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- {CARRY- ON 5 BACKGRQUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON: The present

i nvention relates generally to the figld of 10 data conmunicati on

"eceivers, and nore particularly to a‘data conmuni cation recei ver having

vari abl e I ength nessage carry- on. DESCRI PTION OF THE PRI OR ART: 15

There are nmany data communi cations systens in operation today which provide

message distribution to data comnunicafiort receivers, such as FX¥§8831UMany

of these systemutilize signaling protocols which utilize tine slots, or

transm ssion frames, to which thgrpagsnsnacaTaen gretivag t hereby providing

a battery saving function during th r se nessage transm ssion

A paging term nal was provided ihﬁéﬁgﬂgsgg#éﬁgﬂéoL%ﬁégﬂe t he received

nmessages for transm ssion to the int¥MEd6dGPagaRBY €| ng t he assi gned

transm ssi frames. In signaling protocols such as the 25 POCSAG si gnaling

protocol, each tinme slot, or transm ssion frame, allowed for the

transmission of only two code VRACKGRENh&F F&Eh IHYENEIONcode words, an
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FIELD OF THE INVENTION:
" The present invention relates generally to the field of
10 data communication réceivers, and more particularly to a data
communication receiver having variable length message carry-

on.

DESCRIPTION OF THE PRIOR ART:

15 There are many data communications systems in operation
today whiqh provide message distribution to data
communication receivers, such as pagers. Many of these
system utilize signaling protocols which utilize time slots,
or transmission frames, to which the pagers are assigned,

20 thereby providing a battery saving function during the normal
course of message transmission. A paging terminal was
provided in such systems to encode the received messages for
transmiséién to the intended pagers during the assigned
transmission frames. In signaling protocols such as the

25 POCSAG signaling protocol, each time slot, or transmission
frame, allowed for the transmission of only two code words,

either both address code words, an



P address and a nessage code word, or two nessage code words. Since the

transm ssion of even a sinple tel ephone nunber required as a m ni numtwo

_,g'jessage code words, nuneric message transm ssions required on the average

‘one and one- 5 half frames, which periodicglly resulted in the inability to

transmt address code words during the assigned transm ssion franes,

because the tra%gm' ssion frane was fil rressgvgg code words assocd' ated -
S

led b
with address cdHEFTOT AT A MRSRIAISH SO HTHr e9F obEC tPERERTS TOIF M1 10
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the transni ssi®es$ageestaniiieaionss fegsilardf pankRe R TRFRIS IRE AND RE-

filled with i dhgl£ogeanidd dsyhan pit-icasehiing easultades n of hdessasesi have
been received for_transm ssjon duri any particul ar. transm ssjon frane.
Such si gnal i ngtProt3RYrLt % FA ’wf%gsi AUFRRI nthD S HFINT a

conmruni cat i on teseswessiomwrfagar,s bedauske thel droesiBDsaben giwstine ovasoper at ed

on any gi ven CP?H&&’b}&%é)gsea ehec(f%agt%"}ldsr gggggga{:éé Wl{l ?’%&f@%ﬁa‘c&d}%@ By
I nNCcreasli ng t he transnmi-ssi on eed, additional pagers cou € adde o the
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capaci ty, jgntil thergysigiRagiidbiidn Wed Wl1e42atB8" $ni Sofe NEEGnALikE abl e
to provide a flexible system . .
protocols by increasing the number of code words which
could be transmitted in any transmission frame. However,
when the number of transmittable code words is selected for
the transmission frames, such transmission frames often

15 have to be filled with idle code words when an insufficient
number of messages have been received for transmission
during any particular transmission frame. Such signaling
protocols were also limited in the number of data
communication receivers, or pagers, which could be

20 assigned, or operated on any given channel, before the
channel reached its maximum capacity. By increasing the
transmission speed, additional pagers could be added to the
system, however at the expense of a significant amount of
unused channel capacity, until the system again filled up.

25 There is a need to be able to provide a flexible system
which enables reconfiguring the amount of information which
can be transmitted on the channel within the available
transmission frames in order to maximize message throughput
on the channel.

30



whi ch enabl es reconfiguring the anount of information which can be
transmtted on the channel within the available transm ssion franmes in
order to maxi m ze nessage throughput on the channel. 30 3 SUWARY OF THE
A NVENTI ON | n accordance with one aspect of3the present invention, A data
conmmuni cation receiver is assigned for receiving 5 nmessage signals within

one or nore nessage transm Ssj M%\ nmes_tr m ' pr edet er m ned
sequence. The nessage si gnal sl‘g?ﬂc llifge gﬁdr SS an ne'féfg)alge i nformation, and

i nformation designating one or nore additional nessage transm ssion franes
to which the data domasdcysiaings wathi ope agpect ralgdis dnasendr inyeaitirag

the message signglth cOigudldbatEORMUBEERLEPN: & QLRI Bl TR HeReivihgCel ver
for receiving the nessage signals, a decoder, coupled tg the receiver, for

decodi ng t Ae RFAIS S1IPALS YARPLRGOPRT OF MRTOMISERES dd 2§35 Phe

assi gned tr ansfafdOtdandiB tteaninaanprddytefminekd stiquienig .t heherensagage
informati on received vI;sL/ni ended éor t he data. co ni.cati qn recei ver
|

during the assi % gﬁéphdl‘s%?gﬁ}?fﬁn%g. uﬁlsesac%ecgid)erormé—" iadia responsi ve
t o t he desi gnainfiogmatfiomrdieisdgpatdng derse dengnek regkl tivhaedremeissageecei ved
during the c”“%f%héﬁ%ﬁ%f%%dk&%ﬂ@@'tgraﬂ§8ﬁ5§ﬂé"hata commuﬁication receiver

10 is responseive for receiving the message signals. The data
communication receiver comprises a receiver for receiving the
message signals, a decoder, coupled to the receiver, for
decoding the address and designating information received
during the assigned transmission frames, and a memory, for

15 storing the message information received which is intended
for the data communication receiver during the assigned
transmission frames. The decoder is further responsive to
the designating information, for decoding address information
received during the one or more additional transmission

20 frames designated by the designating information, and the
memory further stores the message information received which
is intended for the data communication receiver during the
one or more additional transmission frames. A display is
used to display the stored message information.

25 In a second aspect of the present invention a data
communication receiver is assigned for receiving message
signals within one or more message transmission frames

"transmitted in a predetermined sequence. The message
signals including address and message information, and

30 information designating one or more additional message
transmission frames to which the data communication receiver
is responseive for receiving the message signals The data
communication receiver comprises a receiver for receiving the
message signals, a battery saving circuit for controlling the

35 supply of power to the receiver during the assigned
transmission frames, and for enabling the same to receive the
message signals, a decoder coupled to said receiver for

decoding the address and designating information received



20 frames designated by the designating information, and the nenory further
stores the nessage. information received which is intended for the data
comuni cati oh receiver during the one or nore additional transm ssion
¥rames. A display is used to display the sypored nmessage i nformation. 25

In a second aspect of the present invention a data comruni cation receiver

I s assigned for receiving nessage signal.s within one or re message
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the nessage sigi@bsns Ardatd &ne REiR%atlihgUihrbhha BN MRt idthtia 13ags ¢BRl Y
of power to the receiver during the assigned transm ssion franes, ang for
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circuit i %Ofurféggived during the one or more additional transmission
frames designated by the designating information. The memory
further stores the message information received which is
intended for the data communication receiver during the one
or more additional transmission frames. A display displays
15 the stored message information. '

In a third aspect of the present invention a pager is
assigned for receiving message signals within one or more
message transmission frames transmitted in a predetermined
sequence. The message signals including address information,

20 and information designating one or more additional message
transmission frames to which the pager is responseive for
receiving the message signals. The pager comprises a
receiver for receiving the message signals, a decoder coupled
to the receiver for decoding the address and designating

25 information received during the assigned transmission frames;
and alerting circuit responsive to the address and
designationg information decoded, for generating a sensible
alert signal when the address information decoded is intended
for the pager during the assigned transmission frames. The

30 decoder is further responsive to the deéignating information,
for decoding address information received during the one or
more additional transmission frames designated by the
designating information. The alerting circuit further
generating a sensible alert signal when the address

35 information decoded is intended for the pager during the one

or more additional transmission frames.



