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DESCRI PTI ON¢ WO 96103820 METHOD OF AND SYSTEM FOR COVMUNI CATI NG

VESSAGES 5 Technical Field The present
i nvention relates to a nethod of, and system for, comuni cati ng
nmessages and particularly to inproving the rreésage success rate

for a carrier to ﬁg rati o. The present invention also relates to .
conponent parts of Fﬂeﬁd% nanely generally. fixed site primary stations -
10 and gener all'y noveabl e secondary- stati ons. . Background
Art For conveni ence of description the resent |nvent|on

will be described  METHOD OR\AND SYSIEM ROR LQMMUNIGA BHGESt em

whi ch has been evol ved from and is conpati bl e Wi t h POCSAG or
Ccl R Radi opagi ng Code No 1, the 15 details of which are discl osed
in "The Book of t hieeobdidal Rieldopagi ng Code _ No 1" avail abI e from

the Secretary, RCSG British Teleco Radl agi ng,
Street, London WP 6HQ1L|191 RIESYMqiYE t'%‘t RG2 %Pﬂ% of, and system PO"

nessages are tr a”%&ﬁﬁw@ﬁ:cbﬂné’ﬁie%?éée@éﬁ@p@ﬁnc%r&% ﬁﬁﬁﬂbﬂn’bﬁﬁe%essa e success
synchroni sation code word and 8 frames each conprising 2 code words 20
Each pager or ‘secdateafoy ascairiento neisepawprdatio o%emsewwenﬁqmabo\miam to
component parts of the system namely generally fixed site primary stations
.10 - and generally moveable secondary stations.
~ Background Art |
For convenience of description the present invention will be described -
-with reference to a high speed paging system which has been evolved from
and is compatible wnth, POCSAG or CCIR Radiopaging Code No 1, the
15 - details of which are disclosed in "The Book of the CCIR Radiopaging Code
No 1" available from the Secretary, RCSG, British Telecom, Radiopaging, 23
-Howland Street, London W1P 6HQ. In éccordanée with POCSAG, paging
messages are transmitted in batches each of which comprises a
syhchronisation code word and 8 frames each comprising 2 code words.
- 20 Each pager or secondary station is assigned to a particular frame which
means that if a paging signal is transmitted by a primary station for a
particular pager, it will be in a predetermined one of the 8 frames. Each
POCSAG pager is controlled to power up in order to be able to receive the
synchronisation (sync) code word and again for the duration of its particular
25 - frame. In the case of messages, the message code words ai‘e concatenated
with the address code word. The POCSAG address and message code
words each eomprise 32 bits .of which the first bit has a value "0" for an
-address code word and "1" for a message code word. Both typés of code
, words at bit positions 22 to 31 comprise cyclic redundancy check (CRC) bits
30 -and the bit 32 provides an even parity. At the end ofa méssage any waiting
address code words will be transmitted, starting with the first appropriate to
the first free frame. In the absence of an appropriate address code word, an



nmeans that if a paging signal is transmtted by a primary station for . a
particul arwpagesszoit Wil be in a predeterm ned one of thePCTABIIN0SI2 EacH
POCSAG pager is controlled to power up in order to be able to receive the
synchroni sation (sync) code word and again for the duration of its-
particul ar 25 frame. In the case ofz2 nessages, the nessage code
wor ds are concat enat ed wi th the address code word. The POCSAG

address and nesigigeod®tord, which is a nonvallocated address code ddrddiig &aﬂém‘ﬂfd@h
the first bit has a,val addr ess code word and

for a message c Y &sing ﬁggﬁﬁﬁrprt@[?egmzﬁ wosds in this way it is yppecessanyta send
posi tions 22 t ogptifiOdmd bffes¥age Eo&@%%g?@ﬁﬁEa#@%ﬁ#etpHd?cator%QNhrch

and the bit 32 provides an even parit ssage any wai ting
addr ess code wonetonly redu;:estthamm tecpnr;edstoaransngt amessapge but alsb inpneases i at e

to f free frape. ln the ence of an appropriate
address 2ode \/\o?sd‘:h%'lr;] of"belng\y%%\ég%gg%ss?ul?ﬁl

. PCT/ 1 B95/ 00572 The use of a 10 bit CRC provides the capablhty of22-bit error
idle code word, which is a non-allocated address code word is transmtted.

By using addr eseorgsction; ¢ Infetleaving dbei bits: pf dlagks of: SU@%ﬁN@c@@dﬁaM@f@% wibnd
specific end of S@%%a?ﬁ |ﬁB%eW&@'e?'H?/ﬁ6te@§§ﬁ%ﬂléuﬂ§tIJﬂ t!)r EB? ?ad’&' ch

not only reduc i me requir ransnt I NCT eases
5 its chabeesded ahﬂdregs reade vwnldsmsmigmhya partlcular frame can The use
of a 10 b' ' CRCJ)nfrggre ea'nsgatu? et tﬁ a%resse% s?ored by rhe pager- and if it is determined
that there is adequate correspondence between them, the message is ‘
accepted. However, this option is not available with message code words.
European Patent Spéciﬁcatibn EP-B1-0 117 595 discloses the use .of
_ checksums' as a 'r'ne'ans of 'protécting' against falsing, that is incorrect
15 correction by one or more data code words when using 2-bit error correction.
| . For high' raie _'data messages the effects of a fade can be more
significant because for a fade of a pa'rtic'u.lar duration more bits will be lost
than for messages transmitted at a lower- bit rate. A known technique for
improving the success ra’té is to retransmit a message one or more times and
20 atthe secondary station a code word by code word comparisbn is made and
the code word which is judged to be correct, for exémple' by a majority
decisidn when there are 2 re-transmissions. Nevertheless a problem which
remains is that a fade may render it unclear when one message has ended
and another has begun
25 ' Disclosure of Invention
It is an object of the present mventlon to lmprove the message
success rate for any partrcular carrier to noise power ratio.
| According to a first aspect of the present invention there is provided
a method of frahsrriitting and receiving'dafa meésage‘s,’ comprising the steps
30 of compiling' a méssagé from a plurality of code words, calculating a
checksum for that message and embedding the ‘checksum in the message;
transmitting the méssage;'receiving the transmitted message; recovering the

L.



correctiop. terI gving the bits of Dblocks of successive COUsMRoEs0syd | !
provi de.an degree of protection particularly in the event of5

f ades. Decoded address code words occurring in a particular franme
can be 10. conpared agai nst the addresseg stored by the pager and if
It is determ ned that there is adequgte correspondence between

avai | able w th meseasvergstppd0eLSsuive B Rbrd: Reep 8Rbh BBk SudiEinas hes

EP-B1-0 117 595 distereds eetériningethel checksum usﬁigemlsameasl@rmanés Qised to
protecting against, falsi that is |ncgrrect correction by qne or

nmore data code \Aord(?ier\'iﬁi@ﬂqhglqtu‘&chs‘-ﬂ'f‘t'né P(ﬂ"g*,‘éﬁ“ye‘&n%ﬂ'ﬁed message, and, if they,
high rate data ne

si gni ficant becaus%géggsr%rgr%% Qaéfﬁﬁa par tﬁ;%gd?a&g '2% %ﬁ{b%gg%d bmttg1e orllqm%lé/

| ost -5 .t hatransmitted srassage recending this adrrespondenceéi t rate. A known
techni que- for I Mpr oy the success ra s to regr.ans

nessage one or nore ti ﬂ%‘? h?% n accgﬁapﬁ% !@Eo‘hﬁanﬁs&Pgt'Pwrpﬁ’"cHw R6r d
by code word CO”p%bhﬁgmedStdmdberéﬁd in a numbert o# WQF? " Exafp) treatihg dgRd

to be correct, for exanple by a majority deci sion when there are 2
re-transm ssi ons. CREGSPONESNDSs betvmemltbm edicyated and recejvgdnichecksum rag an

hae begun, “oa | InclBRF et RS AR 0P URY said comepeSntE SR,

of the pr'efoent | niredication that thomeseagé s cmmnpletein the absenca wf ¢ecsiving| dué for
any particular carrier to nma%etﬁower [ According to a

rat .
first aspect of t ggamplasto,a fa Fl'lﬁﬂ‘ttrf‘ﬂ@;”gng §dﬂﬁ§§|‘d’é’6 word or |dle eoga: esd
ft tt
of transmtting ar}dar ét‘h' ﬁlgwﬂﬁ'ﬁr tir?%?%gegé’”%h , ca? e%‘s?'?\ﬁlcg a final ~

of corrplllngarressag roma plu ode words
checksum f or that versicragd Mm&agéuugas%mhﬂbdo@anmimdtbw amdeswged by for

transmtt| ng the nessage; receijyvi the transm,tted Tessage; ecover i the
example ‘comparing ¢ esponding code words in first Version ' of"
15 received message and the or each repeat thereof; after each code word has

been added to the final version of the message being assembled, a
checksum is determined using the same algorithm as used to caiculate the
checksum embedded in the message as transmitted, and, if the checksum
so determined corresponds to that embedded in the message as transmitted,
20 the correspondence is recorded é_nd is used as described above.

