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DESCRI PTI N AB22UTI VE CALL SYSTEM AND A SECONDARY STATI ON HEEABUOESErr) N 5
Technical Field The present invention relates to a selective call system
and to a secondary station for use in such,a system 10
Background Art An exanple of a selective chi systemis a paging system A
pagi ng system generally conprises a controller which formats pager radio

i dentification @ S&Béﬁ@) and data messages according to the particul ar
pr ot ocol being g It the system for exanple CCIR Radi opagi ng Code 15

No. 1, altematively known as POCSAG and a plurality of geographically
separate base stations. Cenerally the transm ssions by the base stations
are what is ter SELECTVEGALL SYSTEMANILASSECONDARY STATDOM FOR USE
substantially sinultaneously by all the‘l’ﬁ%ﬁgﬁtat ions in an area. Sinulcast
I's known per se and it is unnecessary to !:uss it in detail. A person
with a pBging 20 recei ver roam ng between the various base stations
can receive its RIC..if %%g when transmtted, fromtwo or nore in range
base stations. Assur SR f'etl‘ﬁe pagi ng receiver is not equidistant from

the base station antF¥present invsition! refites N6 4 'seletiive dalinSystém! ame t8la
different instances due to the different propagation tinmes. Another reason

for transnissi o¥eropdarystation fordisedn such a systemiferent times is that the
base station transmtters are not synchroni sed. The strength of each signal
may be simlar even though the distances fromthe base station antennas are
di ffereh® because ofBackgraumgiArtcal features such as tall buildings, hills

and the like, thus An' %;(Qt%pjentt)fe a %Xﬂ-*é&':e E:ar“ gﬂtgt%elg Caepaging system. A paging
system generally comprises a controller which formats pager radio
identification codes (RICs) and data messages according to the particutar

protocol being operated by the system, for example CCIR Radiopaging Code

15 No. 1, alternatively known as POCSAG, and a plurality of geographically
separate base stations. Generally the transmissions by the base stations are

what is termed simuicast, that is the same signal is broadcast substantially
simultaneously by all the base stations in an area. Simulcast is known per

se and it is unnecessary to discuss it in detail. A person with a paging

20 receiver roaming between the various base stations can receive its RIC, if
and when transmitted, from two or more in range base stations. Assuming

’ that the paging receiver is not equidistant from the base station antennas the
receipt of the transmissions will be at different instances due to the different
propagation times. Another reason for transmissions being received at

25 different times is that the base station transmitters are not synchronised. The
strength of each signal may be similar even though the distances from the

base station antennas are different because of topographical features such

as tall buildings, hills and the like, thus causing intersymbol interference

effects. If corresponding bits of a message are received by a paging receiver

30 within say a quarter of a bit period of each other, then they can be decoded
fairly reliably without any additional measures being taken. As a



effects, If correspondl ng bits of a nessage are received by a paging

recei ve“v §29547  \within say a quarter of a bit period ’@é&'ﬂ' her, then

t hey can be decoded fairly reliably w thout any additional neasures being -
taken. As a WD 95129547

PCT/ | B95/ 00291 2 consequence there is an i nplicit maxi numbit rate for- such
signals to ensure reliable reception. For transmtters separated by not

nore than 10 km this maximumbit rate is of the order of 10 kb/s. If the
ci r cunst anc &gnsequenceithene s apimplicik maxionie bitratefaesuchsianals toansures | eads

to a high deg aa%gefgce?gon Fo?‘ﬁ%h&ﬁﬁhérﬁ'%@ él%iéd’ﬂ?nbf‘ﬁrﬁﬁ & WHPh0 K , dhis® *ne®

(I'Sl) occurs be possible to recover e transm nmessage
si gnal unl egsaximumsbit .rmus@qm opder af A0 kdafs. df thleecmcsmstmlareauobn is

number "ot oot iBcirces P tie” PR Agtion tir, ldath B Mo Redshéloth; on' Pa o
signdg, theoverigytwer sdricusrimersymisol nﬁeﬁemncnmsmod&rs and noma9 ot bea :

relatlvely | ar current is uire his In rn means_that a, power
source havi Hgsgightﬁﬁe t'('!%FFg P&Q‘@EH"‘Q&%H'%@GFES@'%? be

unaccept abl %rw ct ?hn;gt tseofrorﬁ /or size.
I n any even'?oy?"av att Eagrl Et{)'%g?%ﬁ Hﬁmmés} suc tgglhg%ﬁégsrﬁggggvers
vvhl ch are oﬁugcmm/say)thata#ggp@um otnmpstatmcpmamquud aodhifdione battery

15 o T AP BRI AT BB SRR o Vi ™ o'

si gred | i ng ponsmnes a fetativeyolange eurrentols required:t This inQune nveinsethaf al nventi on
20 An obj ect of the present |nvent|Qn |s to rovide a high bit

rate sel ect iPPWeL SpHceRaving 8 Peal-ehTRNt s Egquined, and WERS Bay .
be unacceptable to a manufacturer from the point of view of price and/or size.

In any event, for battery powered equipments, such as paging receivers
which are on standby for long periods, it is important to conserve battery

15 power as much as practically possible. Accordingly in the interests of battery
current conservation, considerations of using high rate signaliing protocols for
paging are not attractive.

‘Disclosure of invention
20 An object of the present invention is to provide a high bit rate selective '
' call system and a secondary station for use therein.

According to one éspect of the present invention there is provided a
selective call system comprising a controller, at least one base station
coupled to the controller, the or each base station comprising a transmitter,

25 the controller having means for encoding data meséage signals at a higher
bit rate than address signals of secondary stations, and at least one
secondary station having signal receiving means, decoding means coupled
to the receiving means and controi means which-in response to'-identifying

| an address code word adabts the secondary station to receive the higher bit

30 rate message signal. |

According to a second aspect of the present invention there is



Accor di ng Qg? pect of the present invention there is £

sel ective ca system conprising a controller, at |east one base s?ation
ceupled to the controller, the or each base station conprising a
transmtter, 25 the controller having ans for encodi ng data nessage
signals at a higher bit rate than address signals of secondary stations,
and at | east one secondary station having signal receiving neans, decodi ng

means coupl ed t b\ 6): t B¢ Lehed se to
dent i ying an Simied 3By HRRAR 15 ueiR Y deibotliB BOR sYllbin, ek oeBRRES 0
the higher bit 3fation haviagesigralsmpeiving meéans/\cdevodingg mieans coupiedl tasthect of
the present inventi.an there i
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system the seC%damrebahbgﬁhe%éb@waY 8flion t6 Péueiled hilhP bit rateGREdsageeaNs
coupled to the receiving neans, control mnmeans which in response to

i dent i fy!Ehg an §!ﬂ!\aé§§“§@ﬂ@dvmfﬂlb§§§[ﬁt@i%e secondary station to receive a
CLPE ok ool s SaH8 lcte of ek i ASSRAAISI S B BAG mall e
be devoted enti eithgr be deveted eatirely tosthertrarismission obdatagressages er parparidf an
messages are.tr AEAG eI cal syilefn ST Gddrass Godfwhids LN 4R o
10 nessagemeéssaged atdfansiaittadat tife sy dateratd.§ By transittindiohpengatai n
the tinme domain but this is at the expense of increased ISl requiring these
messagesi@ o be EfRSABSS @R, higher data Frla they ase ieffiactively, shortenad in the tiBg onl y
equal i sing sel egoathiRBUf i dt e BXFEHYE SHInEHBatdISI 184 8ing these messages
to be equalised by the secondary station in non-real time.
By only equalising selected parts of the transmission the energy
consumption of an individual secondary station is considerably reduced.
15 Consequently the secondary station can be designed to operate using a low
capacity battery or similar power sources.
Further, by equalising the received data message signal in non-real
time, for example after it has been received, it is possible to do the various
computations at a rate which will result in the battery current consumption
20 being less than that which would be required when operating in real time.
Consequently a high data rate selective call system can be impiemented
) without using an especially powerful computation device in the secondary
stations which device wili not require a high current output power source.
Additionally since not all users of the selective call system will have
25 secondary stations capable of receiving high rate data message signals, it is
necessary to make the signalling format transparent to such users. This may
be achieved by transmitting sync code words at a data rate which is used by
the most basic secondary station in the system, address code words at a
higher data rate and data messages at yet a higher rate than the address
30 code words, the choice of a particular sync code word giving an indication of
the data rate used for the transmission of the address code-word and the



consurrpt‘{,?)ﬁs,ﬂ% ,2n individual secondary station is consilgkellrngpg 51edu
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capacity battery or simlar power sources. Further, by equalising t
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means, means for decoding a message signal addressed to the at least one
secondary station, means for storing decoded message signals, transmitting
means, means for storing a plurality of code sequences indicative of
respective possible predetermined responses to a received message signal
and means for selecting one of said plurality of code sequences to be
transmitted by said transmitting means, the controller having means for
identifying the code sequence in a received signal and thereby the response
from the secondary station. '

According to a fourth aspect of the present invention there is provided

- a selective call system comprising at least one base station, the or each base

25

30

station having transceiving means and at least one secondary station having
transceiving means, the or each base station having means for generating
registration invitation signals and for transmitting said invitation signals, and
said at least one secondary station having means for generating a
registration signal in response to the receipt of an invitation signal and for
transmitting said registration signal.