*5 responsive to the designating information for controlling the supply of
power to the recei,ver during the one or nore additional transm ssion franes
designated by the designating information, and the decoder is further
responsive to the designating information,gfor decoding address information
10 received during the one or nore additional transm ssion franmes

desi gnated by the designatin% information. The nenory further stores the
nmessage i nformation r ecePBEEE WP ERCRIPENLE, 0RH fo[Et#é‘%b?f%onnuni cation
receiver during the one or nore additional transm ssion frames. A display
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i nformation r§%%%%%goguring t he assigned transm ssion franmes; and alerting
circuit responsive To the address and designationg information decoded, for
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addr ess i nf or RECPEHaPEEMIER BhRi Pgefaer ment of the present -

invention.

FIGS. 6 and 7 are timing diagrams illustrating the

15 synchronization signals utilized in accordance with the
preferred embodiment of the present invention.

FIG. 8 is an electrical block diagram of a data
communication receiver in accordance with the preferred
embodiment of the present invention.

20 FIG. 9 is an electrical block diagram of a threshold
level extraction circuit utilized in the data communication
receiver of FIG. 8.

FIG. 10 is an electrical block diagram of a 4-level
decoder utilized in the data communication receiver of FIG.

25 8.

FIG. 11 is an electrical block diagram of a symbol
synchronizer utilized in the data communication receiver of
FIG. 8.

FIG. 12 is én electrical block diagram of a 4-level to

30 binary converter utilized in the data communication
receiver of FIG. 8.

FIG. 13 is an electrical block diagram of a
synchronization correlator utilized in the data
communication receiver of FIG. 8.

35 FIG. 14 is an electrical block diagram of a phase
timing generator utilized in the data communication

receiver of FIG. 8.



*nore additional transm ssion frames designated by the designating
information. The alerting circuit further generating a sensible alert
_signal when 'the address 35 information decoded is intended for the pager
“during the one or nore additional transmn sgion franes. 5 BRI EF

DESCRI PTI ON OF THE DRAWNGS FIG 1 is an electrical block diagramof a data

transm ssi on system.in cordan wth the preferred 5 enbodi nent of the
present invention. [PEFG ?Lg & 5n%g?‘é’c?$?]cgl 118#%%?%% “f a terninal for
processi ng angyncamenitathgn neesagbatiﬂmrsm;ueawe H.naecorddaceewwihht hbhe
preferred emadLgentoff hiaPhesebs | HEYIbyt! dnyentiopt! G5 35 are

timng diagra strating t transm S|on ormat of the signaling
~protocol utilized lFﬁGacééréi&néetwnt-hgt%baﬁ@&]ﬂé%fté?ﬂ?dmm of the

present Irs/enbtcgamlzh%on%@néhé af&zémiﬁéﬂardlﬁ&rnw&tﬂﬂl%%ﬁf ahing the 15
synchroni zati on signals ut |%| zed in ccor an th the E’ﬁ erred

embodi ment of 2CRETPRBEENYF v‘é}h?llﬁ’ﬁe Nt o ithg PEPSERTdi agr am

of a data comimneeaétiban receiver in accordance with the preferred
embodi ment of the E&E§6E9 Egvgn££89ng diagram illustrating the
construction of a control word utilized in accordance with

10 the preferred embodiment of the present invention.

FIG. 18 is a memory map illustrating message carry-on
queueing in accordance with the preferréd embodiment of the
present invention.

FIG. 19 is an electrical block diagram of a frame

15 formatter utilized in the terminal of FIG. 2.

FIGS. 20-22 is an electrical block diagram
illustrating the operation of the data concentrator /
distributor in accordance with the preferred embodiment of
the present invention.

20 FIG. 23 is a flow chart illustrating the operation of
the frame formatter of FIG. 17.

FIG. 24 is a flow chart illustrating'data speed
selection in accordance with the preferred embodiment of-
the present invention.

25 FIGS. 25-27 are timing diagrams illustrating
transmission phase and bit interleaving of the message
transmissions in accordance with the preferred embodiment
of the present invention. .

FIGS. 28-30 are timing diagrams illustrating the data

30 communication receiver message bit sampling in accordance
with the preferred embodiment of the present invention.

FIGS. 31 and 32 are flow charts illustrating the
messages processing capability of the data communication
receiver in accordance with the preferred embodiment of the

35 present invention.



* 20 FIG 9 is an electrical block diagramof a threshold |evel
extraction circuit utilized in the data communi cation receiver of FIG 8.
_FIG 10 is an electrical block diagramof a 4-level decoder utilized in the

- “data communi cation receiver of FIG 25 83 FIG 11 is an electrical block
di agram of a synbol synchronizer utilized in the data conmunication
receiver of FIG 8. FIG 12 is an electrical_block di 4-l evel to
30 binary convertermfﬁ(flf#%%gpn ?ﬁe%t‘fiffa?&ﬁ?rm tl%%é(flg%lg%‘§§f‘“ of FIG 8.
FIG 13 is an electrical block diagramof a synchronization correl ator.
utilized in the daFaGcohmimi xatelmrimdesilvéiloock Biggr8m @6 a data FIG 14 is

an el ectrical . di S LMLAg. Q] o] Lt in the
data conmmuni cg$+§%}%%€%/‘§9%enﬁllg&8gutChr%gF?CE Qﬁ%@é%%%%’w chart
i |l ustrating afeosyRee Int Hatthvh Rrefearsdi sRPrediment eof nthe RFeRSRe with

t he preferred;grbreisntInfsddie PrRIANtraR¥RiEE08n Y &terb106, andddiges

diagram i1 usirpting, Lhe 5 qrganizalion of the trangmosion [ramp ity i zed

numeric data transmission, or from a message entry device,
such as an alphanumeric data terminal, are routed through

10 the public switched telephone network (PSTN) to a paging
terminal 102 which processes the numeric or alphanumeric
message information for transmission by one or more
transmitters 104 provided within the system. When multiple
transmitters are utilized, the transmitters 104 preferably

15 simulcast transmit the message information to data
communication receivers 106. Processing of the numeric and
alphanumeric information by the paging terminal 102, and
the protocol utilized for the transmission of the messages
is described below.

20 FIG. 2 is an electrical block diagram of the paging
terminal 102 utilized for processing and controlling the
transmission of the message information in accordance with
the preferred embodiment of the present invention. Short
messages, such as tone-only and numeric messages which can

25 be readily entered using a Touch-Tone telephone are coupled
to the paging terminal 102 through a telephone interface
202 in a manner well known in the art. Longer messages,
such as alphanumeric messages which require the use of a
data entry device are coupled to the paging terminal 102

30 through a modem 206 using any of a number of well known
modem transmission protocols. When a call to place a
message is received, a controller 204 handles the
processing of the message. The controller 204 is
preferably é microcomputer, such as an MC68000 or

35 equivalent, which is manufactured by Motorola Inc., and
which runs various pre-programmed routines for controlling
such terminal operations as voice prompts to direct the

caller to enter the message, or the handshaking protocol to



accordance with the preferred enbodi ment of the present invention. FIG 17

Is atimng diagramillustrating the construction of a control word
utilized in accordance with 10 the preferred enbodi ment of the present
Invention. FIG 18 is a nenory map illustrgting nessage carry-on queuei ng

I n accordance with the preferred enbodi mrent of the present invention. FIG
19 is an electrical block diagramof a frape 15 formatter utilized in the
terminal of FIRBable FeesPIgn9t; RegFageR IR A d@‘i?cl?’ﬁﬁré’glrézfﬁﬁlf’?l'ust rating
the operation wterd hae aiaﬂamomeeeﬁvaﬁorthedumttrdeer 201 afereaces W th the

referred enmbad] f .t r sent Y FI s a flow
(F:)hart |IIustra I'ng tg‘ogp%(r%a egnggft#‘% 5@%%5: orma abas ZSSG%%N FIG 24
i s a fl ow chardetidimigter downghgamasspgedbet®creesived acscdrOd:mce with the

preferred embquidmitsf. tl&%epéﬁﬁgei'lbé‘i‘e&ﬁﬁé)rbas?es 208 inclfldes, Batl{sare
tining diagrans iljustrating transm.ssion phase and bit interleaving of the

message transhsildidtied focsrghntRIGFPAtitR 37 AWNeSFEBSHLFESE &P the
present i nventdxa. da'HaG&onB&n?g@aaientraa:@gvélr,agﬁ&r&?agé Ity alssbgibiteddat a 30

conmuni cati on r.eceiver eb| sappling. in _accqr ce.wth_ the
preferred enbod‘e%% tt\{" t’egg Pﬁ%@fhﬁnﬁ%&{} H .e%q_'o rF\gertgngf PEw
charts |||ustrtherﬂyﬁdueommunlcatlon receiver, such as active or inactive

10 for failure to pay the bill. A data entry terminal 240 is
provided which couples to the controller 204, and which is
used for such purposes as entry, updating and deléting of
information stored in the subscriber data base 208, for
monitoring system performance, and for obtaining such

15 information as billing information.

