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phone system in Japan and Dﬁg} HLaMhﬁiﬁgﬂﬁuﬁi ordl ess
t el econmuni cations), for ﬁnu atihg a1ba§e ion and a teLs
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~ swit ched telephone netmork) and includes an antenna | a fol
. conmuni cati on between it and BAGRGRAUAN OFt THEQRNVENEE@N o1 &
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Japan and a DECT (digital European cordless telecommunications),

for communicating a base station and a terminal station by'
transmitting and receiving digifal‘data and, more particularly
to a base station of a digital cordless teiephone system.

FIG. 1_of'the~accompanfing drawings shows a digital
cordless telephone system in block form. As shown in FIG. 1, a
base station 1 is connected to a PSTN (publié switched telephone
netﬁork) and includes an antenna la for making a communication
between it and a terminal statioﬁ. There are prepared a
plurality of, e.g., three terminal stations, i.e., terminal
stations 2, 3, 4 which are capable of communicating with the
base station 1. Antennas 2a, 3a, 4a ére attached to the
terminal stations 2, 3, 4 and digital data is transmitted and
received among the antenna la of the base station 1 and the
antennas.Za_i 3a, 4a of the terminal statidns 2, 3; 4 via radio
waves.

When each of the terminal stations 2, 3, 4
communicates with the base station 1 (or the called party
connected to the base station 1 via the PSTN), the terminal
station transmits a connection control signal of a predetermined
format to the base station 1 and communicates with the base

station 1 by transmitting audio data converted in the form of
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antennas 2a, 3a, 4a of the termnal stations 2, 3, 4 via radio waves. Wen
“each of the termnal stations 2, 3, 4 comunicates with the base station 1
(or the called party connected to the base station 1 via the PSTN), the
termnal station transmits a connection2control signal of a predeterm ned
format to the base station 1 and comunicates with the base station 1 by .
transmitt iignextdiwisiom digital ddtian t he f or m of 2 time-division di gital

data. The digital cordless tel ephone system uses a TDD &e me divisio
dupl ex) systemin whTke digitalreEdinfs tedephaneafYstePebEpti 3ntPY e

are the sane. Also, the digital cordl t I h t
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conmuni cati on S|g alf
reception frequency are the same. Also, the- digital cordless

telephone system uses a TDMA (time division multiple access)
system for tranemitting a plurality of communication signals at
the same frequency during different periods.

Specifically, in the case of the TDD system, as shown
in FIG. 2A, one channel (frequency) is divided into a
transmission slet T and a reception slot R from a time
standpoint end these transmission and reception slots T, R are
repeated alternately. MOreover, a guard time G is provided
between these slots T and R._ A duration of each of the slots T
and R is selected to be 1 millisecond and a duration of the
guard time G is selected to be several 10s of microseconds. 1In
the portable telephone (terminal stafion), the transmission slot
T communicates with the base station (master station) and the
feception slot R receives audio data from the base station.

In the case of the TDMA system, as shown in FIG. 2B,
the transmission slot T and the recebtion slot R dieposed within
one channel are used only one time during several periods in »
order to communicate the single terminal station and the base
station. Other transmission slot T and reception slot R
disposed within the same channel are used in order to -
communicate other terminal station and the base station. Thus,
digital data is multiplexed in order to make a communication

among a plurality of communication apparatus by one channel.
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the sane frequency during different periods. Specifically, in the case of
the TDD system as shown in FIG 2A, one channel (frequency) is divided
into a transmission slot T and a reception slot:-R froma tine standpoint
‘and these transmission and reception slgts T, R are repeated alternately.
Moreover, a guard tine Gis provided between these slots T and R A '
duration of each of Shecel atdid daxh R smuddlipdexed asbdescribedsaboye, and a
duration of the guard time Gis selected to be several 10s of m croseconds.
I n the porthél Erequentyrisaid prepatedtfar she, cordlessnteicBhone Fp be
communi cates with the base station (master station) and the reception slot
R recei vesugedi ef facientbyn tWeeh snchs commynicatione isagarsied Ruipyphe
system as shown in FIG 2B, the transmssion_slot T and the recqg%ﬂon sl ot

R di sposedcanthph sihgnahahdctransmikien JoR She Page EREAGRSEQ TR  peri ods
i n order to communi cat.e the single term nal station and.the.,base tion
Ot her tranSAFB4R3A stationahy Yé&%ﬁﬂ*?ﬁ%%ﬂ(ﬁhq?qﬁngﬁggealﬂPFﬁiﬁitﬁgégénn
channel argr%g%gehgn%rg%re%gry predetermined period by use of different
channel (control channel) from the transmission and receptibn
channels of the communication signal of the slot arrahgement.
épecifically, as shown in FIG. 3A, the base station repeatedly
transmits a control signal with slot of 625 microseconds at the
period of 125 milliseconds. The reason that the control signal
is transmitted at the period of 125 milliseconds is that the
control signal is transmitted less than 8 times per second
according to the standards of this kind of digital cordless
telephone. When the control signal is transmitted 8 times per
sécond at the equal interval, the Period becomes 125
milliseconds. |
Each terminal station can discriminate control
information indicative of aséignmgnt.of slots used ip
transmission and reception by receiving the transﬁitted control
signal. A communication between the basé station and the
terminal'station ﬁecomes possible by use of the sléts designated
by the control information. When each terminal station is
called by an incoming call or incoming call of the extension,
the base station transmits control information indicative of the
terminal station called by the incoming call or incoming

L

extension by the control signal. Accordingly, each terminal



communi cate other termnal station and'the base station. Thus, digital data
i's multiplexed in order to nake a communication anong a plurality of

comuni cati on apparatus by one channel . 3 Since audio data is

mul ti pl exed as descri bed above, the frequency band prepared for the

cordl ess tel ephone can be used efficiently. Wien such communication is

carried ogtatiiltmh Bast tol rébeiet thetdomsrol teididl0oBonakaly evvahi andée
each termnal station by transmtting the control signal of slot

arr angenepieialg placedpindeher recegt honi stangby awodd. diTff ehdist cabennel
(control channel) fromthe transm ssion and reception channels of the
comuni cathowevsEmndiront at séasdpbiatr afigeowenr .cBpamptical liyn the rhoeption
FIG 3A, the base station repeatedly transmts a control signal with sl ot
of 625 mi @t@Rsiuhaeds, tike isevesy vseless nfor | the drrigninge staddon tRat t he

control signal, - ) . )
receive all control signals transmitted from the base station at
the interval of 125 milliseconds under being placéd in the
reception standby mode. Accordingly, in actual practice, each
- terminal station intermittently.receives the control signal once
per several seconds.

If a plurality of systems are located in the areas
close to each other, there is then the possibility that control
signals transmitted from the respective base stations will
interfere with each other, thereby making it impossible for the
terminal stations of the respective system to receive the
control signals.

| Specifically, let it be assumed that two base stations
of the cordless telephone systems where the transmitted states
of the control signals are the same are located at the places
comparatively close to each 6ther (e.g., within a range of
100m). Also let ‘it be assumed that the transmission timings of
the control signals from the two base stations are ‘almost agreed

with each other as shown in FIGS. 3A and 3B. At that time, a

terminal station located in the area being capable of receiving

the control signals transmitted from the two base stations are
urged to receive the control signals from the two base stations
at the same time. As a result, this terminal station cannot

accurately discriminate data contained in the control signal of



is transmtted at the period of 125 mlliseconds is that the control signal
Is transmtted | ess than 8 tinmes per second according to the standards of .
this kind of digital cordless tel ephone.. When the control signal is
transmtted 8 tinmes per second at the equsl interval, the period becones
125 mlliseconds. Each termi nal station can discrimnate control

i nformati onpddiflicaaid Ve 19f tReStariBRhl 05t St 08 BEEEShad ddas¥dnesi on and
reception by receiving the transmtted control signal. A conmunication

bet ween thaiiaﬁem&r@tﬁ@rtt@@otrﬂ&dleé&gﬂah StRéh SudIe TS rR0S Sta day  use
of the slots designated by the control nformati on. When each term na

st-ation i s meddneshs hyhable rubomnemgacebinmﬁmcaem Ngetwéén of t tdral etee baisen, .
the base station transmts control information indicative of the term nal

stati on calstakinni h&husgorkhegddgtiitadr condbessngte;kemme)rsWQM&:amm e
signal. Accordingly, each term nal
used as the cordless telephone.