Brief Description of Drawings
The present invention will now be described, by way of exaniple, with

cei ve
g that a



with the a%%ﬁg_ﬂgode word, it arranges for the nessage t &?18 red as
recei ved an or It to be equalized subsequently. Accordi glg,g §%&?ﬁ rd
aspect of the present invention there is provided a selective call system
conprising a controller, at |east one basegstation, the 10 or each

base station conprising a transmtter and receiver, the controller having
means for sending higher bit rate nessage signhals by way of the or each
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| ting

transmtted by said transm1Tting nmeans, the controller having neans for
i denti fyBng t he codeFigurpidisa timing diagram\af dhe CSHR|Radiopagirg SodetNm T @tponse

20 fromth kon. According to a fourth aspect of the
present inventi gﬁ’%géﬁ;‘? %k’ded a selective call system conprising at
| east one base st ati Pigurd Bds artimingidiagram of ahighhrate codeg férmeatscei vi ng neans

and at | east one secgndary, station _having trapsceiying neans, the Qr each
base station having ﬁ'géﬂ’% 4 3 biming F'l?@gﬁ of an %@%W?amﬁgﬁﬁ'g'ﬁi on

signal s and f or yrhrémBioh foat® hat ShowRin Pigure 8nal s, and said at |east one
secondary station having neans for generating a registration signal in

responsd0to the recefigureb ism blegk schematicdiggeam ofia segondanistatian, i ng sai d
e o S FEoe08 o fiurBa Shi e f pEBMGRcH Fre
data messages, :
Figure 7 is a chart illustrating the use of simultaneous spread spectrum
acknowledgement signals prior to transmitting high rate data messages,
15 Figure 8 is another chart illustrating the use of acknowledgement
signals, B
Figure 9 is a diagram illustrating a cellular selective call system,
Figure 10 are three timing diagrams relating to the location and
registration of a secondary station,
20 Figure 11 is a block schematic diagram of a control terminal and a
base station, and .
) Figure 12 is a diagram illustrating a geographicat area in which there
exist city areas A1 to A5 and a rural area B.
in the drawings the same reference numerals have been used to

25 indicate corresponding features.

Modes for Carrying Out the invention
The simuicast selective call system illustrated in Figure 1, which may
be a personal radio mail system, comprises a control terminal 10 which
30 receives requests for paging calls to be made and, optionally, messages
which depending on the system configuration may be sent with the paging
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ref er en™@%B89he acconpanyi ng drawi ngs, wherein: Fi gur @CT/IBSOR98| ock
schemati c diagram of a sinulcast selective call systemwhich is capable of .
sendi ng normal paging signals as well as high rate data nessage signals, 5
Figure 2 is a timng diagramof the CC® Radi opagi ng Code No. 1 (or POCSAG)
code format, Figure 3 is a timng diagramof a high rate code fornmat,

Figure 4 is. a timng diagramof an alternative nessage signal -transm ssion
format to t heallsserdndependently thergof. 1The control terminaf 1, includies anengagier

schematic di agr, f 0 rmﬁt?' bl I S rel ating
to one net hoggo p'?o%‘g%@‘féﬁsga rgh ra ghgg%agﬂr‘ﬁgé%gggé’ Fﬁﬁ@r gwg&f’chart

i | | ustrat i ngconcatenated messages imaccardanceewith epsuitablsrmeskage/code susit

signals priog s, tt] Lah. r .dat es, . Fi gure
8 is anot heraihg)rqéﬁe% T&%"é‘ﬂﬁﬂ@%ﬁ‘ﬁ@'%&@m%ﬂéﬁf‘dm"&n‘oﬁé‘? Figure
9 is § di agrfombastustations \BSHBS2, | réspectivelyeCt The bade statinemBS1,BS2€e 10 are
three timng diagrans relating to the |ocation and registration of a _
secondary st &@mBfise Jtransmitters ‘operating, i@ simyleast. ) Gempeasation; fer dhegr am of

a contr ol CifiefiHosdI FroBgAtioN finesirorfile FlobhioP tekinal fo 1 MU Blke

illustrating a geograp rea in Ich there exist city areas
and a rural station®BS1:BS$2 by wayohihe landinesii4, 16 isimplementadeina kndmine been

used 10 25 o Ll @inirof Wi YR N0 features. Modes for Carrying Qut the

10 . A secondary station SS which may be implemented as a pager, a
cordless telephone, a cellular telephone or a data terminal, is able to roam
in the coverage areas of the base station transmitters and generally will be
able to receive paging calls. However the times of receipt of the sighals by
the secondary stétion SS and the relative strengths of the signals will depend

15 on the distances d1,d2 between the respective base stations BS1,BS2 and
the secondary station SS as well as topographical features such as the tall
building TB in the signal path between the base station BS2 and the
secondary station SS. Assuming d1 = 10 km and d2 = 1 km then the
difference in propagation times will be approximately 30 ws. If the

20 bit rate of the paging signal is no greater than 10 kb/s then the IS

) due to the different times of receipt can be tolerated even if the
signals are of similar strengths and the paging signal can be
recovered without additional measures, suéh as equalisation.

For the sake of compléteness the format of a POCSAG paging

25 signal will be described briefly with reference to Figure 2.
Typically the control terminal will transmit a long sequenée of
signals having a du_fation of say one minute. As POCSAG is a non-
synchronous system each sequence begi'ns-' with a 576 b_it preambie PRE
which serves to enable the pager to achieve bit synchronisation. The

30 preamble PRE is followed by batches B each formed by a 32 bit sync.
code word S plus 8 frames, each frame having the duration of two 32



The sinul cypd opekpctive call systemillustrated in Figure %cr\%@b@q may be a
personal radio mail system conprises a control termnal 1

recei ves requests for paging calls to be made and, optionally, nessages

whi ch depending on the system configuration may be sent with the pagi ng
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or independently thereof. The control term nal 10 includes an encoder 12

whi ch encodes a h, |

concat enar e mobl g kfus. 1% BEGAAN” Bididn 66 nol\GRE of 1ARPRAATRES cote
POCSAG The conwondls tkwowinnas Redios demtifieationd CodesafRICS) |allodatedeto 4 ahf 5
to base stations

B \ t . .The bas BS
transmitters op@’sgts%r'@aﬁ'g a{ggc@alg%/ Qaglgntﬁ?ﬁ hgﬁésdl 1}? EM@DH >
pr opagat i on { i TRSRIC QBnigHBe8 RSt ohly A Bdarlss16oded WoRE 1A s e ir@RtB! . BS2

by way of the landlines 14,16 is inplemented in a known way at the control

terninal 510. 100f which of tha & Jtames.it,has heepnassioned & nEYisyeeany thatift ed
| | t
1S abro to roantis ol A0 Dat°h; Badha, EAERECTF, BHcal sRebfddh "] |

general ly will btatiohl 8St theneiteiRIE prgneg of dls| RICsiswiransmittex tn the fedme
receipt of the s SS and the rel a

' | s by, t d .St
strengt hs of th@l‘"gga ymapfseggﬁ ! artét's éonA?h'é WPgtW@sad&bMt ween
the respective Pa?&at iﬁt eRBfgideS! itsPTécaivgr Loe reasiva dthey préarhblen FRE aande! |

as topo%raphl ca ures such as the tall building TB |n the si gnal path

bet ween 10he bas#rstt synconcesisy werd haansd: then apgwer 918 #3 = 10
s oty aBefed farfie \AREF R 1dLeRBRARE" 'Oficd &ﬁ@wé IhaCexpired,
and assuming that there is no need for the receiver to remain
energised, it is de-energised again untit the next following sync.
word is due.

15 in the event of a message being sent, the RIC of the
destination secondary station is appended to the front of the
message and it is despatched in its assigned frame. if the
concatenated 32 bit message code words exceed the duration of a frame
then apart from the insertion of the sync. code word S at the

20 beginning of each batch, the message is transmitted uninterrupted.
POCSAG requires the bit rate of the RIC and the message code words to

} be the same which is currently <1200 bits/second.  Alphanumeric
messages are encoded using ASCIl which requires 7 bits per
character. The duration of a POCSAG batch B at a bit rate of 1200 6/s

25 is 0.4533 seconds.