The subscriber database 208 also includes such
information as to what transmission frame and to what
.transmission phase the data communication receiver is
assigned, as will be described in further detail below.

20 The received message is stored in an active page file 210
which stores the messages in gueues according to the
transmission phase assigned to the data communication
receiver. 1In the preferred embodiment of the present
invention, four phase queues are provided in the active

25 page file 210. The active page file 210 is preferably a
dual port, first in first out random access memory,
although it will be appreciated that other random access
memory devices, such as hard disk drives, can be utilized
as well. Periodically the message information stored in

30 each of the phase queues is recovered from the active page
file 210 under control of controller 204 using timing
information such as provided by a real time clock 214, or
other suitable timing source. The recovered message
information from each phase queue is sorted by frame number

35 and is then organized by address, message information, and
any other information required for transmission, and then
batched into frames based upon message size by frame
batching controller 212. The batched frame information for



fressages processing capability of the data communi cation receiver in
accordance wth the preferred enbodi nent of the 35 present invention. 7
DESCRI PTION "OF THE PREFERRED EMBODI MENTS FIG 1 is an electrical block
di agram of a data transm ssion system 100, gsuch as a pagi ng system in 5
accordance with the preferred enbodi nent of the present invention In such a
data transm ssion _system 100, nessage riginating either fr a phaone, as
5 syetem prBOFH: NEARENEITIE dh SOLPIROOs FoRme RrFoRF P hebety Pl y
devi ce, such ashhohat@hporaeilc. staire tthenbaakchedr Erawet tolf ¢dmatigin i ttille
publ i ¢ swi t ched {ghePRopes REWEN 16 RSN nbOafaPEPAGN] SLTLAA! HifdiiaGh
processes the nuneric or alphanurreric nmessage i nformation for transm ssion
by one or norebatghedi in cpanentis seswedss  weehthat hehklgt 2 neunyri: finamep| e

transmtters ajg HbihyZefandhtddBNeMel heks *P4merebepabiyadsmsitad Gast
transmt the massaﬁe ILnformation to data communi ¢catjon receiLvers 106.

Processing of tRetRGnEFiRe ArFsagshndheri ¢1Pnf aPdathe et gi ng
term nal 102, @ndréheteroiHamdind idetzgavedr ahiebhtansdl ssapnclpd t he

nmessages i s described. bel ow_ 20 I 2.1s an_electrical, bl ock
di agram of t he®BREPRE FEF ni KT {05 t?ta?:f::ﬁ?gdf?%?'ep}%%%?gaf%bo nsdtoc%eﬁf rol i ng
t he the frame message buffer 216 is transferred to the frame

10 encoder 218, again maintaining the phase queue
relationship. The frame encoder 218 encodes the address
and message information into address and message code words
réquired for transmission, as will be described below. The
encoded address and message code words are ordered into

15 blocks and then coupled to a block interleaver 220 which
interleaves preferably eight code words at a time for
transmission in a manner well known in the art. The
interleaved code words from each block interleaver 220 are
then serially transferred to a phase multiplexer 221, which

20 multiplexes the message information on a bit by bit basis
into a serial data stream by transmission phase. The
controller 204 next enables a frame sync generator 222
which generates the synchronization code which is
transmitted at the start of each frame transmission. The

25 synchronization code is multiplexed with address and
message information under the control of controller 204 by
serial data splicer 224, and generates therefrom a message
stream which is properly formatted for transmission. The
message stream is next coupled to a transmitter controller

30 226, which under the control of controller 204 transmits
the message stream over a distribution channel 228. The
distribution channel 228 may be any of a number of well
known distribution channel types, such as wire line, an RF
or microWave distribution channel, or a satellite

35 distribution link. The distributed message stream is
transferred to one or more transmitter stations 104,
depending upon the size of the communication system. The

message stream is first transferred into a dual port buffer



transm ssion of the nessage information in accordance with the preferred
enbodi nent of the present invention. Short nessages, such as tone-only
and-nuneri c nessages which can 25 be readily entered using a Touch-Tone

t el ephone are coupled to the paging termng 102 through a tel ephone
interface 202 in a manner well known in the art. Longer nessages, such as

al phanuneric nessaﬂes which re ulre the use of a data entﬁ%%deV|ce are

coupl ed to thetPh K S ines2 f&? §6°TRF obigh %F?ﬁﬁﬁﬁn%ﬁﬁ? iBfg-%4nyCof a
nunber of wel | tkarosuni smidem t RaNsm appeopplatecbise d&mﬁrmnnadlbﬁ(tqmlage a
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nmessage. The coOn r 2753 pr éfefably a m ctoconput er’, as an
MO68000 or 35 &epm vihetualypat bafggnuRaet apedcoyprind d?Q)I‘%hq ri@putaﬁé whi ch

runs variods [igsfMBITEd nehingsxf %dﬁ@&ﬁé@'ﬂ@g St Uil
operations as voice pronpts to direct the caller to enter, the ness or

t he handshaki MEHiaoirsar 1s §henaprurled ep?i Bhe ofr R UJSE 1438m data

entry devi ce. ﬁﬂ&ﬂbﬁtéﬁﬂdnldidW%thhﬁd 2BBe controller 204 ref erences
i nformati on stored %# su SCQ% er da abaseT%OB to m.ne hOM/tﬂF

nmessage bei ng rece| 5 p?&ge $CAPITHEA LD cr| us%ﬁﬁthﬂése 208
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10 accordance with the preferred embodiment of the present
invention. As shown in FIG. 3, the signaling protocol
enables message transmission to data communication
receivers, such as pagers, assigned to one or more of 128
frames which are labeled frame 0 through frame 127. It

15 +then will be appreciated that the actual number of frames
provided within the signaling protocol can be greater or
less than described above. The greater the number of
frames utilized, the greater the battery life that may be
provided to the data communication receivers operating

20 within the system. The fewer the number of frames
utilized, the more often messages can be gueued and
delivered to the data communication receivers assigned to
any particular frame, thereby reducing the latency, or time
required to deliver messages.

