChRoEATRABy b coiey | s r SR g T
hanges and ca B et & T8
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and a plurality of portable units, 1 n“which one channel 1s divided into
frames in Mhév?@ftabi@,u@f@ﬁ {6 affe Reirded YomfndtatiBhubatwb¥nOothe
transm ssion slots and a plurality of reception slots, in which digital
data is trpogtableduniEs | eCFietasfsits,) Whare IRC idald ipgr pogeablesaniit and
transm ssion slot and said reception slot, and in which by using said
plurality bthetcabbedsporralsletmnindire located outside the area which the

radio wave from the base unit ranges, it is possible to
constantly carry out the direct communication between the above
two portable units without the user's switching operation such.
as his pushing a button of the portable unit, or the like.
Having described a preferred embodiment of the
present invention with reference to the accompanying drawings,
it is to be understood that the present invention is not limited
to the above-mentioned embodiment and that various changes and
modifications can be effected therein by one skilled in the art
without departing from the spirit or scope of the present

invention as defined in the appended claims.



reception slots in each of said franes, said base unit can communi cate with
said plurality of portable units and provi de communi cati on between one
portabl e unit and another portable unit of said plurality of portable units
via said base unit, said connection nethygd being used for connection for
comuni cat.i on between a first calling side portable unit and-a second
called side portable unit of said plurality of portable units, conprising
the steps of: at said first portHbat imiclaimethsi®stti ng an access request
signal for requesting a call to said second portable unit; at said base
unit, receiving the access request signal and determ ning whether or not

there are any transm_ssion sl ot and recg éio sl ot avail able for. connecting
said first portable dri & COPRECHEIOBBRY 5 re H?égﬂﬁﬁqa iQQqéiQ§sbase uni t
b ; 32 if ther. . il able_t ] SSI | ot
Fecept i on EehePhate apairarus, W ihe aeaar Pree BTt e b Rl o
second por LRLe UTe BintiSl "% d WP drOLEAR0E! Sis! d1 088 AL Wranes
r anght S50 8 , At T ol

avai l abl e ssTon nd receptrons tranSmTiing a co

1o ook bl [ HIF e Bl Rk bRl oBOA! BHRERINY of 1071,
access reqypahsnigdPbniPlots and a plurality of reception slots, in which
digital data is transmitted and received during respective
periods of said transmission slot and said reception slot, and
in which by using said plurality of transmission slots and
reception slots in each of said frames, said base unit can
communicate with said plurality of portable units and provide
communication between one portable unit and another portable
unit of said pluraiity of portable units via said base unit,
said connection method being used for connection for
communication between a first calling side portable unit and a
second called side portable unit of said plurality of portable
units, comprising the steps of: |
at said first portable unit,
transmitting an access request signal for requesting a
call to said second portable unit;
at said base unit,
receiving the access request signal and determining
whether or not there are any transmission slot and
reception slot available for connecting said first
pgrtable'unit to said second portable unit via said base

unit can be used;
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requesting a call to said second portable unit; and at said second portable
unit, receiving the direct access request signal, thereby comunicating
with said first portable unit. 2. A connection nethod of a digital cordless
t el ephone apparatus according to claiml32wherein portable units other than
said first portable unit anong said plurality of portable units are brought
in their standby states for reception of said direct_ access request signal
when receivi ng sk d-here Bgle avgidiable transgisgian kgt i A rFeasRinion. A
connection nmethod of a digital cordl ess tel ephone apparatus which incl udes

a base unit .and $Fuhiawing aGaddpPetygenssaid fkreh RofetARLR ALt and
divided into frames,in view of tine, each frane bej for f |urality
of transmi ssi on ¥ SSEAP Pa%ri%t )51"6'% chgﬁ?‘flgn{zg‘?o?%?‘ff#ﬁ%i%ﬁ%ﬁ igi t al
data is transm ty§ 19?9 receive [qi r Lve.Ler |.qds of
said transm ssi olhflg% Ot- ant esa{}od%‘%g‘&&riﬁc?ngggg%ﬁégﬁgﬁnéz\l/\%il:c%g%ylp%ésé% Lhid
plurality of trafpdi ssl s%]?; : r 40 4 Ssld £h O 1 franes,
sai d base unit can c’o%%u%rh ca eﬁvﬁ‘% g%?lgﬂrglugéﬂl??/ :(L)#E]bg?fg%lgé la‘?ﬁ s and
provi de communi cil¢SmSiden one portable unit and another portable unit
of said plurality of portable units via said base unit, said connection

met hod bei 8¢ gaed fors€opHLEAbIS dipft comuni cation between a first calling
side portable unit and a second called side portable unit of said plurality
of portabl e unitsecedviddg st domtrdlepsigifal and transmitting to said

second portable unit a direct access request signal for
requesting a call to said second portable unit; and

- at said second portable unit,.
receiving the direct access request signal, thereby

communicating with said first portable unit.

2. A connection method of a digital cordless
telephone apparatus according to claim 1, wherein portable units
other than said first portable unit among said plurality of
portable units are brought in their standby states for reception
of said direct access request signal when receiving said control

signal including said busy information.

3. A connection method of a digital cordless
telephone apparatus which includés ‘a base unit and a plﬁrality
of portable units, in which one channel is divided into frames
in view of time, each frame being formed of a plurality of
transmission slots and a plurality of reception slots, in which

digital data is transmitted and received during respective'

s




at said first portable unit, determining whether or not it is possible to
receive a control signal fromsaid base unit; if said first portable unit
cannot receive said control signal, transmtting the direct access request
signal to said second portable unit; and3gt said second portable unit,
receiving:.-the direct access request signal, thereby communicating with said
first portable unit. 4. A connection nethod of a digital cordless telephone
appar at us BRIENAE Rf Said FransnigEdes aloheand Faild iregepioiamifiletuniandof
said plurality of portahle units determnes_that it, cannot receive said
control sithahighAyamsdnghsaddophEral kb Qf transrissinn fHFsuAnd are

brought in_their, stand state for _reception of said, control .signal and
ai d i r e e AIahbs 1 gt oF] Sarf oanes, Fafa BaEe tnit iR

communicate with said plurality of portable units and provide
communication between one portable unit and another portable
unit of said plurality of portable units via said bése unit,
said connection meﬁhod beiné used for connection for
communication betﬁeen a first calling sidé.portable unit and a
second called side portable unit of said plurality of portable
units,.comprising the steps of:
at sa%d first portable uniﬁ,
determining whether or not it is possible to réceive a
contrdl signal from said base unit;
if said first portable unit cannot receive said control
signal, transmitting the direct access request signal to
said second portable unit; and |
at said second portable unit,
| receiﬁing the direct access request signal, thereby

communicating with said first portable unit.

4. A connection method of a digital cordless
telephohe apparatus according to claim 3, wherein when said
first portable unit of said plurality of portable units
determines that it cannot receive said control signal, portable

. units other than said first portable unit are brought in their
standby state for reception of said control signal and said

direct access request signal.
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