In actual practice, even though the transmission
timings of the control signais of one slot of 625 microseconds
-. are not completely agreed with each other, if the control signal
is transmitted from the base station at a timing overlapping a

little a leading or trailing edge of other control signal
(control signal shown in FIG. 3A) as shown by phantoﬁs in FIG.
3B, there is then the large possibility that the control signal
‘will not be received by the terminal station.

Assuming now that an oscillation accuracy difference
of clocks for determining timings at which the two base stations
transmit control signals is 5 ppm, then the transmission timing

- of the control signal is shifted by 5 microseconds per second.
If the transmission'timings of the two-cohtrol signals start
overlappiné at a certain timé, then the control signals
interfere yéth each other over 375 secoﬁds becauée 625 x 3/5 =
375. As a consequence, the terminal station cannot receive an
incoming call and cannot make an outgoing call during a time
period of 375 seconds. '

SUMMARY OF THE INVENTION

In view of the aforesaid aspect, it is an object of

the present invention to provide a cordless.telephone system in

which control signals .transmitted from a plurality of base



4 station has to receive the control signal constantly even under being

pl aced in the reception standby node. In this case, however, froma

st andpoi nt of power consunption in the reception standby node, it is very
usel ess for the termnal station to reca ve all control signals transmtted
fromthe base station at the interval of 125 m | liseconds under being

pl aced i rsttdtelonx @ be prevebyedofieomAtnbedfenging witleachh quhest.i ce, each
term nal station intermttently receives the control signal once per

several seconds. |fACCrding ity affigph aspesteofobhe cpresentinwansion ose
to each other, there is then the possibility that caontrol signals

transm t tRPYe v (BROWgiask & basepasationt ‘PSr% digitaly commd Gatieneach
other, thereby making it inpossible for the ternminal stations of the
respect i VY S5 A %W%é'a@&m FEPAULHRY| BrOocpssing Jaans 4 it be

aSSl:IITEd t;t‘?écetél\gu?g Saen i&atsll%nal for transmitting and/or receiving

digital data and communication control means for controlling a
communication to one or more terminal stations using a control
channel, wherein the communication control means makes a control
éignal which has periodic pulses and some of the periodic pulses
are randomly extinguished.

According to a second aspect of the present invention,
there is provided a terminal station of a digital communication
system.which'comprises radio frequency means for receiving an RF
signal and synchronizing means for synchronizing a signal in a
received RF signal from a base station, wherein the
synchronizing means synchronizes a signal supplied thereto from
said base station if the synchronizing means catches a
synchronizing signal from the base station and executes other
process if the synchronizing heans does not catch the
synchronizigg signal from the base station.

According to a third aspect of the present invention,
there is provided a communication system which comprises a base
,station and one or more terminal stations of a digital signal,
wherein the communication system uses a control signal which has
periodic pulses and some of the pulses are fandomly

extinguished.

In accordance with a fourth aspect of the present



of the cordl ess tel ephone systens where the transmtted states of the
control signals are the sane are |located at the places conparatively close
to each other (e.g., within a range of 100m. Also let It be assuned that
the transm ssion timngs of the control gignals fromthe two base stations
are al nost agreed with each other as shown in FIGS. 3A and 3B. At that

time, a tejfir8Ati6hat tRBré L BEbviidd'Y HeRRoREEBE FagaRlengfar@seimNg the
control signals transmtted fromthe two base stations are urged to receive

the controkighghavRithOHPLise® 4IRS StEml ofyeteiviagsantitstecoordl
result, this termnal station cannot accurately discrimnate data contained

in the consighali gnah Hirst mamesld, sleaeiviihgt Aeséeontd nadnistal | soigrizdc dnfes

unable to discrimnate the control signal, then such term nal station

becones uns&bkefivstecontrolmnsgual i lvas betwyert beeandeckavedsand receiving
the first or second control signal in a second manner if the
second control signal has not yet been received.

In accordance with a fifth aspect of the present
invention, there is provided a method for sending a control
signal in a base station of a digital gommunication system which
comprises the steps of making a control signal having periodic
pulses, some of which are raqgomly extinguished and transmitting
an RF signal modulated by at least the control signal made from
the control signal making step.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic block diagram showing a cordless
telephone sysfem;

FIGS. 2A and 2B are schematic diagrams showing
communication systems of a cordless telephone system;

FIGS. 3A and 3B are timing charts showing a manner in
which contrgl signals are transmitted;

FIG. 4 is a schematic block diagram showing a terminal
station according to an embodiment of the.present invention;

FIG. 5 is a schematic block diagram showing a base
station according to the embodiment of the present invention;

FIG. 6 is a schematic diagram éhowing a slot of a

control signal according to the present invention;

FIG. 7 is a timing chart showing a manner in which a



station. Thus, the digital cordless tel ephone system cannot be used as the
cordl ess tel ephone. In actual practice, even though the transm ssion
timngs of the control signals of one slot of 625 nicroseconds are not
conpletely agreed with each other, if tQe control signal is transmtted
fromthe base station at a timng overlapping a little a |eading or

trailing gdgersh gigﬁalcggtfganémiggéd{controI signal shown in FIG 3A) as
shown by phantonms in FIG 3B, there is then the large possibility that the

control signal wll pxgt. Igeiseaefyedchyrt hehdweing nalpricdssimg Asecuted now
that an oscillation accuracy difference of clocks for determ ning timngs
at whi ch uhdeirwoheagendtigtibnnghatathei texminablststgival ss placgdmint hbe t he
transm ssion timng of the control signhal is shifted by 5 m croseconds per
second. | standbyr akatessi on tinm ngs of the two control signals start
overlapping at a certain time, then the control nals interfere with each
other over 375 secoftiShedhsndsd8 arg simingsch %S RPIEERG éh (nngfe in

term nal station cannqgt receiive an
which control signals are transmitted from a plurality of base

stations according to the embodiment of the present invention;

FIGS. 10A and 10B are timing charts showing a manner
in which control signals are transmitted from a plurality of
base stations according to another.embodiment of the present

. invention; and

FIGS. 11A and 11B are timing charts showing a manner
in which control signals are transmitted from a plurality of
base stations according to a further embodiment of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A digital cordlessitelephone system according to a
first embodiment of.the present invention will hereinafter be
described with reference to fIGS. 4 to 9.

g}G.'4 shows a terminal station of a TDMA type
cordless telephone system. As shown in FIG. 4, data received at
an antenna 11 from a base station or other terminal station is
received by a radio unit 12 and supplied to a modem
(modulator/demodulator) unit 13 which demodulates received data.
The received data thus demodulated by the modem unit 13 is
supplied through a communication contrcl unit 14 to an ADPCM

(adaptive differential pulse code modulation) codec unit 15, -in

.



i ncoming call and cannot make an outgoing call during a tinme period of 375
seconds. SUMVARY OF THE I NVENTION I n view of the aforesaid aspect, it is an

.object of the present invention to provide a cordless tel ephone systemin
whi ch control signals transmtted froma plurality of base 6 stations
can be prevented frominterfering with each other. According to a first

aspect of i BenPEESE el NNSPEMOR gL b8l Gdtta RisOConodrRehaes ahainaTo®!f 2
di gital comuni cation system whiCTh conprises radi o frequency processing

neans for agae6essgnda1anTiRis shfiadbg fAidid Aighdl iikg carpher fienea vipgakiegi t al
data and communi cation control means for controlling a communication to one
or nore tgegm nal stations using a control channel, wherein the

comuni cation control means makes a contr ol

An audio signal picked up by a microphone (MIC) 17 is
supplied to the ADPCM codec unit 15, in which it is -converted to
ADPCM digital data. This ADPCM digital data is supplied through
the'communication control unit 14 to the modem unit 13, in which
it is modulated into transmission data. The modulated
transmission data is transmitted from the antenna 11 connected
to the radio unit 12.