25 As shown in FIG. 4, the frames comprise a
synchronization code (sync) followed preferably by eleven
blocks of message information which are labeled block 0
through block 10. As shown in FIG. 5. each block of
message information comprises preferably eight address,

30 control or data code words which are labeled word 0 through
word 7 for each phase. Consequently, each phase in a frame
allows the transmission of up to eighty-eight address,
control and data code words. The address, control and data
code words are preferably 31,21 BCH code words with an

35 added thirty-second even parity bit which provides an extra
bit of distance to the code word set. It will be
appreciated that other code woxrds, such as a 23,12 Golay
code word could be utilized as well. Unlike the well known



"t he data comuni cation receiver, nessage type associated with the address,

and information related to the status of the data comrunication receiver,

.such as active or inactive 10 for failure to pay the bill. A data entry

‘terminal 240 is provided which couples tojhghe controller 204, and which is

used for such purposes as entry, updating and deleting of information

stored in the | ber ata base 20§ f or. noni t.o n sten1$ﬁrag£gance,
e

and for obtalﬁ u@ﬁgfg FH?OPHﬁP?%% 24 |RERY 5. 2
subscri ber daicalkdas@o2d8 whiohi ntilizs tM@kflfﬁtﬂduﬁe¢mmrdebum whatlefine

transm ssi on Q&gn%oggdwggde?b%tr nglé%ed & urtheré%Etal gmaypjcation

receiver is assigne as wl escr | belom/ 20 The
recei ved nessdgét#§c§ﬂepeaslBr9ﬁ1@%@|©Q¢rﬁﬁﬁaQQQRﬁsgl@n@hﬂéﬁasFQﬂésW?ﬁ@s

nessages i4 queueaeaeeghdmagt Qr&{lec&i %@ﬂﬁé@mﬁm&@l@ Regdelo the data
comruni cation receiver. In the Ere erred enbodi nent_ of t resent

i nvention, foSPPRAARENGuLEeENS: rﬁ?%@?dﬁ&V%Q\%Qﬁeamﬁﬁtﬂ?IZS dy&se; pRd210.
The acti ve padethi lced2l@oirdspaeéedablyed shuathepiar tposfitisn withinstheut
random access g%gg&ﬁuailk %M gh it will be appreciated that other random
access. menory Vi ces, “such as ' hard disk drives, can be utilized as well.
Periodically the nﬁgﬁﬁgeﬁlnhdrﬁaargntsmnneddxagnﬁmsxiﬂiuﬂtn@Wéngh&be queues

is recovejgd fss,%h&eﬁles&wﬁ 8588 &tifiAdd IR wafencenkrol I er 204
using timng information such as provided by a real tinme clock 214, or

ot her suit abl reERrAgdssBPedinept PECERR IRYF AN dgwention. In

particular, as shown in FIG. 6, the synchronization code
comprises preferably three parts, a first synchronization
code (sync 1), a frame information code word (frame info)
15 and a second synchronization code (sync 2). As shown in
FIG. 7, the first synchronization code comprises first and
third portions, labeled bit sync 1 and BS1l, which are
alternating 1,0 bit patterns which provides bit
synchronization, and second an& fourth portions, labeled
20 "A" and its complement "A bar", which provide frame
synchronization. The second and fourth portions are
preferably single 32,21 BCH code words which are predefined'
to provide high code word correlation reliability, and
which are also used to indicate the data bit rate at which
25 addresses and messages are transmitted. The table below
defines the data bit rates which are used in conjunction

with the signaling protocol.

Bit Rate 2a" Value
30 1600 bps Al and Al bar
3200 bps A2 and A2 bar
6400 bps A3 and A3 bar
Not defined A4 and A4 bar
35 As shown in the table above, three data bit rates are

predefined for address and message transmission, although
it will be appreciated that more or less data bit rates can
be predefined as well, depending upon the system



tnformation fromeach phase queue is sorted by franme nunber 35 and is then
organi zed by address, nessage information, and any other information
Iequired for transnission, and then batched into frames based upon nessage
size by franme batching control I er 212. Thg sbat ched frane information for

9 each phase queue is coupled to frane nessage buffers 216 which

tenporarily store the batched frane ip lon until a ti for urther
processi ng andSIdFEReDLEon. AFFAHEER A % oted S ﬁ%ﬁﬂnﬂrﬁgﬁi qend8r
that while a curtee useane 5 |s bei ng transnltted t he next frane to be

transnitted is in the ffrxgg‘g gggt?gﬁfggdﬁtlv(} @qut F5¢ 1ty adn%lnlg%g

thereafter is being retrleve e ap roprlate tinme
bat ched frame 32nf23r B&H cadst UPE@ vhicheingehpdegrasiddyga Hfef datal gorgion

transferreg tq tpti%dfert@aﬂﬁ.ﬂa@d BORBELT 0218 t A0 JLRRIN IR RiRG G RRase queue
rel ati onship. The franme encoder 218 encodes the address and nessa

i nf ormation |ﬁF@m§d&P@§§ranﬂuﬁEs§%gé bt %Rﬁ?ﬂ?qwﬁﬁuq%£}nﬁbFrﬁﬂﬁngHW§§Fon

as will be descricbedahel auwmbEbeiencoded address and nessage code words are
ordered into 15 bl cks and t.hen %oggled Lo 3 bIo k_interl.e Vel 4229 ¢ whi ch
S

. tur sync ron zatio
I nterl eaves prefera e| 9E6d8 T wo 4 %ransn155|on in a

manner wel | kmawﬁetnbﬂNesamnlaTh90|hh@thﬁnmn#(ﬁmnﬁtmamﬁyhhqnhmyméhnblock
interl eavey 2205 Qescribed above. However, unlike the first

synchronization code which is preferably transmitted at a
fixed data symbol rate, such as 1600 bps (bits per second),
the second synchronization code is transmitted at the data
symbol rate at which the address and messages are to be |

15 transmitted in any given frame. Consequently, the second
synchronization code allows the data communication receiver
to obtain "fine” bit and frame synchronization at the frame
transmission data bit rate.

In summary the signaling protocol utilized with the

20 preferred embodiment of the present invention comprises 128
frames which include a predetermined synchronization code
féllowed by eleven data blocks which comprise eight
address, control or message code words per phase. The
synchronization code enables identification of the data

25 transmission rate, and insures synchronization by the data
communication receiver with the data code words transmitted
at the wvarious transmission rates.

FIG. 8 is an electrical block diagram of the data

communication receiver 106 in accordance with the preferred

30 embodiment of the present invention. The heart of the data
communication receiver 106 is a controller 816, which is
preferably implemented using an MC68HCOSHC11l microcomputer,
such as manufactured by Motorola, Inc. The microcomputer
controller, hereinafter call the controller 816, receives

35 and processes inputs from a number of peripheral circuits,
as shown in FIG. 8, and controls the operation and
interaction of the peripheral circuits using software

subroutines. The use of a microcomputer controller for



then serially transferred to a phase nmultiplexer 221, which 20 nultiplexes
the message information on a bit by bit basis into a serial data stream by
transm ssion phase. The controller 204 next enables a frane sync generator
222 which generates the synchroni zation cege which is transmtted at the
start of each frame transmi ssion. The 25 synchronization code is

mul'tiplexed with address %gd mess%ge i nformati.on ug?e{‘ t he control é)lf
control | er 208TBGSE8+PEI 24P FUnsta ong, 3 Sg8hdt af 8RR hk? et
nmessage streaordhnahyiskitbpier [thd aratted for transm ssion. The nessage

streamis next cou hgd%ﬁ %&m{aéé% %Hel‘?)e&e&oéolszgﬁ?aﬂ@éc@fU“der the

control of cont roI transmts e nessage streamover a distribution
channel 228. rﬁ@eavynmmdzrwcmﬂferrolzz@dnwsgéganyné@rlaaﬁmﬂ of well

known di stg i byt-08r€8ANAL1 14 PEFtaDUGHh RS Wil ﬂxolihmgteanuBfn@rprféﬁ/ﬂ\&e
distribution channel, or a satelljte 35 distribution |i

di stributed mésiagel strdshievel draaensy f"@db‘l]rétb?nnﬁ?‘éﬂﬂ‘é‘h%?n t tere
stations 104, tdepsntttgd ufta tie ivitza-cefptidde byoanuantanhha®n8 6y stieieh The

nmessage stream.js,first transferre into a. I u r whi ch
tenporarily s?%?%%ef é salgé) SEx rcca%am Erecel t% fgg{ﬁ%?ng H)E 1}\?&01\%3:0
appropri ate tsgetienecddd rm%ssesnhige aededyedr dhtai muatmmr twellressage

streamis g ecPN8hR%din the art, providing at the output an analog 4-level

recovered data signal, hereafter called a recovered data
signal. The recovered data signél is coupled to one input
of a threshold level extraction circuit 808, and to an
input of a 4-level decoder 816. The threshold level

15 extraction circuit 808 is best understood by referring to
FIG. 9, and as shown comprises two clocked level detector
circuits 902, 904 which have as inputs the recovered data
signal. Level detector 902 detects the peak signal
amplitude value and provides a high peak threshold signal

20 which is proportional to the detected peak signal amplitude
value, while level detector 904 detects the valley signal
amplitude value and provides a valley threshold signal
which is proportional to the detected'valley signal
amplitude value of the recovered data signal. The level