However such a bit rate is too slow for long messages such as
telescript, for example E-mail messages which may be greater than
500 characters long. The present invention can be implemented in
several ways all of which can be transparent to say a tone-only

30 POCSAG pager operating in accordance with the signal format shown in
Figure 2. However for compatibility reasons a basic bit -rate of 1200



e of the pagi ng signal is no greater than_10 kb/s then the
ISI due ‘Pég‘ﬂ?g}"dl fferent times of receipt can be tol er XTUBRYMI t t he
signals are of simlar strengths and the paging signal can be recovered
wi t hout additional measures, such as eq%ﬁ' I sation. For the sake of
conpl eteness the format of a POCSAG pagihg 25 signal will be
described briefly wth reference to Fi gure 2. Typically the control

t I nal 11t s h t f
one i nute. | U8 HBCSR 8¢ SRR rATIRERR RS STE Srbe e BBl S8 s
with a 576 bl64mtﬂenbheea% wéhsdmtsatr Jeast ttﬁeeauabés%, bbeeﬁﬁaaiécﬁfowﬁﬁ:'h' eve bit

synchroni sati on. The preanble PRE is foll owed by ba es B each
formed by a- 3heng; targyﬁeverabdupemrm@ which @arer used fog ssetting/ganfigusinong t he

P Bty 0028, Becindary dtite! f7ddejve & high rate message HBM ard a higher

addres® code bm:natsofgrsayn3&kb!§a|5|useddarttansmﬁbnglda&)dessé§é£s) allocated to

it and also it is ssis’%edtoa e% l i ned o eoft 8 fra s.wjn

~ POCSAG a RIC conpr' NG d _ wihea '8 théf‘gos i¥fdi cation
5 of whiriguref 3t Wit &h&rﬁﬁﬁ.ﬁnisklohaéf ae @Séddian%rdcs dththe ABAnal that if
the control term nal 10 has paging call Tor a_particular secondary

station SS tKate jusedrir the oﬁﬂe@l"el @"Rﬁweﬂb t e Ayncegode woed fisane
ST |0 SHBeRE R Hr505 S o8 b el SR CRGROC) 1
code 1drd S 4he seecondapycstationnfornthe [ameptldmafofr aati leashsthegrfirst foodlee when
It is re- enerv%raeﬂ'i tgécﬁexth?oliovﬁﬂs Ggﬁsrﬁi)égl' hed 'In this instance the sync
code word is one which identifies the data rate (of 6.4 kb/s) to be
used for decoding the subsequently transmitted address code word
RIC(x). The particular address code word RIC(x) chosen from a group
15 of RICs assigned to the secondary station and indicates not ohly the
address but aiso the data rate of a concatenated high rate message
HRM. The next following sync code word S is transmitted at the basic
bit rate of 1200 Hz and, as before, the sync code word is selected to
indicate the data rate to be used in transmitting at least the first
20 code word of the next following transmission within the current
) transmission sequence. At the commencement of the relevant frame
the RIC(x) concatenated with a high rate message HRM is transmitted.
The RIC(x) is sent at, say, 6.4 kb/s whilst the HRM is at a higher
rate of, say, 30 kb/s. The HRM may have a different format, that is
25 a different code word structure, to ‘normal POCSAG message code
words. In the event of the HRM spanning two batches, the sync code
word is transmitted at the beginning of each b_atch at the normal data
rate. |
Figure 4 si;ows an alternative message format to that shown in
30 Figure 3 but which is compatible with POCSAG. This alternative
format is a synchronous format and has a cyclic structure with each



and assum %at there is no need for the receiver to repmain energised, it
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lm the event of a nessage being sent, the RIC of the destination secondary
station is appended to the front of the masésage and it is despatched in
Its assigned frame. |f the concatenated- bit message code words exceed
the duration of a frane then apart fromthe insertion of the sync. code
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bit rate of 6.4tskiRle, and oswdex@mmesmgddltesatmgmordaema efsameoddhor ds
of which there QrgndsyChtiohYMay BE redtHctdl 35 exkififfing” the HilbbRaC fahieIu" ' N9
10 in only one of the batches in the cycle (also specified by the RIC).
In order for a secondary station to be able to identify the start of
a cycle when operating in batch mode, a code word, termed a batch
zero marker (BZM), is inserted in the first frame of the first batch
BO of a cycle. The BZM is a non allocated address code word. When
18 operating in a cycle mode the secondary station is allocated to only
one frame in each cycle and in consequence the BZM is not required.
In operation the sync code word at the beginning of each batch is
transmitted at 1200 b/s to be compatible with POCSAG, the RIC is
transmitted to say 6.4 kb/s and the HRM is at higher rate of say 30
20 kb/s. The format of a high rate numeric message code word may be
different from that of a high rate alphanumeric code word.

) As explained with reference to Figure 1, the HRM signal may be
subject to 1ISI which will require the signal as received to be
equalised in order to obtain a decodable signal. If the equalisation

25 is done by the secondary station in real time, the current
consumption will be relatively high and will require a high output
power source of a type which is unattractive for this application.

This problem can be overcome by a secondary station on
receiving a high data message HRM storing everything that is

30 received in a buffer memory, the size of which is known to the
control terminal, and once the message is complete, the data is



a seco r tion to receive a high rate nessage H Lgher 5
bi t ra{kgag%[’,zéégy, 30 kb/s is used to transm t Iogg d%%g’&‘gég The
foll owi ng exanple will begin at the left hand side of Figure 3 with the '
transm ssion of a sync. code word S at'1 he normal rate used in the :
selective call system The sync code rd is selected froma group of- sync
code words, each of which conditions 10 the secondary station for the

i on of_at | he fi d d in the next foll awi.
{ranem soi opauaed ot ML Fhe i, Mioncisdl e enieh e itBREen i 11 e

the data ratred(éds Gthe kpésk tarémt usraih f Asquiledodfndhe hoaiehsedudiel v
transmtted address code word Rl C%)a% The particul ar address code word

R C(x) chos@&qualisation techpiquesused cafrbeyany suitable,kpowp teshnigue sHedy v
station and j<ngy I r i : dat t@eof a
concat enat e sh?age%ﬁdg'tsg%%%&géqggﬁﬂgﬁeeﬁywloﬁqgﬂén%ﬁgyncéggge&\?ord Sis
transdr t t ed HRMt has theencequalisedit i tlecadsal apd storedain Befandom abeessync code

word is selegte hWogi.cat e ' b ed. jn transmtting at

| east the fi'ﬁé’f‘g%&’ i %%b%@?%t@ﬁ&h&%ﬂ?lﬂﬁﬂﬁﬂ{tr‘ansm ssion within
the current tranfiguwei s e block stheriatichdiagramrof ae 88Ednday (statione S8V ant
frame the R C%({gqconcaten ted with a high rate message HRMis transmtted.
The R C(x) i@ t%,%@ﬂ},"‘%.@fkﬁr@%ﬁ% ng: agkpowledgements ;on; A8 rate of
say, 30 kb/ b Tt t Srhéiit. | i a
different co ee%reg@;% gﬁgﬁéée?gﬂ?\ogr'%ﬁgP&gA@n&sagé' g?)s e \s/\'/gPdosf. In the
eventOof tha HRansmitteni4f CMAakeyecstore 48 samd a ohwitiplierl 50 willabeni tted at

e D0, M Yo 38 Ind b AR A o oo o0 o
conpati bl e wi th RHeSAecondary Sstativer 88t cumpliees dn i anténrsy & rvhioh sisf or nat
and has a Cyc(tzalulpi:er.iS tté ué: trgcrzglvgmr tspageea%. An output of the. receiver stage 20
is, in the non-HRM mode of use, coupled 'to an input of a decoder 22 by
15 way of a demodulator 21. A _microcon_trollér 24 is coupled to the
output of the decoder 22 and controls the operation of the secondary
station in accoMénce with a program held in a read only memory (ROM)
26. The microcontroller 24 has inputs/outputs, as appropriate,
coupied to annunciating means 28 which may be audio, visual and/or
20 tactile, a keypad 30, data output' means, for example an LCD driver 32
) which is coupled to an LCD panel 34, and a random access memory (RAM)
36 for storing any messages which have been received and decoded.