A console 18 is connected throygh a man-machine
interface unit 19 to the ADPCM codec unit 15, whereby operation
information from the console 18 is supplied to the communication
control unit 14 side. A display unit 26 is connected to the
man-machine interface unit 19 in order to display various states
of the terminal station, such as an operation state.

| The coﬁmunication control unit 14 controls a receiving
operation in either manner for receiéing only a control signal
transmitted through a predetérmined control channel from. the
base station at a predetermined interval or manner for receiving
both the control signal frém the base station at the
predetermined interval and a direct connection request signal
directly transmitted from other terﬁinal station at a
predetermined interval when the terminal station is placed in
the reception étandby mode. A manner- in which the reception
operation is switched when the terminal station is placed in the

reception standby mode will be described later on.



si gnal which has periodic pul ses and sone of the periodic pulses are
vandonly extingui shed. According to a second aspect of the present

i nvention, there is provided a termnal statiaon of a digital communication
system whi ch conprises radio frequency means for receiving an RF signal and
synchroni zi ng neans for synchronizing a signal in a received RF signal from

a base station, whepgn, e VoGt it FoatTolyanhitohd zdisar miirsties
supplied thereto fromsaid base station if the synchronizing neans catches

a synchr qiigigthtsmghaf fulemrdee ilveske cohatrbdnsagdakx eclf ekt ditshdeterodiasd i f
t he synchroni zi ng means does not catch the synchronizing signal fromthe
base st athyprthedcommimidtoicn idumtdccds padte 3 thatpthe crrrminadntst@tiamer e
is provided a comruni cati on system which conprises a base station and one
or nore tis rdakledthy ithe asmredtiign seayestabionpdrepatakeed ckinti®at i on
:syst emuses a control signal which has periqdi ccpul sgi grr{gts]?‘{re lofcetshe
pul ses arecntFRbHigra}i fgherdye communication contr pla
this terminal station in the corresponding operation mode.
Respective terminals stations are called by the connection
request signal transmitted from the base station in order tb
make a communication between it and the base gtation for
'extension call or making an outgoing call or answering an
iﬁcgming call or in order to make a communication between it and
other terminal station for extension call.

When each terminal station transmits an audio signal
in order to answer an incoming call or make an outgoing call or
to make an extension cail, the terminal station transmits the
_connection request signal to the base station by use of a
control channel under control of the communication control unit
14. A timing at wﬁich the connection request signal is
transmitted is set so as not to overlap a timing at which the
control signal is transmitted from.the‘base station.

FIG. 5 shows a base station. . Similarly to the
terminal station, data received at an antenna 31 from the
terminal station is received by a radio unit 32 and supplied to
a MODEM unit 33 which demodulates received data. The received
data thus demodulated is supplied through a communication |

control unit 34 to an ADPCM codec unit 35, in which received

ADPCM digital data is converted into an analog audio signal.



In accordance with a fourth aspect of the present 7 invention, there is
provided a nethod for receiving a control signal which conprises the steps
of receiving a first control signal in a first manner, receiving a second
control signal if the first control signal has not yet been received and

receiving the first or second control signal in a second manner

if the

second. cophi®| amd Dol aldbo Wignet e euppddeidved. al metecnk dimoer fdceh wnift f t h
aspect of the present invention, there is provided a nethod for sending a -
control sBgpafrom whbelseitstis itorarsmittadidgitbah conneatieneereirakm i ch

conprises the steps of nmaking a control signal having periodic pul ses, sone

of whi ch aorneahddnty eheiP8flNshed and transnmitting an RF signa

nodul at ed

An analog audio signal from the analog telep

by at |east the control signal nade fromthe control signal nahggg st ep.

network connection terminal 37 is supplied through the network
interface unit 36 to the'ADPCM codec uni£ 15, in which it is
converted into ADPCM digital déta. This digital data is supplied
through the communication control unit 34 to the modeh unit 33,
in which it is ﬁoduiated into transmission data. The modulated
transmission data is transmitted from the aﬁtenna 31 connected
to the radio unit 32 via radio waves. R

A handset circuit 38 is directly connected to the
network interface unit 36 so as to enable the user to
communicate with the called party through the analog telephone
network connection terminal 37. Also, the hapdset circuit 38 is
connected through the network interface unit 36 to the ADPCM
codec unit 35 so as to enable the base sﬁation to'éémmunicate
with the terminal station via extension. Furthef, a console 39
is connecﬁed'to the network interface unit 36 to thereby perform
a variety of control operations, such as making an.outgoing
call.

The communication control unit 34 of the base station
can transmit a control signal periodically under a predetermined
state by use of a channel (frequency band) exclusively-prepared
for transmitting a control signal. Other terminal station is
called by this control signal. The communication control unit

34 detects whether or not other terminal station transmitted a

.
’



BRI EF DESCRI PTI ON OF THE DRAWNGS FIG 1 is a schematic bl ock di agram

showi ng a cordl ess tel ephone system FIGS. 2A and 2B are schematic di-agrans
showi ng conmuni cation systens of a cordl ess tel ephone system FIGS. 3A and
3B are timng charts show ng -a manner iRywhich control signals are

-transmtted; FIG 4 is a schematic block diagram showing a term nal station
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I'ment of the
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showi ng a pRNRRLiRaMs¢tdon afld the base station by this connection

request signal, the base station instructs a communication
channel to the terminal station by the control signal to start a
communication for making a call between it and the base station.
The control signal transmitted from the base station
of this embodiment has a slot with a duration of 625
microseconds and has a format shown in FIG. 6. Specifically, as
shown in FIG. 6, the control signal is composed of a preamble
PR with a constant pattern of a predetermined duration, a unique
word UW with a specific pattern indicative of a control signal,
a channel type CI for making a communication, control data cac
indicative of control content and an error-detection parity CRC,
in that order. | |
According to this embodiment, the control signal of
which slot is arranged as described above is transmitted in the
state shown in FIG. 7. Specifically, after the control signal
whose one slot has a duration of 625 microseconds has been

transmitted at a predetermined timing T;, a control signal of
the next slot is transmitted at a timing T, delayed from the

above transmission start timing by 5 milliseconds. A

transmission at the timing T; and a transmission at the timing
T, are repeated at the period of 250 milliseconds. Further,

according to this embodiment, a transmission of the control

signal at the timing T, is randomly stopped and extinguished. A



control signal is transnmitted; FIG 8 is a flowhart showi ng a processing
executed under the condition that the termnal station is placed in the
standby state; FIGS. 9A and 9B are timng charts showi ng a manner in which

control signals are transmtted froma ptyrallty of base stations according
to the enbodi nent of the present invention; FIGS. 10A and |1 OB are tining

char s sNQYgA TRUASE Rk EAPLE bn SAENAeS (Alfhylg agsabtted from a

pIurallty Dass 1 Ons accor I'ng to anot her nt of the present
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A transmission of the control signal at the timing T; is carried

[y

out at the period of 250 milliseconds without fail.

A manner in which the control signal is received under
the condition that each terminal station is placed in the
recepfion standby mode for being called by the base station or
other terminal station will be described with reference to a
flowchart of FIG. 8. The terminal station is placed in the
reception standby mode when the power switch of the
corresponding terminal station is turned on or when a telephone
call (extension call or incoming call) at this terminal station
is ended.