25 detector 902, 904 signal outputs are coupled to terminals
of resistors 906, 912, respectively. The opposite resistor
terminals 906, 912 provide the high threshold output signal
(Hi), and the low threshold output signal (Lo),
respectively. The opposite resistor terminals 906, 912 are

30 also coupled to terminals of resistors 908, 910,
respectively. The opposite resistor 908, 910 terminals are
coupled together to form a resistive divider which provides
an average threshold output signal (Avg) which is
proportional to the average value of the recovered data

35 signal. Resistors 906, 912 have resistor values preferably
of 1R, while resistors 908, 910 have resistor values
preferably of 2R, realizing threshold output signal values
of 17%, 50% and 83%, and which are utilized to enable



“fromthe dual port buffer 230 and coupled to the input of 5 preferably a
4-1evel FSK nodul ator 234. The nodul ated nessage streamis then coupled to
.the transmitter 236 for transm ssion via antenna 238. FIGS. 3, 4 and 5 are
timng diagranms illustrating the transm ssypon format of the signaling
protocol utilized in 10 accordance with the preferred enbodi nent of the

t i tion...As I n_F 3, th i t | I
Teesage 11 anaiRBiaRd: B Balal CERMIN Chit OB, SReL BEcASST FRGdr o

assigned to ohelow.nore of 128 franes which are | abel ed frame O through

frame 127. 11 15 1 RRatoblele; PPLEEI 21 £ dpiffi ddI @ AThidAlBuTher of franes

provi ded wi.t hin the signaling protoco > greater or |ess than
descri bed aboPertira,greateent ke i rcmuigatdon: recedyert he Hiviker the

battery lige thahetB¥nheaPed¥brefatd ddiedidim LAMENpeaELeNthe6eyN e S
operating 20 wthin_the system _ The fewer the nuynber of frangs ]liltlllzed,
the more of t efORETOIgdLPE n(ﬁ‘énﬁﬁ’éu%?}“% dS i folPR& gapgk: L-e-

conmruni cat i on ar edeickehavangi gnededqwerndy qapriviadiednar thr ags, ttihesebyer educi ng

the latency, on ik GEQUiped Lo. JCIINED, TRSSANES 12T apove +£S18RPW I
FIG 4, the frames comprise a Synchroni zation code (Syncy  tol T owed
preferably bybpseveRhsl 8RE ologksbaggenavajradatyod 26fi chogkegenpraerir bl ock

0 throughy §l 06l4410asAsneAMILI PIE! G, WhRaEN LIREIbIgSaageysphpr mation
conprises preferably_eight address, 30 control or data_code_ words which are
| abel ed word @OPWFB§éﬁd 0301llator operating at 204.8 KHz (kilohertz).

The output of the 128X clock generator 844 couples to an .

input of frequency divider 846 which divides the output

frequency by two to generate a 64X clock at 102.4 KHz.

15 Returning to FIG. 9, the 128X clock allows the level
detectors 902, 904 to asynchronously detect in a very short
period of time the peak and valley signal amplitude values,
and to therefore generate the low (Lo), average (Avg) and
high (Hi) threshold output signal values required for

20 modulation decoding. After symbol synchronization is
achieved with the synchronization signal, as will be
described below, the controller 816 generates a second
control signal (Center Sample) to enable selection of a 1X
symbol clock which is generated by symbol synchronizer 812

25 as shown in FIG. 8. o |

Returning to FIG. 8, the 4-level decoder 810 operation
is best understood by referring to FIG. 10. As shown, the
4-level decoder 810 comprises three voltage comparators
1010, 1020, 1030 and a symbol decoder 1040. The recovered

30 data signal couples to an input of the three comparators
1010, 1020, 1030. The high threshold output signal (Hi)
couples to the second input of comparator 1010, the average
threshold output signal (Avg) couples to the second input
of comparator 1020, and the low threshold output signal

35 (Lo) couples to the second input of comparator 1030. The
outputs of the three comparators 1010, 1020, 1030 couple to
inputs of symbol decoder 1040. The symbol decoder 1040
decodes the inputs according to the table provided below.



word 7 for each phase. Consequently, each phase in a frane allows the
transm ssion of up. to eighty-eight address, control and data code words.
The-address, control and data code words are preferably 31,21 BCH code
‘words with an 35 added thirty-second even parity bit which provides an
extra bit of distance to the code word set. It will be appreciated that
ot her code words, such as a 23,12 Golay code word could be utilized as
well. Unlike the well known POCSAG si gnal i ng protocol which provides
address and data code words whi ch Gthreskeldhe first codeuwpnt bit to define
the code word type, as eitfer addres r data, ygo suchydistiggtion is
) ’ "L
provi ded for the address ang dat a cogg words 5 1n the S|gnaFlng pr ot ocol
utilized with the preferREiinefbodi BEhn of th&°preSent iflvent Pon. Rat her,
address and data code Wwordg,ake deRcpgd<by tReif position w thin the
individual frames. FIGS. § and 7 apg tiging di.agrams illustrating the 10
synchroni zati on code uti Fr#Bd~i n atcdRdance w-ih fhe préef erréd enbodi nent
of the present inventi onRC§{n parti BGiar?> as &gwn>in FI & 6, Ot he
synchroni zati on code conprises preferably three parts, a first
synchroni zation code (sync 1), a franme information code word (frane info)
15 and a second synahrshovat lnnthedallsy mbe, aheshdhe iracpyereqd datre
first synaly ons1gha®n(ROMR) CNNEsAL A H11aRthree threshold values, the
symbol generated is 00 (MSB = 0, LSB = 0). Thereafter, as
each of the three threshold values is exceeded, a different
symbol is generated, as shown in the table above.
The MSB output from the 4-level decoder 810 is coupled
15 to an input of the symbol synchronizer 812 and provides a
recovered data input generated by detecting the zero
crossings in the 4-level recovered data signal. The
positive level of the recovered data input represents the
two positive deviation excursions of the analog 4-level
20 recovered data signal above the average threshold output
signal, and the negative level represents the two negative
deviation excursions of the analog 4-level recovered data
signal below the average threshold output signal.
The operation of the symbol synchronizer 812 is best
25 understood by referring to FIG. 11. The 64X clock at 102.4
KHz which is generated by frequency divider 846, is coupled
to an input of a 32X rate selector 1120. The 32X rate
selector 1120 is preferably a divider which provides
selective division by 1 or 2 to generate a sample clock
30 which is thirty-two times the symbol transmission rate. A
control signal (1600/3200) is coupled to a second input of
the 32X rate selector 1120, and is used to select the
sample clock rate for symbol transmission rates of 1600 and
3200 symbols per second. The selected sample clock is
35 coupled to an input of 32X data oversampler 1110 which
samples the recovered data signal (MSB) at thirty-two
samples per symbol. The symbol samples are coupled to an

input of a data edge detector 1130 which generates an



“third portions, labeled bit sync 1 and BS1, which are alternating 1,0 bit"-
patterns which pravides bit synchroni zation, and second and fourth
portions, |abeled 20 "A" and its conplement "A bar"”, which provide frame
'synchroni zation. The second and fourth porjjons.are preferably single 32,21
BCH code words which are predefined to provide hi gh code word correl ation
reliability, and whjch | so used . to |% icate the data bit rate at which

25 addresses afHthRBESH §edf B & e §99¢h & St 46iE8°hERow B 72%P1%e data
bit rates whi chlack isealsds copledticorMinputhefsagdakidg-pyolecst. Bit

Rat e "A’ p d bps
% and A2 bar EXDBUbESTER0 whigh ds, uplilkeko qeperafe IRgf B2 ovifi 2
As shown in theleebqsesaxb@weonxzmdeetqjeﬁl@ metcor*f@@:eel drgappideal neBhe or

address and, "e§$a98ed L 5YSI% S5) %rcﬁiﬂﬂ@ﬂfb ljts p&bkeéeb@gpaﬁ%ﬁ@dwﬁ hat nore
or less data bit rates can be predefined as we on the s stem

