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SCRI PTI ON A METHOD OF TI ME MEASUREMENT | N A COVMUNI CATI ONS
SYSTEM A  COVMUNI CATI ONS SYSTEM AND A RECEI VI NG APPARATUS FOR USE IN TH
STEM The present invention relates to a..nethod of .ti.ne nmeasurement

in a conmuni cations system a comuni cagion$ syst ém and,.a r€ceiving
apparatus for use in the system The priesent.iinventi on has..jarsHpesissEr
application to cordl ess tel ephone and selective call, such as digital

radi opagi ng, §%§:§§PTION For conveni ence of description the present
i nvention wl | escribed in the context of a digital radiopaging system
US Pat ent Specification 4 845 491 discloses a digital pager which is

operabl e in accor dancge mtsdy bﬁ%ﬁ'ﬁa@@ﬁn@ﬁ@%nﬂ c@ﬂﬁ@n‘ﬂﬁno&sséﬁ‘}ﬂﬁr o}

ot herwi se known as POCSAG I n_order a user to be le to review
chronol ogi cal | y ROSEYLATING, EEFTEH %‘Dnéﬁ@F?VI@Scﬂ‘?Pﬁ%%"éuéggoﬂ YSEtINHE with
the date and tigesre#s receipt. Date and tine nessage signals are
periodicalgy transmtted by a paging network controller (PNC). Wth respect
to the time nessage signals, delays of up to 15 m nutes nmay occur before
they are transmittethe Ipnemxﬁeinﬁanttm reldteanyo ermerhsd iof tivg pegeiresdrack,

the next follo g ﬁg s 5 nal om{mrxgrlggl e%ystt%l qieg ﬁ@ewl&

I ndi cation of t ror Vioudl Y M T I me nmessage Si
that is del ay |arpnatrst’4$r éns msssxmrthemsem heThsageesesk civeptdpnpbastipdat ed on

the basis of knowig,iCagi1Quhoits L TordRIs 308 ephdadhnd sB1ddrive NR11,
correctiongCn representative of the difference between the tine i ndi cat ed

in the previ ousSHatnas 8L tRje Tt ifRARINEN ISXTE8™ G me of its actual reception,
and kgow ng the t i neoflicbhedrdBace ofisdeseraspyion thg ﬁrdseﬁi inivemtiohoakl et ween

the t1 nmes of regei pt. o }1}%epcgﬁl us f(T[ée.r Ll @ %_o it he &rrent (Tn) tine
nmessage signal s. SFE Gt spechegca i SN G ves T p%ﬂgo ng 5 formul a for
determ ning the updated time T[err], viz
US Patent Specification 4 845 491 discloses a digital pager
18 which is operable in accordance with the CCIR Radiopaging Code No.
1 standard otherwisé known as POCSAG. In order for a user to be
able to review chronologically messages stored in a memory, each
message is stamped with the date and time of receipt. Date and
time message signals are periodically transmitted by a paging
20 network controller (PNC). With respect to the time message
signals, delays of up to 15 minutes may occur before they are
transmitted. In order to correct any errors in the pager clock,
the next following time message signal as transmitted includes an
. 2 indication of the error in the previously transr_nitted time message
signal, that is delay in its transmission. Thus the pager clock
can be updated on the basis of knowing the previous time message
signal (t,_;), the correction C, representative of the
difference between the time indicated in the previous time message
30 signal and the time of its actual reception, and knowing the time
difference, as measured by a real time clock, between the times of
Teceipt of the previous (T,—j) and of the current (T,) time
Mmessage signals. The cited specification gives the following

formula for determining the updated time Tp(peyw), Viz

35

Tn(new) = tin-1) + Cn + (Tn = T(n-1))-
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Tlerr] =t[err] + (Jerr] + (T[err] - Tlerr]).

-2- Wi | st this known techni que for neasuring real tinme is accurate,

i t* neverthel ess requires two nmessage transnj-ssiens fromt ,he.spagi ng net work
controller and a renote receiver for corrparl ng ea:ch time,: nmessage agai nst a
reference tinme standard. An obj ect: of 2% he-present i MvermHBOB7E8EPt O
sinplify real time nmeasurenent by a receiver. According to a first

aspect of the presgl L MUEA! kfila! EtifsqdeS s QUARIN JBE Qb IG appar at us

for use in a conmuili Gati ONS Sys succession of tine messages
are transm tt edednyate.c éhtneyerthed esomequites doepessede iwwanspissiong fxafei vi ng

apparat us CO”pE&eS%igiﬁaﬂétJon: doBeL 1R hrdNgl rdR6Q0IrBLe i CRTSEMDakinEe
nmessage signals, neans for oring the %éma indicated in the tinme nessage
signal's, tinm ngAehesire Pﬁ?saéét%ﬁalﬁ‘g‘f g e R Eal 1 1e fEaderfiecei pt of each tinme

nmessage signal, and neans for determ ni ng by usi ng the tine message signals

and the rdal ti nes of |t] r&gekp%“n 'n%en& a:lr'nse %gﬁﬁ’f%‘gﬁ %g_ na!s IS

to be treated as a“euf erence srgn ereal tine
signal s of themeammyanmuns seaeiver be rel at ed. According to a second

aspect of the pressg@oﬂaw%'mﬁ@@ aSphct Qf%bdﬁf&s@n@‘lmlﬁiﬁtﬂ}ﬁ% gystem

conprising a central “station having neans for transmtting a succession of
time message sPEAvAAed acEesriving apparesyt LOF gifd 1R onCAMPAGAEATS (RISER i on of

tine, receiving m&s af QﬁcdeQSﬂ*d/bﬂQ:ﬂnEGnéslsﬂ@snRﬁé&g&ﬁ1§ﬂéﬂ Sy 4 Rentr@aei vi ng
neans havithg a real determn usi ng the tine

nmessage si gnal &%3fA8% Ir?gef%céfr’fsf%iaén (r?f‘a’f hté‘f*?;ﬁggé‘é’[%t a%ﬁrgﬁug/fmﬁ{é‘ £ me
nessa@e si ghal sedns far lpecdivdng esidadecading secressivee tind eessnge sigpads, t o

whi ch the time,of th s@@'n\%l £ g}g&&%na&aw& gheg e time nﬁ@%%r dg{&aw a third

aspect of the prese I nven ere 1s prOV|de
measur ement i ntimiggnmaans ciar detergjmingnthe: sapk T—E‘F*hg’ft yenedpt tof| ﬁ%fhatlme

succession of LiiB DBSSAOE, $h8MRaAs fo0Ad tRNihg|byShdig0the @248 rebdBre
nessage sifgnal cont aining an 1 ndication of time, receiving the time nmessage
signals in a rékﬁﬂaéﬁrﬁ?d e real times of their receipt, which of the time

message signals is to be treated as a current time reference signal
to which the real time signals of the timing means are to be
related.