According to a second aspect of the present invention there is
provided a system for transmitting and receiving data messages, comprising
means for. calculating and embedding a checksum in each message, means
for transmitting the message, means for receiving the transmitted message,
25 - means for error correcting the message, if required, means for storing
successive code words, means responsive to the addition of each code word
to the_' stored code words, for determining a checksum using the same
algorithm as was used to calculate the checksum in the originally transmitted
message, and means for recording when the determined checksum

30 corresponds to that embedded- in the originally transmitted message.
| According td a third aspect of the pfesent invention there is provided
a primary station for use in the system in accordance with the second aspect
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3 WO 8613820001 ds; storing successive code words; af t BET/BRSMOSEYde word
has been stored, determ ning the checksum using the same al gorithm
as used to determ ne the checksumin the originally transmtted -
. nmessage, and, if the checksum so determ ned corresponds to that
enbedded in the originally .5 transmtted nessage recording this

cor r espondence of the present inventiorrigempsisingdmeana deroentoding and fornvetting eatnt

exanpl e 1 roat | 19 byigensmitted a8 BEAbRrARTAS oo 1ar Saiccanchibd andt
recei ved checksommattecidata and embedditigcte ifedkBain inBefBARaldsd datF RSk € Of
usi ng said correspondence as an 10 i ndi cation that the nessage Is

conpl ete in th@ HESEAEQ and meaps fonlansmittingthe message. exanple to a fade,

h foll i _ [ : ~ W .o . ln,
Syt om En whi oh oac AEcBRtty £24 foulft Hsfier dife BiisEat ingion thers js picVidbd
versi on of theanssconglary stationefoslusé inothe systembin acebrdands! with fhe' second

I ari_n or.,espondi ng .code words. in the first version of the 15
Fecel ved nessafsPeripling Piesent iyeRtion SOmprising means for reeaiving B HaNSwitechas

been added to haa Fbiof i - gﬁﬁgﬁ iRl a '
checksumis deﬁﬁ%’agghhﬁsﬂ?ﬁg theét{sdéﬁr%eg?%ori t ﬁ]sggﬁ glsr@?ﬁts(r)m %ﬁ%@&r A& Phe
checksum enbedfRsstering the decosiedcase wordssmeans dgesponsive to the staringodfaach .

so det erm ned ' | erxbe i n.the nessage. as.transmtted,
20 T ne’ cE80% SRA 18R splth PSR, meariCiol SEE R LG s eeabeve
According to acompatell atithethe céhechsumr effbididdedVimnthed Tofmattéd ifiessage as |

transmitted, and means for recording when the computed and embedded

checksums correspond. .
| The present invention is based on the realisation that when the
15 checksum, computed each time a correct code word is added to a message
being assembied by the secbndary station, equals that originally transmiitted
that it can be concluded with a degree of confidence that a cbmplete
message has been assembled. | '
Techniques such as bit interleaving may be used to increase
20 protection against the effects of fading. '
Brief Description of Drawings
The present invention will now be described, by way of example, with
reference to the accompanying drawings, wherein:
Figure 1 is a diagram illustrating ‘a paging system,
25  - Figure 2 is a diagram illustrating one example of a batch structure,
Figure 3A is a diagram illustrating a first arrangement of an address
code word and concatenated message code words,
Figure 3B is a diagram illustrating a second arrangement of an
_ address code word and concatenated message code words, _ '
30 _ Figure 4A illustrates the transmission/reception of two concatenated
_ messages in a frame of a batch, |
Figure 4B illustrates the transmission/reception of a repeat of the



¥
provi ded a Swﬁﬁzﬁr transmtting and receiving data nessagescr/mesvstsi Ng
means for ocalCUTeA g and enbeddi ng a checksumin each nessage, neans _
fer transmtting the nessage, neans for receiving the transmtted nessage,
25 means for error correcting the nessage, if required, neans for
storing successi ve code words, neans responsive to.-the addition of
each code word - ' Htﬂ\?n de words, for determning a
checksum usi ng them%%sﬁage%% ﬁ‘tg{ggge}?ghm as was used to calculate the -
checksumin the ori gi ndigyret 4Qiillustratesiassembling a firalssgsion afitheremssageiin the
recordi ng when the _determ ned checksum 30 corresponds to that
enbedded in the ofPEFNEl Iy transnitted nessage. According to
a third aspect of the gsW id | Sthdrmaticedil a6, i a
Cprimary station for USEII n théd gy\fg?%“mgéhn accce(;(rilggrnégg%\\,vith tzﬂrey %tg'g%rrn],d aspect

- WD 96/ 038206 Figure 6 is a flow chart relating to the operation of the primary station,

i PCT/ 1 B95/ 00572 . . C ' . '

~of the present inventi(fﬁg%rgn%ﬁgibrll%cﬁr%%n%n?tbcrd'g%%ioﬁa %ﬁ?c?nflglynétﬁ'?%g dat a

~to be transnitted, rrearmgnir@radstaamﬁwwtmaeldﬁaﬂheumefoperaﬂbud ofrthe dsstondéry
formatted data and enbeddi ng the checksumin-the formatted data to form,

a nessage, and ne&t@lianowhen here ista sigglentsangmissiga of asdata message, According

"to a fourth aspect of H:'S?iurgrgsiﬁeq gbwva%&%laiihgpg ﬁée%é}?ﬁ%%f the sec&ndaﬁj

secondary station for I'nt stemin acc anc e secon

aspect of the prestation whentdenpda’ngmrmextrfgllmwia_gscdderwo&t&a’heisrmeaedgnqe over

?nregg det ' ﬁgans termingﬁﬁgs ?%erré%%gam‘;%hé’r? _%déa'?&né’t% eanvc\ioénqlﬁeggé? checks rr;she
' correspond, -

Figure 10 is a flow chart.relating to the operation of the secondary

station when a data message is repeated, and _
15 ' Figure 11 is a diagram of a batch zero marker.
Modes for Carrying Out the Invention
In the drawings the same reference numerals have been used to
idénti_fy corresponding features.
The paging system shown in Figure 1 comprises a paging controller
20 10 which receives paging reque_sté and formats the addrésses and messages
in accordance with the protocol being used. The paging controller 10 is
connected to a plurality of base station transmitters 12A,12B which are
operated in a quasi—synchrpnbu_s mode. A plurality of digital pagers or
_ . secondary stations SS1,SS2 are free to roam within the poverage' area of the
. 25 - base stations 12A,12_B. The op_erétion of, and battery economising features
of, the pagers SS1 ,SSZ corre_sp_ohd to that determined by the protocol being
followed. o ,
in the present example 556Wn in Fjgure 2 the paging protocol used
éomprises successive cycles having a duration of 6.8 seconds. Each cycle
30 comprises 3 batches B0,B1,B2, each having a duration of 2.267 seconds and
each bafch comprises a 32 bit syhc_: code word and n frames each comprising
m code words (CW), where fonj c_éxample at a data rate of 6400 bits per



~for storing the decoded code words, means responsive to the storing of each -°
10 @sles088d0d for conputing a checksum neans for conpewiBegoashie =~ -
checksum conputed with the checksum enbedded in the formatted .
nmessage as transmtted, and neans for recording when the conputed
and enbedded - ' checksuns correspong. . The present

I nvention is based on the realisation that when the 15 checksum

conput ed each tsegdnd neQ8) met!6amticeanty cbdeswortiis B2 bitslomgshowever variants of
bei ng assenbl ed by the secondar, '

. station, equals that originally
transnitted this'example are possifie. |, q{grﬁ@gdaﬁg%qs@@aagga%@a@h rpessadfence
that a conpl et %omm%nces with'B 32%iCadtitesd €6de #oRE AP Which is concatenated with
Techni ques such as bit interleaving may be used to Increase ,
prot ecti on agaianpiurality of hessageafodeasiords. M. As is custBmiary withs POG8AGNHthef