12 requirenent SOURA ?BurtWP@rA"t%IQ?é:ai ?dé’iesﬁle&eé’dﬁfrl F‘rgaof Gﬁg?ﬁlgﬁr% TP lI'he

frame informat e@gecodepubéel is gummiritald which Agl gated by AND gate 1150
with the current count of divide-by-16/32 circuit 1140.
Concurrently, a pulse is generated by the data edge

10 detector 1130 which is also coupled to an input of the
divide-by-16/32 circuit 1140. When the pulse coupled to
the input of AND gate 1150 arrives before the generation of
a count of thirty-two by the divide-by-16/32 circuit 1140,
the output generated by AND gate 1150 causes the count of

15 divide-by-16/32 circuit 1140 to be advanced by one count in
response to the pulse which is coupled to the input of
divide-by-16/32 circuit 1140 from the data edge detector

1130, and when the pulse coupled to the input of AND gate
1150 arrives after the generation of a count of thirty-two

20 by the divide-by-16/32 circuit 1140, the output generated
by AND gate 1150 causes the count of divide-by-16/32
circuit 1140 to be retarded by one count in response to the
pulse which is coupled to the input of divide-by-16/32
circuit 1140 from the data edge detector 1130, thereby -

25 enabling the synchronization of the 1X and 2X symbol clocks
with the recovered data signal. The symbol clock rates
generated are best understood from the table below.

30 Input Control Rate Rate 2X 1X
Clock Input Selector Selector Symbol Symbol
Divide Output Clock Clock
(Relative) (SPS) Ratio (BPS) (BPS)
35 64X 1600 by 2 32X 3200 1600



= 32,21 BCH code word which includes wthin the data portion 5 a

predeterm ned nunber of bits reserved to identify the frame nunber, such as
7 bits encoded to define frame nunber 0 to frane nunber 127. The structure '
" of the second synchronization code is prgqherably simlar to that of the
flrsL synchroni zation 10 code described above. Fbmever unlike the first
synchroni zati on code which i s referabl trans I xe ata synbol
rate, such as 1600 FhorE £ b F §€E‘6‘ﬁd¥ °Yfe %‘?{ Hg)aftll on cgde
Is transm ttedcdikst fa&edqbaes;ﬁbdl 1600 3200Hmh adme) aﬂmsewmﬁacnedsages

are to be 15 tyansmiied (n;an% glYENAL AT oy SO SHEN U bmatine second

synchroni zat i a conmuni cation receiver to obtain
"fine" bi t and f r attee Syrictvednbiapiryncanvehbefr&he 19 ek ndsrsteed bt

rate. In fxﬁfﬂ%gs LLQNFricNg1Br Ot RA! 1%t s§hBSH Middk tihe cfupiraeter aed
enbodi rrent of t sent i1 nvention coggrl ses 128 frames ]ggm ch i.ncl ude a

pr edet er ni necfls‘ﬁ)ﬁkmléﬁﬂkz&?i?&ﬁ e6de FLPFhWERLDSEIRSIAT dA%Y bl dc’E whi ch
conprise ei ghfyrsdr R8%9ckC@NEbOkoAp1EESEAYER @@@tﬁla\mmcmemmham thee

synchroni zati gn code enabl e%éilf)%eﬂ%gl Cﬁ’tﬁ%%}grﬁbéf tar %”?5?3%5' on
s‘{?r"é‘g‘ ﬁ?ﬂ:@n < 0 a

rate, and in cormunlcalo réeceiver ‘'with
t he data codeLsmr daeret fcaupilietit &d ampuhe vfranutnputrdatias siedeatered 231G 8

oo R, B gl A 05 Socpan o S Map0er
heart of the'mng;plock rate selector 1210 and the selector input of the
input data selector 1230, and provides control of the
conversion of the symbol output signals as either 2- level
FSK data, or 4-level FSK data. When the 2-level FSK data
15 conversion (2L) is selected, only the MSB output is
selected which is coupled to the input of a parallel to
serial converter 1220. The 1X clock input is selected by
clock rate selector 1210 which results in a single bit
binary data stream to be generated at the output of the
20 parallel to serial converter 1220. When the 4-level FSK
data conversion (4L) is selected, both the LSB and MSB
outputs are selected which are coupled to the inputs of the
parallel to serial converter 1220. The 2X clock input is
selected by clock rate selector 1210 which results in a
25 serial two bit binary data stream to be generated at 2X the
symbol rate, which is provided at the output of the
parallel to serial converter 1220.
Returning to FIG. 8, the serial binary data stream
 generated by the 4-level to binary converter 814 is coupled
30 to inputs of a synchronization word correlator 818 and a
demultiplexer 820. The synchronization word correlator is
best understood with reference to FIG. 13. Predetermined
"A" word synchronization patterns are recovered by the
controller 816 from a code memory 822 and are coupled to an
35 "A" word correlator 1310. When the synchronization pattern
received matches one of the predetermined "A" word
synchronization patterns within an acceptable margin of

error, an "A" or "A-bar" output is generated and is coupled



tonmmuni cation receiver 106 is a controller 816, which is preferably

I npl enent ed usi ng .an MC68HCO5HCL1I m croconputer, such as manufactured by
Mtorola, Inc. The mcroconmputer controller, hereinafter call the
controller 816, receives 35 --and processegalnputs froma nunber of
peripheral circuits, as shown i'n FIG 8, and controls the operation and

I nteraction of the perlpheral circuits using software subroutines. The use

of a m croconp® &EFALIET &L6f or The RATHiY i "R A% "@oRBTSl WAt i ons i s
wel | known to g@rﬁrﬁforﬁrzdiﬂia»mypakrtbknl Bothelditdd phivaridiaisa fa@maELNi cat i on

receiver 106 i s _cagpabl.e re d rol sa
i nformati on, 5hereal lza h ﬂ%lc tﬁftggﬁhehted us?ﬁggﬁreFéfgbly
2-1 evel and zLdeﬁMHeﬁlthquéa¢y bmdurateooftthﬂwmﬁﬁﬁaﬂe'twefpdénynlaSewadata

i's intercegte%&@%fyhéi R, 8Q25Whi ch couples to the input of a receiver
section 804 ecei ver Sectlon 804 processes the received data in a manner

well 10 known in tHhe &ariads Hipgrgdatat aeredt pit famauRr)ed [ty ap
recovered dat a.:n'iinﬁﬁ@f, ther gabiner wealll 88cddé£CVARY Gthid @elodeal théhe

recover ed datagﬁﬁgp |s c glgd 50 one |n c_gﬂ)a %h&§€ &Id | eve
extraction ci §OEAFRpTT OF Ja 4R & od&PTE1 §URRE
threshol d | eve:lurkt?entéyt ﬂo@dhlgomecemeatbﬁ%e scdrgsto lliede 18360 0d Dioyringf er ri ng
to 10 sync acquisition, such as following initial receiver turn-
on, power is supplied to the receiver portion by battery
saver circuit 848, shown in FIG. 8, which enabled the
reception of the "A" synchronization word, as described
above, and which continues to be supplied to enable
15 processing of the remainder of the synchronization code.
The controller 816 compares the frame number currently
being received with a list of assigned frame numbers stored
in code memory 822. Should the cﬁrrently received frame
number differ from an assigned frame numbers, the
20 controller 816 generates a battery saving signal which is
coupled to an input of battery saver circuit 848,
suspending the supply of power to the receiver portion.
The supply of power will be suspended until the next frame
assigned to the receiver, at which time a battery saver
25 signal is generated by the controller 816 which is coupled
to the battery saving circuit 848 to enable the supply of
power to the receiver portion to enable reception of the
assigned frame.
Returning to the operation of the synchronization
30 correlator shown in FIG. 13, a predetermined "C" word
synchronization pattern is recovered by the controller 816
from a code memory 822 and is coupled to a "C" word
correlator 1330. When the synchronization pattern received
matches the predetermined "C" word synchronigzation pattern
35 with an acceptable margin of error, a "C" or "C-bar" output
is generated which is coupled to controller 816. The