In operation the decoder 22 'and the microcontroller 24 are

cohtin'uously energised and the receiver stage 20 is energised in
25 response to the particular battery econﬁ_mising protocol followed by
the secondary station SS. When an address code word is received, it
is demodulated, decoded, error corrected and checked to see if it is
one assigned to the secondary station. Assuming it is then depending
on the programmiﬁg of the microcontroller 24, the annunciating means
30 28 may be activated to inform the user that a call has been received.
A user by actuating a key or keys of the keypad 30 can inhibit one or
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havi ng a durat"fno,n of 6.8 seconds which is 15 tines that of%é bat ch.

This first cycle is optionally preceded by a preanble PRE of 32 bits. Each
cycle conprises 15 batches BO to Bl4 but ugike POCSAG the number, n, of
frames to a batch and the nunber, m of code 5 words to a franme depend
on factors such as the data rate and/or nodul ati on schene used in that

bat oh. . Each seqRiapY 18 Ui 1ByBbd W°4rRahRuftigl] rdinet'febifieg, 1

according to the Trame speci n exam nes "address code
words in that fraashortTinessageoalithe sameidatanmje las thes taddrassdcode exardi isi ng

the allocated frane 10 Jin.only .one of .t he batches in the cycl | so
speci fied by th@oﬂﬁ!ff'aqeﬁ the'r'ef B%/glgg s%aglpmﬂ'_r 9"5? d{]?’Bﬁ tf??rbgeﬁ%‘ﬁ%;l%’%
identify the st @norothécikedidotrestrl) €T microcbritdllentZ4) cates e odécodedd,
termed a batch zero marker (BZQQ Is inserted in the first frame of_ the

first batkh BO Sressagpdpe invthe RAM G36. a By ptvating.a deysar keyseohibed.
Vhen 15 OPREFbAd B, Na kb TRk e RAGBEGHIQIRE 24 16 feddliuk o °C

to only one frane’in eac e and I n consequence S not required.
| n operation theessagecihhom ther RAM 36 do ithei LODndriver 32 ovhithiwith dasise the

transmtted at 1200 _h/s t.o he atible wth the RIC is.

ranem (1od to DHFE98 Yere plEbBRCN e sthech 3%, HE pheEtGh desfriner 56
kb/'s. The formafarofis atypicgh fontraany raiphanumeénc Jnessule \pagersrionforming ftor ent
fromthat of a high rate alphanunmeric code word. As explained with

referenc‘@to Fi &‘Lﬁ@oﬁsﬁﬁé rd; gnal may be subject to ISl which wll
require the signal apeféififigVRH- Figure®5, in order to handle high rate messages

HRM of a type as described with reference to Figure 3, the secondary

station SS further comprises a first and secdnd changeover switching

means 38,40 whose movable contacts (or electronic equivalents) are

15 connected respectively to the output of the receiver stage 20 and to

the input of the decoder 22, COrrespond_ing fixed contacts "a" of the

switching means 38,40 are connected to the input and output,

respectively, of the demodulator. The other fixed contact "b" of the

switching means 38 is connected to a RAM 42 whose output is coupled

20 to the input of an equaliser 44 which also functions as a

demodulator. The output of the equaliser 44 is coupled to the other

’ fixed contact "b" of the switching means 40. Operation of the
switching means 38,40 is controlled by the microcontrolier 24.

The movable contacts of the switching means 38,40 are

25 connected to their contacts "a" when the secondary station S8S is in

its standby mode. If a sync code word is received which indicates

that the data rate of address code words transmitted in the following

frames of the batch are to be transmitted at a higher bit rate, say

6.4 kbfs, the microcontroller causes the frequency of the clock rate

30 signal applied to the decoder 22 to be increased. A secondary

station on receiving an address code word which it recognises as
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‘i ses an antenna 18 which is

lier SOHﬁgIgI ﬁ g??‘f§{°£$qasﬂ'§gﬁémate to refinenents of the

node of use, coupled to an input of a decoder 22 by
i rder to ImRiement. dhe rigcertion of; andogubsaquent tmallsatnon

of high rate data messages. :

Block 52 indicates the start of the fiow chart and assumes that
the secondary station is bit and batch sy'nchronised, Block 54
indicates a secondary station SS'powering-up to receive a sync code
word. Block 56 denotes checking if the sync code word is a special -
sync code word indicating amongst other things that a higher than
normal bit rate is being used to transmit address code words in the
following frames of the batch.

Assuming that the answer is No (N), .the flow chart proceeds to
a block 58 indicating a secondary station powering up to receive any
address code words which are transmitted in “its allocated frame.
Block 60 indicates checking any address code words received to see
if they are for the secondary station. If the answer is No (N) the
flow chart reverts to the block 54. If the answer is Yes (Y), then in
block 62 a check is made to see if the annunciating devices have been
inhibited and if not (N) _'the flow chart proceeds to block 64 which
indicates the step of energising the annunciating devices. If the
answer in the block 62 is Yes (Y), the fiow chart from the blocks
62,64 proceeds to a block 66 which checks to see if there is a
concatenated message. If not (N), the flow chart reverts to the
block 54. However, if Yes (Y), the flow chart proceeds to a block 68

in
way

receiving a high data nessage HRM



out put of the decoder 22 and controls the operation of the secondar

station i n"REP¥nce with a programheld in a read only nEHBy 26.
The mcrocontroller 24 has inputs/outputs, as appropriate, coupled to
annunci ati ng neans 28 which may be audi o, visual and/or 20 tactile, a

keypad 30, data output neans, for exanple Y LcD driver 32 which is coupl ed
to an LCD panel 34, and a random access nenory (RAM 36 for storing any

messages whi ch haye been recei ved and decoded. In aperation the decoder 22
and the mcr ocoH‘ﬁ"& Ié"% ;tgﬁ OBREAlRN 0 9% | SIOERS Bi s39e t nBlopke o70d2

stage 20 is e“eBGhéﬁdﬁé“lr%fpe ive OrETRAGSE o‘forehaﬁxfgpﬁﬁf iacuééfe 2 Inféskage

economi si ng protocol followed by the secondary station SS. n an address
code word is relefespanse to pisee agtivatingdhe keypadiend displaying #r r ect ed and

checked to see if itgi& 0 | t Rat; Y, Lgn 1,Qg it
I s then dependi ng on"t@‘gr 56%8?@%5@3:%5%'%?%3?83@%&@ l%hbﬂzar,déﬁﬁggltg
annunci a6 ng neblogk3074 whidhS relgtebe tocttheateperation nbbr theé henicrdeontrolier a
o Pee - Egruns ‘i oo siehuny Yo' B Bnbied % Bt Sindlaldd” BRS¢
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required. If a short nessage at the sane data rate as 't he address code word

i s concat enat edfafi #ts fratee pAgPrgrctal bet able tmdeceive any Bddresgeeedr: wverds
error checked/ C%f&“ﬁ% ﬁgﬁwgoconh[&kl ef§ _2%1315@?% tg..% dgé&g gnS of
0 e in y of the

message to be stored Int 6. By actuating a key or key
keypad 30, a usssceivimg i arxd rdecdodiniye the caddress r obdeerwlrtist 0 inedlockut8Q tthe

Tessage oM t NG e Rded Sdirest Code Words 4fe checked fo'sét it afj ‘bre of'Them is
for the secondary station. If the answer is No (N) the flow chart
reverts to the block 54 but if it is Yes (Y) a check is made to see if
the annunciating devices are to be inhibited and if the answer is No

15 (N), these devices are energised, block 84. If the answer in the
block 82 is Yes (Y), the flow chart from this block and the block 84
proceeds to the block 86 which relates to the microcontrolier
configuring the secondary station to receive the concatenated HRM.

' Block 88 relates to storing the HRM data. Block 90 relates to

20 checking if the data storage has finished. If it has not (N), the

flow chart reverts to the block 88 but if it has (Y) the flow chart

’ proceeds to a block 92 which relates to the secondary station
resetting itself in readiness for the next sync code word.

A branch of the flow chart from the Y output of the block 90 .

25 proceeds to a block 94 which relates to reading-out and equalising
the data in the HRM and then to a block 96 which relates to decoding
of the HRM. Thereafter, the flow chart proceeds to the block 68 in
which the decoded HRM is stored.

