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The present
particularly,
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. BACKGROUND OF THE | NVENTI ON Field of the Inventlon

‘invention relates to a radi o paging . system and, Md J ¢

to a global radio paging systemin =~ which a plurallty of

radi o frequency carriers having sanme frequency and nodul at ed
synchronously with sane digital selective call signal, that is, paging
si gnal ,

stations,

are

respectively. . DISGHQUWRmR! il iiviid Ina

transmtted froma plurality of nutually renote base

radi o pagi ng system in order to nake a service area thereof wi der, it
to arrange a pl W drigrardiTy or RGESiMPitE sMtrdnare nutual ly
separated by a predet erm ned di stance and each of which has a radio
transmtter whose output power is in the order of 100 W and to

simul taneously transmt a plurality of radio frequency ~carriers having
sane frequen®ACREROUNDIIGE erHEM INVENTTON di gital paging signal therefrom
I n such radi o paging system it is necessary to limt a phase '
di fference bé&tisdsh of thevdnwegdiiced carriers in an area in which such radio
frequency carriers from adjacent two base stations can be recei ved,
an i nterf er e REARENY dwepiigh wlates to a radio paging

i s usual

t hat

)

IS,

system and, particularly, to a global radio paging system in

~"which a plurality of radio frequency carriers having same

frequency and modulated synchronously with same digital

3éelective call signal, that is, paging signal, are

transmitted from a plurality of mutually remote base
stations, respectively.
Description of the Prior Art

In a radio ﬁaging system, in order to make a service
area thereof wider, it is usual to arrange a plurality of
base stations which are mutually separated by a
predetermined distance and each of which has a radio
transmitter whose éutput power is in the order of 100 W, and
to simultaneously transmit a plurality of radio frequency
carriers having same frequency and modulated with same
digital paging signal therefrom. In such radio paging
system, it is necessafy to limit a phase difference between
two received carriers in an area in which such radio
frequency carriers‘from adjacent two base stations can be

received, that is, an interference area, to a value not
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- 2- hi gher than a constant value which is usually wthin one fourth of
a blt‘ nteyval of the digital paging signal. For exanple, in a paging
system which utilizes a digital paging signal of 512 BPS standardized by
POCSAG (Post O fice Code Standardization Advisory Goup), that is, POCSAG
code, the above nentioned phase differenee2nust be not nore than 488
[err]s. Therefore, it is necessary to nake a phase error froma reference
phase in each base station not nore than about 250 On the ot her
hand, a paging systemof this kind is equipped with a central station

bet ween t hehbigherstaenons coastantt ¥RAPRONBISH L6hUAYaREWIEN IS OPF ng

pagi ng requests. The central station _includes.a pagi nq _cont.roll.er
per f or ni ng &opsthart cén@@ﬁs#6ﬁe6ﬁaﬂa@ﬁn§hFea&§§Fag g& n11§3€§Cr 65}5

(o et brseS%eMPRGeaiB BoBeding systeR NREFRLuEL LiZeRod, Soital Hagind'®
station and t.he has d

time- divi??gﬁ |6ﬁéxkk ' ar%?ﬁe%zfo és?rlc?% ﬁgo%ﬁéggfg%%gﬁﬁﬁﬁfthln
the predeteg @ﬁ%%f;ﬁml%%b%%l% 93[ &Ea%é b¥haGONRENSRICSAG: (el daleay

caused by 5| ansm ssi on ‘connection circuit between the
central st ata!b%e %‘i‘xtﬁ'&%eﬁa%a%teaﬁllg'ﬂ%reh@% Rl Me Slot mreathdmheagmse

- ps. Therefore, it is necessary to make a phase error from a
reference phase in each base station not more than about 250
ps.

& : on the other hand, a paging system of this kind is

jE equipped with a central station betwéen the base stations
and a telephone switching network receiving paging_requests.
The central station includes a paging controller for
performing a format conversion of paging request data from
subscribers into a predetermined signal format, for example,
a paging request signal format based on POCSAG code.

Tnterfaces between the central station and the base

stations are formed by cables or radio frequency time-
division multiplexors. In order to restrict the phase error
within the predetermined rénge (about 250 pé) by )
compensating for a delay caused by signal transmission
through the connection bircuit betwéen the central station
and the base stations, the central.stAtion and the base
stations include variable delay means respectively. On the

other hand, U.S. patent No. 4, 709, 401 discloses an example



stations include variable delay neans respectively. On the other hand,

U S. patent No. 4, 709, 401 discloses an exanple _

3 of a paging systemin which a central station transmts a radio
frequency carrier signal nodulated with a phase correction code having a
predeterm ned code pattern to base stations.and one of the base stations
which receives the carrier signal and-denodul ates it to the phase
correction code calculates and sets an anount of delay of its own

vari abl e del ay neans on the basis of the phase correction code..

In general, $MGe Jaifi P e t@N iR GO RENtda] Fatiidn Rl e
central station and one of the base stations is conposed of a usual route

and an extr aradile fridgqudrcyn TS’y siyrdle npiidateeaitinelphaesd em of the
US patent to retry the calculation and setting of the amount of del ay
when t he usu&oriedtiidn icodenittastiany teo piredledbettmanedd rondiet plittetrn ftan |hase i n
the usual circuit. Further, when bit rate of the digital paging
signal is f@tatdonsnamshsae iof divebase stiatdions atddish mepedstes drhe
effective utilization of radio frequency, the accuracy of phase correction
accor di ng t o A& iE3n\Fdriiadn And demadilatafedty dredhehphases asiregiciih.

That 15, accur sl ORI, S SUPL S ) @1 R Yot
variable delay means on the basis of the phase correction
code.

In general, since the above mentioned connection
circuit between the central station and one of the base

' stations is composed of a usual route and an extra route, it
is necessary in the phase synchronous system of the U.S.
patent to retry the calculation and setting of the amount of
delay when the usual circuit is switched to the extra
circuit due to failure in the usual circuit.

Further, when bit rate of the digital paging signal
is further increased in order to satisfy recent request for
effective utilization of radio frequency, the accuracy of
phaée correction according to the conventional technique
mentioned above is not enough. That is, accuracy of phase
correction required in a radio paginé system corresponding
to POCSAG code bit rate of which is 9600BPS should be not
more than 26 ps. This means that phase correction accuracy
at a modulation input of a transmitter at which difference

in delay between radio transmission areas and/or phase error



to POCSAG code bit rate of which is 9600BPS should be not nore than 26
[err]s. Thigs neans that phase correction accuracy at a nodul ation input of
atransmtter at which difference in delay between radio transm ssion
areas and/or phase error -4-  in
the transmtter is produced unavoi dably nust 4be within about 10 us which
Is practically inpossible. Further, in the prior art nentioned above, a
variation of delay in a transnmission |line connecting the central station

to the base _station nust be made smal|ler than the above nenti oned
t ol erabl e ph&8etBer drangBidier, ist prodused ynaveddeblyomustnpey ¥idhdm

accuracy in the tinge-divisi,on nnultiplexor __circuit. , I ncrease of ,signal
Gt ay i b sepaPaRtnda der nbiohyls brBROIGRLLY dRbREibIg: FREOReTabdve the

[ d I SSi | i ' I_ed fact, th | ock
il ses of  nELRRD) S CCBRALPER AR Pne X MRECATVER BT SRIAD fFofor arc.

usual l'y i ndef&g%ﬁ%ﬂﬁsfst&?;%ﬁgﬁ@. gbA%ket '?x@e tRLOLRRtlrh) LRaRGUG £h0 +heSY, is%t a

vari ation of ay, Ivision multr'pl'exing 1's restricted, the nu r

of radio trapamissl ARst BeSmhfeNemBIlal lthanNtheaaddyeC #dditidnetost for
provi si on and mai ntenance of the transm ssion lines to be iIncreased.

Further, an kblegableObhiade Biiber. Gbwedee sttt ienveryndifddculle e&vpand a
service area requires an increase of
' achieve such accuracy in the time-division multiplexor
circuit. An increase of signal delay in separating a time-
division multiplexed signal in the above mentioned
transmission line is always varied dué to the fact that
. ‘ clock pulses of the paging controlle; and the time-division
multiplexor are usually independent from each other.
Therefore, if, in order to restrict a variation of delay,
time-division multiplexing is restricted, the number of
radio transmission lines is necessarily increased, causing
cost for provision and maintenance of the transmission lines
to be increased.

Further, aﬁ increase of the nﬁmber of base stations
in order to expand a service area requires an increase of
the number of connection circuits between a central station
and bése stations, which increases cost for provision and
maintenance of such circuits.