Dr awi ngs . .The pregent inventiqn w] | w.be described,, by
way of Sanpl e,ﬁr%b[lt}.pf an aJ&'engeéﬁMﬂé‘af@ Yﬂﬂe&cﬁﬁﬁ}!"ga 'B?%ﬁﬂ%?g%d,de
wherein: . word has a valtiedue Similarif edcAgy Icbtetwardi tgs 8 0aBit RYclic
system 25 Figure 2 is a diagramillustrating one exanple of a
bat ch ‘st ruct ur &dundancy check (CRC)myayd fer entor detgctipm fallawed byuan even pgrity

s o b2 PR 178 g pogiot ERGSL K fAihr S BERUGIAL E SRR S0
arrangement of added. In FiguraBR ¢iss chedesunrGSMnds cambeddethasd4 it sefthec ode .
two. corat enat address cods Wik lezing 18 Bifsripe e aftual Bdatmss. In Figure 38 the
Figure 4B il ugheaistin tOSM! [ BRBetRieaN B RhitoMesage '@BBWoRf MT%r, if
provided, in a vector field located between ADD and M1. One method of
deterrhining the checksum is to sum the actual mes_sage ohly bits, that is 20
_ bits per message code word, divide the sum by a polynomial and the
15 remainder is 'the checksum. The end of a 'message is denoted by the
presence of an address code word relating to the next fdllbw'i'n'g message.
Secondary stations SS are allocated to respective pre-determined
* frames of a batch and in order to save current the receiver of a secondary
station is _contfolled fo be energised (or'a'c::tive) to receivé the sync code word
20 S and subsequehtly for its pre-allocated frame in the batch. The ;_Saging
| cbntrollef 10 (Figure 1) ari'anges for meséages which are directed to a
secondary' station to be transmitted commencing in its allocated frame.
In accordance with the present invention the inclusion of a checksum
. CSMinthe ad'dress code word or the first message code word provides error
25 protection which enables 2 bit error correction to be applied in each code
| word. Additiohally' as will be described it can be used to detect the end of a
data message without requiring either an end of message code word or an
address or idle code word which may have been lost or corrupted due to a
fade. . i -
30 In operation a secondary station is energised in its pre-allocated frame
and receives a Sequenbé of's_ignal's. It is assumed for the purposes of
illustration that in the sequénce there is a message comprising an address
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- messages shown in Figure 4A ~Figure 4Cillustrates
assenbling a final version of the nmessage in the ) receiver,
- Figure 5 is a block schematic di agram of a pr?nary station,

B e U B R P
Figure 8 is a fl ofprcdamples! ;ln.s ieagh cBdb Wor € Fetleiveid iPfs dritt copfeRisif ifrequired,

station when there is a single transm ssion of a data nessage, . )
Figure 9 is a fl oanghsiored.el @ncagtheofitsh complete: p@ﬁeomondhbasgm storedpit is

Cerm nat i ng fur ¢ noPCRRed A e, R, 8 AR Eodl brd AEY aRRERIS i M e

correspond,s it corresponds o gne af ke hddress! codeohords dliocatedto the seBéndary
operation of the sec,ondar%/, . station when a data nessage i s .
repeat ed; and 15 Station. If itris;and the agdepss; sefeWwed somainsn azeherksum sthe

Modes for. Carryingy sdn@%'é?%l%‘&t.i Gy this, example the nFﬁt'ef]btll?)%dg%ﬁ%Wérdt a

sane reference nuneral s have been use orrespondi ng
features, . message cddee wordi M) Sps thath aftenvernon dorrpeotien ] it applicabds, a

D cases and moschggsum i calcUipled, Bic REESNIH {RarHRbI BNg M Rgsaed.
The pagi ngigcont r okt dsSwas used in tHePPaGiAg @8ntroller atld ihe! ddloulfted Whetksum
station transmtters 12A 12B which are - -
' is compared with the checksum which has been stored. Assuming that it is
not equal the sequen'ce is repeated for the next following message code word
M2 and once again the checksums are not equal. The sequence is repeatgd
again with the third message codé wdrd M3 and this time, the checksum
15 calculated over 3 message code words does equal the ch_eckshm which was
stored. The processor in response to receiving an indication that the
checksums correspond stbps further analysis of the received sequence of
signals on the assumption that a complete message has been received. This
conclusion is made on the basis of the signals as received without having to
20 verify it by checking if the next following code word is an address or idle code
word. An advantage of not having to decode the next following code word
.is that it reduces the overhead, which is 25% for a 4 code word message,
and the fewer the number of code words which have to be decoded the
_ greater the success rate. The complete message which has been decoded
25 . -may be displayed or stored for later display. |
In the event of a fade and one or more code words being corrupted
then the checksums may not be equal. Consequently the secondary station
when unable to decode a message code word terminates any further
: analysis because it knoWs that the checksums will not be equal.
-30 - In the event of the secondary station deciding that an address code
word in a received signal is not one of those assigned' to it, it does not store
the checksum or carry out the calculations on the concatenated message



operated i-n a quasi-synchronous node. A plurality of digital pagers or :
secondary vpé 9énagies SS1, SS2 are free to roamw thin the covecwgsyssosza of the

25 base stations 12A 12B. The operation of, and battery econoni sing
features - of, the pagers SS1 , SS2 correspond to that determ ned by
t he protocol being foll oned. 8 In the present
exanpl e shown in Figure 2 the paging protocol used conpri ses
successi ve cyclcggdeh@aidgg a duration of 6.8 seconds. Each cycle 30
conprises 3 batches BO, Bl, B2, each having a duration of 267 seconds and

each batch conpri sedn zorder Hot b§yﬁ§'%&émﬂﬁmeaﬁ1#“ﬁ meﬂm% syigeessfaliprit & ng

\T\chgfo‘ggrzgs ( ébesydl thaf fe SAGIERS ToBb WordPinBludHePtHY cistiumt (Mgl 3A)

PCT/ 1 B95/ 00572js, or the address code word and the message code word cont&ining the

second n=28, nel6 and word i s b ts owev r variants of
this exanple af ﬁ@gﬁ‘ BUfﬁggiﬂf?n@CFweaﬂlﬁ%c oggsu ¥%ch message
conmmences With a 32|hid \afidhe ot mdabaoé CeeRbdd | hBtHod, Ceﬁ’ﬁ%%?eﬂ met h
a plurality of nessage code words M IS customary

first bit of aﬁeMaa'wtatmesmgrarruee&wlaphéortbe nawblfolluwmgcadmtessae:s:d@e

de - | h d
10 bi t cyclic 006 wiRd if ol dcterminieihe BadofFf ipeitBE.. Hayfelat, (8 coh ™~
fol I owed by anwerebypateword checksum ealculafibn and coniisirisoR vEthhe chasedYed

fal si ng at t he receiver a_checksum CSMi s
checksum is still implemented in order to provide an indication of the end of
a message in the event of a transmission being corrupted by the occurrence '
of a fade. In this variant, the receipt of an address or idle code word takes
precedence over a correspondence between the checksums when
determin'ing end of a message. As pointed out above it is inherently more
15  reliable to decode fewer rather than more code words. |
In order to improve the message success rate at the receiver for any
particular carrier to noise power ratio, each message may be transmitted at
least twice and for convenience .of description each batch is transmitted
twice, that is say batch B1 is a duplicate of the batch BO. -However, this may
' 20 not necessarily be the case, it bemg sufF cient that the: message be repeated
at predetermined times. ' _
Flgure 4A illustrates a transmission in a frame: commencing with
‘address code word ADD1 concatenated with message code words
. M1 ,_M2,M3.' Other messages beginning with respective address code words
25 'ADD2,ADD3 are concatenated with 'the- first message. At the secondary
station,' its receiver is p'owered up for its respective frame, and, when
possible, corrects any errors prior to storing all the code words that might
belong to a message for it. Storing will continue, into the following frames if
necessary, until a positive indication that the message for the secondary
30 station has te'rmi'nate;d, for example the start of a éubsequént messége for
~another station is received. ‘ '
The corresponding code words in the next following batch (Figure 4B)
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addr ess. codewor eaving 16 bits for the actual address. In Figure 3B the
' checksum CSM i s enbedded in-the first nmessage code word ML or, if
~provided,  in a vector field |ocated between DD and ML. One nethod of

- deternmining the checksumis to sumthe actual nessage only bits, that is 20
i bits per nessage Ere daMhee M iBY reéqyuiredy NaRd a e

- remai nder i s the ﬁ%gc'i(éseﬁwd'rhgﬁgﬁdc% até_an'es'gaéééq 'S éeﬁg?egow{%ﬂ wiR the
"~ presence of an adcereespanding sodel wostisistargd tprevibuslye decagabiavcade wards dram

Franss of a bat chegPeRt aarpisdiphark DsEE Ry i 48 oApE e\ uRyBeideatie pde
station is controlbgis ihh8previens trafSmissiorACHaVIAY dekotied @nvRidress 0d wordle
word 20 S and_subsequently for its pre-allocated frane in the batch.

The pagingS ADDdowhich iﬁé?nel@sﬂigﬂﬁﬂ,lf%_hﬂ smqm@é,sftaﬂ@n, %§B§Q§‘§UV@1C§M
are di rected (o a noteq. For 886RBFHe/oiREB: fi8sbid EAl Mok bIGRTEEABAS

inits allocated _ ccoraa
i nvention the i nctommencing withc k¢ achecksum is detef@iived bytusingthidrsaste algdrthaor d
or the first message code vvordagrov_i deaﬁerro’r rotecti on which

25 . .
enabl es 2 bit errg '§0P§€‘3_tf%.rfj ?}"‘Eﬁea ichgckspm, i tgggg'lessage priof,dp gits
Addi tional Iy as WrhhshiRsioRS CThe BHethsunit i %ﬁgﬂéf’é& With ‘i'ﬁét%tAdlﬁelbﬁD ar?@dig Eﬁeaﬁdo

data nessage w thout requiring elther an of nessage co
address on0i dl e cuoteagreedthen thie progessvepeats withoM2,M3 and samneuntil aitheo the

fade. 30 ' | n_operation a secondary statiopn |.S _eperai.sed in it
pre-all ocat ed fra‘f&ecrl}su'%s do ﬁq{ﬁeﬁpé@@i 98%"’%’%&&?&@’5{“&( @fﬂﬁ% s'.g ﬂe{mfrga%ed
assuned for the hEdieest ig@assumed that thél igtie 8hd eftHeMbssdyd Grearfdthsicatidtess -

there is a nessage conprising an address _ . o
- code word is received. The assembled message is shown in Figure 4C.