It is emphasised that this flow chart relates to a secondary

30 station which is able to operate as a POCSAG message pager and as a
terminat for receiving HRMs. However, the secondary station may be



message | spl ayed on the screen 34. The operatio ed so far isc
typi cal “%og?ﬁgggy al phanuneri c nessage pagers conform ng"‘ﬁﬁiﬁw t he -
POCSAG standard. Referring to Figure 5, in order to handle high rate
nmessages HRM of a type as described w t‘lll reference to Figure 3, the

secondary station SS further conprises first and second changeover
swi tching. neans 38, 40 whose novabl e cont acts (or electronic equivalents)

are 15 ect res vely_tao out pyt of the.rec er _stage 20
and to the |?1 55)% o8 &?ﬁ?%@ﬁoﬁ%“n&yﬁe%d"bo 5!9& °"ﬁ¥1 of the
swi t chi ng neﬁlﬁscﬁﬁt 4%ésrsagssmraet efarigmitte® wEmGg aNE GHesddge ' fsrRREL i vel y,
of the denodul ator The other fixed contact "b" of the swtchi ng neans 38

i s connect edgeneral Wsﬁﬂbﬂﬂowhoﬁﬁmnqes teofiiguwre o in whighy casge the nput  of
an equal i sefiqdchdivill Emit t i at d%ﬁ“?H{% fmgﬂaeonhEFt of the_

equaliser 44 1s coupled to 't e ot cont ac e swtching
means540. Cpperations; dort lexagyile crteygtrahnarns aae mhmudadgarmnts,d apdt he

m crocontr ol 4, ble nt t W|tch| ng. means 38,40 are
25 connér& é‘% gahﬁgﬁ'&g ont g?ca" gvﬁr@H g@c?ﬂﬂﬂ‘ A &8N0 éSS is in
Its standby omiited. If a sync code word I's received which indicates that the
data rate of addr rds transmitted ipn_the f IIovmngframes of the
batch are to be t %sﬁ'f‘ﬂrg\éﬁatse&" ¥ Stafion rgge“@ IlQYlsPomé

m crocontr ol {rgfsrfifteF €46 [Wikereb gqﬂﬁﬂfo\lvléﬂgélﬁ%ﬁ' andfof ?E@ &%es such! g§al

applied to the decoder 22 to be I ncreased A secon station on
recellQi ng anmessagss Lroard cepastsd cani ba relayeﬂ:dgnamegna'ange haseo Stativhd 7

PCT/ 1 B95/ 002'?ije actual acknowledgement sent is generated by the microcontroller
24 and will be a single puise or a shcrt.- low_ bit rate signal. in the
case of a single pulse having a duration of 100 mS and transmitted
at an output power of 300 mw, it is estimated that it will have a

15 range of 10 km. As a refinement the signals may be transmitted as a
direct sequence spread spectrum signa_l. in order to do this one or more
orthogonal pseudo-random code sequences are stored in a store 48. The
microcontroller 24 controls the reading out of a code sequence from the store 48

_ which is connected to a multiplier 50 in which the pulse is multlplled by the

20 code sequence.

) in an embodtment of the system there are 48 code sequences
arranged in eight sets of six code sequences so that in the example
described above there is a set for each frame in a POCSAG batch. The
base stations in the selective call system and the secondary stations all store

25 the eight sets of code sequences and the. address code word(s) aliocated to
the secondary station- indicates the frame in the batch in which the address
code words will be transmitted and in so doing will select the code sequence
to be used by the secondary station when replying to a signal. A reason for
-allocating six code.sequences to each set is that a simple reply can be sent

30 to the system controlier from a secondary station via the base stations. By
way of example, the following messages can be assigned to a respective



12 being n ne which is allocated to it but also ing e data
rate of a g%vr??g{zgsﬁgt ed high rate nessage HRM causes the mq’lg(r}g%%a’f’{rggl ler 24
tqQ actuate the switching nmeans 38,40 to switch to their contacts "b" so
that the HRMis stored, as received, in thgRAMS5 42 which is cl ocked
at the bit rate of the HRM Once the conpl et’e nessage has been received,
the data is read out of the RAM 42 for equalisation in non-real tine at |ow

power. The equal | sed_si ]y decoded -and stored in the RAM
36. Figure 6 is é&% %%%%tiﬁ%w%gggqu nce of operations required 10
in order to inplEodeiSegoencedspt i secondanasthtionbincthecareactpnahe spurposes of

hi gh rate data nessages. Block 52 in iag.at es .the start of the flow chart and
assumes that the secondary stati ofPHSIFaYPP OO bat ch synchronised. Bl ock

54 indicates a sgg@dGrguefitedi-ON Recive® ldst hedsahe, " eceive a sync code 15
word. Bl ock 56 denot %bchecki ng it the sync co ebword s a special sync

code wor d5i ndi ca€odg Sequaner 3ot heRead imegsagats). a hi gher than normal bit

rate i s being us Lt ad @ words in the follow ng frames

of the batch. m@%%&hpﬁﬁéé tlhe aﬁéﬁ% I'S (N), the flow chart proceeds

to 20 a bl oCbdé®Sequencsmbi-ng Answer™Nbiry station powering up to receive

any address code rds which are franspjtted in its allocated frane. Bl ock
R4% |

60 i ndi cates che® egHencR o s sRes Hes889%i ved to see if they are

for the secondary st ghidperatid’ whé® acstneRl terfmind) hablseht'd8 HRMo@'8édondaner t s
to the block 54. If the answer is Yes (Y), then in 25 bl ock 62 a check

i s made 19 see istation, Hhermicocantiojetiin a#&mgeﬁeeﬁonmrﬁm Wil if thenot
(o e e BEE RS e ol Y G cicahein. kb reply
pulse with, say, Code Sequence 2 and transmit the signal. As-the control. -
terminal knows to which secondary station a high rate message has been
sent, the protocol will allow a suitable time to elapse before transmitting a
15 further message to that secondary station.

An advantage of using spread spectrum signalling over transmitting a
narrow band signal is that a 100 mS signal has a bandwidth of 10 Hz and
such a signal would be difficult to detect as the stability of the crystals in the
transmitter and receiver is unlikely to be better than 100 Hz. Spreading the

20 signal to the width of the pager channel, say 25 kHz, should make it easier
to detect. Also, two or more secondary stations can transmit their responses
’ simultaneously without the risk of each response not being recoverable.
in the event of the control terminal having 2 or more long data
messages to send to the same secondary station, it can adopt a strategy,
25 particularly with a secondary station which is not equipped with a transmitter
48, of transmitting the first long data message, waiting for a period of time
which it knows the secondary station will require to equalise, decode and
store the first long data message, and then transknitting the second long data
message. If the secondary station is equipped with a transmitter 46, it can
30 transmit an acknowledgement pulse after which the control terminal will know

that a second long message can be transmitted.



answer jBolha.pl ock 62 is Yes (Y), the flow chart fron}%%&grs 62, 64

proceeds 0 a bl ock 66 which checks to see if there is

concat enated nessage. |If not (N), the flow chart reverts to the block 54. ,
However, if Yes (Y), the flow chart pri eeds to a bl ock 68 WO 95/ 29547
PCT/ 1 B95/ 00291 13 whi ch denotes the opelation of storing a nessage. Bl ocks
70,72 denote the respective operations of reading out a selected nessage in

response to a us act.j.vatd Y, ' | [t t he answer
n block 56 s vane %‘}Wh‘g § hekplicaly t%@&ghgﬁh@ﬂ Beihdyigdgerbft 0oL
rel ates to tgulse, inpespectioa of whettker it i multiplied with| £ tode saqueshce ean lbeck
frequency to be altered to . that indicated, by the nc code word. Block 76
denot es t he Us€otaiasyaniage i seveial was. u%"?ﬁY the @Sbﬁm& configRtBat @ be abl e

to receive %@éoﬁ&'&y%‘i&icﬁpﬂ%meEé’?edﬂi\}ecf?ans?ﬁi_ﬁsibﬁé,rtgﬁi fst it is o%hy_m
of 10 n dress

relates to the operation recelving and decoding the a
code Dwr ds. indrangs butds switched-0nc do emderda dethisthe contsolterminal bavingad t o see

the' 11 ow chdet MR Mebdlge; B 3T Y6ERRRaY, Blabh in- ranerb s JPRERLAG 7 N
SRR ikl oty o Aot el yudas e
the bl ock sgl\?s’sa“?&g\"\’g,’ regaidt; | hererier the Riaviously desciiked: REPCEAUM® ook 54 |
proceeds to fpisvdd.ock 86 which relates to the mcrocontroller configuring

the secondary station to receive the concatenated HRM Bl ock 88 relates to
stor1@g the HRV Segondly iBhesckoowledpement pulse can be used as a registration

signal, then several facilities become possibie. _

For example, if the control terminal has several long data. messages
which have to be transmitted to different secondary stations, it can cause the
address code words, say R_Ic1 to RIC5 - see Figure 7, to be transmitted

15 successively together with an indication of when the secondary stations
should reply using spread spectrum techniques. As indicated in Figure 7.'
these responses are transmitted using spread spectrum signaliing techniques.
Once the acknowledgements/registrations _SS.REP have been recovered, the
control terrﬁinal knows which secondary stations are switched-on, for