A multi-drop system in which a plurality of base
stations are connected to a single line and a tree-

connection system in which a signal distributor is arranged



th nmb f t tral statiren
St onb, Wil ch 1 ner oliBde E%eitgpﬁ'%ﬁe?*ﬁém?@ﬁﬁnciﬂdr “mai nt efdHEEGH

circuits. A nultl-dr ﬁ é?;en1|n which a plural]ty o

stations ‘are connect cdateo & ine and a tree- CONnNe

whi ch a signal distributor |s arranged e 5

5 between a central station and base stations are effective in solving

this problem However, in the nulti-drop system a construction of

transm ssion |i chan ed_at ipt _on ne b tmeen

staton’and e SacdeStaR, Ehnehef Srthafcrnd e (e pbi e n
changed, a phasesofoEAgCthon BEGOTER. Blvedli! fﬁl‘ﬁhe-rmitisdr thoLglne o
vari ation of del ay occ rre |on of transm ssi o ne oh

the side of the cgpktahceishi 8P QPéﬁsmfgéléﬁ'ffné“YspéHQhééaSaﬂcs PE2ALSORS
all of the -base stations connected thereto change simlarly, a variation

of delay occurrgleoDihdebetilgeRf thasCest P4l OS6atibseSn@NEEE baEEOsLALIBRAEN
them In the tree system although it is possible to reduce a total length

of transm ssi on andestharefare atwhen odn dahaynt sof nde bag eils cohargpdpdanghise
to the provision of the signal -distributor. Therefore, when bit rate of a
digital paging stgraectionnbecomes vexryidiffi¢hltul That iwinakthopshse
synchroni zati on 3gifgffon of delay occurred in in a portion of the
transmission line on the side of the central station does
not arise any problem since phases of all of the base
stations connected thereto change similarly, a variation of
delay occurred on the side of base stations causes phase
error between them. In the tree system, although it is
possible to reducé a total length of transmission lines, a
variation of delay is increased cofrespondingly to the
provision of the signal distributor. Therefore, when bit
rate of a digital paging signal is increased, it is
difficult to maintain phase synchronization betweeﬂ
transmission outputs of a plurality of base stations. When a
piurality of signal distributors are used, phase correction
in bése.stations arranged in downstream side of the
distributors becomes difficult. |
BRIEF SUMMARY OF THE INVENTION
Object of the Invention

Therefore, an object of the present invention is to

provide a radio paging system having connection lines for

(B



transni ssion outputs ofhia ipithe 26R1aPBEMANOE st ations. When a plurality of
signgl distributors are used, ptaie correction in base stations arranged

i n downstream si de of PB . di R [\\d@pr s becores diffic F _SUMVARY
OF THE | NVENTION Cbj e€t0f thellnvention —— Ther[eTHIG SHEET w5 BEEN Pf
the present invention is to provide a rad_l_o6 pagi ng sygtem hgg;bm‘ein_ -

connection lines for .
transmtting a digital paging signal to a plurality of base stations so
thgt a pLuraIity of radi o frequency carriers having the sane frequency

and synchr ongusi . t ] : i reai Sd

transmtted to t%’%{%gisyé&sfg?%in%l V\%%?Jé%%n%écuraggo o?gﬁﬁgiﬁ%ﬂ?}gﬁ?fza??gﬁ of
the nodul at i 9nse Pnd heo rethe 4 rsOEATICE6E | L4810 fhediiéndy otantierpagi ng
signal can be nmaintai ned high regardl ess of variation of delay in the
connecti on haviws.the same Eredgiencybardtsyichhenpustemoduniabed with to
provi de a radi o pagi ng system of t he above nentioned type which can
restrict an thersase pagingbeignil t Gencoanbransnittedeto thepbae’ with the
i ncrease in nunber of the base stations and the increase in nunber of the
radi o frequesegtionsi evhereisUMARYACE THESYRsisgrEration of fhe present

i nvention resides in a gl obal agi system for proyidin i
modulationsgof theprgdgg f%equency cgrrxers Si€§9£Q§ digital

.paging siénal can be maintained high regardless of variation
of delay in the connection lines.

'Another object of the present invention is to
provide a radio paging system of the above mentioned type
which can restrict an increase in number of the connection
lines, compared with the increase in number of the base
stations and the increase in number of the radio frequency
carriers.

Ssummary of the Invention

The present invention resides in a global paging
system for providing a paging service for a plurality of
paging receivers distributed in service areas of a plurality
of base stations, which comprises a paging controller
responsive to a paging call received from a subscriber of
PSTN (Public Switched Telephone Network) through the
PSTN for producing a paging request signal containing
subscriber number of an owner of the paging receiver which
is called and the plurality of base stations which are

connected to the paging controller through a plurality of

ATy



services for a plThialis the teéplacegierd sheekti vers distributed in service areas
of aiplurqlity of = base stations, a paging controller responsive to a
pagi ng call rece“g~ _fqb- E“ﬂg?scriber of a Public Switched Tel ephone -
Net\t/so_r k (PSTN) ll:) _ E) r gnbf produci ng a paging requfsiy&icarEt HAS BEEN
cont ai ning a subscriber nunber of an owner sai d pagi nglrecei
cal | ed, : -9 < Pad 7g Nﬂ&ﬁgﬁg;”
each base station is connected to said paging controller through a

transm ssion line having different transmssion times and producing a
plurality Oftf%%ﬁssiéﬁ%ﬂw KA S i Fe e diFdRERd s { 60 GUBRES €snand
nodul at ed synchronously with a digital paging signal corresponding to

sai d pagi ng gLuesd SAdR frdfsdias io@tiers having Sthél page nfregueney!| er
conpri si ng: a delay tine storage for prelimnarily storing a first
time val ue egndlmdédubatedosymahtronduslyfiwitie alidigital pagimsyi sigoalti nes
of said transm ssion lines and a second tine value required for
converting seoxresppmiineduesthsipaming trequest déignal, respeabivedyial s at
each of said base stations; a first GPS receiver responsive to

si gnal s recethexein cthe pruing | egnigrol e somprises gr obalaposine ofitppage
systen) satellites for producing a tipe reference,

' | ; .
first tine (RRTRPIEY cCRLEF i §oF e&mﬂﬂwlﬂ)l}éﬁ??}%%g?g? ghckiee gﬁ?ﬂ‘g?or

equal to the maximum value of the different transmission

times of the transmission lines and a second time value
required for each of the base stations from reception of the
paging request signal to production of the digital paging
signal, a first GPS (global positioning system) receiver
responsive to signals received from a plurality of NAVSTAR
. GPS satellites for producing a time refereﬁce signal, a
first time reference circuit responsive to the time
reference signal for producing a high precision time signal
having predetermined relation in time to the univefsal
standard time and code attaching means for attaching a code
indicative of a time after a.time instance, which is
obtained by adding a sum of the first time value and the
second time to a current time indicated by the high
precision time signal, to the paging request signal as a
transmission start time assigning code and wherein each of
the base stations comprises a receiving buffer memory means
for receiving the paging request signal and storing it

temporarily, a second GPS receiver responsive to the signals

“THilii




. produci ng- hi gh premhngghtine signals having predetermined relation in tine
to a . universal standar ?f@ﬁkceme ode produci ng neans for producing a
i UNTVEr: ! nt sheef °' _Tean: .
code ‘indicative of_a tine pffer a ting i nstance, which is obtained by
addi ng a sum of t tRates r 4 kW {4val ue and the second tine
current tinme, to said paging request signalL & .a transm s@
8 assi gning code, and a code to specify one of said pluys
frequency carriers as a channel nunber code; and
transmtting neans for transmtting said paging request signals, -said
transmi ssi on f3ear tthei @@Sasstgliligdesodor paddugiggc frivendlimeyrediersad® t 0
said base stations through said plurality of transm ssion |ines, a bit
rate of sai dSgEBadi By S6cond timenirefeggnrend sty rRspoRsiviendo dhesai d
plurality of radio frequency .carriers; i d base stat.ions

d . .
each conpri sitigie reference;sigpal: fox B%gﬂéFlﬁﬂhﬁrFlﬁzgﬁ§eFﬂﬁlF@bélﬂqK)
id [ t,Si | d ' it t Lly: . d
&S T boei ver T08an bRYE R0 % RE GRS RAPA B FoFPOAA BP SR, S8R fFPe oy
produci ng saj,d;ll0e 51 a0l 413% 89,3 ,PLedslarTiyagd.r &liatioq id 'dré'?:[etc%itn%e
universal  standarg tine: a“second i e refarence Crr &l

responsi ve t@ g@lificlid@hncecheteaes theNdkahghisRi8AVER%+2 thindh ARSI,
time signal having a predetermned relation intime to the

code of the paging request signal accumulated in the

.receiving buffer memory means and the high precision time

signal from the second time reference circuit, a format
conversion circuit for format-converting the paging request
signal into the digital paging signal from a time at which
‘an coincidence output of the coincidence circuit is
produced, in synchronism with the high p£ecision time signal
from the second time reference circuit and a radio
transmitter for producing a radio frequency carrief having a
predetérmined frequency and modulated with the digital
paging signal.