The benefits of working with checksums as opposed to, or in addition

aél'ded., I n. Figg'egs the checksum CSM i s enbedded as 4 bits ofpctrhBshisr2

15 to, relying on detecting an end of message flag or the next following address
|  code word is that if eifher is mufilated in transmission then it will not be
 detectable. | |
' Once a complete message has been constructed, it will be either be
_ displayed or stored in a RAM for subsequent recall.
' 20 In the case of a: meésage being retransmitted 2 or more times then by
| comparing corresponding code words, a maijority decision may be made.
Certain classes of paigers may operate an extended battery economy
regime in whiéh apart from detecting say the batch' BO Sync code word it is
_ energised for one frame in only one 6f the 3 batches forming a cycle. In such
2 _' a situation, the re-transmission of the message will be in the same frame of
| thé corresponding bétch 6f the next following cycle. |
_Figure 5 is a block schematic diagram of a primary station PS which
in this instance includes means 14 for receiving data to be sent from either
an operator controlled keyboard (not shown) or a persohal 'éomputer (not
30 shown). The data from the recéiving means 14 is'relayed to a stage 16 in
which it is encoded, formatted and a checksum is calculated and added to
the address code word or first meséage code word, as described above. The
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code word ADD and three nmessage code words ML, M2, MB (see Figure 4A

for exanpl e). As each code word is received it is error corrected, if
required, and stored. Once the figst conplete code word has been
stored, it is : decoded and as it is an address code word ADD a

check is made tgori@teridted Bddress aht RBsSA oOES wcsrdsrtegeﬁnetr hﬂtrﬁéfh@%ﬁdéode
words allocated to, the secondary station. 't is and ddr ess

code word cont WeRisAandRatel zgro mé:ator are assem%emgm patchyipasfage 1 8tafies
-exanpl e the ne Iy SO
that after err)(()‘& %Qrbg\(ﬁa?%n%oﬁlﬁdm% cab carrler wavgqﬁ%aﬂ\%géﬁgﬁ;& ﬂdlY&
cal cul ated by atransmrﬁedcbyaltranlsmrttercher u3| ng the sane 10. al gorlthm
as was used in the ng.controller and the cal cul ated checksum '
is conpa®ed with thggg g@sw W iEha gswﬁl—%‘n %‘f%?:'he Wﬁgoft ARerations s
not equal the S@iﬁ%%tiﬁtﬂ@ﬁ%ﬁﬂds{agbntm next follow ng nmessage code word
M2- and once again the checksuns are not. equal..- The sequence is repeated

again with the thirdhefewrhartoenmmendes/at blagki24 whichrrelatesito tﬁeestbsugnoi5

crored. The pr dRBSEE Pt Gfich, 4R ol 285ia0 ihand IRHGRR 4B IR, Eoiice

checksuns corr engssubesdatads forhidieid iatbocods \ﬁoﬂfs Whech' Gsetatien] ifcRfieR BRI
S|gnals ‘on the assunption that a conplete nessage has been received. IS

concl usi®n is fHdd ahthe,beginging %ffthﬁlf@d@ werd andiaddingaa GRE and ieven pasity ng
to 20 . Veltbtie bhaldf &alh %uaqudb.fd "Fife BBk 30 Q6o togfoﬁrggﬁntm rfgrrhgtééd;e_

address or idle advant age of not
t he next f oI I owodg wonﬂs ino e concatenated stringat Al ichecksim eSSMhis oalwlateddor
which is 25%f (the %nﬁrecr%%%sal\ger gn g%cﬁ %9 for example by the method descrrbed above,
and in bloc_k 34 the CSM is embe_dded in the address code word, first
15 . message code word or a vector field b_et\Neen the address and first message
code words. The complete meSSage so formed is assembied into a batch
of messages, block 36. '
In block 38, a check is made as to whether there are any more data
messages_to be added to the batch being assembled. If the answer is Yes
20 (Y), the flow chart reverts to the block 24 but if it is No (N), the flow chart
- proceeds to the block 40 in whlch the sync code word and batch zero marker _
BZM are added to the assembled batch and the entire batch is stored, block
42. Atthe approprlate instant as determlned by an internal timer, the batch
is read-out, modulated (block 44) and transmitted (block 46). A check is
25 “made in block 48 if the batch is to be re-transmltted If the answer is Yes Y)
because the prlmary station is operating a repeat message mode and at least
one repeat is to be transmitted then the flow chart proceeds to the block 44
and if the answer is No (N) because o_nly- one transmission is required or the
ﬁnal repeat transmission has been made the flow chart'procee'ds to the block
30 24, | | S | |
Ref_erring to Figure 7, the secondary station SS cornprises an antenna
50 connected to a receiver 52 which has an output connected to a decoder



and the fewer the number of code words which have to be decoqﬁﬁnﬂg?07z
greater.the WOIW3O, 5t . The conpl ete message whi ch has been deco 8_

may be displayed or stored for |ater display. In the event
of a fade and one or nore code wor ds bei ng corrupted t hen the
checksuns may not be equal . ‘Consequently the1§econdary station

when unabl e to degqd ssage,code d,t nates .a |

anal ysi s because I%g %Tb?égateﬁ%fqoq?ﬂo ao{ggtﬁ{gd;n\ﬁcpnﬂggteaiob]ﬁé °°d§654 In the
In the event of tbéséQSfOﬂiéarsléc§ﬁ&éry0§taﬂ6ﬁ'ébé?ﬁtlﬁ@a:!n @sﬁf@lﬁ Qfenshii€sion of a
word in a received signal is not one of those assigned to it, it does not

store .. theessagksthe qutputr 9§/ﬂ'éﬁ|tdqcﬁ§eb§|4cl§ spnmedntqﬂte input of a

: E,g.?f?ggg%g%gessﬁﬂfcessor 62 wiith ¢/cpaf48d in accordance with a progran stored in a

code wordss ROM 64. In order to be able to |rrpl ement this method
successfully it is t hat the address, code word, i ncl uding

t he checksum (Fi gure 3Ajternatlvely 'SstﬁP -asgofi the sarondayy stgtien Rspeessing pRe or
message code wor dgfdgétr% Eb&g?f Pemeésage theCHAPLE Bfntl‘é: 'o%%&eﬁ@i |§r<$autp|!1ed as

recei ved and deco cess I'n a vari ant
above descri bed nshéwn in hrcpkemlﬂmcby waytdia single pole multiway switghinganeams 58

‘programred o 1 ool Lohialy pFael b YR LSS5, A el combiripg medit'Bo
10 has an input which is coupled to the outputs of the shift registers SR1 to SRn
and an output coupled to the procéssor 62.
The processor 62 provides several outputs which include
. (1)  a receiver on/off signal coupled to a power control stage 66
which controls the energisation of the receiver 52, .
E:15 . (2) a message output/input coupled to a RAM 68 for storing
messages,
(3) an output coupled to driver circuitry 70 for displaying on an LCD
panel 72 messages read-out of the RAM 68, and "
_ (4) annuncnatmg signal output which is supplied to one or more of
20 an acoustlc transducer 74, light emitting device 76, for example an LED, and
-a vibrator 78. A keypad 80 has an output coupled to the processor 62.
Figure 8 is a flow chart relating to determining the end of a message
which has. been transmitted once only. |
_ Block 79 indicates the start of the flow chart.. Block 81 denotes
.25 energising the secondary stathn for its predeterm_med frame. Block 83
| relates to the operations of error correcting and decoding signals received
in the frame. Block 85 indicates checking if a decoded address corresponds
to one of those allocated to the secondary station. If the answer is.N'o(N) the
_ flow chart reverts to the block 83. However if the answer is Yes(Y), then in
30 block 87, the checksum CSM is recovered from the address code word and

stored. S
. Block 89 denotes error correcting and decoding successive message



word by code word checksum cal cul ati on and conparison with the enmbedded 10
checksum %%tmkio I npl emented in order to provide an i ndi ce¢Tmos/ods7i.he end

of a message in the event of a transm ssion being corrupted by
the occurrence of a fade. In this variant, the receipt of an
address or idle code word takes Br ecedence over a correspondence
bet ween the checksuns when determ ning end of a nessage. As

poi nted out abgygeivords. iMBIBERBH! & cRBER islmade to séeEif it hieslsq) é%@é%émfver
rather than nore code words. In order to i rove

message succesis degadable.t lithe answerls \fﬂﬁ(thﬂ?en in block 93 ggheick is madeafmeer to

noi se’ power ra I W ce
and for convenlkgéril%e ogn?jgg@r%?%%%gg%%&&rga?ﬁw ’?ﬁa‘(%'ﬁ%nﬁ @g the ;ﬁ@éstagte
twice, that iscedy wordcis Boricatenateg withiaay ojrevivaslyadetoddd nidessayercodehi s

may 20 not necessari l t ca fficirent that the
megsage Spe r epWOrds concate"at\éddﬁ"“bﬂlﬁjégarﬁﬁﬁnﬁ ?H?g@ “block 9. }” block 97, g gur e