particular "C" oxr "C-bar" synchronization word correlated



FIG 9, and as shown conprises two clocked | evel detector circuits 902, 904
whi ch have as inputs the recovered data signal. Level detector 902 detects
t he  peak S|gnal anplitude val ue and provides a hi gh peak threshold signa
20 which is proportional to the detected;jgeak signal anplitude val ue,

while level detector 904 detects the valley signal anplitude value and

provides a valley thres oId si_gnal ich is proportion t he ected
val | ey signaIP§H%FFFﬁde %BFuefg?m?h%Yq iggy &Osit gﬁaﬁga¥ﬁe°? %E? 25

detect or 902, d3@4 pbgmabnoufpthse fra&meoupl ed to term nals of resistors 906,

912, respectivel y. e@%r%&%ﬁslt%ﬁ‘ 88|§t0‘t['}hé e% ﬁﬁ?e%%’% 3%{%aﬁr quide the

hlgh t hreshol d out put 'si out’put signal
(Lo), respectipeaitionThe eppablisheddintidre tanntinedllero§ads gepeznpting aal so

coupl ed tOstewb@@' $tQktr §§gﬁ£9r§391989ta%1@5 WHTREGL ¥elp1edheoopRpsts €
resistor 908, 910 termnal s are_coupled together.  to forma resistive

di vi der whi chofr 8viaas df-APEPELRAYEF tblalb & FatasFGRIVeLAVEI™RTch i s
proportional t@arichetagesagernal @J@t@fré&tﬁrerxqpamfm@ d:ah:&u35 836g0al best

Resi stors 906, 912 hav esistor val ues f abI Ry mhkle ﬁﬁt
908, 910 have “PESFELS %Vuﬁg ﬁ?ﬁ*%$g% Qﬂ%f T FIZIng tﬁrgsﬁolg u?put
si gnal val ues 4@hH 1%@&05@Q@dnﬂ088ﬂﬁlmpmtvwﬁ(diqueratelsgééctorehabOe
10 which selects either 1X or 2X symbol clock inputs. The
selected symbol clock is coupled to the input of a phase
generator 1430 which is preferably a clocked rihg counter
which is clocked to generate four phase output signals (&1-
#4). A block start signal is also coupled to an input of
15 the phase generator 1430, and is used to hold the ring
counter in a predetermined phase until the actual decoding
of the message information is to begin. When the block
start signal releases the phase generator 1430, the phase
generator 1430 begins generating clocked phase signals
20 which are synchronized with the incoming message symbols.
Referring back to FIG. 8, the clocked phase signal
outputs are coupled to inputs of a phase selector 828.
During operation, the controller 816 recovers from the code
memory 822, the transmission phase number to which the data
25 communication receiver is assigned. The phase number is
transferred to the phase select output (8 Select) of the
controller 816 and is coupled to an input of phase selector
828. A phase clock, correéponding to the transmission
phase assigned, is provided at the output of the phase
30 selector 828 and is coupled to clock inputs of the
demultiplexer 820, block de-interleaver 824, and address
and data decoders 830 and 832, respectively. The
demultiplexer 820 is used to select the binary bits
associated with the assigned transmission phase which are
35 then coupled to the input of block de-interleaver 824, and
clocked into the de-interleaver array on each corresponding
phase clock. The de-interleaver array is an 8x32 bit array

which de-interleaves eight interleaved address, control or



tecoding the 4-level data signals as will be described bel ow. Wien power is
initially applied to the receiver portion, as when the data comuni cati on
receiver is first 5 turned on, a clock rate selector 914 is preset through

a control input (center sanple) to select 89128X clock, i.e. a clock having
a frequency equivalent to 128 tines the slomest data bit rate, whi ch as
descri bed above is 1600 %g;. The 128X cl oc eneratg %gg?%clock
generator 10 B3A%29S SROAWN"THEr S8 ESAR nﬂs Br 8Fer ab y BreFyt al
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understood by referring to FIG 10. As shown, .the
the data decoder 832 and stored in a message memory 850 in

a manner well known to one of ordinary skill in the art.
Following the storage of the message information, a
sensible alert signal is generated by the controller 816.
15 The sensible alert signal is preferably an audible alert
signal, although it will be appreciated that other sensible
alert signals, such as tactile alert signals, and visual
alert signals can be generated as well. The audible alert
signal is coupled by the controller 816 to an alert driver
20 834 which is used to drive an audible alerting device, such
as a speaker or a transducer 836. The user can override
the alert signal generation through the use of user input
controls 838 in a manner well known in the art.
Following the detection of an address associated with
25 the data communication receiver, the message information is
coupled to the input of data decoder 832 which decodes the
encoded message information into preferably a BCD or ASCII
format suitable for storage and subsequent display. The
stored message information can be recalled by the user
30 using the user input controls 838 whereupon the controller
816 recovers the message information from memory, and
provides the message information to a display driver 840
for presentation on a display 842, such as an LCD display.
FIG. 15 is a flow chart describing the operation of
35 the data communication receiver in accordance with the
preferred embodiment of the present invention. At step
1502, when the data communication receiver is turned on,

the controller operation is initialized, at step 1504.



*4-1evel decoder 810 conprises three voltage conparators 1010, 1020, 1030
and a synbol decoder 1040. The recovered 30 data signal couples to an
_input of the three conparators 1010, 1020, 1030. The high threshol d out put
signal (H') couples to the second input aofy conparator 1010, the average
threshol d output signal (Avg) couples to t he second i nput of conparator

1020, and the | ow t.hreshal ut Si Lo) coupl.es .t he,second
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1030 coupl e t@abimjtrsqa‘lvawgbahfd@medeon1Qz¢6$eﬂ‘theorsytrﬁﬁ)la@em@r RF040
decodes the I&&l‘htn}la‘CCWh@ n%ftt% EQenB%bhétQEQé’adzﬁg '@rf‘el @Manne1l3nllreshol d
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word correlation beglns at step 1512. When the non-

10 complemented "A" word is detected, at step 1514, the
message transmission rate is identified as described above,
at step-1516, and because frame synchronization is
obtained, the time (T1l) to the start of the frame
identification code word is identified, at step 1518. When

15 the non-complemented "A" word is not détected, at step
1514, indicating the non-complemented "A" word may have
been corrupted by a burst error during transmission, a
determination is made whether the complemented "A"™ bar" is
detected, at step 1520. When the "A bar" word is not

20 detected at step 1512, indicating that the "A-bar" word may
also have been corrupted by a burst error during
transmission, battery saver operation is again resumed, at
step 1508. When the "A-bar" word is detected, at step
1520, the message transmission rate is identified as

25 described above, at step 1522, and because frame
synchronization is obtained, the time (T2) to the start of
the frame identification code word is identified, at step
1524. At the appropriate time, decoding of the frame
identification word occurs, at step 1526. When the frame

30 ID detected is not one éssigned to the data communication
receiver, at step 1528, battery saving is resumed, at step
1508, and remains so until the next assigned frame is to be
received. When the decoded frame ID corresponds to an
assigned frame ID, at step 1528, the message reception rate

35 is set, at step 1530. An attempt to bit synchronize at the
message transmission rate is next made at step 1532. When
bit synchronization is obtained, at step 1533, the "C" word

correlation begins at step 1534. When the non-complemented



5 to an input of the synmbol synchronizer 812 and provides a recovered
data i nput generated by detecting the zero crossings in the 4-1evel
recovered data signal. The positive | evel of the recovered data input
Tepresents the two positive deviation excuysions of the analog 4-1evel 20
recovered data signal above the average threshold output signal, and the
negative level represents the two ne%atlve deviation excursions, of the

anal og 4-1evel"Fectrs dF dsitecsednaPtoelsh Lh36 avErale SHRHITMBIFIORut
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the synbol transm ssion rate ont ro 1600/3200) |s coupled to a
second i nput davehdernx qoprardede B0 ?EQEt ﬁﬁﬁ°¥sd‘&|‘§3ééﬁ tr anmiEsioRe 2

sanpl e cl ock radteeinfinatyiolist Enaa&waétﬁerrahe%&ﬁpﬂéﬁ&@mtw@ swrbol s
per second. Th selt%%it ed  sa coypl.ed ,to an, i nput of 32X

| e ck
dat a oversarrpl mﬁ%ﬁ%ﬁ’nﬂ?’ég thg BcBb‘ére a"é?%aﬂ ABB) at
thirty-tw sanfetescteet atysitelp. 1546, synddtasangl tisatarehe clupilett oveamd imaput

of a dat alsdgea]%q; SR bje%%o c‘A’QErGBt%‘é“S&aseﬁué& error during
transmission, battery saver operation is again resumed, at
step 1508. When the "C-bar®” word is detected, at step
1540, frame synchronization is obtained, and the time (T4)
to the start of the messagé information is identified, at
15 step 1542. At the appropriate time, message decoding can
begin at step 1544.