According to the radio paging system of the present
invention, a transmission-start time information is attached
to a digital paging signal forming a modulation signal of a
radio frequency carrier on one hand and, on the other hand,
in each of the base stations, a plurality of radio frequency
carriers having the same frequency are modulated by the
paging signal synchronously at a time instance assigned by

using the very high precision time information from the GPS

T



CL Thls iz th o . . _
universal - standard time: - oPlceMentishertience circuit for det ecti ng af**
coi ncj dencg bet ween Qe t&gn ssion start tinme assigning qﬁ 9
in said receiving b g} QGfeans and said hi gh preC|.|on
fromsaid second tine reference circuit;
9 a format conversion circuit for convertgng a format of salG
pagi ng request signal into said digital paging signal froma tine at
whi ch a coi nci dence output of said coi ncidence circuit is produced; and
second transmtting neans for producing said plurality of radio frequency
carriers by saidsstailddltenasher redesenceBRIBErBESER, PLTON sOPOEHE bRAMONGS
Fig. 1 is a block circuit diagramof a first enbodi mrent of the present
i nvention; prevent ap iigterfersnced bsityslenciovdput @igpedn Srom ediacgnt

control portion of the enbodi nent shomn ig. 3is a
det ai | ed bl ock cPPéﬁi??ﬁ?ﬂﬁQ§ﬁWHeQa W%SWF%OF%Q%Q|ﬁﬁ?qEFnFWé°arrlers
enbodi nent shown in Fi IS fl owchart show ng an

operation of a p§§€h§e%ﬁHWhﬂ pE the Pﬁ%lnéhﬁﬁﬁfﬁgﬁfsshown in Fig 1;
Fig. 5is a ti”i@%ﬁ%&aD&é@%%ﬂf%%ﬂao&pﬁﬁﬁtD%AW%N&%Q'ng request signal in the

The above-mentioned and other objects, features and

advantages of this invention will become more apparent by
reference to the following detailed description of the
invention taken in conjunction with the accompanying
drawings, wherein:

Fig. 1 is a block circuit diagram of a first
embodiment of the present invention;

Fig. 2 is a detailed block circuit diagram of a
‘central control portion of the embodiment shown in Fig. 1;

Fig. 3 is a detailed block circuit diagram of a
coding control portion of the embodiment shown in Fig. 1;

Fig. 4 is a flow-chart showing an operation of a
paging controller of the embodiment shown Fig. 1;

Fig. 5 is a timing chart showing a format of a
paging request signal in the embodiment shown in Fig. 1;

Fig. 6 is a timing chart showing a relation in time
position of éignals in the coding control portion shown in
Fig. 3;

heet Has Been

i \’iﬂi



enbodi nent showr—+n-Fig__1; T Fig. 6 is atimng chart showing a
relation i,n tine position of signals in the codi ng control portion shown

in Fig. 3; -10- Fig. 7 is
atimng chart showing a relation in tinme position of nodul ation signals
in the enbodi rent shown in Fig. 1; . ___ - 10Fi.g. 8 is a block circuit
di agram of a second enbodi nent of the present invention in which
respective base stations transmt two mutually different nonOnodul at ed
radio frequency carriers; | . Fig. 9is atimng chart show ng a
relation in tine pdsidd oh i a Hdmaduichardn shiapiss 8 rekatickl time
enbodi nent shown jn Fﬁg. 8; . .Fig. 10 is a block circuit diagram of
athird enRRFHHAT A t‘!%i‘ﬂr%s‘é’ﬁ’t § § g the embodiment jshgwd 4R nj ng
chart show ng. a gfjation intime position of the nodulation signals in the
third enbodi Tt “'shown in Fig. 10; and Fig. 12 shows a system

construction of a faquwth , enbaqdi . of. resent i nvention, TAI LED
DESCRI PTI ON OF THE PRAERRED A R A ol Y P shows a
pagi ng syst RN BE A2 present invention in which respective base

stations transmit two mutually different nonOmodulated radio

frequency carriers;

Fig. 9 is a timing chart showing a relation in
time position of the modulation signals in the second
embodiment shown in Fig. 8;

Fig. 10 is a block circuit diagram of a third
embodiment of the present invention;

Fig. 11 is a timing chart showing a relation in time
position of the modulation signals in the third embodiment
shown in Fig. 10; and

Fig. 12 shows a system construction of a fourth
embodiment of the present invention. |
DETAILED DESCRIPTION OF THE PREFERRED EMBODiMENTS

In Fig. 1 which shows a paging system according to a
firsé;embodiment of the present invention in block form, a
paging controller 10 provided in a central station is
connected to the Public Switched Telephoﬁe Network (PSTN) 40
ana receives paging call signals from telephone terminals

41. The paging controller 10 includes a PSTN interface unit

110 for controlling a connection to the PSTN 40 and



first enbodi ment of the present invention in block form a paging
controller, 10 provided in a central station is connected.to the Public

Swi t ched  Tel ephone Network (PSTN) 40 and receives paging call signals from
tel ephone termnals 41. The paging controller 10 includes a PSTN interface
unit 110 for controlling a conneetign to-thk& PSTN 40 and

recei ving a paging call .reception signal produced by the PSTN 40 in
response to the paging call signal, a central control unit 120 responsive

to th |1 i

att hlgoﬁ’m S%cézveggﬁ‘é%é'g‘iga eedis re%%% é@?éﬁbﬁglcaﬁéﬂ BEoEY EReert ace
units a th

Thes 60 andoBY 38nABcE8aBPHRase Eb8; Parenbottdl = TfeR, posebtaRy™ o' "
subscri ber Qéﬁr&' ﬁni%ofﬁg ggg glvae%sftha_t hae&agecm' $bbabkqBn

I nformati on~0f "nuibers o ers of pagihg'reCeivers 80 (only one is

shown in  Fgggnhsf %rs F%hh%&h)é 'aghﬁgp&é 188t 8Rdna1CRELLEGRUY i thl 20
for rece|V|ng S|gna s fromthe NA navigation satellite tine and

rangi ng gl obgbhnBaskkion Beagtstefk assighlihgecBde,pbadpatndntkeetiaceul se and
time information very exactly synchronized with the universal standard

time and suppkyi 10t bad 131t fercenppdlyingnthel paginglzéquést bagaalsm@tlon
20 includes an input interface unit 210 for receiving the paging request
si gnal throtgkenehd seiamsdiizeiso60 and 61 connected to base stations 20
and 21, respectively, a subscriber data file 140 containing
registration/non-registration information of numbers of
éubscribers of paging receivers 80 (only one is shown in
Fig. 1 for simplicity of illustration) and a GPS receiver
150 for receiving signals from the NAVSTAR GPS (navigation
satellite time and ranging global positioning system)
satellite 90, producing clock pulse and time information
very exactly synchronized with the universal standard time
and supplying them to the central control unit 120. The base
station 20 includes an input interface unit 210 for
receiving the paging request signal through the transmission
line 60; a GPS receiver 230 which operates similarly to the
GPS receiver 150 for réceiving signals from the GPS
satellite 90 and producing clock pulse and time information
very exactly synchronized with the universal standard time,
a coding control unit 220 for format-converting the paging

request signal attached with the transmission start time

assigning code into a digital paging signal and a



line 60, a GPS recei ng"SZf'Sth\A;né,?h operates simlarly to the GPS receiver
150 for receiving signals fron1'ﬁ%wmﬂﬁsﬁgg ellite 90 and producing clock

pul se and tine inforqﬁhgpn very, exactly synchroni zeq b the universa
standard time, a coding cdr&_?&\)q@t 220 for format {JHE SHEED A i ng
request signal attached with the transm ssion B axt §ine 'Mg@bn e

into a digital paging signal and a
- 12 - transmtter 240 for outputting a radio frequency carrier
nodul ated with the djgital ‘gqa]lgi ng signal, on the basis of the tine

i nformation. THeAMHRECReHIHYh Tor R G 13 &RdiQ FRauRIsHIFaEriemt of
t he base station and sp details. thereof are omtted in Fig., 1.,

e e r ceal VA iagrd HE iR Aiadir] Fraits <ana s ot i pasia pk g
be noted that . for. producin 0C I d ti info fONn .
synchroni zed V#F%n?#éeo hrg‘f?/eras% oq‘s’[ ;'#]h ar aé)si]el %‘e%%%%lﬁeﬂﬁér%ﬁaeel%%c?]s

wel |l known am%% LRI oo calau! o 14 ééﬁﬁ%ﬁﬁl% : té&“ééﬁ$§f@mte

poi nts based on e time information is disclose ~ Pat ent

5,134,407. An Hdsddel 200) Gritada tH1e ¥Rp Jeceiver is to detect position,
that is, to know a position of the receiver on the basis of orbital

i nf olr Irrystt ion and tinme 76 @dEdGeeddivErBiisy 0D I Ay Hadey DdediBiTal

sateliites. construct%pn. It should be noted that means for producing
clock pulse and time information synchronized with the
universal standard time using the GPS receiver is well known
and a method for calculating exact time at two mutually
remote points based on the time information is disclosed in
U. S. Patent No. 5,134,407. An original object of the GPS

. receiver is to detect position, that is, to know a position
of the receiver on the basis of orbitél information and time
reference information from a plurality of GPS satellites.