20 example RIC1, RIC3 and RIC4, and can send the long data messages

' RIC1IMESS, RIC3MESS and RIC4MESS out in succession. Each of the
switched-on secondary stations on receiving the data messége addressed to
it can then power down'its receiver and if appropriate equalise the received
signal off line. As a variant of the described procedure, the control terminal
25 can instruct by the transmissioh of appropriate indicia to each of the
. switched-on secondary stations when, relative to a time reference, say the
occurrence of a sync. pulse, to energise its receiving stage in order to be
able to receive its long data message. , . '

in another eiampl_e_ illustrated in Figure 8, the control terminal operates

30 = aregistration sequence, diagram A, which is followed by a message delivery
sequence, diagram B. The registration sequence makes use of the POCSAG



20 cheggbfsdsif the data storage has finished. |If it pemuIgheofN) . the
flow chart reverts to the block 88 but if it has (Y) the flow chart
proceeds to a block 92 which relates to the secondary station resetting
itself in readiness for the next sync codejyord. A branch of the flow chart
fromthe Y output of the block 90 25 proceeds to a bl ock 94 which
relates to readi ng-out and equalising the data in the HRM and then to a

bl ock 98 which & ' r Rnhﬁ?f chart
proceeds to the a Eﬁg%@ |ﬂ%§ﬂ?gﬂ&{ %%téc?ggeg vﬁ sl gﬁ{sci géded $ MR
enphasi sed t hat fmllnwed‘bwmgbh&am%elﬂteesymeswdrﬁiwgeleﬁed to mdscaie ithvat
which is able tq e.as a er d erm nal for
recei vi ng HRMs. aﬁ@&@; Od% H’é’r%{(%ﬁ {E'iﬁ'ﬁiﬁ?grﬁqﬁﬁy Eg kgl?sv@cgg) J83pppse

PCT/ 1 B95/ 00291 iMerefampendrdised seeonddry stationsssill agaptihemielves uebsrdirgly. Whi ch
only telescript nmessages are transmitted_ using the nessage format

general | W descr |’b@@? ﬂrs(trfram# & eﬂi'éecqfﬁr‘*tﬂ'ﬂ?'@a‘@’ﬁﬂgﬁlfeh acsaauenge of leightchar t
will omt at |egg ﬁan QO d! fhetfifs ﬁg@t@rthé basel_stﬁﬂﬁfs%' ons,

for exanple regi st rat I on edgehent s, checks urthernore
if 1Sl is not aswﬁobnemcemfmmewlpdmmpbadmmt@ thaiF2THurirg 62t that ed

Secondar Y 5ot BhgRaehd Sphiandshii P Kbt BB PRt .o
be relayed to asigmlkéxmwme&uewlasrsprawsmm sigRklROMie dgcseguencent i s
generated by the mcrocgntrolle
10 correspondlng to the transm:ssmn of the address code words, if necessary
in response to an invitation by the control terminal. This cycle is repeated in
the three pairs of frames remaining in the batch. Once the registration
seguence, which may extend over several batches, has been completed, the
control terminal then embarks on a message delivery sequence which does
15 not necessarily conform to the POCSAG format and commences with the
transmission of a sync code word S which not only has an indication of the
data rate of the address code words A but also an indication that special
message delivery sequence is being followed. Thereafter, a pattern of
address code word A and concatenated HRM is followed until all the HRMs
20 have been delivered. As mentioned previously the address code word
' includes an indication of the data rate of HRM. Also the control terminal will
’ separate the transmissions of two HRMs to the same secondary station in
order to enable the first HRM to be equalised in the interim.
Acknowledgements and/or replies can be transmitted after completion of the
25 message delivery sequence.
In the event of a secondary station not registering, the control terminal
stores the message. )
A further example of the use of acknowledgement puises is if it is
assumed that daily a control terminal has on average 3 long data messages
30 for a particular secondary station. In order to reduce the number of
transmissions which have to be made by the secondary station, the



24 and vdés9gza single pulse or a short, low bit rate prdBedngadhn the case \
of a single pulse having a duration of 100 nS and transmtted at an out put

power of 300 mW it is estinated that it will have a 15 range of 10
km As a refinenent the signals may be ansmtted as a direct sequence
spread spectrumsignal. In order to do this one or nore orthogonal

pseudo-random code sequences are stored in a store 48. The mcrocontrol ler
24 controls | ﬁQ&ﬁ'ﬁﬁ“ Jretal ' ichis
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code sequencthe selectioncofom predetermined ispreagsspectiuire cedey rae responseldo thejuences
arranged in gight sets af six code sequences ,s0 that in the exanple

descri bed abﬁ@g"ﬁ?@?ge'i g"ﬁ"@iﬁs ?fgrlesgg#sfr\?agﬁebqq{l av ﬂ_vge'baf[ ch. The base
stations in the smltﬁébvumdfaldecauemrsmm&gpre%e Alongdatd imedsage | store
25 t he eight sets of code sequences and the address code word(s)

al | ocBt ed t oinfreguentivs thm ahova-mantian optien is Bet viahles Thecantrol tesminal dm | n
which th d '  toL dqi ||

Sol et e cSugiP saffort 64 ettt tnd e taid Rt llanif e Bafitig e L
to a signal . pagercasking i to vetifyreceiphof thedransnitted: ipngndata messageh set is that

a sinple reply ca ; \ traller fro
secondary stati onR\'/.‘ Isﬁﬁ@%éggalﬁrggé%éW%%W%@lgﬁlﬁag,be[ 'ﬁ%era‘ %?I oW ng
nmessages canalmedrssofdocatingo asecondaytstation in 4/0R8inalNcHst, cellular system
PCT/ | B95/ 00291 15, code sequenge in each set, that js: Code Sequence 1 -

secon@ary st 8hown forexample in Figure & aea nelluige system inawhish each sellds iy

fact a group of simulcast transmitters. Referring to Figure 9, cells C1, C2
and C3 are shown conveniently as regular hexagons but their actual shape
is determined by the topographical features of the geographical area
concerned. Each cell has at least one base station BS1, BS2 and BS3,
15 respectively, which may operate on a single-fréquency channel or respective
separate frequencies which also will require the secondary station SS to be
frequency agile. One advahtage of a single frequency cellular arrangement
over a simulcast system is that once the cell in which a secondary station is
present is identified, the control terminal 10 only need instruct the base
20 ~ station in that cell to transmit the paging call and subsequent message, if
required. This gives the possibility of a base .station in a distant cell
transniitting simuitaneously a different message to a different secondary
station on the same single frequency channel. Multiplexing transmissions
by base stations using the same frequency channel is- also possible, for

25 example, by means of time sharing. ' |
in order to establish in which cell a mobile secondary station SS is
located in Figure 9, the control terminal 10 causes each of the base stations
to transmit the secondary station’s address code word, in tumn, as shown in
diagram A of Figuré 10. The secdndary_station on receiving an address code
30 word requiring it to register, transmits a low power response which may
comprise a singie pulse SSREP (diagram B of Figure 10), -as described



Code Seque Recei ved | ast nessage. 5 Code Se Read
rressage(s) Wc&)“'z”sgequence 4 - Answer "Yes". Code Sequencgyéﬂﬁ’gs’%ﬁ%\/\er

"MNo". Code Sequence 6- Resend | ast nmessage. | n operation when a control
term nal has sent a HRMto a secondary 10 9 station, the mcrocontroller
in the addressed secondary station wll, it the nmessage has been received-

and decoded successfully, multiply the reply pulse with, say Code Sequence

2 and transmt the. signal the c tro iy ich s ondary
station a hi gh PHYP E@Aﬁ Igas[?e E’@nbé.lt £ %%t%'&\“se\ﬁn ?q rﬁ??%?v
suitable tine tﬂaﬁémrs%brbeif thecsddontary statiows adlifess codd wotdand Expeageot 0
that secondary station. An advantage of using Sértgrggn%ectrum Si gnal i ng

over transmtti fgpea/enar rqmst!ﬁm sighak within @, pre time, perioda s 1 no
bandni di h of 10, % B8 1 1 oo i SR oo

stability of the rystals |nt transmtter an recerver 1s to be
better tBan 100isHhot iSthatasiin g-IQWmIeZ(lt is possible ifthe secondaey statiom ls)lfleaf‘rtbepager

ch I 25 houl d to

Coaondnry ot ai 1 SRETAREIP PofndFHES, riaws uBrs, Sel Tof et Ra8E setbR BadlB® e
risk of each rem&ﬁw@é ﬁt@aﬁtm s@mlseradvlsachldsirmhfsmtmf base stationsol
term nal having nor e Ion% ‘ta me?t?\ages to.send to the sane secondary

station, it canpﬁmﬂﬁ the confral inay 40 with a reﬁgwqu siang) ‘P‘P'W ?ﬂ"ﬁa@é‘ﬁ@rfﬂﬁr y
station which i goppdy téﬂh’ihﬂméhd&ste? vots WRith ib b bédt s@{ ﬁ'&%@?ghbté%‘lhé he

first long data nmessage, waltin or a period It "knows
secondar® st at i cell ini mlm@elreapecﬂvedhalhase stamrbnsdoeatadmgng e onesn I ong

Secondary. ot at i IRg gebAREY iaeRR 4 BRsbE TiBals & oftidu TEpaRates b "

transnit an ackvoligdod registratidrsRES by theborttol Mlnalnt rol terminal will -
know that a second | ft)?sg posslglggfor t(i\%nco%(taroi { ?’tr'}l?nn;l t‘lo to initiate a secondary station
location search operation by using past experience of which cell(s) the
15 secondary station has been found to have been in previously. A system
operator may require secondary station users to elect the cell in which they
believe they will most likely expect to be in and initiate any location search
operation at that cell.