4A L1 ustrat os cfiekdtt I cBted s R/ Barhe WA s ibdlused in the prfidhyoss

code word ADDl1 concatenated W th sage co )
Ot her nessages statighnnl e stared andscpaimlated dwmswe@ompaiedzslock 99. In

ADD2, ADD3 are nat d wth th nme ALt secon

Station it rBEERGR S chagis Bate o par ¥ e heERRime vee Masameand ! e,
possi bl e, corr ged RoBthe AW Efidrt Rsvedts tbehés biick8D. aHbwbler, FaRsy mﬂeéd?ﬁé

m ght belong to a nessage for .it. Storin Wil T continue, into the

fol | owitig franthe imessage is deemedstohave haen camplsterand in rhieekad0dn theat

the message fOfndsegs 96 libvec?Snalor storshiFol AkollP i "BIRKCTho Ghes'R™! o4

. the start of a Seque ion 1S received.
The chrespondrmtm@ﬁe/\ﬂo\dzhbrt toltherbdock 80l | owi ng batch (Figure 4B)

If the answer from block 91 is No(N) which determines that the
message code word is undecodeable then in block 105 the message
15 assembled so far may be discarded or dtsplayed lncomplete with a warmng
 The flow chart proceeds to the block 109.
A No(N) answer from the block 93 indicates that an address or idle
code word has been found indicating that the CSM failed to identify the end
~ of the message perhaps due a faise cb"de word in the message. In block
20 107, the message may be dlscarded or displayed with a warnmg The flow
chart proceeds to the block 109. o
Figure 9 is a flow chart relating to determining the end of a message
by detection of the next following address code word or an idle code word
. taking preceden_ce over a correspondence ‘between the CSMs. in the
25 'interests of brevity the flow chart up to and including the block 89 will not be
described aga'in'. In the block 91 a check is made to see if the message
code word is decodable. If the answer is Yes(Y), then in the block 93 a
check is made to see if the’eode word is a message code word, if the answer
is Yes(Y)., then in block 95 it is concatenated with the other message code
30 words end the flow chart returns to the block 89.
If the answer to the block 91 is No(N), then in the block 97 the CSM
is calculated from 'the preceding message code words. In the block 99, the

>
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PCT/ | B95/ 005 Y¥0 96/03820 are received, error corrected, if required, and
conpared with the correspondi ng code words stored previously.
_Decodabl e code words from t he repea1t transm ssion are used to
fill in the gaps due to undecodeabl e code 3 . words in the previous

ohe"a0st onea o RERuEE A5l 8 AR whB L Bobiendecin me st B le,

For each of the dﬁmdﬁe@@kéw%r@aﬁeew%ld,@sla_iw'rasriéi@Dlln the block 101 a

commencing with ML, a checksumis determ ned%b% gélbgg the sane al gorithm
@S

as is used to det Shaehis madednserdiiheycormesp @NBWer isoYes(y) then in the

ot agr oo, then 1 RECK, L meSSdRe i idndieniita bP e G hrar apnifl, e’

checksurms do cor r answerissho(M)i then o bidckf 111, ies nmesshye iwhidrsist regardett asibeing

because it is assuned that that is the end, of the nessage or another
address . NGoMPIGs, Mmaybe Usearied or firplakectingomalele wth sveming: o fromy
Figure 4C. plocks 103 arld'91990E Mol PRICEEDS 1rbdbt BIGK$9E as
opposed to, or in addition 15 to, relyirhg on detecting an end of

message flag- or the nelftthéanswear ingbladkiP34s No(N) then withotihe exception of blackif3

either-is nutil at | I 1 $SJ.Qh [ i 11 not,. be .
detoctable. - Fapibding REBTHERI LY the BB chalf bedB the Stenaf7 ta,108 hish.ter
it will bejgeither chgvenience has Beénlidetifiedbysthersiné AumbBAVDODWItE RS SAIRA.
recall. 20 he case of a nessage being retransmtted 2 or nore

times then by ~ In thel irf]‘@tfﬁﬁb@ﬁ brgvity theseiees wil celdie (apegted.aVhgrothergnswer
oot oname ot SRR s, Hlopk 101 Is NoNTRARA ARS8 SboREH i PBIAIAR
say the batch B0 €8\ diffdr suggestingi that the CSM efaiteqitoeitiehtify thie dndast the
only one of the 3mbe(’:‘stsggg,sthfe(%lrngns;sna%eam'S\?j%leedisclarlldeséI SP displayed with a warning, b_lo;k
15 - 113. , . |
Figure 10 is a flow chart relating to determining the end of a message
when the message is repeated. Block 82 relates to the energisation of the
receiver for a predetermined frame in n successive batches where n is. an
} integer typically between 2 and 4. Block 84 relates to decoding ahy signals
20 which are received and are capable of being decoded, which operation may
| include error correcting code words. Block 86 relates to detécting an address
éode word indicating the commencemeﬁt of the next following message. The
stage 88 relates to checking if an address code word has been detected, if
the answer is No (N) then the decoding of received data continues but if the
.25 answer is Yes (Y) then the flow chart proceeds to_blocks 90a to 90n which
relate to storing several transm‘issions made in the corresponding frames of
a pfedetermined number of batches, the number of repeat transmissions of
the same message b'eing a constant of the communication'system.
Block 92 relates to combining code words in the respective stored
30 transmissions. One or more of various known techniques may be 'used, for
' example selecting a code word- which has been correctly error corrected

rather than one which has too many errors to be corrected by the error
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‘a situation, the re-transm ssion of the nessage will be in the
t he correspondi ng batch of the nextp€miBoseosig cycle.

Figure 5 is a block schematic diagramof a primary station PS which
in this instance includes neans 14 for receiving data to. be sent from

ei't her

an ‘operator controlled keygoard (not shown) or a personal

conputer (not -30 : shown). The data fromthe receiving neans 14 is

relayed to a stogectiéh algorithm used ortlisiriy lﬁa;drity we@edlcuiarrm{ﬁreé oﬁ“i'ﬁ'or%

checksumis cal cul-ated and added to address code word or first

nmessage code
PCT/ | B95/ 00572 (g,

after

modul at & 20 aH}F%SESC‘e sttg'% °% %F'Pﬁ%n? glﬂaf't'%d; t%g f’lgﬁg r#éj |°9 Vge:"gte%

wiRASTISSIQNSs At Laredmirspestive blocks 96 taPom, Rleck94 denotes

1 _
overing and sto he ¢
concat enat ed addrevss g J' rretss'g et (e:o ee%ts)lrll-(lj.I m thee?% [e8$,C ﬁe word. R each

wor ds and bat choderwoidhds mxcatena@echsmmrtpreviouslyoaecémed hcode avardsgm &8

er WI sync CO

Figure 6 is a Ebﬁﬁaﬁhgﬁﬁa%él‘bt&é%é&kﬁ?ﬁ vﬁﬁﬂﬂ\%n&?edksuﬁ\o@c%

carri ed out
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Ma%fr%  the
in the primary station PS. oW C
comences at bPddiesscage ward- elmbwkt‘lﬂq adlesision imsde as to whetherearseate

roscage dat i IS AareR dRRAPEY s AdteB. 86 R ol s Bfing cacserdpi ng

a f | agaletlatihg zorgwrohiecksurh, ahe congbaring

checksums agree (Y) an end-of-message flag is generated, block 102, which

inhibits any further combining of code words and erases any of the data

which is stored by operations in blocks 90a to 90n. Block 104 relates to
storing the message in the RAM 68 and block 106 relates to resetting the
secondary station. ' '

Figure 11 illustrates a 32 bit batch zero marker BZM which in its
simplest form is used to indicate the first batch in a cycle of several batches,
for example 3 high speed batches or 15 batches at 1200b/s. The use of a
simple BZM is disclosed in European Patent specification EP-A1-0 554 941.
In an upgraded form, the BZM. can be used to convey information to a
secondary station so that it can adapt itself as required. In one 'upgrade

‘which is applicable to the present invention, the BZM can indicate to a

secondary station that it has to power up once every hlgh speed batch rather
than once every cycle. ' |
A BZM which is suited to a method in which a message is repeated 2

or more times is shown in Figure"11'. Essentially the BZM is an address

code word having 32 bits and a format which generally accords with a
POCSAG address code word. Thus the first bit is used to indicate whether
the code word is an address code word or a ‘message code word, bits 22 to
31 are the CRC and bit 32 provides for even parity.