- The respective GPS satellites are provided with atomic
clocks using cesium and rubidium to which an information of
time error with respect to the universal standard time is
supplied from the ground. Therefore, the atomic clocks
substantially coincide with the universal standard time.
Thus, an error of time information obtained by each of the
GPS receivers 150 and 230 with respect to the universal
standard time is within 5‘ys, indicating very high accuracy

of the time information.
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The respective GPS satel I ites ar, gﬁpsm!%d with atomc clocks using cesium

and rubi di;um to whi @+rnferﬁﬁf|on of time error wt T
uni versal standard t'i supsil ed fromthe ground. Thé {sfgp'g:,‘@é% Bg?gic

cl ocks substantially c0| n the/mver sal stand@rd ti

error of time inforngak d by~each of- ti3e - GPS receivers 150 and
230 with respect to the un| versal standard tine is within 5 [err]s,

i ndicating very high accuracy of the tine information.

-13 - Fig. 2 shows the central control unlt 120 in hore  detail.
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of the transni s& processi.ng tines in the base
stations 20 and%{éu ind i@f E‘cilfeﬂaiﬂ 5 8 TE NSRS odiid il ta 128ning

generating e an tTme intormation synchronized wth the

uni versal standgfghdi r@%%meg ha S fe R t ¥ IGIED Uintirddle {RE catDes vef 450
and a control CIrCUIt 2 for controlling the

arrangement of the call reception signals on a time axis, a

delay time storage 124 for storing values of the maximum
delay time among delay times of the transmission lines 60
and 61 and processing times in the base stations 20 and 21,
a reference time pulse generator circuit 125 for generating
clock pulse and time information synchronized with the
universal standard time on the basis of an output of the GPS
receiver 150 and a control circuit 122 for controlling the
above mentioned circuits to convert the format of the call
reception signals in the gueuing processor 121 into a set of
paging request signals every reception of the timing signal
TQ, to calculate a transmission start time on the basis of a
current time indicated by an output of the reference time
pulse generator circuit 125 and delay time indicated by a;
output of the delay time storage 124, attach a code
corresponding to the calculated time to the paging request

signal and supply it to the base stations 20 and 21 through

the output interface units 130 and 131, respectively.




above nmentioned CiTewits to convert the format of the call reception
signal‘’s in the queuing processor 121 . into a set of paging request signals
every reception of the timng signal TQ to calculate a transm ssion start
time on the basis of a current tinme indicated by an output of the
reference tinme pulse generator circuit, 125 éﬁd‘delay tinme indicated by an
output of the delay tine storage 124, attach a code “corresponding to the
calculated tinme to the paging request signal and supply it to the base

stations 20 and 21 thsguoh ohHBsOUhBUokEhs" LAREHY b3;8%028 I e

respectively. _ _ _ _ _
shows the codifg; §ONTHOFigNI &, 2¢He! BolRhE cORtEbL- uhftFb80 ncifigesodi NY

control unit 220 includes™a Trecelving baffer 221 for receiving the paging
request si gnﬁécei{riﬁ?hsdf%khzhlﬂefbi:aﬂéahiﬁiﬁﬂ_ gharbabifil§ 2e§uEBtNIigALS
fromthe input intertace unit 210 and tenporarily storing it, a reference
time pul se gateaehed withuthe?fbahemispiofustagtctimé askigning tbde

i nformati on synchroni zed with the universal standard tine on the basis of
t he out put ofromhth&P$npeteinterf86¢ unidi AtDdendetemponaril2@2storing
detecting a coi ncidence between a current tinme indicated by the reference
time pul se ahtl;t Berafsrgnragtimaepulsenhgengugtay edgowvit 228né&Prin the
receiving buffer 221 and outputting . a sendlng signal SS, a_ transm_ssion
data converPEPduoingorlegknpiilesnsddt tiget hRIpEHRR§CR| gHRFhFARSZEd Wwith

the universal standard time on the basis of the output of

3

the GPS receiver 230, a coincidence circuit 222 for
detecting a coincidence between a current time indicated by
the reference time pulse and the assigning time of the
paging request signal in the receiving buffer 221 and
outputting a sending signal SS, a transmission data
converter 224 for format-converting the paging signal into a
digital paging signal and supplying the latter to the
transmitter 240 as a modulation signal and a transmission
control circuit 223 for controlling a selective supply of
the paging request signal in the receiving buffer 221 and
the format conversion on the basis of the sending signél ss.

An operation of the embodiment mentioned above will
be described with reference to a case where the digital
paging signal is a POCSAG code 6f 512BPS.

Referring to Figs. 1 and 2, the paging controller 10
always checks, in its PSTN interface unit 110, whether or

not there is a call of paging request from any telephone



digital paging signal and supplying the latter to the transmtter 240 as a
modul ation signal and a transm ssion control circuit 223 for controlling a
sel ective supply of the paging request signal in the receiving buffer 221
and the format conversion on the basis of the sending signal SS.

An operation of the enbodi nent nentioned aboys will be described with
reference to a case where the digital paging signal is a POCSAG code of
512BPS. Referring to Figs. 1 and 2, the paging controller 10

al ways checks, in its PSTN interface unit 110, whether or not there is a
call of paglﬂgrmEQaésulfKsmnanWhénlebeneels a call, it enters into an

- 15 - termnal 41 (S1). Wen thereis a call, it enters_into an

oper ati on foepesationngon sabscvibﬁranﬁﬂb%¢ré€?¥eﬁu%éﬁf cplleds(§heraF in
Japan that the nunber_of the subscriber called const| uted with QF
(Mul ti Frequéﬁc??n§F§ﬁaanﬂéﬁaﬁhEhanﬁh%cPPﬁheFo°§h Sﬁﬂﬁﬁﬁngeﬁ ??gﬂﬁ
connection. After reception t he ca scri ber unbe ugyLn
processor 12ierPEFEﬁEB§eﬁnVﬁQ£h§n H%s&#?ggf HPIUPTFE 1ﬁbgn?§3 gﬁdgg °
pagi ng request is ecel e.call u u S

regi stered tﬁngfﬁ£ g?#ﬁ EB %s%r? %?ﬁi§8§%%QE§OH° gﬁgkto whom

paging servi gecubtlons ?.S@as asmaeshﬁseelssr afsbed (A4) guaurmgsage in

the form of utton) signal 1s recelve In this
processor 121 references with the subscriber data file 140

(83) and the paging request is received only if the called
subscriber number is registered therein. When the called
subscriber is one of members to whom paging service with
message service is to be directed (S4), a messaée in the
form of PB (Push Button) signal is received (S5). In this
manner, a plurality of paging call reception signals
received successively are accumulated in the queuing
processor 121 till the timing signal TQ from the queuing
timer 123. Then, the queuing processor 121 produces a series
of paging signgls whose format is very close to the POCSAG
code (S6). (This processing is called as queuing.)

The control circuit 122 converts the format of the
gaging reception signals accumulated in the queuing
processor 121 into the paging request signal format every
reception of the timing signal TQ having the predetermined
time interval, adds a data transmission time indicated by

the output of the delay time storage 124 and the receiving

and processing time on the side of the base station to the



manner, a plurality of paging call reception signals received successively
are actunul ated in the queuing processor 121 till the tim ng signal TQ
fromthe queuing tinmer 123. Then, the queui ng processor 121 produces a
series of paging signals whose format is very close to the POCSAG _code
(S6). (This processing is called as queuing:)16 - The control circuit
122 converts the format. of the paging reception signals accunulated in the
gueui ng processor 121 into.the paging request signal format every

ti f the tim [ ] T ' th det I ned _ ti int g I,
adde a data (TRRTFECTIE LTS HBL ROdns SHIRD D E QSR e o
storage 124 andh L0, LeGElYLNG; A0 P EFESUOGIAIE @ 4 Sl d e bese
station to tHe = e
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sends it to the base stations 20/21 through the output interface units

130/ 131 and tiife thade B 56t Dohd | 272 B HHrough the outhut alffdrSEd yiBEHcol
of the paging request signal wuses HDLC (H gh Level Data Link Control) as
the second | ay30/13% ¥ el ardnsnipdsidoWidgs oY 615 as the seventh | ayer

of OSI. In Fig. 5, "TXNO' depicts an identification (ID) nunber
A transmission protocol of the paging request signal

uses HDLC (High Level Data Link Control) as the seéond layer
of OSI and a format shown in Fig. 5 as the seventh layer of
OSI. In Fig. 5, "TXNO" depicts an identification (ID) number
of a destinated base station, "CHNO" a channel number
indicative of a radio frequency channel through which a
transmission data is to be sent, "CODE" an assignment of
format of transmission data to be sent (e.g., for
POCSAGSIZBPS, “o1i"), “TIME" an assignment of transmission
start time for transmission data (e.g., for a case of
transmission at 12 O’clock 10 Minute 00 Second, "1000"),
"TRNO" a transaction number indicating an ID number of this
packet and "TPL" a transaction packet length indicating a
data 1ength of tﬂis packet. Further, as to "POCSAG data",
only 21 information bits are transmitted as 1 codeword of
three bytés and a parity bit and a preamble and a
synchronization codeword (SC) are attached on the side of
the base station. With this scheme, the transmission time

through the transmission line is shortened. As is clear from



of a destinated base station, "CHNO' a channel nunber indicative of a
radio frequency channel through which a transm ssion data is to be sent,
"CODE" an assignnent of format of transm ssion data to be sent (e.g., for
POCSAGG12BPS, "01"), "TIME' an assignnment of transmi ssion start tinme for