Instead of a cell by cell search, the transmission of a secondary

20 station’s address code word can be done on the wide area broadcast channel
or through the cellular network interleaved with message bodies, the latter
, transmissions being into every cell.

in any event once the secondary station has been located, the

reception of the long data message and if appropriate its off-line equalisation
25 is implemented in the manner described previously.

Figure 11 illustrates for the sake of completeness a biock schematic
diagram of a control terminal 10 and a base station BS which is coupled to
the control terminal 10 by a landline 100. The control terminal is coupled to
the PSTN for the reéeipt of messages to be transmitted by the base station

30 transmitter Tx and for the onward transmission of responses from secondary
stations which are received by the base station receiver Rx, in each case
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abili tyWBPy?a?s%condary station to transmt an acknovM-eHﬁEm?ﬂmehl se,
irrespective of whether it is nultiplied with a code sequence, can be used |,
to advantage is several ways. Firstly %he ability to confirmthat a
secondary station is able to receive t Qnsnissions, that is, that it is not
only 5 I n-range but is swtched-on. In order to dothrs the control

term nal having a_lon a ssa e for eco station | transmit a
special RIC H"l&u F'T%g‘%’!‘f@i 9e§st°5t| gf 'LQHAﬁsarﬁ ially
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?cknf)vvl edgegﬂlﬁ and lapcencoder/decnsien 198. aArf@QﬁSGOQMMM‘EQ gmes messagesever al
v o |+ on it REBS. SadryfiBl o5 ihbete batbf BEON fipohts RAVLI 2"
seconBary ststbresnrespohsesinecsivext vish ¢herdéceiver Rxde Also connectedRioCtheé 0 RI G5 -
ISﬁSI E;?Iu(r)ﬁ (739 to b$t1h ansm tted}i‘é@éﬁ ngﬁessf&r \"rthél t oge her V\dth an

spectrum t ecqigidie' 16 foF stdi‘iﬁb“éﬂtthé pﬁu&b@ﬂﬁdbrﬁ coHB%‘eQuéﬁéé@Qﬁd’% étbl%
transmtted using spread spectrum signalling techni gues Once th

acknow edgenﬂrﬂ §9|'r EQﬁPJ'PQ & FQQ@'%D“RE"W%VJ’!%@H% @desﬁf@aﬂbr& rol
L . R THREP B b A8 i, 6 PBEfng e 8060 o1 1
R C3MESS andreBeivéd/sigidabut i n succession. Each of the switched-on secondary
Tte receiver and RUB A siietee S BRIAIRE A dmurathica) maion 120 which " 1"
five centres of large population, for convenience termed cities A1 to A5,
located in an otherwise low populated rural area B. Each of the cities A1 to
A5 has its own selective call system operating on one and the same
15 frequéncy channel and the distance between the cities is such that
transmissions do not interfere with each other. The mral area also has a
selective call system operating on the same frequency channel as the cities.
In order to deal with the different levels of selective call traffic required in the
cities and in the rural area, the cities A1 to A5 are treated as five
20 autonomous areas, the base stations in each of which are transmitting a
| sequence of selective calls and rriessages simultaneously in a first time
period and the base stations in the rural area transmit a burst of selective
calls in a second time period which alternates with the first time peridds. By
multiplexing the cities and rural area in this way it is possible for example for
25 each of the cities to adopt a high rate message mode requiring the
interleaving of selective calls transmitted at say 6.4 kb/s with long data
messages transmitted at say 30 kb/s and for the rural area to operate a 1200
bl/s POCSAG selective call and message service. Furthermore by grouping
the cities in this way and alternating the transmissions with the area B there
30 is achieved ‘increased system capacity of 3 determined by the simple
equation:



signal off ]I a variant of the described procedure, nt.r ol

te?m’ nal Zgllégﬁzgs@;n I nstruct by the transm ssi gn of appro%?f’??&oqzﬁhi ciato
egch of the sw tched-on secondary stations when, relative to a tine
reference, say the occurrence of a sync. Fﬁ'él se, to energise its receiving
stage in order to be able to receive its |1Ong data nessage. |n another

exanple illustrated in Figure 8, the control term nal operates 30 a
regi stration sequence, diagramA, which is followed by a nessage delivery

sequence, diagramB. T ﬁ&gio?tcﬁ%ipﬁuﬁﬁﬂu&'“ﬁﬁal% usegQ %t he POCSAG
np
"
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batch format in that each batch begir?s wth a sync code Sand is

foll owed by eight franes. The sync code word S is selected to indicate that
address code words will be transmtted at say 6.4 kb/s and in response

thereto any ener gi SegusRi¥ialoreStalihgblRioN hds BIGPeldHBRBEN RS GAfgh YN0 V-

5 In the first fr “t'he con erm arranges for a sequence
of ei ght address pagihg system, the inventiom san tbiecapplied tordedicated personat radibase

stations to switch to receijve for ti eriod carresponding to the F2.
Buri ng F2. the. Al syStents Ghichars iodenerienf ot af pxEfid BRBBE SYRmor ¢ ol
acknow eggement si grevofn Geh@iRg frieTprédstnt CdiStivste, TlterathodRationsnwillopél s or
in the sequence 10 correspondl.ng‘hto the transm ssion of the address

B

code words, if RRATeBtiopersons:skilladio the atty Such madifications may invaine ether
termnal. This guglgs 'v?hiéif%‘??%ahg Knidfwn! iﬁr@% Eﬁé@; Man € dndHsé!of9 ' N
ra I C y exten I

the batch. Once the regis I'on sequence, over severa
bat ches, has besaiectivedalitsystemshand receivers therefonand which reap belisedinstead:ssage

delvery sequenge uhi-hullRs3 iditures airdhdl deSSA5ST Helein ARhBIGH olbfind RgvE O°SAC
10 been formulated in this application to particular combinations of features, it
should be understood that the scope of the disclosure of the present
application aiso includes any novel feature or any novel combin_ation of
features disclosed herein either explicitly or implicitly or any generalisation
thereof, whether or not it relates to the same invention as presently claimed
15 in any claim and whether or not it mitigates any or ail 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 combinations of
such features during the prosecution of the present application or of any
) further application derived therefrom.
20
Industrial Applicability
High rate message transmission systems for telescript messages.
Combined paging and high rate message transmission systems. Personal

radio mail systems.



transm ssion of a sync code word S which not only has an indication of the :"
dat a r aive 98hedstie address code words A but al so an i ndi peirisuebieat speci al
nmessage delivery sequence is being followed. Thereafter, a pattern of s

address code vvor(r‘]iug i ted HRMis followed until all the HRMs 20 °
have been delive m "ﬂﬂmymﬂa prevpously the address code word includes
an indication of thecdata watse of HRM Al so the control termnal wll '
separate the transnmi ssions of two HRM6 to the sane secondary station in

order to enaglgmee first HRMto be equalised in the interim

Acknow edgenments and/or replies can be transnmtted after conpletion of t he
25 nessage del i vé pelestivegalk system semprising afcontroliero @t degstseng i on not

regi stering, ' ; npl e of
the use. of - ASSCRFRSH Uik i e Roriioller e BF oSBT BAUE stafion LRGN (T ° 0
term nal hastransmitter, dlye cOntralley hawing meansifprengdding daté messagesignals ar
have Do be. riihhBper bl réleihan prets.Sansls of REcondappsiatpascand ot st " "
PCT/ 1 B95/ 0028He beBordefy Osthatis Havitig %fgn%ﬁ)feééiﬁn?eﬁéﬂﬁs,t tiecuding Theang an '
carry, for exanple b¥ he sel ection of a predeternm ned spread spectrum
code, a res;ﬁ?\giqup he: receiving fpeans,; and ceatrel meaps whishJnJespongeotheen

gi ven above.; ﬁlhf*- ;ib Vfdb(r? - (o Siidpts fi{edd I S rékélde ong data
nmessage 5 idé [ sea:?uent %oﬂezﬁgbove-p\fn%ntio-r?agggpdanmfs no'? Vi a ée.. The
control terrhigher bitrate mhessagetsignal.on can instruct the base station(s) to