Blt 2is used to lndlcate whether the purpose of the code word is as
a BZM or as an address of a secondary station. Bits 3 to 6 are used to

_identify the system operator and bits 7 to 15 identify the area. Bit 16 is used |

'chegksLrAg i RepeatédRCIfARd even



to t he, end of each code word. The bl ock 30 relates to formngp %ﬂ& tted
code WoF ds i M%g%" 3 ncat enat ed stri ng.. A checksum CSM i s cal cul at d&{ﬁ?

the entire message in block 32, for exanple by the nmethod descri bed above,
and in block 34 the CSMis enbedded in the address code word, first 15
nmessage code word or a vector field between tWe address and first nmessage

of mesanges, br ook JsonguhbutiEer hreihdrifle ok Vids St £egi Fesease

whet her there areBisyi7rand 1 used to mdlcfméflmﬁmahz times it heseagd és baingh
bei ng assenbled. If the apswer is Yes e flow chart reverts to

the bl ock .24 but Tepeateds2 Qitswill enahle up (gq\,fqmagqndmons for exargple:@etis2 0b 3 e
bl ock 40 whi h h
o ndded Lo the DEISaRKI DI 4\ nd2 8% Sled 16 aBRUHY Sinich rapegy s, Féig

42. At the. 5approptnaa5mtttecbimttte auwrrerdt ratoh mad bit 2 &iis uaé@rtmaidlcatafefthetmtem
bat ch r ead-.out., nodul d (block 44) and transmtted (bl ock
5 o oaikn Sgods

46). A check is 2§ operating i cy¢ & the batch is to be

re-transmtted. |f theARRSUEH nbBde&Fibedin detail, in the@@éﬁ!%ﬁﬁ?ﬁié&bhgﬁﬁ% code
station is operating a repeat message mode and at | east one repeat

is to be transm t wetd being teeelwedoam&ﬂwenq)pbammg is ueteated:byzlhe receipt of

fhe || Ne aneielahalietdbr AR, G 180 BAARER. MR R i S W o

proceeds t1 the bhwre civentional Zay as a falsing check Referring to Figure 7,
t he secondary station SS conprises an antenn 50 connected to a

recei ver 52 whi ch has EFOui¢Afing Jhaecprasent cﬂ'%Pl‘éFié{deélther modificafipns swilz 920
PCT/1B95/ 00572 apparent to persons skilled in the art. Such modifications may involve other

features which are aiready known in the design, manufacture and use pf
communication systems and component parts thereof and which may be
15 used instead of or in addition to features already described herein. Although
claims have bene 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
20 thereof, whether or not it relates to the samé invention as presently 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 combinations of
_ such features duri_ng the prosecution of the present application or of any
25 further application derived therefrom.
Industrial Applicability
- Transmission of relatively long data messages such as telescnpt either
by a paging system or dedicated message transmission system.
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decoder 54wologoishe

.54. An address code word detector 56 is connected to the
case of the secondary stati on POFEBHGOSTE ON_ a

single transm ssion of a ' nmessage, the output of the decoder 54 is |
connected to the input of a

processor 62 which is operated in

accordance wth a programstored ina 5 16 ROM 64.

Alternatively i
nore repeats of

shown in broken Iines by way of a single pole nultiway sw tching neans 58
of shift registers SRL to SRn. A signal conbining neans 60

to a plurality

n the case of the secondary station processing one or
ChAIMSsage, the output.of the decoder 54 is coupled as

10 - has an i npy  whigNhpiethdd Upt %bdsﬂu?fﬁ@ou P%&?eﬁbﬁte}d‘étéhl‘nessa ges,

registers SRl t

The processor Gdompmsmglme stepsodil campifing a messdge frmrhlmlpiurallty of code words, (1)
a recei vgr on/ of f
th

een‘iﬁl

controls

0 SRn and an out pu rocessor

power control s

out put /i nput canglréssaye? tranbhditting e ?ﬁéyshﬁé recelw OIgI the”i?éﬁs?ﬁﬁéd messagD

(3) an output

coupled to driver circuitry | ayi ng on an

panel 72 messad@soyeing the cede waedsatorgw smqesswe code words afteq qqch code

Acoust i ¢ t 1 ansdta natb8Hh shlied arBraif b ehdhu8lfh, Kind3he siing gorsnm, 5"

a vibrator 78.
Figure 8 is a f
whi ch h& been

a5 kegdao cﬂﬂer’nane dhe whiepkéum dnthe d)rigmdllbetra;ﬁmﬁéd Gﬁefs’ege
the end of a nessag

| ow latin o deternmnin
"Irfdadgﬂiq Pwﬁ@h‘ 8rﬁ%tefm'"ed corresponds to @%‘cﬂmbsdd%ﬂ%&%s

the start of thgidihdlly trdi¥nittedrMEssak, 4RBFLESrding this correspondence.

2. A method as claimed in claim 1, characterised in that in
response to recordmg said correspondence the message is treated as being

_ complete
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3. A method as claimed in claim 1, characterised by decoding
stored code words until an' address code Word is noted and in response |
thereto treatlng the message up to the prewous code word as being
complete. ' '

4. A method as claimed in claim 1, charact'e'rised by decoding
successive stored code words in turn until an undecodable code word is
detected, checking if said correspondence has been obtained and, if so,
treating the rnessage up to and including the code word providing said
correspondenCe as a complete message. |

5. A method as claimed in claim' 1, wherein a message comprises

‘an address code word and concatenated message code words. characterised

in that the checksum is embedded in the address code word.
| 6. A method as clain-'red'in'cllaim 1, wherein a message comprises
an address code word and concatenated message code words, characterisad
in that the checksum is embedded in the message code word concatenaizd
with the address code word. -
7. A method as claimed in claim 1, characterised by transmitting
each message at least twice; receiving the first transmission of the message;

* [ L M.s %

oty B, FHBERRATE DL UFeaage ad Smbediio tﬁg)checasqmgrga

ich

"



25° . enerqgising the secondary station for its predeterm
Bl ock 83 ~ « %9"“3%& ates to the operations of . errgr correctir%ran 60372
decodi ng signals received in the frame. Bl ock 85 indicates
checking if a decoded address corresponds to one of those

all ocated to the secondary station. If the afdver is No(N) the

fl har t ts to th | ock 83, Ho I f. t Is.Y , th
300 Bl ockSPY coNEcHRGINe GRIRMATE 7 ol HaCORo, FRE: Bode Word
word and sfdriigSthe decoded code word?gg/@g%igglgdﬂ@t&seééﬁ Gepest 'ofCthend

and decodi ng successi Ve nessage . WO )
PCT/ | B95/ 00572 message, error correcting the code words of the or each recaived message

7S Gecodabi e, 11 (et dUIESt oo SaB OB viord, REuIEIERGRAAEE nikiRor

t he 5 codecpge dvord by maemds:@dmmmdn%hﬁitﬁﬂﬁ storerd versiory ©f the firéthe
nmessage code word is concatenated with any previously decoded

message code 5 Mmessagg, ASseplingeAadiBgl Warsiophof Jlhgr dressagge bio camparivek
95. I.n block 97, o C Kk ' ' L t.hm
Gomesnanding SA0E"WRY Ty i Wb RbelBe i, I S Condl e

as was used in the e st
checksuns are conflweredf, diteradachocoderword has bedrn adkied Gd thecfirat lwersionwfetheo
see if the checksuns are the sanme

chart reverts to PRSSBEBCREIBE. @ ggvl fqe}é}!e‘ﬁ@ygaﬂ@ phgggsiqlﬁr;?&s_[%ghethfel %Vr@e

message | sjgdeenedajgdriftiCad’ 888d 10 GetEhTng tHe | chekk&lit iR QRe driifinally transmitted

message, and, if the checksum so determined corresponds to that embedded

in the originally transmitted message, terminating further comparison of the

original and the repeated message(s). .

8. A method of communicating messages, comprising encoding

15 and formatting data to be transmitted; determining a checksum for said

encoded and formatted data and embedding the checksum in the formatted

data to form a message, and transmitting the message at least twice at

predeterminéd intervals for each fransmission of the same message,

receiving and decoding message data in the respective batches and storing

20 the decoded data; determining, by con_siderihg the corresponding code words

in the decoded data, which of the code words is 'corre_ct and storing the

correct code word and substantially simultaneously computing a checksum

- in respect of the stored correct code words, whereby when the checksum

computed equals the chec_:ksum_ embedded in the formatted data it is

25 -concluded that a complete message has been received and further analysis
of the stored message is terminated. _

‘ 8. - A rhethod as claimed in claim 8, characterised in that the

- messages- are transmitted in a predetermined frame of at least two

concatenated batches, in that the decoded message or concatenated'