transm $sion data (e.g., for a case of tramsdi’ssion at 12 O cl ock 10

M nute 00 Second, "1000"), "TRNO' a transaction nunber indicating an ID
nunber of this packet and "TPL" a transaction packet |ength indicating a

data | ength of [ acket. Further, as to " AG dat onl

i nformation bitt€ fsé'p IR (E éé’sfe(’,’b(?&ﬂﬁ’ir Fg‘i? Wﬁ??%&nd a parity
bit and a pre t|on C (SC c n the
side of the glse qa%tq’i g‘ns %\%ﬁcﬁﬁl scns %qt?ig)tt%fean%gr?in%éﬁgngteﬁ %ft%'rough
the transm ssiqn.d isR&d t gne t
g ST e e, ARt 0 B e e et RATIRR ERTSSS
featured by iR3@mding the transmssion start time information to an
upstream of respective pagi ng request signal. The nunberi ng

system of the I D nunbahe @funides inde HetenydHaiR Iahu@berss ofehdet ed so as

to allow not only individual base stations but also all base stations in a

group or all gleapestiivel®azesisdadtisnild sdeutdded sthas to allow not only
individual base stations but also all base stations in a
group or all groups to be assigned simultaneocusly. The '
central control unit 120 selects an ID number
correspondingly to a transmission line and a state of a base.
station and sets “TXNO". “CHNO" is used when a base station
hasha plurality of radio frequency channels.

Referring to Fig. 6 together with Figs. 1 and 3, the
base station 20 receives, as "TXNO", a paging request signal
to itself or all base stations and the céding control unit
220 stores this paging request signal in the receiving
buffer 221 which is sectioned by addresses. The GPS receiver
230 supplies to the reference time pﬁlse generator circuit
225 a pulse signal C3 having repetition period of 1 second
and a time signal C4 in the form of ;eries data slightly
delayed with respect to the signal C3. The reference time
pulse generator circuit 225 is equipped with a highly stable
quartz oscillator 226 to know a more exact time based on the
signals C3/C4 from the GPS receiver 230. Since the time

signal C4 is supplied to the reference time pulse generator



central control unit 120 selects an ID nunber correspondingly to a

transm ssion line and a state of a base station and sets "TXNO'. "CHNO' is
used when a base station has a plurality of radio frequency channel s.
Referring to Fig. 6 together with Figs. 1 and, 3, the base station 20

recei ves, as "TXNO', a paging request signal~"to itself or all base
stations and the coding control unit 220 stores this paging request signal
in the receiving buffer 221 which is sectioned by addresses. The GPS
receiver 2305 SUpDLi £S5t o1 10 [T LFENC G By TUL SEL GRIEr@d origi fguit 225 a
pul se signal C3 having repetiti‘on period of 1 second and a tine signal 4
in the formgdssppi@stdadpnShiciizey i€laraetvd inhivePest d0andersigige C3.
The reference time pulse generator circuit 225 is equipped with a highly
stabl e quarky wsitndg | t6Ime26nd fcdttedv by Nt £¥aed] (¢ arepPagbsudly t he
signals C3/C4 fromthe GPS receiver 230. Since the tine signal C4 is

suppl i ed 't 0 tdmmeivddradded thyel mecmmdjeaerattime at which the pulse

- 18 - circuit 225 slightly after the pulse signal C3, it is possible
to synchronigzignal 3 his eeceived s Fhetrakisrence nMolmepubse ggeneiakor

i ndi cated by the signal C4 previously received added by 1 second as a tine
at whi ch theebiFekt 23y meurebies teche dramsnission drka (FoRVENFRR 224

enerator <circuit, 225 supplies to the transnjssio ata converter 224
9 a cigck pulser%ﬁ or every b{t aég a c{gék puf%e C£ Ezr

every codeword to synchronize the digital paging signal

format, that is, the transmission format data DS every bit
and every codeword. Time information of the reference time
pulse generator circuit 225 is also_supplied to the
coincidence circuit 222 which reads out a transmission start
assigning time in “TIME" region of the paging request signal
from the receiving buffer 221 every reéeptioh of the pulse
signal €3, references it with a current time indicating
pulse from the reference time pulse generator circuit 225
and outputs the sendihg signal SS together with the storing
address of the data to the transmission controller 223 when
these times are coincident. The transmission controller 223
supplies data in the "POCSAG data" region corresponding to
the above address to the transmission data converter 224
successively. The transmission data converter 224 is
operated in synchronism with the clock pulses Cl and C2 to
attach a parity bit tp to an input digital signal, convert

it into a transmission format data DS by further adding a



a clock pulse C1 for every bit and a clock pulse C2 for every codewrd to
synchroni ze’the digital paging signal format, that is, the transmi ssion
format data DS every bit and every codeword. Tine information of the
reference time pulse generator circuit 225 is also supplied to the

coi nci dence circuit 222 which reads out a trak®ntssion start assigning
time in "TIME" region of the paging request signal fromthe receiving
buffer 221 every reception of the pulse signal C3, references it with a

1 every rec he pul se si refers |

Ciroult 225 BRRBo e FHe “Canirtt SRrEroRd Dhctharh CHRTRE: SRR | 740
dd ft t ] 5Si '
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transm ssion data convérter successi ve etr SSi on” dat a

converter 224:pé trdesmiS8ion S¥EENESNSTMIE 134 Nend | Ofkn sl ££5iEladngn C2
to attach a parity bit tp to an input digital signal, convert it into a

transmi ssi on d edttomiade e byatelr sbethaeldig @igital paging signal calls
- 19 - preanbl e and SC thereto and supply it to the transmtter 240 as
a nodul ati on =igpetifidepdqimstéteivedBhndiimtestie bask cstaeiurenzy
carrier with the digital paging signal from the transm ssion data
converter 22f&pexptesntmisyn¢hromism with the universal standard time as

does the base station 20, it is possible to restrict a phase
difference between the digital paging signals forming the
modulation signals from the base stations within 1/4 bit
length.

As mentioned above, in the system according to the
present invention in which the GPS receivers of respective
base stations generate references for phase comparison,
synchronization of the modulation signals between these base
stations can be maintained without influence of different
delay times of the transmission lines between the paging
controller (central stafion) and the respective base
stations.

Referring to a timing chart shown in Fig. 7, at a
time instance T0, a paging request signal assigning a
transmission start time TS is output through the output
interface units 130 and 131 of the pagiﬁg controller 10 of
the central station. The paging reéuest signal D1 output to

the transmission line 60 is received and temporarily stored



el ectromagmheti c wave so that the digital paging signal calls a specific
pagi ng recei ver 80. Since the base station 21 operates in synchronismwth
the universal standard tinme as does the base station 20, it is possible to
restrict a phase difference between the digital paging signals form ng the
nmodul ation signals fromthe base stations-w2thi-n 1/4 bit |ength.

As nentioned above, in the systemaccording to the present invention in
whi ch the GPS receivers of respective base stations generate references
for phase cqnparison, synchronization of, the nodul ati on signals between
these base & fheohreseFuadion #liate® FHiimMeo ST Tde afted & er ent

delay tines of the transmssion.lin between t.he pa%lu% cantral |l er
(central ot SEAGTPLARI A Aeeyp bime, & Ina e g deduese E1Y ng to
a timng char 0 in Fi.g. 7, .at.. i.ne inst.ance TQ, i ng request
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station. The uest signal t he transm ssio
i s recei ved BNQ AQIPQY Fidrbnilsdi®h delay time t2. At a time instance -

20 - in the base station 20 at a tinme instance Tl after a transm ssion

delay tinme trb, R RRENGURIWRSE 20 G 202 form digital paging signals
by the signal format conversions, respectively, and start
transmission of radio frequency carriers modulated with thus
formed signals, respectively. The paging controller 10
instructs the transmission start time TS by adding, to the
current time (TO0 in Fig. 7), the maximum transmission delay
time (t2 in Fig. 7) and the déta receiving and processing
time (tp in Fig. 7) in the base station. When the present
invention is applied to a'system in which a calling
subscriber assigns a transmission time at a time of calling
(refer to Japanese Kokai 59-85147), a paging request signal
should be output from the paging controller before the
assigﬁed time TS by a sum of t2 and tp.