20 According to a second aspect of the present invention there is
provided a communications system comprising a central station
having means for transmitting a succession of time message signals,
each time message signal containing an indication of time,

‘ receiving means for receiving the time message signals, the

2 receiving means having a real time clock and means for determining
by using the time message signals and the real times of their
receipt which of the time message signals is to be treated as a
current time reference signal to which the time of the real time
clock is related. |

30 According to a thir& aspect of the present invention there is
provided a method of time measurement in a communications system,
comprising transmitting a succession of time message signals from a
central station, each time message signal containing an indication
of time, receiving ﬁhe time message signals in a receiving

3% apparatus having a real time clock, determining by using the time
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apparatus having a real tinme clock, determ ning by using the tine

nmessage signals and the real tinmes of their receipt which of the tinme
mgssage signals is to be treated as a current tine reference signal to
which the time of the real tinme clock isirelated. . Conpared to the
system di scl osed in US Patent Specification 4,845 491 thé:ipggisgﬂ”yg%/ﬁnt i on
sinplifies the neasurenent of tine by the determnation of a tine réetrerence
bei ng made solely in the receiyi apparatus, there being no necessity for
the central stat?esR2gtdisng s &“ﬁrgﬁsmﬁl EHrsscef itOpisirgpednt. which offjfBe npans
for determning wimeckessdget higrial seismes agercitgdalsSa i durtentC QR irs CertehSe
current tinme referenc ' I C ise ans for,determning the tine
di fference betwedi goﬂrﬁ%éhgg%engﬁﬁﬁ eﬁge%lﬁfr%]ﬁfkt’rsnﬁe{naetlegrence si gnal
and a nore recently Gompattedetp thesysbes djgeckisgddn Uhvanentf Specidiestutoni ng t he
time difference pgisaen thidepreddht linfEa 105 giﬁsﬂdﬂ%? %etrﬂeeasgyénreggtoft i

reference sipgnal and the nmpre recently receive ssage si gnal and
conpari son mean® Bie EetERinatdor R B ridmearaferenceebeiingi nadenseleiytin the real

time difference rapgivigpanghfdus] thlee R%HE hoChddassi dyh ol ithE JakBNHENCE

signal is confirmed as the current tine reference signal or the nore
recently recei vaGAHMPIEDE 19 LEIGMLE GozTegiAeR isigradd-as a new current tinme

reference signal caxhengahbeforeddternifing EkhidE BRe t85€IneEagtS sighalis! A €
the real tinme tQ t‘poe new g#rrent tine reference signal. By determ ning

whi ch tine gessage" SPHA TS FREHroF et el aRe ShEHrLbymars CAPTife feans

ref erence si gnalfor hietermindag atettiime diffetomerbdtoeédaht ritditived. times id f -
desiregy whenevepetherLGakdd ' r eds_a_predeterni ned val ue,
t he m)g recently r ECEIé yelcti tél %f%géég sgglg%g%éﬁ?eﬁ gg'fer 5§ eeng‘i sreé:ehvee\% g’rmr?e
reference si gnal‘“?s%hs’&_né%eﬁ‘eé%ﬁaﬁpé sfermigdngithg Wmsodififesendei bétween
receiving tinme ‘RéSRQYE SimgsHIrSrécRigttciehd calttohtUPHR! Pefditniddigalieghd | Me
when changi ng tIHE zones, far exarrB‘I%g Qn arrival at an airport. The
time messagg si GHRIMAE TSRS TRRRG VAR PR dIeSiREAs1EE r 8R4 FORPATEFIR PARAS O
the m ni num del d&yr icveparing et ieEratdd time dgEfdentd @ltftha $dalerinadi cati on
signal at the cge j ansm ssion of the,correspondi ng
ti me nessage si ggg&gn‘%{/%&%ﬂcl G8i %rbtt{siﬁc §° fr‘cg% £&t Foh tiRe trﬁge e
message signal #&%gnal is confirmed as the current time reference signal or the

more recently received time message signal is substituted as a new

current time reference signal causing the real time clock to be

X reset so as to relate the real time to the new current time
reference signal. By determining which time message signal is the
more accurate then by using it as a Ireference signal the indicated

. time is closer to the true time.
2% If desired, whenever the real time difference exceeds a

Predetermined value, the most recently received time message signal
is treated as a new time reference signal. Such a step enables a
Teceiving apparatus which is receiving time message signals to
automatically update the indicated time when changing time zones,
w 9T example on arrival at an airport.
The time message signal as transmitted may include a

To : R ..
Trection relating to the minimum delay incurred between the

gen, { . s as :
eration of a time indication signal at the central station and

the .
x i transmission of the corresponding time message signal. By
5

Neludgs .
ding such a correction in the time message signal as
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3
-4- transmtted, the variable tinme delay due to signal propagation
between the central station and the receiving apparatus is relatively
sial |, thereby ensuring that the current-time reference.signal is as
accurate as possible. In an enbodi ment of the presept iFpvention the
central station transmts digital paging-sigial 5. n accordancemysthge ti ne
di vi sion protocol conprising a succession of batches, each batch conprising
a plurality of frane The tine. nessage si.gnals are,trgnsntted.
periodical ly and®¥ ll’s"ﬁeéi'rrg%esgg%'arsgﬁ ﬁnté'g % nelgygdé'tec > is§g‘bﬁie3re°c?€éab’5?“an
I ndi cat or si gnetletversl thei peptirahocttiaiohiand thenuxciefiginghagparedewtsds in the
same and at | egeiadiliesaiieil ObhGbD Crls LA &l C DLk Nl PEESTBRSACC

e ba

signal. The use of _an 'indicator signal contributes tot tery power
conservation i FiEPd TRAE NG HFAreasiidifecause it can switch off its

rﬁcei Vﬁ{g Ion det eL mIAi &g eibeiimbine oﬁ%He?ﬁiesfeuﬂginiv@xﬁhibgt%@Eé}hﬂiﬁidﬁaﬁ&lﬂt-
The synbols in the ting.nessage .signals, mgy be epncoded as hexadeci na
characters whi (Fﬁm}sénat{nr%‘é‘g"‘faé\@?glﬁgt?gpﬁ% "él FEPRATCT it SiBp Hvaginnsc | 7

bit codi ng. Anpactceerl ayepuisingi nguecasatar iof latkhe,0dgclr bt codiariis iy

al phanuneri c cqQdg jra1i3abs fFRURLS COHEG egul the. tine

nmessage signals I\"il{ni ch does notéfr educ\é\Q%?égr??%%ggn%%gtf%eaggv%%ggwtgﬁgtem

capacity. peripdicilgsand 2 HPentessAESLErHoWR (e batac £5 rnecedad wpyarof

exanpl e, with ERIREEHEQikthll RRcRECANTFARNIRE KhtaidHI%indRBS€icBdewords Hrgure 1

s a bl ockmsch% tic dal‘&?gra? of a_sel ectg ve call _system . Figure 2 is a

di agram of the glﬁgﬁi} ghatefth e next folipwingcframets), comprdpgrihe time

i |l ustgmating t hessagadiiggadf U eisanct bh NMJIESRDROEgALD BhEribitey aloyte i N N

bat cheS, where ' | pt reater than 1.. for exanple .8, .. Figure
b eﬂﬁ%{/ia;g)wap c%gggrv%fto 131; in hcet receiving ap?%'gg% é’F,cause it