As shown'in-FIG. 8, when the terminal station is
placed in the reception standby mode, the processing proceeds to
the next step 101, whereat a control signal intermittently
transmitted from the base station is intermittently received and
caught at the period of 1.5 secoﬁds under control of the
communication control unit 14 of the terminal station. In this_
case, initially, the control channel is continuously received
during.a predetermined period'to thereby catch the control

signal transmitted at the timing T, of the period of 250

milliseconds. Then, the terminal station receives the control
signal intermittently at the period of 1.5 seconds based on the

timing at which the above control signal is caught.



described with reference to FIGS. 4 to 9. FIG 4 shows a term nal station
of a TDVA type cordl ess tel ephone system As shown in FIG 4, data received
at an antenna 11 froma base station or other termnal station is received
by a radio unit 12 and supplied to a nodgm (nodul at or/denodul ator) unit 13
whi ch denodul ates recei ved data. The received data thus denodul ated by the

modem unit 13 is supp igf ddberigdhed a@MEHBI fidkt Odle68i 60| stbp 1102 wietier
ADPCM (adaptive differential pulse code nodul ation) codec unit 15,in 9

whi ch r ecaw exbtARREMcdingirodl sdghali $scoaught ettt ingitlsnadongraldisdghiagndls.
Thi s anal og audi o signal is output froma speaker 16. An audi o signal
pi cked up imtermitreaptionergddi®edl ati £heupgkied ¢6 1h%e s@REMs.odddE det 15,

in which it is converted to
control signal is caught as represented by a YES at decision
step 102, then the processing returns to step 101, whereat the
control signal is intermittently-received‘at the period of 1.5
seconds. If the control signal is not received.as represented

by a NO at decision step 102, then the processing proceeds to

step 103, whereat the control signal at the timing T,
transmitted after 5 milliseconds of the timing T; is received.

It is determined in the next decision step 104 whether or not

the control signal at the timing T; is éaught. If this control
signal at the timing T, is caught as represented by a YES at

decision step 104, then the processing returns to step 101,
whereat the control signal is intermittently received at the
period of 1.5 seconds on the basis of the timing at which the

control signal transmitted at the timing T; is caught.

If on the other hand the control signal is not caught
as represented by a NO at decision step 104, then the processing
proceeds té-step 105, whereat the control channel is received
continuously. Then, it is determined in the next decision step
106 whethef or not the control signal is caught during a time
period (i.e., about 750 milliseconds)_corresponding to three
periods of the transmission period of the control signal when
the control channel is received continuously. If the ééntrol
signal is caught as represented by a YES at decision step 106,

then the processing returns to step 101, whereat the control



ADPCM digital data. This ADPCM digital data is supplied through the
comuni cation control unit 14 to the nodemunit 13, in which it is

nodul ated into transm ssion data. The nodul ated transm ssion data is _
transmtted fromthe antenna 11 connectedsto the radio unit 12. A console
18 is connected through a man-machine interface unit 19 to the ADPCM codec
unit 15, whegal) DpeintéennitoéneIntieateivaindtheheopeglied18fi 5.5 wxddmds t 0
t he communi cation control uni-t 14 side. A display unit 20 is connected to
t he man- naohi theibagis aof tine ttiMing adr ddvichotliespbryrodrsbgsakt at es of the
term nal station, such as an operation state. The communication control
unit 14 cohrapbmiktedcatvihg bpring iTn isncainghts manner for receiving only
a control sighal transmtted through a predeterm ned control channel from

the base station at afpoadeher sthed hahérvie cuntrilNerignil iecabti agughth
the control signal fromthe base station at the predeterm ned interval and
a direct cemeacwhen theueshtsolnrztamhekdd yontimaousilydrécenvedhdurimg n nal

station att%e time period of three periods, then it is determined that the
terminal station is located at the position which the terminal
station cannot receive the control signal from the base station.
Then, the processing proceeds to step 107, whereat a processing
proﬁided-when the terminal station is placed out of the service
area is executed (hereinafter this processing will be referred
to as "out-of-service-area processing" fof simplicity). In this
out-of-service-area processing, the control channel is
intermittently reqeived at every 10 seconds during a time period
of 510 milliseconds. It is determined at the next decision step
108 whether or not the control signal is caught while the
control channel is intermittently received at every 10 seconds
during a time period of 510 milliseconds. If the control signal
is caught as represented by a YES at decision step 108, then the
processing returns to étep 101, whereat the control signal is
intermittently received at the period of 1.5 seconds on the
basis of the timing at which the control signal transmitted at

the timing T, is caught. If on the other hand the control

signal is not caught as represented by a NO at decision step
108, then the processing returns to step 107, whereat the out-
of-service-area processing is carried out, i.e., the

intermittent reception of the control signal at every 10 seconds



predeterm ned interval when the termnal station is placed in the reception
st andby node. A manner in which the reception operation is switched when

the termnal station is placed in the reception standby node will be
described I ater on. 10 Then, the comgnication control unit 14
discrimnates the content of the received control signal. If it is

det er m negdgbyob8gre@muni cation control unit 14 that the termnal station
is called By the connection request signal contained in the control signal,

then the comuni cat popréeaksdhguatt thd Ptandsy tivde tisr mixeautedauinderi n t he
correspondi ng operation node. Respective termnals stations are called by
t he conneebnérolegfiegshescomaunicationt¢entfobmrite Idasod shat terminadrder to
make a communi cati on between it and the base station for extension call or
nmeki ng anstatjonngscdeseoibadsakovag dfhen the corresponding terminal
station is called by the control signal caught at any stage,
such terminal station transmits and receives slot data between
it and the base station by use of the slot indicated by the
control signal. | |
When the control signal is caught by the processing
executed in accordance with the flowchért of FIG. 8, the control
signal transmitted from the base station of the same system with
a system code common to that of the terminal station is caught.
Therefore, a coﬁtrol signal transmitted from a base station with
a different system code is neglected even though received. |
In this way, each terminal station receives the
control signal transmitted from the base station as shown in
FIG. 7 to thereby catch the control signal satisfactorily. If '
the control signal is not caughé, then-the reception processing
is automatically switched to the out-of-service-area processing.
Therefore, the terminal station can be placed in the standby
mode for satisfactorily receiving a control signal regardless of
the state where the terminal station is placed. According to

this embodiment, if the control signal transmitted at the timing

T, as shown in FIG. 7 is randomly extinguished, there is then

the small possibility that the control signal from the base
station will interfere with a control signal transmitted from

other base station. There is the large possibility that each



incomng call or in order to make a communication between it and ot her

termnal station for extension call. Wen each termnal station transmts
an audio signal in order to answer an incomng call or make an out goi ng
call or to make an extension call, the tegprinal station transmts the

connection fequest signal to the base station by use of a control channel
under conttextmiofal tstatdmoruanarecriventhel comitoll &ighal siatg sdackiordiyt.he
connection request signal is transmtted is set so as not to overlap a
timng at which the Speciblcallinalas shovwmsm FIES.f PAnandedBastont at i on.
FIG 5 shows a base station. Simlarly to the termnal station, data

recei ved @Xampleu deta i3 be @ssumed: &hattniwosbase ostatiorg el \and 1By WA9sAdi o
unit 32 and supplied to a MODEM unit 33 whi ch denodul ates reécei ved, dat a.

The recei VGPHERD ARSI SFSNAMSSIADs tdmdpgs e 131b FghakecBRbEARE 2 bhyY

control unit 34 to an ADPCM codec unit 35, in which received ADPCM di gital

data i s corhersane iane located epmpatiacigedyaclose to each other. A
transmission of a control signal transmitted from one base
station 1 as shown in FIG. 9A is stopped at the transmission

timing'Tz. At that time, a control signal transmitted from
another base station 2 at the timing T, as shown in FIG. 9B can

be caught by a terminal sﬁation with the same system code as
that of this.base station 2 (at the timing shown by an arrow in
FIG. 9A). Similarly, let it also be assumed that a transmission
of a control signal transmitted from another base station 2 at

the timing T, is stopped at another timing. Then, at that time,

the control signal transmitted from one base station 1 at the

timing T, as shown in FIG. 9A can be caught by a terminal

station with the same system code as that of the base station 1
(timing shown by an arrow in FIG. 9a).