Fig. 8 is a block circuit diagram showing a second
embodiment of the present invention in which two radio
frequency carriers having different frequencies are
transmitted. The second embodiment shown in Fig. 8 has a
construction in which the base stations 20 and.21 in the
embodiment shown in Fig. 1 are replaced by base stations 30

and 31 having the above mentioned different radio freéuency



output to the transmssion line 61 is received and tenporarily stored in
the base station 21 at a tinme instance T2 after a transm ssion delay tinme
t2. At atime instance TS, the base stations 20 and 21 formdigital paging
signals by the signal format conversions, respectively, and start

transm ssion of radio frequency carriers moddi ated with thus forned
signals, respectively. The paging controller 10 instructs the transm ssion
start tinme TS by adding, to the current time (TO in Fig. 7), the maxi num

transm ssio ;gnd gt a echl

processing Q:t?:‘ri‘r:ﬁl@l t Ig{etczt ?g l'}:‘)n tIh l s'e gtth%otr?%%ﬁﬁ af\%tl presen
invention i ARl %rift‘}.cii %Xﬁt?smzlz@ \Mﬂd.C%z% %@Jd 't&%nsﬂi%ﬂéJQQmasa%kﬂns a
transmission tineg at atime of calling (refer to Japanese Kokai 59-85147),

a pagi ng requesiccir@dondiillyd vee raidipl ichlah@i@llsh @H1aGind cHNtFCH e bef ore
the assigned time TS by a sumof t2 and tp. Fig. 8 is a block

circuit di agwmemraidiy fyetuusergn¢areriead.nahiesef ddns tiiresdrindlnvention in
which two radio frequency carriers having different frequencies are

t ransni t t ed cofipeoneaden chrentic@intectals Howeons thEugt i®rhanda fuwmtsitarudid drhe n
whi ch the base stations 20 and 21 in the enbodinent shown in Fig. 1 are
repl aced by clesdascantaedler 22 apd Hde foransaidiere 2dhofotde dipred ent
radi o frequency 21 carriers,
respect i vel $Roodliment showpe ip, Fd 9ot diri SeReFrdyely- similarly,

components depicted by the same reference numerals as those
in Fig. 1 are identical in construction and function to
those in Fig. 1, respectively.

An operation of this embodiment will be described. A
central control unit 120 performs a queuing processing
according to the flowchart shown in Fig. 4 when the central
control unit receives a paging call frém a telephone
terminal 41 in the PSTN 40. On the other hand, each of a
plurality of paging receivers 80 and 81 (only two of them
are shown) is tuned to either the radio channel CH1l or CH2
and an information of this transmission channel number is
stored in a subscriber data file 140 correspondingly to a
subscriber number. When the central control unit 120
performs the queuing processing, it references the
subscriber data file 140 to confirm a registration of the
number of a subscriber called and classify it every assigned
radio channel and performs the queuing processing. The

‘central control unit 120 responds to a timing signal TQ to



coding control units 220 and 320 and transmtters 240 and 340
correspondingly to radio channels CHL and CH2 for the tw radio frequenc

carriers.

These constitutional conponents are identical in construction

and function to the coding controller 220 and the transmtter 240 of the
first
depicted by the sane reference nunerals as those in Fig. 1 are identical
in construction and function to those in Fig. 1, respectively.

operation of this enbodinent will be described. A central control unit 1
perfornms a geedneytpadi¥sfonyingcpagiihagredquent eionehar (Fitiewh)i fioki g. 4
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unit 120 responds to a timng signa

unit 220 when it is radio channel CH1l or to the coding
control unit 320 when it is the channel CH2. The coding
control unit 220 and the transmitter 240 which correspond to
the radio channel CHl1 operate independently from the coding
control unit 320 and the transmitter 340 which correspond to
the radio channel CH2 and can call the paéing receivers
80/81 separately at an assigned time. Means for accurately
calculating a current time based on signals from GPS
receivers 150/230 in the pagin§ controller 10 and the base
stations 30/31 is the same as that of the embodiment shown
in Fig. 1. |

Fig. 9 shows a relation in time po;ition between
inputs and outputs of respective portions of the paging
request signal and the digitai paging signal in this
embodiment. In Fig. 9, from an output interface unit 130, a
paging request signal D1l which assigns a transmission time
TS1 for the ra&io channel CH1 and a paging signal D12 which

assigns a transmission time TS2 for the radio channel CH2

are continuously sent to the same transmission line 60 from

y
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sequentially form ng paging request signals (Fig. 5 for each radio
channel and transmts themto the base stations 30/31 through transm ssion
| i nes 60/61. In each of the base stations 30/31, a radio channel nunber in
"CHNO' region of the paging request signal received by an input interface
unit 210 is identified and it is sent to the2zoding control wunit 220 when
it is radio channel CHL or to the coding control unit 320 when it is the
channel CH2. The coding control unit 220 and the transmtter 240 which
correspond to the radio channel CHl operate independently from-the coding
control unittdne imstances rBhbnand FO0B40cedpettivelerspend 2ve reeeivedo
channel CH2 and can call the paging receivers 80/81 separately at an

assi gned ti Mgy ®aaRaserstrtirmif 2t chines atnsitenaces Fehtard nEldaaE8esn

[ ls f S ' 150/ 230, i h | | er. 10 d th
STones onrR, tecelvere 5012001 dle dellp contisller 10 gqc e
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out puts of reEspectTve® portrons of the pagrng —request srgnar - and tne
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interface unrt a  paging request’sign assigns a
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conti nuous! ytB&ntod Pnd heosBrEl tERIS 3G | &PnvéFes 66hé " BStmat of the
signal D12 to form a digital paging signal for the radio
channel CH2. The signals Dl11/Dl12 are also supplied to the
transmission line 61 from the output interface unit 131 of
the paging controller 10 at time instances T01/T02 and
réceived by the base station 31 after a delay which is
different from tl. The transmission start time of the paging
signals of the radio channel CH1 and CH2 are, of éourse,
synchronized with those of the base station 30,
respecﬁively.

As described, even when paging signals from a
plurality of radio channels are overlapped in time, it is
possible to transmit these paging signals on a siqgle
transmission line in time sharing manner since the
transmission start time assigning codes are attached to the
paging request signals to be transmitted through
transmission lines between the paging controller 10 and the
respective base stations 30/31, so that there is no need of

increasing the transmission lines. Of course, the bit rate



- 23 - time instances TOl1 and TO2, respectively, and are received by
the base &tation 30 at tinmes instances T1ll and T12 after . delay of t1,
respectively. The coding control unit 220 of the base station 30 converts
the format of the signal D11 at the time TS1 to forma digital paging
signal for the channel CHL. Even if.the sigfat on the radio channel CH1
continues, the coding control unit 320 converts the format of the signal
D12 to forma digital paging signal for the radio channel CH2. The signals

D11/ D12 are I% suppl;ied to th transm ssion line,61.from.t he out put
Crtertaca ol HeTBRBL NG euent siBRRT P RoR T5anani SRiondinh. sOOVRE T02

d t . ditf tf
P10 heCer uBe RY (MRS RARSY BF PHadh ShbfholsfLiyClLALE! Be ChEl ST Ol 11O

CH1 and CHZt?'EﬁstEsEQHr Esma%ynﬁaﬁe%}%%edlw &E bBQéEhQE welhé%sﬁgteatthgn

30, respectively. descri even when pagi ng signals from

plurality otimadsRathagnahitdperVfE! 2REEY bBrikBBondlingly.P@ssi ble to
transmt these paging Signals on a Single transm ssion line’in tine

sharing manegampllegefbiether 2888l 6§ bN2sbast pbesRcagsHe) g 68dp6sahible
attached to the paging request signals to be transmtted through
transm ssi otol mndtipdewdnyg thelpagtnjOcohanneler ifOthadbiberatesp&cthee
base stations 30/31, so that there is no need of increasing the

t ransmi ssi opagingsre@hestusdignailhenpther fransmission line is 9600 BPS.

Fig. 10 shows a third embodiment of the present
invention which is similar to the respective embodiments
except that transmission lines between a paginé controller
11 and base stationé 20/21 are modified. In Fig. 10, a
transmission line 70 connects ih multi-drop manner between
an output interface unit 130 of the paging controller 11 and
respective input interface units 210 of a plurality of base
stations 20/21. As a paging request signal sent from the
pagihg controller 11 to the transmission line 70, "TXNO" may
be aséigned for all of the base stations. In such case,
however, it may be difficult to confirm on the side of the
paging controller 11 whether or not the réspective base
stations receive the signal normally. This is because
acknowledge signals (ACK) indicative of normal reception of
paging request signal from the respective base stations
20/21 collide each other. In order to solve this problem,
paging request signals are transmitted to the base stations

20/21, respectively, as shown in Fig. 11l. The paging



- 24 - of the paging request signal on a transm ssion line should be N
(the nunber of radio channels) tinmes that of the transm ssion format.
However, it is possible to increase the tinme sharing nultiplexing rate,
correspondi ngly. For exanple, for the case of 512 BPS POCSAG code, it is
possible to nultiplexing at |east 10 chanme?® +f the bit rate of the
pagi ng request signal on the transmission line is 9600 BPS. Fig.
10 shows a third enbodi nent of the present invention which is simlar to

the respective enbodi nepnts. except that transnission |jnes,between, a pagin
controrlor ! denETariedell Perdntable | a has LAR A aRest 1980 5305551 5nbRg' "

transm ssi on Iiggogg?ggﬁg?ﬁif?iégé&$éé%§ég$ol ngﬁ%aggt¥@§€.°§n28u£gut

i nterface unft pagl ng- co T eSPECTTve I nput

interface unigndlOrglsdnPLural tive Ofodasta £hatioRee20l2inedt d R201 NG

request signal sent omthe paging controller 11 to the transm ssion |ine

70, " TXNO' iRg 26§h8BeUs{gharlibe Odss Caf! 8| Qfbel N(BREY €8S€he
however, itn§%3 bg di??icul? ?%aconfirn1gﬁn$ﬁg %ide of the éagigg ©

control ler 1Bapbesbgtioh 2dtathe tLa@erddyeTheseighaPsi DBSan@cpEvaréhe
signal normally. This is because acknow edge signals (ACK) indicative of

normal receptecaivéd ppgthe baseestatiomal 20/2In stetimepeTdi andbBseafter
stations 20/21 collide each other. In order to solve this problem paging
request signbtsnsmissionsdelapdtimes o3 bard téattespectively. Therefore,

the respective base stations 20/21 can return ACKs at
different timings respectively. It is of course necessary to
set the transmission start time TS3 after a time T5 at which
all of the base station§ complete reception of the paging
request signals. In this system, the bit rate of the paging
request signal to be transmitted through the transmission
line 70 must be M times that of one base station where the
number of base stations to be conneéted is M (in Fig. 10, M
= 2). However, it is possible to increase the time sharing
multiplexing rate, correspondingly. For example, in a case
of 512 BPS POCSAG code, it is possible to connect at least
10 base stations to a single transmission line when the bit
rate of the paéing request signal on the transmission line
is 9600 BPS.