30 messages present in the predetermined frame of the first of the at least two

batches is stored, in that the decoded message code words present in the

same.predet_ermined frame of the second and optionally subsequent batches

* c L M S *



nmessage is displayed and/or stored for display later. Block 109 relates to

resetti ngvwdes/igzgsv chart to the bl ock 81. PETABYS/00STZ VET
fromblock 91 is No(N) which determ nes that the nmessage code word |
I s undecodeabl e then in block 105 the nessage 15 - assenbled so far may °
be di scarded or displayed.inconplete with @ warning. : The fl ow

chart proceeds to the block 109. A No(N) answer fromthe

bl ock 93 i ndi caresstoreet code asondeby codel dlord until an indicationwof dhdasmdooea

found indicating that .the Mfailed to identify the end - of the

message, per hapessagedsmate® code word in the message. In block 20
107, the message meyobe W feRidiPds laifiedith 2 8iok'd, %h%gc?é d ifffaf iR

chart proceeds to the bl ock | ow C
relating to dechecksumis embedddd ot an addeesspode word whtcbys cencatenated mi_ttht he

next foI | owi ng dr. word or an idle code word t aki ng
precede ce ovepg% §$$<¥vc$8g§dence between the CSMs. In the 25 '
interests of brevity1t heAfmethodhay dlairied in snybriesfloisingd! fo, Rhardetsiet | |
not be . described again. In the block 91 a check is made to see if

the nessage inthatthegade Wﬂf ds Ate Hapemitiad:it inferlenved angare; de-inderlegved: hen

in the block 9 heck-is made to see i'f the code word is a
nmessage code 8”3’&"9 r?%e'v%dr:lsmer is Yes(Y), then in block 95 it is
concat enated with tH2. ot Aersystens afpe tradsmiiﬁng and regeivings ndhta henddsages,har t

returns to the bl ock, 89. he, answer to the bl ock 91 S
No(N) MBhen | nCORBTBINGcnesns, fr eaippiating and ' STEbSANIRG) &1 iFOKBUM fheach

gz;%cfg | ng ess AfiRs886° mindstor! rackithgHRe '&aﬂgmlﬁéhe message, méandSP et

correcting the message, if required, means for storing successive code

words, means responsive to the addition of each code word to the stored

~ code words, for determining a checksum using the same algorithm as was

15 ~ used to calculate the checksum in the originally transmitted message, and
means for recording when the determined checksum corresponds to that
embedded in the originally transmitted message. |

13. A system for transmlttmg and receiving data messages,

comprising' means for calculating and embedding a checksum in each

20 message, means for transmitting the message and at least one repeat
thereof, means for receiving the original transmission of the message and the

or each repeat of the message, means for error correcting the message and

the or each repeat thereof, if required, means for storing successive code

words of the message, said means storing the repeated message(s) code

25 word by code word, means for assembling a final version of the message,
said means including means for cbmparing corresponding code words in the

originally received message and the or each repeat thereof, means
responsive to the addition of each code word to the final version of the

message being assembied, for déteri_‘niﬂihg the checksum using the same

30 a_Igorithm' as used to calculate the checksum in the originally transmitted
message, means for deterrhining that a complete message has been

received in response to the calculated checksum corresponding to that

—_
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13° . wo%%:fs% at ed CSM is corrpar ed W|th t hat enbedded poTidvR06esI8r €SS

code word, . first message code word or vector field, as
appropriate. In the block 101 a check is made to see if they
correspond. .If the answer is Yes(Y) then in e bl ock 103 t he

message is either displayed or stored for later display. If the

No t hei
enover 5 N0 | ot e )G AR BRD ho AAREA b
bl ocks 103 and 11furthee cbmparisbnrof the otgindband tlneesenedted)mes:sage(s)
If the answer in block,6 93 i ﬁ wi th the excegt on o; bl oc
repl acing the bl ock 1114 Hé %'ﬁ’ﬁ?’%‘ﬁa ?"F g} COMRESIBY dRgans; 1 £nee "Wn?%
for 10 = CoanélﬂHn%&ﬁ@ d‘été t@%éfirdrféﬁﬂ&éci'rﬁéaﬁ%’fdr@alétﬁ%d‘ﬂ%h@él?stﬁﬁ‘\‘oﬁ’!ﬁd‘

the suffix A In the interest of brevity these steps will not be
repeat ed. %hen t hencodegeand formatted data and embeddingk theoahecksMp(iN) therfqrmattemg

that the received c gges

the CSMfail ed tomlggg?éff e% ﬁ%afgﬁgr%}sn'{Ian "hecﬁ%\ésgba%tsssaagllé ﬂ:? ’té"%g’é@?i
may be di scarded tvansinmeueme@bage; Imesangafonidegodihg mnédsskge code waiis, means for
Figure 10 is a flow chart rel atlng to determning the end of a nessa

when the message $toripgjhedegoded sodeqgyords; meaans; '@sPﬁBs'léﬂéﬁ’ dhe storing Bgeﬁ‘Fl'é

receiver for a pr %%ﬁﬁ

i nteger typically vveen?%d%anrg&i%%? I?é eﬁgﬁggqﬁeﬁﬁéaﬁgﬁaﬁgééfsg#al S
20 vi ch armmamededlh dhel cheeksup adrhbeddedin the ttansmiitted message and
operati on may |l ude.errar correctjng code words

ol At es Lo dot ect RN fobftaasiing Hat e Eeikeitns 376 HF aie gndnl response
comencenent of tthére&éxforfrﬂilﬁlﬂﬁg fLathEr ToAPRrisdN Of the checksurmt 9@ f&gstbﬁhélt@ B
to checking if an address code word has been detected, if

answer is No (N) eateerticedewerdgias@ spmpleteimessads: a conti nues but |f the 25

ansver i's Yes (V) thenyghe £l gngRattanbhofefaske i the AdimaRRalion Wt &

15 - claimed in claim 14, comprising means for encoding and formatting data to
be transmitted, means for determining a checksum for said encoded and
formatted data and embedding the checksum in the formatted data to form
a message. '

16. A secondary station for use in the communication system as

20 claimed in claim 14, comprising means for receiving a transmitted message,
means for decoding code words comprising the message, means for storing
the decoded code words means responsive to the storing of each code word
for computing a checksum, means for comparing the checksum computed
with the checksum embedded in the formatted message as transmitted, and

25 means for recording when the computed and embedded checksums

correspond.
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(57) Abstract

A method of, and system for, communicating messages in an environment which is subject to fading, in which data to be transmitted
is encoded and formatted, a checksum (CSM) is determined for said encoded and formatted data and in which the checksum (CSM) is
added to an address code word (ADD) which is concatenated with the encoded and formatted message code words (M1, M2, M3) to form
a message. A receiver is energized for receiving transmissions in its predetermined frame. In response to recognising its address code word
the concatenated code words are decoded and stored. As each code word is stored, substantially simultaneously a checksum is computed
for the message assembled so far and is compared to the checksum (CSM) in the address code word, if and when they are equal it is
concluded that a completé message has been received and further analysis of the stored message is terminated.




which is stored by operations in blocks 90a to 90n. Block 104 relates to
storing the nessage in the RAM 68 and bl ock 106 relates to resetting Phe
secondary station. 15 ~ Figure 11 illustrates a 32 bit bat ch’
zero marker BZMwhich in its - sinplest formis used to indicate
the first batch in a cycle of several batches, for exanple 3 high
speed batches or 15.batches at 1200b/s. The use of a si npl e BZM
is disclosed in European Patent specification EP-AL-0 554 941. _ In
an upgraded form the BZM can be used to convey information to a 20
secondary station so that it can adapt itself as required. In one upgrade
which is applicable to the present invention, the BZMcan indicate to a
secondary station that it has to power up once every high speed batch

r at her t han once every cycle. A BZM whi ch is
suited to a'nethod in which a nmessage is repeated 2 25 or nore tines
is shown in Figure 11. Essentially the BZMis an address o code word
having 32 bits and a fornmat. which generally accords with a POCSAG

address code word. Thus the first bit is used to indicate whether

the code word is an address code word or a nessage code word, bits 22 to.

31 are the CRC and bit 32 provides for even parity. 30 ' Bt 2
is used to indicate whether the purpose of the code word is as : a
BZM or as an address of a secondary station. Bits 3 to 6 are used to ;
identify the systemoperator and bits 7 to 15 identify.the area. Bit 16 is
used WD 96/ 03820 _
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15 . to di stinguish between whether the code word i ra

BZM nessage WO 96/03820 Bits 17 and 18 are used to indicate how many times
t.;he message i s being repeated, 2 bits will enable up to four
conditions for exanple 0, 1,- 2 or 3 to be signalled. Bits 19 and
20 are used to identify which repeat is1z€7ng 5 transmtted in the
current batch and bit" 21 is used to indiCate if the system _ IS
operating in cycl r biAch node. 10 AffgBough not described in
detail, in the eve : undeco ble code WO ei ng received

I s] detecfed by the r¢ceipt |of an address
dded checksum may I n nor e

and- the end of a
or idl e code word,

conventional way as a chetk. From readi ng the

present disclosure, othep nodi ti ons wil J}J-be apparent to

persons skilled in the alft</SUCIT mod{fi cat’l OIS 1Ty T TV ot her

features which are al ready kno in th esign, manufactAQire and use of

comuni cati on systens and conpo t farts of and ich may be 15

used instead of or in additi features alre desCri bed herein.