4 is a block sc I agr am a sel Ve
can switch off its receiver on determining that the correct

function bits are not present.

h The symbols in the time message signals may be encoded as
hexadecimal characters which requires fewer bits than alternative
codes such as ASCII 7 bit coding. An advantage of using a numeric
only code rather than an alphanumeric code is that fewer codewords

are required to send the time message signals which does not reduce

20
significantly the overall system capacity.
The present invention will now be described, by way of
b example, with reference to the accompanying drawings, wherein
2% Figure 1 is a block schematic diagram of a selective call

system,
Figure 2 is a diagram of the POCSAG signal format,
Figure 3 is a diagram illustrating the sending of date and
time Wmessage signals in every 1 in N batches, where N is an integer
% 8¥eater than 1, for example 8,
Figure 4 is a block schematic diagram of a selective call
Teceiver,
) Figure 5 is a graph illustrating the determination of the best
ime Message signal to use as a reference, and

K

i .
‘Bure 6 is a flow chart illustrating measuring time in
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Fi gure !s a graph illustrating the determ nation of the best time

nmessage signal to use as a reference, and Figure 6 is a flow chart
i4lustrating nmeasuring tinme in e,

- b- accordance with the present invention. ¢ : ."In-lie drawi ngs the
sane reference nunerals have been used to "il'bustrate cor+'€sporrdBesyssEr
features. The selective call systemshown in Figure 1 conprises a
paging network co ok P, [ ' qui pped with a transmtter 12
and a controller a‘i‘%tra%c%ﬁ'yﬁt%c?%g%&r?ggn% f'%tr%oﬁbr matting signals to be
transmtted, the sigHaltse g aspEhes 6apm geferegenmumeralgokave b&dnCayedamd/ or
message data suckhiagrsitecorpesgondBng Aesth@ek, Oor other time reference source
15 is connected to or fornms a part of the PNC 10. A plurality of

pagi ng receivers (or pagers) Pl to P4 are provided. The pagers are able to
roamin and out of tThe seheetinge calkaystert Blounr anFagutel dohprEachapageng P1

to P4 includes a 110 L SES Lo the frequen of the,
transmtter 12 a?le(r}e’ghggnt roH{%ﬁ _‘%@C’mpg’ﬁ‘%@n °r %‘?uslpf’?qu Wéﬁ%ragit’é%ﬁsfnbﬁteﬁf 12he
radi o receiver 1€ 2frontealdennid whink irclugengesds for dioveaktihgrsigaaly ap
nessage signal s gngridi: QAT %@Eiﬁ&lgfm@”c&{pﬁ{s}[éhngéj:e‘ih&g%it{yOJod%a”p' e an

acoustic, visual and/or tactile transduceér, e event he controll er

i denti fying the {F&§et a@darcopssage datastioht Y dake sadetime. A vheckspyrther

format i s CCl R RageopaerageCosiechors 1s tonksdee4Gabd forhstd@asele? ofe PN
conpletenes® it wll be described briefly with reference to Figure 2.

However for fuller information reference may be made to "The book of the
CCI R i opagi ng Codke pRiarality apfapagipgerdoedversStar ebgerys) ROSEp By iaké sh

Tel ecol¥ Radi 0paiodfied?s W ANIs SHeCtize LM WESUR Jhend [APSIEST ONS

fromthe PNC 10 conprises a Series of bursts, urst conprising
preanbl e 20 of FFEaAE sheirapsmisterd2s o Fephipeger Bé pdér incRudes apradiohi eve

bit synchroni satdeeBivdrold @uRed Y eQNeaiRRAE s DalC Begant cGRdepangs, f or med
by Radio Identlt%ﬁnOoqgs (R and dat a rressage;s. Each batch 22,24 is
arranged i denti CRPFPLART Lolpiohs antIalt e apespisgtion of the radio receiver
16, the date and time stamping of received alert and/or message
signals and the energisation of an alerting device, for example an
acoustic, visual and/or tactile transducer, in the event of the
controller identifying the pager's RIC in a transmitted message.
The signal format is CCIR Radiopaging Code No. 1 or POCSAG and
for the sake of completeness it will be described briefly with

20

reference to Figure 2. However for fuller information reference

may be made to "The book of the CCIR Radiopaging Code No. 1"
" 2 available from: Secretary RCSG, British Telecom, Radiopaging,
23 Howland Street, London WiP 6HQ. The transmissions from the PNC
10 comprises a series of bursts, each burst comprising a preamble
20 of 576 bits which serves to enable the pagers Pl to P4 achieve
bit synchronisation, followed by concatenated batches of codewords
formed by Radio Identity Codes (RICs) and data messages. Each

batch 22,24 is arranged identically and comprises seventeen 32-bit’

30

codewords. The first codeword is a synchronisation codeword 26
which is used by a pager to achieve/maintain word synchronisation.
The remaining sixteen codewords are paired and each of the eight

% Pirs is termed a frame, F1 to F8. Each pager is assigned to a

I
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codeworids. The first codeword is a synchronisation codeword 26 which is
used by a pager to achieve/ maintain word synchroni sation. The renaining
st xteen codewords are paired and each of the elght Pai rs«'-s termed a frane,

F1 to F8. Each pager is assigned to a . o
- 6- particular frame which neans that,: if vaecessary |tr5 R CPHSB’37H’8)£IE‘
preci sely any one of its RICs, will be transmtted in that frame, say frane

F4, and no ot her. u#graisraxg 9 :ch t he |tQhere t battery Ropel conservation

feature of POCHEL: DAger "must "ener grse it radi o recerver e firstly to

be abl e to recepreeisedr anyness eﬁi#atﬁm,cwév\m drassminteddoortdity for the
duration of 'tsﬁfaﬁuénﬁa%'ﬂ}aﬁé“ﬂ CXRANRS chidr. Deitusl 98 Jale dlULAL I:0ReQnct e

ot her frames 1to F3 and P5 to F8, the receiving section 16 can
be de-ener gi sechattery pgyex ?@?%@%%oﬁ?ﬁﬁ@e%ﬁ%ﬁ%ﬁ’eﬁemmtpl us one or
nmore concat enat%rm@swrmwéiser 16 fiistlly t@SPeGblé ot Becdifkandal ssi on

of date ang tinme nessa be .,sent at re ar |nterva s, for
exanpl e once i nsyé‘ﬁml%t‘dﬁ?c‘}?ggwo’%ﬁg? &g $Rcon % ?%é 8t TRE B OFoitE, for
exanple N = 8, Samepdg uMseaaamywwstbwfdnesne fdueationt 6§ the otheder t hat

battery power cgnserv |or.1 practised predeterm ned ner. For
t he purposes of ﬁ“ﬁ!sﬁt} eF]‘:’oF“I“%C)\tfﬂg Sésc“?‘epWSh"W% Fe‘gts"‘s“g?rle Fﬁat N =
8 bat ches. Reﬁefanerg-se'i F| gure 3, every N, where N = 8, batches forma
super batch SB and t I nin the
form year, gnont h, g‘ﬂﬁg %oﬁ?gg Xo §£ %glc%g\a&'q }oﬁﬁ% g : Qé)msaﬁe%:r%nd such

as 92/02/20 12 mea@nami MWESC“EYO%GOMS and 357/ 1000th of a second is
transgted as 4 big;ithexaded B! tHehef AEhessioRYot taetfuﬁalﬁmu}nésrsage& F1 and
a