Fig. 12 shows a fourth embodiment of the present
invention, which has a tree connection structure in whiéh a
signal distributor 50 for relaying/distributing paging

signals is provided in a transmission line so as to



20/ 21, respectively, as shown in Fig. 11. The paging

- 255 scontroller 11 transmts a paging request signal .D3 assigning an
| D nunber (TX1) designated to the base station 20 to "TXNO' region at a
time TO3 and thereafter transmts a paging request signal D4 assigning an
| D nunber (TX2) to the base station 21 ar‘a?éﬁﬁm TO4. The signals D3 and
D4 are received by the base stations 20/21 at tinmes T3 and T4 after
transm ssion delay tines t3 and.t4, respectively. Therefore, the

espect [ ve MspahaAARO AR T dan L8l E ANlale SULLSETL HABGS

respectively. I'S Oof course necessary set th

TS3 after a téoferdP1éE Wighy Abdp&dtidle hase Stalions £0rPl etenrpegption
of the paging request signals. I'n this system the bit rate of the”paging

request signed, tehdesigRasndiseeibiEor B0 tivcIudds issisput | dDetr dohtsbn be
Mtinmes that of one base station where the nunber of base stations to be
connected i sudd€i 516 gonddctdd to 2 . thHveviession 1ine0rsifirentthe npaghne
the tine sharing multiplexing rate, correspondingly. For exanple, in a
case of 51Z@PSFRSAG Lofler receivims saml elistridneing 4 paasng 10 base
stations to a single transmssion line when the bit rate of the paging
request si gre@9esst heighahsamd PWiPYt nenits THOEWPSH21 for outpypting

shows a fourth enbodi nent of the present . . .
respective paging request signals distributed by the input

distribution unit 510 to the base stations 20 and 21 through
transmission lines 72 and 73, respectively. In this
embodiment, it.is possible to reduce the number of
'transmission lines from the paging controller, compared with
the number of the base stations, as in the embodiment shown
in Fig. 10.

As described hereinbefore, the radio paging system
according to the present invention can prevent an
interference between output signals from adjacent .base
stations when the modulated radio frequency carriers are
received by the paging receivers since a transmission start
time information is attached to a digital paging signal
forming a modulation signal of a radio ffequency carrier on
one hand and, on the other hand, in each of the base
stations, a plurality of radio frequency carriers having the
same frequency are modulated by the paging signal
synchronously at a time instance assigned by using the very

high precision time;information from the GPS satellite as a



I nvention, which has a tree connection structure in which a signal
distributor 50 for relaying/distributing paging signals is provided in a
transmssion line so as to - 26 -
accommobdate to an increase of distance between a paging controller 11 and
respective base stations 20/21. In Fig. 12,2T1he signal distributor 50

I ncl udes an input distribution wunit 510 connected to a transmssion |ine
70 fromthe paging controller 11 for receiving and distributing a paging

request signal and gutput units 520 and 521 for outputtin respective
pagi ng requéEPm§iﬁﬁ§?§gﬂ?§tr¥?ﬁﬁ%ﬁrbys%?ﬁ9i?ﬁﬁnpa?ﬂékr?bﬁg?%n unit 510 to

t he base station and 21 through tr.ansm ssion lines,</2 and.7
| SR T B eRE e {0 IR coobEFEMTE TR Piver of

. r
respectivel y-T I 0 Teduce

transm ssio ' Q@ﬁé o) gm%ﬁg , t t nber of
t he base Sta%%%éé;%?tg‘;sgir%\égﬁe e _g%?%eﬁﬁﬁ%)\;\%p%n |g$&|_1%\é. the rml?]'QEAS
Qescrlped he&ﬁ&ﬁ*&%ﬁﬁé@ti@ﬁ,r@ﬂéotfgaléﬁhﬁﬁé%fﬁﬂ é§0€ﬁ§!£ﬁbfqbéﬁﬁbé%f§§nt

i nvention can prevent an interference between output signals from

adj acent . baser shptéomsinkeion hehabsbt At sasadbPndlPenbreticRr fbLrs are
received by the paging receivers since a transmssion start tinme

I nf or mat i on achbétitdesihwl tankeons atrpasgmigs 5oy nttrom f &l unta i tp dotf abhasa

signal of a radio frequency carrier on '
stations becomes possible and sc the number of transmission
lines and hence the cost therefor can be saved.
correspondingly.

It should be noted in Fig. 3 that, when it becomes
impossible to obtain the clock pulse and time information
from the GPS receiver 230, the reference time pulse
generator circuits 225 of the respective base stations run
by the highly stable quartz oscillator 226. A quartz
oscillator whose stability is 0.01 PPM or less is
'practically usable as the oscillator 226 for bit rate of
9600 BPS. When bit rate of the péging signal is lower than
9600 BPS, the stability of the quartz oscillator may be
lesser. Alternatively to the use of such self-running quartz
oscillator, it is possible to grovide back-up means for
producing a clock pulse synchronized in phase with the clock
of the GPS receiver by using a synchronizing clock pulse of
the transmission line, a synchronizing signal of a
television broadcasting wave or a standard wave such as JJY.

In this case, after synchronized in the GPS receiver, the



one hand and, on-the other hand, in each of the base stations, a plurality
of radi o f.requency carriers having the sane frequency are nodul ated by the
pagi ng signal synchronously at a tinme instance assigned by using the very

high precision tinme information fromthe GPS satellite as a .

- 27 - time reference. Further, since the®aging signal transm ssion

| i ne between the paging controller and the respective base stations can be
i npl enented as the nmulti- drop connection, the tree connection or the star

connection or any conbi nati on thereof, ase .synchroni zation for
achi evi ng | SUACIIRRARS t 1 oM sHE AT RY _ bem}"r%ﬂmk-dw JARARS 5t The ofame

becones possj ble and_so t.he nupgber of transmssion lines and hence e
cost theref ot® Caihef LavERF FShdr T yp.ulsse genera oL atf bk }‘é)ged in
Fig. 3 that, W‘Qii j [ { t ay cl P’Hh? time
i nformation °%rom t%ae&%énc?ée%%%é%?%% e?h‘% %’f 21?%1%??1 n@g%u Y3 P‘be rat or
circuits 225 pfefdie- 1 RSPEET] e RIS b Al Tdibhrdly 1¥h el yasd abl e
quartz oscillator 226. A quartz "oscillator whose stability is 0.01 PPM or

less is pragta€odnh Vsigah| Phafetdie OCitd BinIR 6 i Rilsé a§én&Fat§H00
BPS. When bit rate of the paging signal is |ower than 9600 BPS, the

stability ofcifruipialsdngssudh Bark-my neand esaerbe Adnipelowed welyhdéwt t he use
of such self-running quartz
using the GPS receiver 150.

Althdugh the present invention has been described
with reference to specific embodiments, this description is
not meant to be construed in a limiting sense. Various
modifications of the disclosed embodiment, as well as other
embodiments of the present invention, will become apparent
to persons skilled in the art upon reference to the
description of the present invention. It is therefore
contemplated that the appended claims will cover any

modifications or embodiments as fall within the true scope

of the present invention.



oscillator, it is possible to provide back-up neans for producing a clock
pul sei synchroni zed in phase wth the clock of the GPS receiver by using a
synchroni zing clock pulse of the transm ssion |ine, a synch&Qni zi ng signal
of a television broadcasting wave or a standard wave such AFH#kIE—ln this
case, after synchronized in the GPS recei ver2? the
- 28 - synchronization is maintai ned by the back-up neans:
true for the reference tinme pul se generator circuit 125 of the pagrmg

controller in Fig. 2. 0 That is, the stability of the circuit 125 may be
| ower corrpar"&?‘i/\n%ﬁ Skt eSSt ation side. Therefore, a reference tine
pul se generator cirguit I,ng, such back- ns .can .bg _eml oved w t hout
usi ng the GP§'r ecei ver alﬁc’baql paglngAIW(l#ﬁeé'hmf epﬁroéréléﬁitnq ehtidn has
been descri@%} Ml 4, SNGE- L .Ges | JBYeS ifﬁfkﬁfg. ty,on is
not neant to glcon_st rﬁ?i n a %ﬁrﬁﬁfg ﬂ?&r%gfea?(}%;rgﬁbus s nmodi T 1 cat |éocgsirgf
the di scl osqbamRdidfits 6 IP1uA AV IF BREOEIRIChOf JHIRWr esent

i nvention, will becone apparent to persons skilled in the art upon
reference t @dnprigias ™ igdd ity ol lleds @dsponetiftd @o d pdfiddesalre
contenpl ated that the appended clainms will cover any nodifications or
enbodi nent s m=cdiatdd irddn ra tdiubdanibeac apfe a Guklhie mwetehied Meddphone