Therefore, according to this embodiment; even when the
transmissio; periods of the control signals from a plurality of
base stations are agreed with each other, there exist timings at
which the control signal can be caught by the terminal station
with the result that a period in which a communication control
(control of an outgoing call from the terminal station or
control of an incoming call to the terminal station) is disabled
can be reduced. Therefore, a communication can be prevented

from being disabled during a long period of time. .To be



This anal og audio signal is supplied to a network interface unit 36, from
which it is transmtted to a connection term nal 37 connected to the PSTN.
An anal og audi o signal fromthe anal og tel ephone network connection
termnal 37 is supplied through the netwgrk interface unit 36 to the ADPCM
codec unit 15, in which it is converted Thto ADPCM digital data. This

digital dabacketeyppfi eenthRoDughghiiEs comtamierd ivitic @aichobthbict uddetothée
modem unit 33, in which it is nodulated into transm ssion data. The

nodul at edconditibasthatdeaahi setminalidta@didn dn placed énndh@lrecapeidrd to
the radio unit 32 via radio waves. A handset circuit 38 is directly

connect edstandby meteor khent théacentmdl BByl amnnete hwbicaughs atetheo
comruni cate with the called party through the anal og tel ephene network
connect i ofimdng Balagstep sl tshowmias #lGei Beui In3Bhis eas@ediWRYeR ough
the network interface unit 36 to the ADPCM

there is the large possibility that the control signal will be
caught at step 103 shown in FIG. 8 or that the control signal
will be caught during the qontrol channel is continuously
received at step 105 shown in FIG. 8. In worét cases, there is
the large possibility that, after the processing proceeds to the
out-of-service-area processing, the processing will be feturned
to the ordinary processing at the relatively early stage.
According to the present invention, a time period in
.which the éontrol signal cannot be caught can be reduced
considerably as compared with the case that the control signal
cannot be caught by each terminal station until the interference
of the control signals from a plurality of base stations is
removed.
A possibility that the control signal will be caught
will be described with reference to tﬁe foliowing equations.
- Assuming now that Pt is a probability with which the control

signal is transmitted at the timing T,, then a probability P; at
which control signals interfere with each other at the timing T

presented when the control signal transmission timings of the
two base stations overlap with each other is expressed by the
following equation (1)):

Py = (1 - Pt)2 + Pt2 ' eee (1)

a probability P; at which the control signals



codec unit 35 so as to enable the base station to comunicate with the
term nal station via extension. Further, a console 39 is connected to the
network interface unit 36 to thereby performa variety of control
operations, such as meking an outgoing cghLl. The conmmuni cation control unit
34 of the base station can transmt a control signal periodically under a
pr edet er m imtesfexe withisaalf othemthree( tingsesngcessiyely is expressed
excl usivel y-prepared for transmtting a control signal. Qher term nal
station i sbyathedaploning @auatdiorsi(@lal . The communi cation control unit 34
detects whether or not other term nal station transmtted a 12
connection request sPyriall¢br BNy BtEbhmuni cati on bet weeh?} er i nal
stations. When the user wishes to nake a call between the termnal station
and t he base st ati onShpcehtbecproeessimg proceeds to the out-of-service-

area processing when the control signals interfere with each

other three times successively, P; represents the probability at

which the processing proceeds to the out-of-service-area

processing. For éxample, when Pt = 1/2, P3 = 1/8. Therefore,
the probability P; at which the processing proceeds to the out-

of-service-area processing can be decreased sufficiently.
In accordance with this embodiment, since a

transmission of the control signal at one timing T; is

constantly carried out at every period, if the control signals
from a piurality of base stations do not interfere at all, then
each terminal station can reliably receive and catch the control

signal by catching the control signal based on the timing T;.

Therefore, even when the transmission of the control signal is
extinguished, it is avoided'ﬁhat the control signal cannot be_'
caught. . TQPS; the terminal station can receive the control
signal stably.

While the control signals are periodicallj transmitted _

twice at the close timings T;, T, as described above, the

present invention is not limited thereto and a control signal
transmitted in other state may be extinguished randomly. As
shown in FIG. 10A, for example, the control signal may be

transmitted at a constat period (at the interval of 125



request signal, the base station instructs a eonmunication channel to the
termnal station by the control signal to start a communi cation for making
a call between it and the base station. The control signal transmtted from
t he base station of this enbodi ment has apslot with a duration of 625

m croseconds and has a format shown in FIG 6. Specifically, as shown in

FIG 6, theilacedtnds Prald iss teameasedioh afptrReEbetId viidnal ariysbant
pattern of a predeterm ned duration, a unique word UWwith a specific
pattern i rsiapped etofann arbdttralrysitgmihg andheher| the peorGirdlors igulalngqay
communi cation, control data CAC indicative of control content and an
error - det dee iextinguishe@RC, Wikht trhiisoatcangepent di evgen ovhen herbodi nent ,
the control signal of which slot is arranged as descri bed above is
transni t t deransnigs onpesindh o theGeoptrgdegignads| fromiehe twe hags r ol
si gnal whose one slot has a _duration of 625 m croseconds has been,

transni t t AL reEhisharn iim §F6Hr, 188:8REr bPB s2ER ALY - thegach ot

is transmtted at, .a tim.ng T2 .del ayed fro
_ other, the conté% %1gnéﬁytransmg¥te8 from another base station

2 can be caught at the timing where a transmission of the
control signal from one base station 1 is extinguished.

While the transmission of the control signal at the
succeeding timing T, is extinguished randomly when the control
signals aie periddically trénsmitted twice at the close timings
T, and T, a principle of the present invention can be applied to
the case that a transmission of the_contrgl signal at the
preceding timing T; is extinguished randomly.

Further, the control signal may be transmitted three
times or more during one period.

Furthermore, it is possible to randomly combine the
case that the transmission of the control signal at the

preceding timing T; is extinguished and the case that the
transmission of the control signal at the suéceeding timing T.

By way of example, the transmission of the control signal from
one base station 1 shown in FIG. 11A is extinguished at a timing

T; randomly set and the transmission of the control signal from

another base station 2 shown in FIG. 11B is extinguished at a

timing T, randomly set. At that time, even when the

extinguished timings T; and T, are located within the same



above transm ssion start timng by 5 mlliseconds. A transm ssion at the
timng [err] and a transm ssion at the timng T2 are repeated at the period
of 250 mlliseconds. Further, according to this enbodi nent, a transn ssion
of the control signal at the timng T2 i® randonly stopped and

extingui shed. A 13 timng at which the transmssion at the timng T2 is

ext i ngui spegibd, deher FdNEEoDASEFh L1 & radizitdredniieomgeher avecbdsem a -
m croconput er (not shown) disposed within the conmunication control unit 34

of the bageasfiehsob, afidr2 ekwrhe. onke tpearisd eanobeopreventedt fodmsi gnal at
the timng [err] is carried out at the period of 250 m|liseconds w thout
fail. A minterfemingi whthheacbnotheér si ghwireifonegcsheegdonhel $hanabsdFaR on
that each termnal station is placed in the reception standby node for

* bei ng cal bedregetitedbsgbisfactoniby by the terminal stations Of the

respective system.

While the present invention is applied to the case
wherein the control signél is transmitted from the base station
paired wiﬁh the terminal stations as the digital cordless
telephone system as described above, a principle of the present
invention can also be applied to the case wherein a control
signal is transmitted from a public base station located
outdoors to communicate with a large number of terminal
stations.