LN o Tt oA e e BhAS h' ok " o8RG n St e
controller has means for concatenating the higher bit rate message signal
with an address code word identifying the _sécond_ary station and for causing
the address i;ode word to include an indication of the data rate of the

~ concatenated higher bit rate signal. o | |
15 3. Asystemas claimed'in_'claim 2, chataqteﬁsed in that the data
‘message is formatted differently from the address code word. -
4.  Aselective call system as claimed i_n claim 2 or 3, characterised
in that the system is a synchronous system, in ihét_ the 'controll_er formats a .
. packet to be transmitted, said packet having a batch structure, each batch
20 consisting of a 'sync. code word and a predetermined number of frames, in
' that the secondary station is allocated to a predetermined frame, and in that
for each batch the controller selects a sync. _'code word indicative of at least
the data rate of the address code words and in that the secondary station
has means responsive to said sync. code word for configuring the secondary
25 station in readiness to receive an addre_ss code word which may be

transmitted in its predetermined frame of the bat'ch..

5. A selective call system as claimed in ény one of claims 1 to 4,
characterised in thaf the secondary station includes means for equalisihg the
higher bit rate message signal in non-real time.

30 6. A selective call system as claimed in claim 5, characterised in
that the secondary station has means for determining the end of a higher bit



A registragj 'gnal produced by a secondary station can S a
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10 shown for exanple in Figure 9 or a cellular systemin which each

cell is in fact a [ st tranggitters. Referring to Figure 9
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. A Gy
termnal 10 only neee*g I nstruct the base 20 station in that cell to
transmi t5t he pameans antimeans fonigepqating artespanse signal and,in that thepeath s

the possibility of t] j ' t cell transmttin :
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9. A selective call system as claimed in claim 8, characterised in

that there are a pluraiity of base stations which define geographically
15 distributed cells, and in that the base stations’ transmissions are multiplexed
on a single transmission channel. _

10. A selective call system as claimed in claim 9, characterised in

~ that each base station has a receiver, in that the controller has means for

_ causing each base station in tum to transmit an address signal of a

20 secondary station, in that the secondary station in response to detecting its

address, transmits a response signal, and in that the controller registers the

. secondary station as being present in the cell of the base station receiving
the response signal.

11. A selective call system as claimed in clairh 9 or 10,

25 characterised in that the controller has means for storing preferred cell
registrations of the secondary station.

12. A selective call system as claimed in claim 9, 10 or 11,
characterised in that the controller has means for storing historical cell
location information relating to a secondary station and means for utilising

30 said historical cell location information in determining a search pattern for the

selective call receiver.



19 previously. Each base station BS1 to BS3 switches to receive after
transm ,s‘g?ﬁﬂ%éﬂ the secondary station's address code woPEI/BE§02%hects to
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cration s ° Vo b AMRTIFFABIIN ovass: 705 < possibi e T the Secondary

station is near the &6vefl dppi®ngsbotindaries of two or nore cells for each
I n such

base station to detect respective registration signals.
ci rcunst ances the 1§ase"‘s§ﬁ$‘?’!ﬂ?§y rﬁ%‘!ﬁgﬂ@& H&e dpnarsnlegtivencalb sysienyiasn a
ved si ) Lty oot | : . ; . P N
Wi oh 15 ¢ he GAT@Han ol Y, K8 seoBifery WabaT biing iRl 1Roaiiig, eAng] "
respective t [decbding means coupled| tocthecnéceivingemegns,heontrad meanshivhicht ine ,
secondary stalj i | JFigure 1Q indicates e votin
and regi }s/t r a? %%R(?}ﬁé?ﬂ@g@ﬁ@}’% (ﬂ?[ %rg% S?ﬁ?% 5‘9"9 Ppgﬁqﬂg §§P‘B'I“£ar¥ éaqme ’
contrag ter mtoaeceivs achigivértbittate mensage dignal ransmitied! A base statiohch
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require seco bHS RERSh e red i & RidAS K i eve
they wll mgﬁéfzmﬁly‘%@&ect tgaﬁﬂv@kﬁgﬁééﬁntglegé 'ééda%m g@ﬁd&gﬁngéeﬂgrch
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of a secondary 20 S L.ap: S ) . on.the wide -
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event once the sec dar%/mit atior} hag been koa(i%teﬁ& the reception of the

| ong dat a meSEHFOIANR CONIR MR PR atPteS"G faton W.mﬁ%ﬂ- is

i npl enented in thqganpeigedSiddry PRMION CHé Osidimed fih Jetain 1431 -Hlyupirfges for
the sake of conpl eteness a bl ock schematic diagramof a control termnal 10
and a base stcharasterised Ry (hei eontenl jneans daving means for reconfiguring the

secondary station in- response to indicia in a sync. code word in order to be
15 able to receive an address code word. | '
| 17. A secondary station as claimed in claim 1 6,'characterised in that

said reconfiguring means adapts the secondary station in response to indicia

in an address code word in order to be able to receive a data méssage.
18. A secondary station as claimed in any one of claims 13 to 17,
20 characterised in that the control means has means for generaﬁng aresponse
' signal in response to the receipt of a higher bit rate message signal and in
that transmitting means is coupled to the control means for transmitting the

response signal.
19. A secondary station as claimed in claim 18, characterised by
25 means for storing a plurality of spread spectrum code sequences and in that
the control means includes means for selecting one of each plurality of code
* sequences to be used in transmitting a response.

20, A se!ectiVe call system comprising a controller, at least one
base station, the or each base station comprising a transmitter and a
30 receiver, the controller having means for sending higher bit ra\_te message
signals by way of the or each base station, and at least one secondary
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rural area B cities’ Al to A5 has its own selective call syst
em
operating on ortbereby the cesponse from the SG(PQ!IQ?éhégat'EHannel and the di stan%:/e
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with an indication of when the secondary stations should reply, in that the '
controller has means for determining from the replies which of the addressed

secondary stations are active and in response thereto for transmitting higher
15 bit rate message signals as spread spectrum signals to those active
addressed secondary stations.

22. A selective call system as clalmed in claim 21, characterised in
that said controller has means for ordering the sequence of, and determining
the duration of, respective higher bit rate message signals and means for

20 causing indicia to be transmitted to those secondary stations to whom higher

bit rate message signals are to be sent indicating when, relative to a time

' reference, each of the secondary stations should expect to receive its high
bit rate message signal.

23.  Aselective call system comprising at ieast one base station, the

25 or each base station having transceiving means and at least one secondary
station having transceiving means, said base stations having means for
generating reglstratlon invitation signals and for transmitting said invitation
signals and sald at least one secondary station having means for generating
a registration signal in response to the receipt of an invitation signal and for

30 transmitting said registration signal.
24. A selective call system as claimed in claim 23, characterised in
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Base st at iaaggwsgger conprises a receiver. 8. A sel ecti per/osdsboy st em as
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mo 95/ 2934 PCT/1 B95/ 00291 13. A
secondary s a’fs’%“ for use in a selective call systemas cl SRRSO i m 1,
t he secondary station having signal receiving neans, decodi ng nmeans coupl ed
to the receiving neans, control nmeans which in response to identifying an
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bit rate nmessage signal transmtted by ase station. 14. A secondary
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(57) Abstract

A selective call system in which base stations (BS1, BS2) transmit address code words at a predelexmmed data rate. High rate
telescript information having a length of say more than 500 characters, for example an E-mail message, is transmitted at a data rate greater
than that used for sending address code words. In the event of the system being a simulcast system, intersymbol interference (ISI) may occur
and in order to reduce the effects of ISI on the decoding of the telescript information whilst avoiding an unnecessarily large drain on the
secondary station’s batteries, the telescript information as received for a specific secondary station is stored and subsequently equalised in
non-real time. The mobile terminal unit may include a transmitter for transmitting acknowledgement or other response signals, for example
as spread spectrum signals. The acknowledgement signals may be used as a means for locating the mobile terminal unit.
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