Network (PSTN) therethrough for producing a paging'request
signal containing subscriber number of an owner of said
paging receiver called and said plurality of base stations
which are connected to said paging controller through a
plurality of transmission lines having different
transmission times and produce radio frequency carriers
having the same frequency and modulated synchronously with a
digital paging signal corresponding to said paging reqﬁést
signal, respectively, a paging system comprising: |
said paging controller comprising: -
a delay time storage for preliminarily
storing a first time value eéual to a maximum
value of the different transmission times of said
transmission lines and second time values
required for said respective base stations from
receptions of said paging request signals to
productions of said digital paging signals;
a first GPS receiver responsive to signals

received from a plurality of NAVSTAR GPS (global

A



29 .. 1. In a global paging systemfor providing paging services for
a plurali t‘y of paging receivers distributed in service areas of a plurality
of base stations, a paging controller responsive to a pagi -

froma subscri ber of a Public Swi tched Tel ephone Network
t heret hrough for producing a paging request 3 gnal contai
nunber of an owner -of said pagi ng receiver called,
station is connected to said paging control | er through a transm ssion |ine

havi ng different transm ssi .on iinmes plurali of radio
frequency carriers ha Rt ot ‘?’?’e’?%rﬁyff %eélsf%ﬁjs ﬂ‘JDQﬂJ °e°§‘ SYEhr onousl y
with a digital paging éﬁ%‘%efeoféx?éem&gq 15914 0 said paging request signal,
respectively, pagi ng contr er conpri si ng: a delay tine

storage for prelininarily, sfﬂwgtﬁné'féfeﬁéﬁ& %x%fatﬁi élx{aaxwmm

val ue of the different transm ssion tinmes of said transms Ines and a
second time value requidRfl {ike GUREFdidW §ﬁ;{)r£hp3ﬂif\q:£&ﬂit%g Higpl s to
said digital paging signals at each of said base stations a first

GPS receiver responsi \trédisighalitne eniingihs Hommy PraddtidnmitfedNVAVSTAR
GPS, (gl obal positioning system satellites for producing a tine reference

si gnal ; a firstrelateiorefior dnigee dio dihe ursisporsl esttandeaid] e
reference signal for producing high precision tinme signals having
predetermined relatio@h tine to a universal standard tine; code

producing means for producing a code indicative of a tine after a tine

i nstance, which is obtai RRADRHRFHRPS mﬁﬁﬁ%ffqméﬂwmﬁ rﬂacﬁﬂ%e and the
second time value to a cyrrent ti to said request Si as .a
transm ssion start time Yisg r%dgd fétpec’g %t e"ﬂ?"‘gél

plurality of radio fr%u%cty %&Ib |ngags caf_n&ﬁal u&;oer (}oq__e

first transmtting neans rans pagl ng reques SI gnal s, said

transm ssion start ti %ﬁ% ec(gj{c ﬁ:ﬁéq:c? gl Er;#p%m to
sai d base stations thro sald%ur Ity glf transm@ssmrn inés, ‘abit rate
of said plurality of tsfair&rﬁa'iﬁxﬂﬁ ﬂécﬂﬁ%ﬁJQﬂ;}d‘i tddTRs ﬁﬂﬁisnﬁfsss.@rﬁ start

plurality of radio frequency carriers; and sai d base stations each
conpri si ng: a rmﬁ)tamdnﬁfrfgercddﬁmrandreans for receiving said
pagi ng request signal and storing it tenporarily; a second GPS

recei ver responsive said s glatsidnomeassi cdBRBisgingd:l ites for producing

said tinme signal having a predetermned relation in time to the universal
standard ti ne; a reception buffer memory means for regeiving g

second time reference circuit responswe to said tipe reference signal for
producing a high pr ecis®ich Ragd % irpReshadigpal e &t @TiNed el ation in
time to the universal ,standard .tine; a coincidence circuit for
detecting a coi nci dendEMRANAF /e transnission start tine assigni ng code

accunul ated in said recei VI (?%tol?xc{ fcﬁg @e”c%%e@%spt%rﬁ%ﬁ%' q: 't%fe ; e%asl

time signal fromsaid secon e re érence circ

conversion circuit foreCanveltd Repsd St +fs S d Mmﬂge%q_g ﬁ_ln.%naJ
i reference signal;
a second time reference circuit responsive to
said time reference signal for producing a high

precision time signal having a predetermined

relation in time to the universal standard time;
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into said digital paging signal froma tinme at which a coinci dence out put

of said caincidence circuit is produced; and second transmtting
nmeans for producing said plurality of radio frequency carri Frs—b ai d
channel nunber code. 2. A pagi ng system cl ai med i
wherein said second tinme reference circuit i*tcludes a highl

oscillator, produces a clock pulse defining a tinme position o .
said digital paging signhal in response to said tine reference signal from

said second GPS receiver and .nmi.ntains t.h r,o [ f.ssal d clock pul se
a'y%'ﬂ% dé%#%iqug%gﬁbg%ﬁ}<ﬁ§£é%tfﬁﬂ(¥

. . I
even after said tinme reference §Tgna

-. 31 - ccﬁrﬂd&ic%e !E%Q:vféie'hc ,'['f:'htteI tr%:gran%%ies(\stiio'ﬁg gtart time

coi nci dence between the transm ssion star assi gni ng code

of said paging requestasyidfifilnyy code of saifC PHYIR] sddus3Aisd grROQ) Vi Ng
buffer menory neans . and said high precision tinme signal from

sai d- seconGdduifu latfelY diCc @adld Gddeiving buffer mendryomiEins
conversion circuit for converting a format of said paging
request signal into samil said high piiegiitsdlonpagimeg sdiggad] firoamsaitd ne at

whi ch an coi nci dence out put of said coincidence circuit is
produced, in synchronissfaomd Hime ¢efiegiensecsiigiopit; ti me signal
fromsaid second tinme reference . circuit; and . a
radio transmtter for prddf@TMpta coaFegsion circuily fogyGeayeddimi%r having
a predeterm ned frequen and nodul ated with sai.d di itagxpaging

Signal. 2 The pPadarReal SfRatraPRsI At TORSAYL SRR o R B T

second time reference GidGuy JNGUARS Rl $loh H Wik at which an
coincidence output of said coincidence circuit is
produced, in synchronism with said high precision
time signal from said second time reference
circuit; and

a radio transmitter for producing a radio

frequency carrier having a predetermined frequency
and modulated with said digital paging signal.

2. The paging system claimed in claim 1, wherein said
second time reference circuit inéludes a highly stable
quértz oscillator, produces a clock pulse defining a time
positioﬁ of each bit of said digital paging signal in
response to said time reference signal from said second GPS
receiver and maintains the production of said clock pulse
even after said time reference signal is stopped.

3. The paging system claimed in claim 1 or 2, wherein

said radio fréquency carrier includes a plurality of

oLl



quartz -oscillator, produces a clock pulse defining a time position of each
bit ef sakd dlgltal paging signal in response to said tine reference
signal from said second GPS receiver and nmai ntains the R ~-lct|on of said
clock pulse even after said time reference_signal is S‘uﬂﬂbg HEFT The
paging systemclained in claim1 or 2, wherd?n= said rgdio f RedH;
carrier includes a plurality of
- carriers having different frequencies, wherein each of said
recei vers can_rec aone o% carrier

controll or TREFEace BaPimechi EePatn: roodHERRLoRor PRSTORA: FEFD £8 & ?
respective %3%%h§r§ec%@ ra?BIE 8&98 §l§§%QFH 9LR4 59q5§§? éhgggkrks

equal to a sal pagi ng Si gna

nunber of $RbHeSArELEHSpa ﬁ&eI:Bn%ﬁSlef: §ﬁe§!uaa§es§iateaaé ae%eﬂiﬁga
correspondi ng nunber of Sefs éach including said receiving buffer nenory
means, whergéansatfriespBhdingygr 8b608aklr eubpecting sardiéranswhéteint o the
nunber of said carriers and wherein said carriers are transmtted from
said base bittrabhe ef saidspagingnretyaestt signaidsisgegdabytesaadptroduct

assigning codes of said paging request signals corresponding to said
respective efirbitrzate of said digital paging signal and the number of

gg “ng

said carriers, wherein each of said base stations includes a
| corresponding number of sets each including said receiving
buffer memory means, wherein said format conversion circuits
and said transmitter to the number of said carriers and
wherein said carriers are transmitted from said base
stations at transmission start times assigned by said time
assigning codes of said paging request signals corresponding

to said respective carriers.
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