Furthermore, while numerical.values such as the period
are presented by way of exampie, the ptesent invention is not
limited thereto and_othér time or the like can'be set freély.-

According to the present invention, even when the
control signals from a plurality of base stations are
transmitted at the same timiﬁg, only the control signal from one
base statiqy can be received at the timing wherein the
transmission of the -control signal is extinguished. There is
then the large poséiﬁility that the control signals_trénsmitted
from a plurality of base stations can be received without
interference. Therefore,-when a plurality of base stations are
located close to each other, there is then the small possibility
that control signals from the respective base stations will

interfere with each other. Thus, it is possible to reliably



other termnal station will be described with reference to a flowhart of
FIG 8. The termnal station is placed in the reception standby node when
the power switch of the corresponding terminal station is turned on or when
a tel ephone call (extension call or incgging call) at this term nal station
Is ended. As shown in FIG 8, when the term nal station is placed in the

recept i ongwé fddbie PRIt 41 @ dHdIRRSES itkd ephoaeedystemt hrom exdcaniny 101,
whereat a control signal intermttently transmtted fromthe base station

I's internséeassyas ef ol iy tgphonal. t he period of 1.5 seconds under
control of the comruni cation control_ unit 14 of the termnal station. In
this case, initiallgn thiscoaseplofhhadmeontradostignadsssycceseivedyduring a
predeterm ned period to thereby catch the control signal transmtted at the
timng [ etranshithedparpbaralitpofitinescdhes contrel shagnadraf ABY 2R on
receives the control signal intermittently at the period of 1.5 seconds
based on ©fesloh$nis anowextingiished dulofonstagtdyatrasspatrd. at a

.predetermined time interval, whereby the reference timing at
which the control signal is received at the terminal station can
be determined based on the timing at which the control signal is
transmitted at the predetermined interval. Therefore, even when
the transmission of the control signal is extinguished randomly,
the terminal station can intermittently receive the control
signal satisfactorily.

Having described preferred embodiments of the
invention with reference to the accompanying drawings, it is to
be understood that the invention is not limited to those precise
embodiments and that various changes and modifications could be
effected therein by one skilled in the art without departing

from the scope of the invention as defined in the appended

claims.



14 It is determned at the next decision step 102 whether or not the
control signal is caught during the control signal is-intermttently
received at the period of 1.5 seconds. If the control signal is caught as
represented by a YES at decision step 1023 then the processing returns to
step 101, whereat the control signal is intermttently received at the
period of 1.5 seconds: If the coRpHad is enakime8 D9t received as represented

by a NO at decision step 102, then the processing proceeds to step 103,
whereat the control signal at the timng T2 transmtted after 5
mlliseconds of the timng [err] is received. It is determned in the next
deci sion step 104 whdat.har basenstatliencofita aiditgialconmuniieatiionngys2ems.:
caught. If this control signal at the timng T2 is caught as represented by
a YES at deomprasisgep 104, then the processing returns to step 101,
radio frequency processing means for processing an RF
signal for transmitting and/or receiving digital data; and
communication control means for controlling a
communication to one or more terminal stations using a control
channel, wherein said communication control means makes a
control signal which has periodic pulses and some of said

periodic pulses are randomly extinguished.

2. A.base station of a digital communication system as
claimed in claim 1, wherein said communication control means
makes a first control signal having.periodic pulses.which are
not randomly extinguished and a second control signal having

periodic pulses which are randomly exﬁinguished;

3. A base station of a digital communication system as
claimed in claim 2, wherein said first and second control

signals have the same period of the pulses.

4. A base station of a digital communication system as
claimed in claim 1, wherein said communication control means
makes a first control signal having periodic pulées which are
randomly extinguished in the form of a first random sequence and

a second control signal having periodic pulses which are

* [ L M S *




whereat the control signal is intermttently received at the period of 1.5
seconds on the basis of the timng at which the control signal transmitted
at the timng [err] is caught. If on the other hand the control signal is
not caught as represented by a NO at deesasion step 104, then‘the processing
proceeds to step 105, whereat the control channel is received continuously.
Then, it bstdageaisheddinnthéefoemtotiecisdcomds rapdbfsseduenee.or not the
control signal is caught during a tine period (i.e., about 750

m | |liseconds) corresponding to three periods of the transm ssion period of
the control signal when the control channel is received contjinuously. If

the control signal iS5 dabgse statdpneefnd cigital GORMINiGaLign, SYSER s,
then the processing returns to step 101, whereat the control iS si gnal
is inter rrptltaéme@ inegdpdBdtat W’E‘ﬂéeb%ﬁ%%p Fiost and: gegond contro

31gnals have the same period of the pulses.

6. A base station of a digital communication system as
claimed in claim 2, wherein said digital communication system

uses a signal format of TDMA and/or TDD.

7. A base station of a digital communication system as
claimed in claim 4, wherein said digital communication system

uses a signal format of TDMA and/or TDD.

8. A terminal station of a digital communication
system comprising:

radid ffequency'means for receiving an RF signal; and

synchronizing méans for synchronizing a signal in a
receivéd RF signal from a base station, wherein said
synchroniz%gg means synchronizes a signal supplied thereto from -
said base station if said synchronizing means catches a
synchronizing siénal from said base station and executes other
process.if said synchronizing means dbes not catch said

synchronizing signal from said base station.

9. A terminal station of a digital communication

system as claimed in claim 8, wherein said signal from said base

_—
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on the basis of the timng at which the control signal transmtted at the
timng [err] is caught. If on the other hand the control signal is not
caught even when the control channel is continuously received during the
time period of three periods, then it ispdeterm ned that the term nal
station is located at the position which the term nal station cannot

recei ve tha HO8d HasSi0Falrshr e@ntRe1b3sgnal avhidh Haepedifvd iy pudseisngnd
proceeds to step 107, whereat a processing provided when the term nal

station i sgmaesd sadld puliske agevirandenty estingeidlsti hereinafter this
processing will be referred to as "out-of-service-area processing" for
sinplicity). In this out-of-service-area processing, the control channel is
intermttently received at every 10 seconds during a time period of 510
mlliseconds. It is Heteckniemuinal tshation ofcai dightal cponmenifatHR or not
the control signal is caught while the control channel is-intermttentl
recei ved ssystemyas cclaimeedisini@laim § .t Whergani saldrstgpalk f1on stk dase
the control signal is caught as represented bg a YES at decision st 08,
then the sStation has a fixrst control signal having periodic pulses whic

are not randomly extinguished and a second control signal having

periodic pulses which are randomly extinguished.

11. A terminal station of a digital commgnication
system as claimed in claim 9, wherein said signal from said base
station has a first control signal having periodic pulses which
are randomly extinguished in ﬁhe form of a first random sequence
and a second control signal having periodic pulses which are

randomly extinguished in the form of a second random sequence.

12. A terminal station of a digital communication
system as claimed in claim 10, wherein said syﬁéhroniiing means
catches said second control éignal if said synchronizing means
cannot catch said first control signal and said synchronizing
means executes other processing if said synchronizing means

cannot catch said second control signal.

13. A terminal station of a digital communication
system as claimed in claim 11, wherein said synchronizing means
catches said second control signal if said synchronizing means

cannot catch said first control signal and said synchronizing

NN Y T IIIISIIH!II'5 |




processing returns to step 101, whereat the control signal is
intermttently received at the period of 1.5 seconds on the basis of the
timng at which the control signal transmtted at the timng [err] is
caught. If on the other hand the control2esignal is not caught as
represented by a NO at decision step 108, then the processing returns to
step 107, meheseakethtesudthef - peoveseing cif madcesyneronicang weanst, i.e.
the intermttent reception .of the control signal at every 10 seconds 16
i S repeat eannatpratebssagdasecprd sconkelgl fidndls execut ed under ‘control of
t he conmuni cation control unit 14 of the termnal station as descri bed
above. Wien the corresponding termnal station is called by the control

signal caught at any stage, such terminal station transmits and receives
sl ot data between: 14. A communication system comprising:

a base station; and
one or more terminal stations of a digital signal,
wherein said communication system uses a control signal which

has periodic pulses and some of said pulses are randomly

extinguished.

15. A communication system as claimed in claim 14,
wherein said communication system uses a first control signal
having periodic pulsés which are not randomly extinguished and a

second control signal having periodic pulses which are randomly

extinguished.

16. A communication system as claimed in claim 14,
wherein said communication system uses a first control signal
having éeriodic pulses which-are randomly extinguished in the
form of a first random sequence and a second control signal
having periodic pulses which are randomly extinguished in the

form of a second random sequence.