F2 of tch 0. More particularly the first codeword in the frame
i ncl udes funct i B¥spineg ‘?endF’(’:tataFv’éegb‘?‘a‘éllPﬁ%‘Waﬁﬁatf°f h%‘aF‘B’r‘f Wﬁd“Se‘teJéfe%r ds
contai n date anshtthés; widrer Miiak 04 valud@f. twd pAGioRd, rmeemlom pageor

Fadi o Feceinver T4 S8 EGingt 3Ty P RiTE CRe AP S P ST d (or
sync. word) butcasguration eanibe ermtgsgiednf@rprédemeemi?@dorﬁamtchFcrinheorder
to be able to dsa 110Gsdrbtfdn CALPORISiERHBLARHUAUN ek that
i ndi cative of the fact that
N = 8 batches.
Referring to Figure 3, every N, where N = 8, batches form a
20 superbatch SB and once in every superbatch date and time
information in the form year, month, day, hour, minute, second and
thousands of a second, such as 92/02/20 12 hours, 10 minutes, 21
seconds and 357/1000th of a second, is transmitted as 4 bit
‘. hexadecimal characters by the PNC 10 in frames F1 and F2 of batch
2% 0. More particularly the first codeword in the frame Fl includes
function bits indicative of either that the following 3 codewords
contain date and time information or mot. A paging receiver or
Pager wishing to receive such a message signal is programmed to
energise its radio receiver 16 in order to not only receive the
: £ Synchronisation word (or sync. word) but also to remain energised
z for frame F1 of batch O in order to be able to check that the first
i codeword contains function bits indicative of the fact that date
E and time information is to follow. In response to detecting this

todeword, the pager remains energised for the remainder of the

¥

frame ¥1 and for the frame F2. Thereafter the pager is energised

—
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and tine Ormation is to follow. In response to detecting this codeword,

t he pager ‘remai ns energi sed for the renmai nder of the frane F1 and for the
fgame F2. Thereafter the pager is energised . . rr orece
-7- in the normal way to receive the synchronisation :codeword 26 in

each batch and to be able to receive its RIC er 1,1s a55|gned f%%
Referring to Figure 4, the pager P conprises housi ng, shown i 8%
l i nes, which contains a radio receiver 16 and a controller 18 with
associ at ed ci r cuis shamdreidvveese FEeeivadhe dynchiopdsation cendeperdo®s dmy

sui tabl e design, {j R ¥R HRkC O BE Ameéo Qe E¥e! ika@wnpwp&sﬂig%&aémmégl ng
receiver | C type 2033T or ty UAA 2050T and the controller 18

nmay
based on the Phili psReberrisgotrr &r thRpPagept CPBRALSIRS 2 thﬁ\és%nt%h@Wer 18
conprises a deco@ebra&ncmnaeptsmdclbebmeﬁmsam r@di P wHec&ifvek hss raﬁaea ver 16 and
an input to the cont rﬁl | elr nal .received

he decogder 28 acc ny
during the peri o5 wh g:hr geEIver Fet | SYEREFYi% gd‘sevé'FF 2 EREUNd
corrects anyder rcmmmsl;ﬁ tclae bei ofiamyt slatahba(desggmffdmexﬂ@@&%%cbmdaad
presents the sig d e |ch as a
first acti on cheg&%hf% @ﬂg@&%xﬂ dggd%?e&a%gdrée\ﬁg%‘% c%@%&éég}rﬁs%%%%
radi opager' s Rl CBAAS2QROEderidntheygontnelier |18rmay herbased ami the Fhidiry. DO t her e

i s correspondenceygofi@facbdbrt, h%&ésﬁa&icvﬁﬂrﬂr Ghe QRtYoDAY W cobfiidks 4 e
controller 18 causes an_audi 0, V|sual and/or tactlle alerting device 30 to

be eqiergised. |SEePHRF @8 compectefcbetugen FBOWPYR AL ERaTRF&IRE HoAR%t®nat ed
message codéefor depibeasa tl’(&c&u&blméz} aB. 1&h§thc6&ert hesﬁzcteﬁg@'fahﬁrsxgndﬁte and

tinme st in a RAIVl onse oduce t he .subscri ber
act uat i tja but t o1 ta:'(')“ﬁe%aﬁ mﬁ 3ﬂer’t°h§s con?’? T8 Catid nzf?l"es'egbn‘atreﬂfs of
t he RAM 32 to becheghs and tcoanet tsupmy |eed°nsop¢$sebblﬁ mehireshefcaancﬂ_tﬁtbﬁ)ahel 38.

In the event of [ e WEED \Y; dress
codeword(s) and {dﬁg&facgg%)gggeﬂ}qs&%%eﬁ@%gg%%t r&ﬁ%er ggh%lgé‘g&?o g%tt?lgn

A tining st aﬁe ARPPEECILET 8 Vel 88 toh E1RTin pRioRcthetls é‘fli’Gt?ﬂroW%Iééd’E?Sm ng

signals to the cemensdl &rrédpdidst flonk tofC ke Q&&{d{)a@éﬂ'sVﬁIGSOHSonlae{:ﬂtth@nS
i ncl udi ng batteré/ ' ' rent in the code.

The tining stage Oﬁ‘g \%ﬁ%poﬁ%ﬁ_{]’\ég éégr'\é\%i"%? ' mgc cq}?c‘:ﬁ o cogpspon ehcet

in the case of an alert only paging signal, the controller 18

causes an audio, visual and/or tactile alerting device 30 to be

energised. In the case of the received signal comprising

20 concatenated message codewords then the controller 18 stores these

together a date and time stamp in a RAM 32. In response to a

command produced by the subscriber actuating a button on a keypad
" 34, the controller 18 causes the contents of the RAM 32 to be read
' 2 out and supplied_to the driver 36 of an LCD panel 38.

In the event of there not being correspondence between the
received address codeword(s) and the radiopager's RIC, the
controller 18 takes no action.