Al t hough cl ai mrs hav formul ated i ‘.;_s application to

particul ar conbi nati ons of features, it} yqul d be understood that

t he scope of the disclosure pr eg application al so

i ncl udes any novel feature or el conbi natlj o J:!g; ffat ur es
a§§zge efdeshtion 20

di scl osed herein either explicitly or inplicitly s
t hereof, whether or not it relates to the sane invention as presently

cl ai mred in any claimggd whether or not it nmtigates any or all of
the sane techr# present invention. The -

applicants herlgbx &2678 n%ﬁ I ce that new al ai ns may be fornulated to
such featuregsgand/ or _conbi'nations_of sugh features during the

‘prosecuti on of| k he esent lappl pgati opjor any |35 . fufgher :
application dgrf ved hereﬁronl B? (§2 i B0
- — — >
S :
- m -
Cwi | Cw2. _ ) CWm
i
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ihdus,t rial ?@%{',@ﬁ% lity ’ ' Transm ssi on of relgdingedinosi2ong

data nessag as telescript ei t her by a paging system or

gedi cat ed nessage transm ssion system WO 96/ 03820

PCT/ | B95/ 00572 16

CLAI M5 _ ' 1. A net hod Zp/Zransm tting and receiving data
nmessages, conprising the steps of conpiling a message froma
plurality of code words, 5 cal cul ating a checksum for that nessage
and enbeddi ng the_checksun1in t he nessage; transmtting the
message; receiving the transmtted nessage; : recovering the code
wor ds; storing successive code words; after each code word has
been stored, determ ning the checksumusing the sanme al gorithm as

used to determ ne the checksumin the originally transmtted nmessage, 10
and; if the checksum so determ ned corresponds to that enbedded in the
originally transmtted nessage, and recording this correspondence.

2. A neth —th ﬁF'ﬁ'rFﬁ*
response toi@ﬁ?rm WZSFMG @Elemc mrmq@bﬁ LrEMs]s W J W3t emqup*i ng
(_:orrpl ete. ] |

FIG. 4A
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FIG. 4B
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15 © ' wooshase A Method as clained in claimil, charact escaesdv%72

decodi ng - stored code words until an address code word is noted and
ifa response thereto treating the nessage up to the previous code

word as being conpl et e. 4, A nmethod as clainmed in
claim1l1, characterised by decodi ng 20 3/7 successive stored code words in

detected, checking if said
treati ng the nessage
, - cgrrespondence as
A nethod jas clained{in claim1,

an _address ge@é word and concat enat ed

turn until an undecodabl e code word is
correspondence has been o Lne i
up to and including the
a conpl ete nmessage.

wherei n a nessage conpri

message code words, chardcterised in that the checfsumis enbedded
in the address code word. a A_net hod as cllained in claim-
1, wherein a nessage congri ses - an addregs code word and
concat enat ed nessage codq words, chqracterised ~26 in ghat the
-checksum i s enbedded in tihe message code wprd concat enated 30 wi t h
t he address code word. 4 A od as claiped in claiml1,
characterised by transmtfti ng each nmessgge at |easf tw ce;
receiving the first trangmi ssion of [{he nessage:T-28 WD} 96/ 03820
PCT/ | B95/ 00572 17
330
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érror.correggéggﬁé%? code words if required; decoding each Cp@ﬁnwgmﬂwﬁhd

storing the code word; receiving the or each repeat of the
nessage, error correcting the code words of the or each received nessage

repeat, if required; decodi ng each code , storing the repeated nessage
5 code word by code word; comrenci with the stored version of the
first message, assenbling a final version of the nmessage by
conpari ng ~ corresponding code words in the first nmessage and the or
each repeat t hereof; after each code word has been added to the
final version of the - nmessage being assenbl ed, determ ning the
checksum usi ng¥'t he sane 10 algorithmas used to determ ne the
checksumin the-§figinally transmtted nmessage, and, if the
checksum so def erm ned corresponds to .that enbedded . in the

termmat g rarchner conpartsom of—tt
e(s). 8. A net hod of

hd encodi ng 15 and formattin datg.to
pgksum f or rsai=tt==3-SR1 encoded] and
ghecksum-Hn the flet matt ed dﬁta to
mpssade-at---dast twice at T

original and
comuni cati ngd jressagegg-fconpr i
be transmttdd determ nin
formatted dat
forma nessag

t
predeterm ned | t|r i ssifor=of-=ghe\ sagE~NESSAQE,
recei vi ng ang toer iﬂ>the1respeqykv¢-b¢tches n#¥ stofing
20 the dqcoded dg ing,QQy C Gasi=-gerrNg/ e-ee%ﬁesp)ndin; code
wor ds [ a, whieh theé-go rds ggs cprrecy and
storing the correct code word ant}subst a I I'y simultapeously
conmputing a gheckspm in respect oft=t-re-s d correct cpde wprds, -
wher eby when {t he checksum conmputed equal s the checksum bnbedfled in
the formatted datalit s 25. concl uded that a conpl ete nessage hgs

1 ]

been receiveq and further analysis of the storgqt~ressage—ts
t er m nat ed. : 9. ¢4t hod as cl ai med i73-dlLaimS_
characteriseq in that the nmessages are transmitied ida

e

predetermi ned frang of jat WO 70—t
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concatenated bat ches, in that the decoded nessage or concatepa
messages pr 29603830 { he predeternined frame of the first ofﬁgﬁéigwﬁgghst

t.wo batches is stored, in that the decoded nmessage code words
present in the samne predeterni ed_frame of the second and
optionally subsequent batches MB /03820

PCT/ | B95/ 00572 18

are stored code word by code mord until an indication of the end of a
nmessage i s not ed. A nmethod as claimed in claim8 or 9,
characterised in that t Qksum i s enbedded in an address code
word which is concatenat®s \ data code words.

11. A nethod as_clained in y one of claims 1 to 10, characterised

in that the code words are ed bit interleaved and are

de-interl eaved on being releigyed. 12. A system
for transmtting and redeiving data ng sages, 10 conpri sing neans for
cal cul ati ng and enbeddi ng a cecksum in each nessage, neans for
receiving the tjrarfs age, neans for error correcting the
nmessage, if redquired, ing successi ve code wor ds,
nmeans responsi e tjo t he h code word to the stored

code words, forf dgterm um using the same al gorithm as was

105
|
o
107 |
.
. 101
N
103 JY
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15 .
. message, and

cerresponds to that

message.
messages,

checksumin each 20

at

means for error
thereof, if

t he nessage, sa

by code word, ngans fo

sai d neans i ncl
originally rece
responsive to t
nmessage being a
al gorithm as us
nmessage, mMeans

received in res
WD 96/ 03820
19

term nating

reqy

en

used to calculate the checksumin the originally trg

means for recording when the determ ned C eéﬁéun&

enbedded in the originally transmtted
ransm tting and receiving data

13. A system f r7t
conprising neans for éﬁl cul ati ng and enbeddi ng a
' nmessage, neans ‘for transmtting t

| east one repeat s f, means for receiving t
i ssi t he 79 or each repeat
corr ect~Ag—pe—aeSsage and t he or

or storing successive code

idi ng
ved nessage [gnd the or each repeat thereof,
ne addition ¢ each code ywrd to the final
ssenbl ed, Tor deternlﬂing
pd to cplcul ate thg chtckgumin the original
f or det €TTHIMIIMO&4rtat a conpl ete nessage has
pbonse to the | at ed checksum correspondi

e repeated nmessage(s) code 25
assenbl i ngagfinal version of the nessage,
for conparing corresponding code words in the
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he ori gi nal
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each repeat
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nmeans
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further conRydsnsgreCf the original and the repeated message@exaB9sio0s72

14. A.conmuni cation system conprising nmeans for encodi ng and

formatting data to be transmitted, neans for cal culating a checksum for
said 5 encoded and formatted da? ;pnd enbeddi ng the checksumin the
formatted nmessage, neans for 7 nsmtting the nessage, neans for
receiving the itted nmessage, neans for decodi ng nessage code
wor ds, neans for stoying the decoded code words, neans responsive
to the storing of code word for conputing a checksum neans
for conparing the check conputedwith the checksum enhedded in

"
Lt A

the transmtted ng means for determ ning that the
checksuns are thejsame and, i gsponse thereto, for inhibijting
further conparisop _of the checksuns and for 88toring the . co#rect
code words as a conpl etp nessage. 15. A primary statfion for

use in the conmunicatio n claim 14, corprising
means for encoding and fornmatting dht a Y bp transmitted, reans
for determ ning a_check®um for said encod@®d an formatted data and
enbeddi ng the chetksumin the fgfmafted data tofform a nesgage.

16. A secondary ftation for jus€'in{the communi gati op system as 20
claimed in claim 14, copprising means tor[recgiving p transmtted ngssage,
means for decodi ng codelwnrds conpgising fiheggessage} neans for stoling

t he decoded code words neans responsive to the storihg of each codefword
for conputing ; ' ecksum conput ed

Di'

with the che e80an the formatted nmessage as transmtted, |[and 25
means for re¢ conput ed and enbedded checksuns -
correspond. _
l 92 '
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