17. A communication system as claimed in claim 14,
wherein said communication system uses a signal of TDMA and/or

TDD.
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it and the base station by use of the slot indicated by the control signal.
When the control signal is caught by the processing executed in accordance
with the flowhart of FIG 8, the control signal transmtted fromthe base
station of the same systemwith a systemgcode common ta that of the
termnal station is caught. Therefore, a control signal transmtted froma
base station wth aild.f hemeshodysbenrecsiving negloamired edgmalhocomprising
received. In this way, each term nal- station receives the control signal
transm tt etief sbepshefbase station as shown in FIG 7 to thereby catch the
control signal satisfactorily. If the control signal is not caught, then
the reception processiaeivingat daxsitcapnpraohi $igeal tin thgirst manner;

out - of -servi ce-area processing. Therefore, the termnal station can be

pl aced in the standBPARIFELIDR SECORAIEPBEFP) $igR2Y| k§ sAXDHIEST si gnal
regardl ess of the state where the termnal station is placed. According to

this enbofoRFCl SAINRd bast PBE ¥PHnReeR (ERR8HeLH 3 the tining T2 as

shown in FIG 7 is rfgggggfﬁéng4{3y¥f%g%qbrtQgégnascégggol signal in a

second manner if said second control signal has not yet been

received.

19. A method for receiving a control signal as claimed
in claim 18, wherein said first manner is an interval reception.

and said second manner is a continuous reception.

20. A method for sending a control signal in a base
station of a digital communication system comprising the steps
of: .

making a control signal'ﬁaving periodic pulses, some
of which are réndomly extinguished; aﬁd

transmitting an RF'signal modulated by at least said

control signal made from said control signal making step.

x ¢ oL m s % |



the small possibility that the control signal fromthe base station wll
interfere with a control signal transmtted from other base station. There
is the large possibility that each 17 term nal station can receive the
control signal satisfactorily. Specificaly, as shown in FIGS. 9A and 9B,
for exanpl €XIESS TREERGNE 5¥Mhed t hat two base stations 1 and 2 whose control -

signal transm ssion timngs [ABSTRAOT OR BHE DISCIIOHWREal |y t he sane are

| ocat ed conparatively close to each other. A transmission of a contro
signal transmtted fromone base station 1 as shown in FIG 9A is stopped
at the transmssion timng T2. At that time, a control signal transmtted
from anot her base st & ddgiradt cordlepsi hglaphane Firsken ©an @reyendan be

caught by a term_nal station with the sanme system._code as _that of this base
station 2 CONHRE BiAPALSsKEARSHIEERAaFFOM ¢ plurality of base stations

from interfering with each other. 1In a digital cordless
telephone system where?n a communication signal is £ransmitted

. among it and terminal stations by transmitting digital data
through a predetermined channel and a communication among it and
the terminal stations is controlled by a control channel
different from the predetermined channel, data of slot
arrangement is used as a control signal, the control signal of
slot arrangemenﬁ is intermittently transmitted at a constant
interval, and a transmission at every constant interval is

randomly extinguished.

Figure 4



FIG 9A). Simlarly, let it also be assuned that a transn ﬁ.ﬁggnggmﬁsggm
control signal transmtted from another base station 2 atithe deppAct® T
stopped at another timng. Then, at ‘that tine, the conti ol—signal
transmtted fromone base station 1 at the timng T2 as shown in FIG 9A
can be caught by a terminal station witB/%he same system code as that of
the base station 1 (timng shown by an arrowin FIG 9A). Therefore,
according to this ZP i men}, even when the transm ssion periods of the

v)

control signals f plurjality of base stations are agreed with each

ot her,. there exi st m ngs at which the control signal can be caught by the
termnal station with the result that a period in Wmch a comuni cation
control (control of an outgoing call fromthe term nal 28t ati on or control
of an incoming call to the termnal station) is ed cad be reduced.

Therefore, a communication cgn be pr ed from g_di sapled during a
| ong period of tinme. To be _ TERQMINAL -
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condition that each termnal station is placed in the recept]i on

18 concrete, if control signals interfere with each other u q@ﬁS§ﬁE?T'ASBEéN
REAINCED
mode, then the control’ signal cannot be caught at the tim ng-Jfetrl at step

101 shown in FIG 8. In this case, however, there is the large possibility
that the control signal wll be.caughta§/§tep 103 shown in FIG 8 or that
the control signal wll be caught during ‘the control channel is

continuously received at step]J105 shown in G 8. In worst cases, there is
the large possibility that, affter the precesping proceeds to the
out - of - servi ce-area proceEEIﬁ%; the pro rng will be returned to the
ordi nary processing at fhe reljatively ehguy_ tage. According to the present
invention, a time peridd in wfich the contro} signal cannot be caught can
be reduced consi derably as corpared with thef case that the control signal
cannot be caught by eadh termjnal station unfil the interference of the
control signals froma|pluralijty of base sta[ions i's
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renoved. A possibility that the control signal wll
described with reference to the foll ow ng equati ons.
is a probability with which the control signal is tr

be caught Wb gP€eT HAS BEEN |
Assum ng nhow t ert AS%D !

ansmtted aL—Lhe~%+ﬁkﬁg»—fJ

[err] then a probability [err] at which control signal's interfere with each

other at the timng T2 presented when tlsgocontrol si

gnal transm ssion

timngs of the two base stations overlap with each other is expressed by

the follow ng equation (1)): [err] A probability P3
signal s 19 interfere with each other three tines
expressed by the following equation (2): [err]

e~
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the control signals interfere with each other three tines syd

Since the proceésing prbceeds to the out-of-service- area prOCESSI i
53%*@@9%5}
represents the probability at which the processing proceeds to t o=D

out - of - servi ce-area processing. For exanple, when Pt = 1/2, = 1/8.
Therefore, the probability P3 at which t41£9 pr ocessi ng proceeds to the out- . -
of - service-area processing can be decreased sufficiently. In accordance
with this enbodi nent, since a transmi ssion of the control signal at one
timng [err] is constantly carried out at mvery period, if the control
signals froma plurality of base stations o not inter t all, then
each termnal station can‘reliably receivepand catch t corftrol signal by

catching the control signal based on<the mng T1. Th even when
the transm ssion of the control sigrfa xt &oi ded t hat
the control signal cannot be caught. Thug, th erm Eﬁ@tloﬁqcan receive
the control signal stably. Wile the contjirol gnal s a odical ly

transmtted -
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twice at the close timngs T1, T2 as descri bed above, the pr Bﬁ.ﬁ@bnﬁﬁ'ﬂmﬁmﬁh
is not limted thereto and a control signal transmtted in.ofher mPaAGEDmay ;
be extinguished randomy. As shown in FIG 10A, for exanpl e, Li-he—cont+ot
signal. may be transmtted at a constat period (at the interval of 125
mlliseconds) and a transmission of the 8#9trol signal nmay be stopped at an
arbitrary timng and then the control signal may be extingui shed. Wth this |,
arrangenent, even when the transmi ssion periods of the control signals from
the two base stations 1 and 2 shown in FIGS. 10A and | OB are agreed with
each other, the control signal transmtted from anot her base station 2 can
be caught at Feét@‘i ng ere a transm ssion of the control signal from one
base station [ bi i shed. While the transm ssion of the control

signal at the succeeding timng T2 is extinguished randomy when the
control .
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signals are periodically transnmtted twice at the close tinngs. [ert] and...
T2, a principle of the present invention can be applied to f}ﬁsgﬂ@ﬁihﬁi—ga :
transm ssion of the control signal at the preceding timng [err]rgesrczn :
extingui shed randomy. Further, the control signal nay be tkarsr-tted-thr-ee
times or nore during one perlod Furtheemg®re, it is. possible to randomy -
conbi ne the case that the transm ssion of the control signal at the
preceding timng [err] is extinguished and the case that the transni ssion
of the control signal at ”rFTEeedl timng [err]. By way of exanple,
the transm ssion of the co from one base station 1 shown in
FIG 11A is extinguished at a timng [err] randomy set and the