A timing stage 40 is connected to the controller 18 and
o Provides timing signals to the controller 18 so that it can carry

Out various operations including battery power conservation which

1s inherent in the POCSAG code.

The timing stage 40 also includes a real time clock 42. On

Teceipt of successive date and time messages, the controller stores

¥ ‘the year, month and date in a RAM 44 together with time, after the

eet Has Been Replaced
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recelpt Wt uccessi ve date and tine nessages, the controller stores the
year, non and date in a RAM 44 together with tine, after the :
- 8- tinme indicated in the tinme nessage signal . has beep..adj usted to take
into account the delays incurred in encoding ahd. fornatt»ng the tine
nmessage signal and propagation delays in trgnsn]ttlng si.gnal g &@ggggers P1
to P4 which may be roam ng throughout the coverage area of t ase
station transmtter 12 (Figure 1). Referring to Figure 1, a tine
signal Tc is gemer indddated imehe| bidle mePsagel sr-tsnaéugﬁ |bee|nta(§htiﬁf@dcbmttuab¢l er 14

whi ch adapts the sigRaht ttﬁeadéra $ a6eusfrQa NEL emzﬁgcuhasmztmatﬂngowl ly in
readi nesg for transm ssmnﬁ%g/llzgn transmtter_12 at the regul red npment,
f

for exanpl e i ntineafisSags 53 PrARAEARICN E}Flﬁyﬁel%&ﬁé?ﬁ&tt esBienpls dat e
and time{si gnaly ipggdreCrl \todphwhi &to mey [Frgesaning bt eughbot rdectmaragese
signal s. fHowever th ctiual . f |} gggen on the distance
from t hef ant end&®% tetﬁ bﬁ%& %ﬁ?@?ﬁﬁgé’gﬁg% ry\i\% &P Hj be a vari abl e del ay
bet ween § hes ori gi nkefieoringf to HFdgurerd ,s2 game stenainde|iss gereraapd tyneheof

receipt py a f%ﬁﬂ% ?s BAESSs: supphedr he df) B¥ne8 Y S£INEYR JdBpes ehements,
firstly ffthe ti elay wthinthe PNC 10 and secondl theﬁg ﬁa(pq%gatlon time
e

to the rjespect si@mapd§et meFﬁa%éSF’EFéné%d REPTRSt Rl LEPRRIGRLLY %8 pager
treats gne of Tf&e:fﬁﬁaiyﬁdntnmha&&sagﬁtwgnala aﬁe &'e&&iﬁdemmn(fdrts

i nternalf clock counts t etl é érﬁ'a \é\/eth tlrre
nmessage fSi gnal eHPLH 1Ps ﬁf@@ﬁl ﬁ'é ? BREIH Opt rrum %si gnal ,

t he pageér rrpaitesamhdmme\i\myalr ese:emedve@ bnethese;ageersl gharted tehredriveur r ent
referenge and ff_ﬁ s{sthﬁo&%&ytﬁee&eeumlhu@ g@éaeg%ﬂllgaﬁ@denasoﬁmre

accur at | eSS|ng tine sig is assuned
to involve a niths #mﬁapr—ﬁére@lfdgﬁ Wﬂé’@oﬂéﬁ RE]‘F ymt- h&%é‘lﬂ%&%’ Gf‘e’c'ﬁhe time

I Rdl cated in ayiiinBe @6%@1@'@1&} bESwéen LHDOYHRationl M dne aﬂae?lllg)xaﬂc -
t hus e

propagat i on, ti e apd iEspagfiel phire ?%é'e‘é??@ésg‘[ f Féamb%rpa% in PNC 10
i ntroduces "a vari abhe ddpdayogifiaes |twol MmainoeiemeniC Eitdteyr el tinendekdy t he

pager, Tr, of tht ih &% el pl‘SC (H) an%esecoﬁlﬁsa&%Pgéaqqu’ "—Jlﬁle to the

respective pager. In accordance with the present invention a pager

treats one of the received time message signals as a reference and
its internal clock counts the time from that reference. However as
2 the time message signal which is used as a reference may not be the
optimum signal, the pager compares each newly received time message
signal with the current reference and decides if the newly received

‘. time message signal is more accurate.

% The processing of the time signal Tc in the PNC 10 is assumed
to involve a minimum time delay Tdp. Accordingly the accuracy of
the time indicated in a time message signal Ts is improved if Tdp
is added to Tc, thus

Ts = Tc + Tdy —(1)

The propagation time to a pager plus the excess time over

3t
Tdy in PNC 10 introduces a variable delay Tdy. In consequence

the real time at the pager, TIr, of the receipt of the time message
Signal is:
Tr = Tc + Tdy + Tdy —(2)
% Substituting equation (1) into equation (2)

This Sheet Has Been Replaced
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Tr = TN[err] + Td[err] -(2) Substituting
equation (1) into equation (2)

- 9- Tr =Ts + Td[err] | -, e e -(3)
If two signals Ts[err] and Ts[err] are in- a seq:uehce of*.td e, nmessage
signals then from equatlon (3) Trlerr]-& Tskerr] +-7d] el’ﬂm337883p

-(4) and Tr[err] Ts[err] + Td[err]

subtractlng equat i r equation (5), we get (Tr[err] - T err]) =
(Ts[err] Ts[err];)ln+ ?ﬁlsd%ef‘{fq - Td[err]) -(6). Exam )ng

i6), Tof eva pignads TB{1eprd Tap arenbwa, sEavknce pfavideTréssped are

t the i@ggﬁrt@mf;m[@ ﬁ;u@ﬂd(ﬂd[err] are unknown but can be

equation (
measur ed

cal cul ated fron equat i on (3) - or (5). However the snaller the val ue of
Td[err], g§he cl oser Irr=iT81tH Tlgland therefore the nore accurafé4t he val ue
of Tr. Rewgrddt iTrg ©quat+ ady4 6) we get (Tr err] - Tr[e(s)) -
(Ts[err] s[e | f (Td[err] - Td[err])
is positife theﬁ"%er"ﬁ %&‘?atl]onl ﬁag E’f%alﬁl&“la&f'%? r(]s) r‘f)ﬁ Bferefore Trierr] is

closer totits timg nEsghage(Bgnals;Tst ddgy thadyFrerr] i (6D Ts[err].
Co Iy if dth
nverselp |1 | bxahfniRg Wb fon! *o&p,y%g{ 3hl17d,°a T Rhi ,hgpa@n;{dxl grr] and the

opposite fapplie ager
successi e ti netreameasuradeat Aig P#ﬁ@rc@}flp’é@\at mh Tdblz)\m‘el wk@quathubma(ﬂ) i s
carried dqut in {hegacanideal fﬁfm &&&begq&? A()a)a&d(she hbmverhé{adséaﬂ%rof the

equationlisyexam ned as tg Id-‘a difference and if it is positive
then Ts[¢rr] istheredpes agd‘vhéhﬁ P%‘Fﬁ TFe‘fseF%ﬁ'@ea%q gheveforg[erporeand the
real ti cl ockacdrdtei gHer @atje 60Ut s from Tr[err]. The opposite situation

applies the sign is.negative, an he real tinme clock 42 counts from
Trlerr]. Ther g‘&f’f’eﬁ'mgne%gb g6i)fweag%%bsequent ti me nessage signal

Ts[err], equat i on ((Xxzi-sTsp) vedrdor Tshn[er(Thyy -TTdgnNr]) —(e¥sferr] -
rstert]) 1= (TALE tags THRGITIb pouccbB) RO 185, A gt L 18,8 0 0 Che i oht

hand si dg oﬁgthe edLYétlon oSI tl sane referenca?is
mai nt ai ned. Howede er#fquqe'fm én ¢198n:eg:at i&ﬁetmehenssm sismay Tsacthared tine

ng:sagedal gnal TS & th 1s5. L IRAVErkeAy iee 1B\ RLEREGe acﬁgntﬂagzrfsa' time clock
's adjuste smaller than Tdy; and the opposite applies.

j Accordingly at switch-on of the pager, two successive times

? are noted and the computation shown in equation (7) is carried out
in the controller 18 (Figuare 4) and the right hand side of the
equation is examined as to the sign of the difference and if it is
positive then Ts; is treated as the current reference signal,
Tsref, and the real time clock 42 (Figure 4) counts from Trj.

The opposite situation applies if the sign is negative and the real
time clock 42 counts from Trj.

B

Thereafter on receipt of a subsequent time message signal
Tsp, equation (7) is solved for
(Try = Trres) = (TSp — Tspef) = (Tdyp — Tdyrer)  —(8)
Py For as long as the sign of the right hand side of the equation

Temains positive, the same reference is maintained. However if the
Sign is negative, then the newly received time message signal Tspy
is treated as the reference and the real time clock 42 is adjusted
to treat Tr, as zero and to start its count from there. This is

B {1lustrated in Figure 5 in which time message signals Tsg and

EhsBememﬂmmd
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to treat Tr[err] as zero and to start its count fromthere. This is
illustrated in Figure 5 in which tinme nmessage signals Ts[err] and

-10 - TS[err] are assuned to beconme new reference signals. In the
event of the right hand side of equation (7) being- zerq, then the accuracy
of Tr[err] and Trref is the sane and the pager-can either . chasgs:/sesgp
reference signal or keep Its existing reference signal. If the size of
the differen | n |, as determ ning the sign
of the di fferc'gzs cgr %%% té @ec{ﬁe '{{E.?%%E&den%g V\?"a sg updat ed automatically
for a change in tF?rélhEoﬂ@Qt Qfﬁwitbﬁ gkt |hlat‘-§' Seéﬂ dfcequaafion (7drbedngomatical ly

altering the fdrgg il ﬁmn_teéc&racﬁ a&aﬁ:ﬁ aflll ﬁm%*l%r e %hAE RaViHag a pager,
such as a pocket sized lg’ﬁﬁ &nal er havr means for displaying tinmne.
a

Thus iff a tr RABEFeF3RE RS ’e&’ E%Q‘Fr&‘l"f’ea?*%llt“h&ée% isacredswinech i s
abl e §o receisefepaggengigiagnal s contai ning date and tine rressage si gnal s,
then if en the recel t n rressae3| n dtothe
curreft \?Qferencejn"g:l%ﬁaﬁ 281% gg 4’1% %nf’?e’rneg g’é?@dsi’t n%) &¥qui val ent
of say 15 m rweidsas tdeeemnimg)ltherszzﬂ @S shereld ffdrancd gfhenrghel slogkoiys| y

t d d t d
| noor oot andufS SRS Bk (e DP UKol REELNEIS] A BlarkS APLECIMSS! an

treathp it as aneous Tores i'n the
RAM 44 (Fi gur‘é'mné‘é)1 fardlipd see det wfi“hdf%a{!‘e@mﬂmli-b qlharltuomﬂalt#w in the

time message ﬁicﬁﬂ@ied ey ea«féheartmtmgaan%h@aﬁagaas pdBSc s@ﬁﬂapraew ously.
The operagion of sel.ec or verlfg that Ts[efr] IS the best 1s

descriji bed by §F|sdﬁe%8’)e Ying Beastvefies ﬁ‘gs%’(ﬁa’t‘ﬁ SAT%8) s
show* n Figure 6Thubhef di kfsreader disedtarking al rda@rdd hirporat Rised pdged

coun or st I ] Ts[err tored,ip a store B
and the | at es‘?{lrglelﬁiesl \?gf ttf’rrr%cggsfg gn% %falﬁ‘s'lmtgl%”[nér% & ﬁndatﬂ‘eore C and
finalfy Tr[errgssagmisémmals, thencif r'v&lﬁli Wn@emvsmﬂcayw tmitstmssdgen store D
whi ch ?has an 4R GOUakATd ol B ol Ferath s LRz £0UPLE] 10 3

|

di spl ay devi cg Fromthe jtems stored and the opef&tions carried
out i#h bl ocks ’§§e5?f‘°el $xaeRds JheptimeoraEalantodft eyl 5‘6‘“!‘?3'4 Y&8" (Y), that

is A4 (C - Bontesrler01s tabsiineshehpesfld 0§ grbssly O8dcrrode and £HQuNL
that the newly received signal is more correct and treats it as a
new reference signal and simultaneously stores Ts, in the RAM 44
{(Figure 4) and updates the indicated time to that contained in the
@ time message signal. Thereafter the pager behaves as described

previously.

The operation of selecting or verifying that Tspes is the

best is described by equation {8). One method for implementing
% equation (8) is shown in Figure 6. The difference
(Iry = Trpef) is stored in a counter or store A. The time
! message signal Tsp.f is stored in a store B and the latest
‘ received time message signal Ts, is stored in a store C and
finally Trp, which is the current time displayed, is stored in
" store D which has an input coupled to the clock 42 and an output
coupled to a display device 50.
From the items stored and the operations carried out in blocks
52,54, if the output of decision stage 56 is "Yes'" (Y), that is
A-(C-3B)» 0, then the operations in blocks 58 and 60 are
% inhibited by the respective N inputs. As a result the time

This Sheet Has. Been Replaced

.