trandsm ssion of the con t her base station 2 shown in
FIG 11B is extinguishfd #%& PRy’ T2 rarflonly set. At that tine, even
when the extingui shed Wﬂg@’?b’r Y048 T2 Jare located within the same
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21 perlod the control signals transnitted fromthe two b ns*‘i‘“’and
2 during one period can be prevented frominterfering w thTRGEHEST HEFE *
Therefore, the control signals can be received satisfactonily B§LHeE"

term nal stations of the respective system Wile the pre Tonis
applied to the case wherein the control gjgnal is transnmtted fromthe base
station paired with the termnal stations as the digital cordless tel ephone
system as descri bed above, a principle of the present invention can al so be
applied to the case wherein a contrpl signal isftransmtted froma public
base "station | ocated out doorslg_to cojmuni cate wifh a | arge nunber of

term nal stations. Furthernore, whi e nungy i cal | val ues such as the period

are presented by way of exanpl e, b presentJinyention is not limted
thereto and other time or the chc,an be S reel y.
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According to the present invention,

even when the control s g&g&ﬁﬁé %é

plurality of base stations are transmtted at the sane tim

control signal fromone base station can be received at theltinmng erein

the transm-ssion of the control signa
siggles transmtted froma plurality of

| arge’ possibility that the contro

base stations can be received w thout

i s extinguished. There is then the

interference.  Therefore, when a

plurality of base stations are I qcated clgse to each other, there is then
the small possibility that contrﬁl signald fromthe respectlve base
stations will interfere with eacl other. Thus, it is possible to reliably
22 avoid the digital cordless tellephone S)sten1fron1becon1ng usel ess as a.
cordl ess tel ephone. In this cased of the—4ontrol signals successively
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transmitted a plurality of times, the control signal of an -
not extingui shed but constantly transmitted at a predetermired $H'En;§?'”"5 BE"'q
interval , whereby the reference timng at which the control S|gm@?”ﬁ$° '
received at the termnal station can be determ ned based on Mg at
which the control signal is transmtted @g9the predeterm ned interval.
Theref ore, even when the transm ssion of the control signal is extinguished
randomy, the terminal station cap intermittentjy receive the control
signal satisfactorily. Havi desgri bed ppeferrfed enbodi ments of the

invention with reference to't conpanyl pwi ngs, it is to be .
ot limte t hose precise enbodi nents

under stood that the invention j
and that various changes angc-rodi §i cati ong&“coulld be effected therein by one

skilled in the art wi thout departigng fromthe skope of the invention as
defined in the appended cl ai ns.
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23 Wat i-s-¢laimed is: 1. A base station of a digital communi clpRE SvAsad=ICa
conprising: radio frequency processing neans for processing anl RF" jﬂﬂ[&14
for transmittieng and/ or receiving digital data; and conmmuni cat o TE
means for controlling a conmuni cation to one or nore term nal
‘using a control channel, wherein said conmunication control neanSgnRises4 .
control signal which has periodic pul sest/hd sone of said peri &g+rc—putSES iian
are random y extingui shed. 2. A base station of a digital conmmunication
systemas clained in claim1, wherein said conmunication control neans
makes a first control signal having periodic pulses which are not randomy
extingui shed and a 5?7%coyrol si gnal having periodic pul ses which are

{7 A

-~ a¥aa
i

random y extingui she ase station of a digital conmunication system

H*_V‘Es

FIG. 2A
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claimed in claim?2, wherein said first and second control sign

sanme period of the pulses. 4. A base station of a digital cog I %ﬁﬂéiF%HEET
systemas clained in claim1, wherein said conmunication contr MEANS
makes a first control signal having periodic pulses which are ran68€3?4}4358
extinguished in the formof a first random sequence and a secong coht Uh Eﬁﬂ
si gnal having periodic pul ses which are 22, extinguished inlhe formof a
second random sequence. 5. A base station of a digital comuni Fon System
as claimed in claim4, wherein said first and second control signals have

the sane period of the pulses. 6. A base station of a digital comunication
systemas clained in claim2, wherein said digital conmunication system

uses a signal format of TDMA and/or TpD.
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7. A base station of a digital conmunication systemas clai
wherein said digital comuni cation systemuses a signal for
and/or TDD. 8 A termnal station of a digital comunicatio
conprising: radio frequency neans for receiving an RF signg
synchroni zi ng means for synchronizing a signal in a receive
a base station, wherein said synchroni zi¥#% nmeans synchroniz
supplied thereto fromsaid base station if said synchroni zi
a synchroni zing signal fromsaid base station and executes
sai d synchroni zi ng means does not catch said synchroni zing
base station. 9. Atermnal station of a digital co
claimed in claim8, wherein said signal fromsaid base

rREPLACEVBNE 5+
System
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ot her process if
signal from said
i on system as
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e T
station has a first control signal which has periodic pulsehRﬁngggmgﬁoﬁﬁfvl
said pul ses are randomy extinguished. 10. Atermnal stati¢ gital
communi catjon.systemas clained in claim9, wherein said si( kd
base station has a first control signal having periodic puld
not random y extingui shed and a second control signal having .
pul ses which are randomy extingui shed. BY9 A terninal statijon of a digital
communi cation systemas clained in claim9, wherein said signal fromsaid
base station has a first control signal having periodic pulses which are
random y extinguished in the formof a first random gnce and a second
control. signal having periodic pulses which are rafjdonm § extingui shed in
the formof a second random sequences 1 *A t er m nal, ion of a digital
communi cation systemas claimed in ¢Pai 10’!”"“'“" i ®nchr oni zi ng
means catches said second control signal|if daid syrjchrogi zi ng neans cannot
gans execut es other

catch said first control signal and said syn!hronizing

processing if said synchronizing nmeans l'

FIG. 5
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cannot catch said second control signal. 13. Atermnal staffTo
digital communication systemas clained in claim1ll, wherei I
synchroni zi ng: mreans cat ches said second control signal if sqild
synchroni zi ng neans cannot catch said first control signal
synchroni zi ng 26 nmeans executes other processing if saidlslynt
means cannot catch said second control Sinal. 14. A communilcati on system .
conprising: a base station; and one or nore termnal statio —a'digita
signal, wherein said conmunication systemuses a.control signal which has
periodi ¢ pul ses and sonme of said pulses are randomly extinguished. 15. A
communi cation systemas clainmed in claim 14,

FIG. 6
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wher'ein said conmuni cati on systemuses a first control si
peri odi ¢ pul ses which are not random y extinguished and a
si gnal havi ng. periodic pul ses which are randomy extinguis
comuni cation systemas clainmed in claim 14, wherein said
systemuses a first control signal haviB? periodi c pul ses
random y extinguished in the formof a 7 Pst random sequende—an

control signal having periodic pulses which are randonmy ext '
the formof a second random sequence. 17. A commruni cation system as cl ai ned

in claim214, wherein said c | catjon system uses a signal of TDVA and/ or
TDD. 27 18. A net hod foriﬁjﬂa;)ﬂ db a control signal conprising

C )

106




the steps of: receiving a first control signal in a first MTEeT T ecervig-
a second control signal if said first control signal has ncﬁ“?@ﬁCEMEHTSHEET
recei ved; and, receiving said first or second control signalf jn a second
manner if said second control signal has not yet been receijvedT 8
met hod for receiving a control signal as-claimed in claim 18, whgrgﬂp\QQﬁd
first manner is an interval reception an/%aid second manngr 1

continuous reception. 20. A nethod for sending a control si‘gfet—i-a—a—base
station of a digital conmmunication systemconprising the steps of: making a
control signal having periodic pul seg, sone of ywhich are randomy

extingui shed; and transmtting gp RF]signal noqul ated by at |east said

control signal made from said cbhi;g! si gl ki ng step.
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