e P St Smpambid ST



I nhi bied by the respective Ninputs. As a result the tine

-11 - reference Tsref is retained and stores A C D are increnented
nermalgy. Alternatively if the output of t-he decision-stage 56 is "No"
(N, tpen as a result of a new Ts[err]:being selected 'store Ais reset to
zero gnd bl ocks 58,60 are enabl ed by the si:gmal- ‘on the:¥ ‘i npupgssxyssi@t the
current value of Ts[err] is loaded into store B.to becone the new Tsref and
into store Dt ethecu rent, tinme_on_t i spl ay _devi ce 50. I n
a variant of t Efe gtcﬁ G588 EtCore anéeanv% fﬁoreﬁep%r’lgser%t chre%% tegn the cl ock
time Tc is trawgmlhed as the time nessage S|gnal wi t hout bei ng altered by

the addition of Tofharsdaif skoad budflt o6 e ea%t:@gmquetég@ SR g0 take
Tdm into account. Hence the val ue of | ess accurate t an t he

exanpl e descri Mo Hhernas & sperteok @ F#‘gﬁﬁaflbewmt?%rst%# taih
applications theet ebueerb AAE W136Ys i58, 65 1€é lchab R BE thel SizAbEhn the ¥ | f

desired the copgcel 8oudl s IR oo 19 s S el T, on e

readi ng the prmm thie sowo T F, and Heto mmdid Dced Ilﬂﬂl:EcaWb.l thebeuappar ent to
persons skill gd ,e rﬂﬁea&%plﬁ*’ﬁg&ri’&dbé' cations may involve other features
whi ch are al reagy nown esi gn, manufacture and use of receiving
systems for neasurithg vauientmd é’éﬁrﬂeh@ﬁ‘t ipaceerdanes sdth e prAsent nay be
used instead ofovehtiod, @l bidik tond @at44 eSardhi@rdYadlefedRedndaghgd .

Al t hough gl ai ns have been ornmulated_ in this lication to artlcular
conbi ngtlﬁns JY-eRah PRt {’?""sghﬁ eﬁegebyuﬁﬁeeragé%g %airgmhéssgcfﬁéutff t he

di sure of Idjeipreeastr apPltoCriviag wl 8ikd 06) UHAES azByuritQVellericeat ure or
any Hovel co n eat ures_discl osed her ither explicitly or
inpl gcitly ormélﬁi%jlg'negélfs%“t imSﬁsri greofccuatfhe not(ri feL relates to the
sane {i nvent i ordegsrifredseinh yefdraneedoi Fizung Il cfaveven -‘fvmgtdr@almr not it

mtidates any a%leééueﬁs ttlae SRAIEed QELAC lup&t bl ep, 33 fﬁ%ﬁﬁ&e pr esent

invert|0n15 The "appl i cants hereby give notice new c may
formll ated to suchl¥ égeifedsthmgperecttomivatits dfs me¥ beyefded sp thes dur| ng the

prosecuti on ofindheatudesar oA PfMel Fadelr Obhedl i ©hadMbtl b¥dnN@lken into account
at the PNC 10.

From reading the present disclosure, other modifications will

be apparent to persons skilled in the art. Such modifications may

2 .
0 involve other features which are already known in the design,

manufacture and use of receiving systems for measuring time and

component parts thereof and which may be used instead of or in
‘ addition to features already described herein. Although claims

have been formulated in this application to particular combinations

% of features, it should be understood that the scope of the
disclosure of the present application also includes any novel
feature or any novel combination of features disclosed herein
either explicitly or implicitly or any generalisation thereof,
whether or not it relates to the same invention as presently

X claimed in any claim and whether or not it mitigates any or all of
the same technical problems as does the present invention. The
applicants hereby give notice that new claims may be formulated to
such features and/or combinaﬁions of such features during the

y DProsecution of the present application or of any further

application derived therefrom.
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appl i calyon derived therefrom -12-
1. A receiving apparatus for use in a comuni cations systemin
uccession of tinme nessages are transmtted by a,central station,
charactefised in that the receiving apparatus conpri.ses: neans for receiving
and decodi ng successive tinme nessage signals; nmeans for Storing the time
indicated in the time message signals, timndg2means for deter mMPERRJE8FR
real time of receipt of each tine nessage signal, and nmeans for determ ning
by using the tiggfgessage signals and the real tinmes of their receipt,
whi ch of the tine nessage signals is to be treated as a current tine
reference signal tolwhi&HFecREVingasPReFa sSsfomAFe 19 2 (P8P 4RahtPeans are to

be rel ated. sysZem IANVIRHRAS AfudBesiSof | ofl OBk hEssalgas rard, trhannckértiysed in
that the means for determning h e e signals js to

rm ich of the tinme ssa '
conprise the cuf FERET ﬁiéatﬁg?eﬁg%’é%ﬂ’-gf’gﬁﬁ& n 5%?1%}%&“%%‘%% ?‘%Pr“a% Ser mi ni ng
the tinme dissf f er cmpeidmst nems fore recefiving eddt deredingnstdressineg e t | ne
ref erence sign r t ' t] j | s BANS
for dot br m ni ngPeRact (ABRAL, BEER 106 ERATY el LR [RESE0E SRR it as
the curfent tinmessegesdeealssi thrdns egns Hor dnrternivdagtihy FedefriRedofi me
nmessagq signal and: SO HRaEdHOBike ABSsalge! s1GANPALhd Grebh€ foR didtabRthih By
differgnce with the real tine differ ence a{ild deg%qdi ng on ttPle. result either
the tife refer eHti@estipnsing Beesnsei 1R 8208 HRe TRy e F™Fi Rk P&t %r ence si gnal
or the rmrﬁ%I'ECﬂ’tIeEyt,l’ ehtilvefl theneimesespge ignals is ubsttireateliaasa a new
currenf ti ref erence .si I S] ' t reset so as
c the rERTor rine FERESRLHIRal 1% UEfEn WIFeEL Rlke gl 68C1 <7
i cat i onshesyimiowy seansr axd §g ke celatedt station having neans for

transmijtting a successigp OhatiiR BPYIaHReSLONELS 190atrki R 18RS IATE Si gnal
containming an indication of tinme, recei wqu],g means for receiving the tinme

message si gnal sthathghe @eanyifay dnsarmiAagifgch of cHie tiTfePtAsR Sf@2htans for
det er m ni ng by u$itROcddpRitd Fhe BETAME tShd)HaESrenb diBRal cabmriises maknd hei r
recei pt whi'th of the tinme. nmessage si |s is . to be t{xeatgd as ,a_current
time reference £9%R8FeTminiRg the (Haehtierpnce between the indicated ‘times

in the current time reference signal and a more recently received

time message signal, means for determining the time difference
between the real times of receipt of the current time reference
20 signal and the more recently received time message signal and
comparison means for comparing the indicated time difference with
the real time difference and depending on the result either the
time reference signal is confirmed as the current time reference
‘ signal or the more recently received time message signal is
25 substituted as a new current time reference signal causing the
real time clock to be reset so as to relate the real time to the
new current time reference signal.
3. A communications system comprising a central station
having means for transmitting a succession of time message
6 signals, each time message signal containing an indication of
time, receiving means for receiving the time message signals, the
receiving means having a real time clock and means for
determining by using the time message signals and the real

times of their receipt which of the time message signals is to be

I [T




Fhe real tinme clock is related. 4. A systemas clained in
claim 3, ¥haracterised by neans for determ ning whether the tine nessage
signal trpated as the current tine reference si.gnal is.npre accurate than a
nore receptly received time nessage siignal, said means  conpri si ng-means for
determ ni hg the difference between the indicated tines.in.the tinme
reference signal and the nore recently recef¥ed time message %@éégﬁ%mans
for determining the difference in the real tinmes of receipt of the
reference signale pead time axmck iseeendded.received time nessage signal, and

means for comparing the, mcﬁé %‘iaixﬁﬁfﬁeiﬁicﬁfaﬁﬁ QNCehahidlrli D& H§Theahk TE _
di fference and depending on the result either the tine referénce signal is
confirnmed as tfwe deherminingwhetharr she tége fegiage sienahetrpdied PacHift |y

received tinme J{Eﬁ&&geﬁﬁ JB8drehSe SUBSA E8RFe AfcclrdtRVIGH beRiret i TE reference
signal causing the real tine clock to be, reset s to relate the real

X C SQ a
time to the newgceRfWeFRceiveft ting Bpesass Sigah .sa"g means cORPEVPIPBm as cl ai med
in claimd4; chpaast@ri &tdrihinpahe diffppatievietiveed be rixalicstedetiiesf er ence
exceeding a predeterm ned value for treating t nost._.re lLy received
time megsage styflf SHEFRtnble T rF’é‘?eeféﬁtag %’.‘%E‘é‘? more re%%.qélyA syst em as

clai ned{i n cl aidtedreddtim mEssaghavignils meass for tdeterminhtngdheral station

i ncl ude neans:?iff?éreglggeir A e ttiiﬁg%io@%&%&ﬁ@%iﬂ:&”?&f&@ﬂcm%ﬂ or
updating the tTme indrcation signal by a correction relating to the mninum
del ay ijcurr edandnthehmoxeAeeentlytnecpiypd time mgssagp sigdem?ad M85 f9Y i n any
glne. ?f Ll 8 Qb O 161 Q{Laiﬁﬁcﬁﬁ%&@mé f&i{tﬁ&hﬁ@%@ﬁﬁh@hﬁ 8ineOn tlransm' ts

i gi pagi ng_signal's in accordance a_tine. division pratoco
conpr (@Png a sHEERRETCR PGt ‘E?&Pé’rfkgs,"ne"g‘lfhr‘ffé‘?‘&helc%%rtbgi?f‘@’ear (geﬁ?%el ty of

frames,! sai d tifgRalEsseqdifmegnas sheeturgett adpeirefexknger sigrat axl yhe and in
that the central SIALLAY 08%:JERNTnl HosbhOPshkil LOAnaRALED 28N, | Nl CAl O

si gnal including func enoting that codewords in the sane and at
| east the nextndwbhsrhhdine sefengnceopisnas ccaufing the needstHge Sioghale
B be reset so as to relate the real time to the new current time
reference signal.
5. A system as claimed in claim 4, characterised by means
responsive to the real time difference exceeding a
predetermined value for treating the most recently received time
0 message signal as a new time reference signal.
6. A system as claimed in claim 3, 4, or 3, characterised
in that the central station includes means for generating a time
“ indication signal and means for updating the time indication
signal by a correction relating to the minimum delay incurred in
B the central station.
7. A system as claimed in any one of claims 3 to 6,
characterised in that the central station transmits digital
paging signals in accordance with a time division protocol

comprising a succession of batches, each batch comprising a

30

plurality of frames, said time message signals being transmitted
periodically, and in that the central station has means for
inserting into a batch an indicator signal including function
bits denoting that codewords in the same and at least the next

following frame(s) comprise the time message signal.

_— - S
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- 14 - 8. A nethod of time neasurenent in a conmuni cations system
conprising transmtting a succession of tinme nessage signals froma central-
station, each tine nessage signal containing an.indicat}on.of ting,
receiving the tine nessage signals in a receiving appdratus, having a real
time clock, determining by using the tine egsage si gnals*.and t}%g real
times of their receipt which of the tine nessage signals is t S8 188ER ed
as a current time reference signal to which the tinme of the real tine clock
is related. 08.A Aerdtbddanf timg measurameritaimag conmivaications sed by

determ ni ng whe{figh tQfpti TR B8R t3hERAbudceEdlRdo A% 1hGeSbideent time
reference signal is nore accurate than the nore recently received tinme

message si gnal SiErad@tiEPm hickBtialestAt PRy SACR tHBR MeesrEenBiNMdi cated times in

the current tignizehaigeas ndli@itdbn 0T tids FEdeRviRCend Itimé aRebygd tinme
nmessage signal,, determ ni ne% the difference in the rfal, times. of receipt of
the reference STERAF ¥nd T95E VI8 2RRACBRTS V88t FEA t1RE $19S%nge signal ,
conpari n95 t he dexdbirefing by meing ftherteinecnasistde sfignaleaind the rdiaf ftdmence and
dependi ng on tpge trhg?f“rtecgi eNGh1 N6z téh@'?c{m%fﬂs‘iggee sih%ll%' 14 SoCROT I rmed as
the current tine Teference signhal or the nore recently recerved tine
message si gnal treatediast ptenreantdine referamee evignel (fo vhicchr thec&img gfal

causi ng the reghe theBE t8hol ot MRerénmsel. SO as to relate the real tinme to
the new current tine ref ' A _net hod, as glairred i n
S

er nﬁe signal .. . 10.
claij 8 or 9, chardcted %’é‘gm 2% Fatimedelt ShtI e AP ITshERits digital
pagi fig si 1tgnal Sdéteradningdeinadeni the aintel nessdpy isigodl predtedods cbapri sing a
su si on of Sps h risi ralJ s, in that
i M msenge SEONAE UPS Toisnaicy pERHRLLS uafk SeRuiE sk Ble BEATTS,
nessage si gnal reernglpaechived pimecnersashysignal i dereprindngnidle i ncl udi ng
function bits derQbifdk bhAleeROHRWAER at & hfesS 2RBIRANGAEnt @2RE T he next

follow ng frane(s) conprise the tinme nessage signal. .
reference signal and the more recently received time message

15 signal, determining the difference in the real times of receipt
of the reference signal and the more recently received time
message signal, comparing the indicated time difference with the
real time difference and depending on the result either the time
reference signal is confirmed as the current time reference
20 signal or the more recently received time message signal is
substituted as a new current time reference signal causing the
real time clock to be reset so as to relate the real time to the
‘ new current t'me refe..nce signal.
10. A method as claimed in claim 8 or 9, characterised in
25 that the central station transmits digital paging signals in
accordance with a time division protocol comprising a succession
of batches, each batch comprising a plurality of frames, in that
time message signals are transmitted periodically and in that a
time message signal in a batch is preceded by an indicator signal
30 including function bits denoting that codewords in the same and
at least the next following frame(s) comprise the time message

signal,
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