In summary, by providing multiple synchronization code
words which are spaced in time, the reliability of
syﬁchronizing with synchronization information which is

20 subject to burst error corruption is greatly enhanced. The
use of a predetermined synchronization code word as the
first synchronization code word, and a second predetermined
synchronization code word which is the complement of the
first predetermined synchronization code word, allows

25 accurate frame synchronization on either the first or the
second predétermined synchronization code word. By
encoding the synchronization code words, additional
information, such as the transmission data rate can be
provided, thereby enabling the transmission of message

30 information at several data bit rates.. By using a second
coded synchronization word pair, "fine" frame
synchronization at the actual message transmission rate can
be achieved, and again due to spacing in time of the
synchronization code words, the reliability of

35 synchronizing at a different data bit rate with
synchronization information which is subject to burst error

corruption is greatly enhanced, thereby improving the



16 out put pul se when a synbol edge is detected. The sanple clock is also
coupled to an input of a divide-by-16/32 circuit 1140 which is utilized to
generate 1X and 2X synbol clocks synchronized to the recovered data signal
The 5 divided-by-16/32 circuit 1140 is pregerably an up/down counter. Wen
the data edge detector 1130 detects a synmbol edge, a pulse is generated

which is gatedeg Q E ate 11h th the current count  of divide-by-16/32
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pul se which is cou to the input of divide-by-16/32 circurt 1140 from
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the count of &¥OF 5°B§Zié}%3 %?$CU| ‘ggﬁﬁﬁ%gg re9a¥§ 3 ong? %ount in
response to théopkbstabhlied Brochoupledlark HE . |npdﬂre$5d|vodér9¥ a8d 32
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synchronlzatlon the 1X and 2X s l'ocks with the recovered data
-signal . The s?ﬁﬁ@kSCFBCR pg@@%termlned order. The first code word,

located in Block 0, is always a block information code word
1602 and includes such information as the beginning
locations of an address field 1604 and a vector field 1606,

15 leaving eighty-seven code words available for the
transmission of address, vector and data code words. By
knowing the beginning location of the address field 1604
and the vector field 1606, the controller is able to
calculate how many address code words must be decoded per

20  frame in order to determine when a message is present
within the frame. Consequently, the address field 1604
includes one or more address code words corresponding to
messages located within a data field 1608. Only address
code words specifying numeric and alphanumeric messages’

25 have corresponding messages located within the data field
1608. Tone only messages, because no message portion is
attached, would not have a corresponding message located
within the data field 1608. For those address code words
which do have corresponding messages, the vector field 1606

30 includes control words, or vectors, which define the
starting and ending locations of messages located within
the data field 1608, and there is a one to one
correspondence between the address code words located
within the address field 1604 and the vectors located

35 within the vector field 1606.

FIG. 17 is a timing diagram illustrating the block
information contrdl word 1602 utilized in accordance with

the preferred embodiment of the present invention. Two



* generated are best understood fromthe table below. 30 |Input Cont r ol

Rat e Rate . 2X 1X d ock | nput Sel ector Sel ector
_ Synbol Synbol Divide Qut put Clock 34 Gock (Relative) (SPS)

Rati o (BPS) - (BPS) 35 64X 1600 by 2

32X 3200 . 1600 64X 400

3200 17 AsPiksviefhne ?%ﬂé‘%{bcﬁ}ég Eﬁéolinén’deﬁ’ke§§ﬂ%o1:ﬁ(%l% “Bre
gener ated 1608f 8299ya@ﬂ e divin qearecpandided fioe mgasageni zed with the

recover ed datg }ifl%ge le%ﬁhﬂpkg%&yt% Egggoglﬁréﬁt%egﬁ ynges i ood

by 5 referrin 'S cou |rst cl ock
i nput of a cloakryaoe selext@mdﬁdmxs d@ﬁlneﬁyhﬁothélgékrﬁr§6 Ebapl 2510 a
second C|%% 5% E§19£ wihe clock rate selector 1210. The synbol out put
signal s ( MSB, are coupled to inputs of an input data selector 1230. 10
A sel ector S|gnal (2L/4L) is coupled to a selector input of the clock rate

selecéor 1210 and the sehgeyooni Aba of the i npuamdaNamberector 1230, and
provi des control of the conversion of the SY, nbol _ou S} | s as either
2-1evel FSK data, or 4-Ievel%£SK data. Wen PHE Eg g e?eFéﬁﬁgata 15

conversion (2L) is selected, oanly the MSB ouftputt Fzamel Bcteld which is
coupl ed tfbthe input of a papgllel to Thru Frame N + 2

11 Thru Frame N + 3

The function of the carry-on flag transmitted within

the block information word will be described in the
15 description to follow.

FIG. 18 is a memory map illustrating message carry-on
in accordance with the preferred embodiment of the present
invention. Normally the paging terminal restricts messages
which are received over the public switched telephone

.20 network (PSTN) to a single transmission frame, which for
‘purposes of example is labeled frame N in FIG. 18. Frame N
represents the current transmission frame being processed
for message transmission by the controller. As described
above, the message data is encoded into eighty-eight code

25 words for transmission during the current transmission
frame, of which at least one code word is reserved for the
block information code word. It will be appreciated,
however, that for any given period of time, the number of
messages received by the terminal for transmission, and the

30 length of the messages, can result in a number of code
words representing messages received for transmiésion to
exceed the transmission frame queue capacity as illustrated
by an amount represented for purposes of example by excess
messages 1802 which extend beyond the transmission frame

35 boundary. Excess messages are defined herein as a complete
message with corresponding address, not as a continuation
of a single message. When the number of messages received

exceeds the frame transmission queue capacity, message



serial converter 1220. The 1X clock input is selected by clock rate

sel ector 1210 which results in a single bit binary data streamto be
_generated at the output of the 20 parallg to serial converter 1220. Wen
the 4-1evel FSK data conversion (4L) is selected, both the LSB and MSB

outputs are selected which are coupled to the | Igc]%s of the paraIIeI to
serial converfdFA D 10fQ: SHRSEAPERT| FPARSTLSSEPR AR 1D ACTSAIE
sel ector 1210cwdrisni srseisinl tratien chaBgessesanabet wdedi to himargatattzhest ream t o
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parallel to seria arhing to e serla bi nary
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to inputssof @ syRE 23 iode Wer foflr 68l ahor £18l& alith&e tiplexer 820.
The synchroni zation word correlator i s best understood with reference to

FIG 13. Predefasmifsdomminmed syheaPohPE RERLHRT (X (KRS &&Gver ed by

t he control | eraldted nom amadanaenmsy S‘ﬁﬂeaélgléé‘@l&@ttpff &ghich an 35 "A"
word correlator 1310. oni attern, recei.ved matches

G.-‘fn t he,syn i
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coupled ;4 18,10 GUULR elexllls tI0ERALELISH! Hrand' que S citd Ana
in another instance, is one of displacing messages in
subsequent transmission frames to allow current messages to
be transmitted with the shortest time gueue possible, as
will be described below.

15 FIG. 19 is an electrical block diagram of the frame
formatter 212 utilized in the controller of FIG. 2. As
described above, messages which are received are stored in
the active page'file 210. The active page file 210 is
preferably a dual-port, first-in, first out random access

20 memory which is further delineated by message transmission
phase, and which stores the messages in the order in which
the messages were received according to the message
transmission phase assigned to the data communication
receiver. It will be appreciated that other memory types,

25 such as hard disk drives can be utilized as well for
implementing the active page file 210.

Periodically, such as once each transmission frame
interval, a controller 1902 having outputs 1904
sequentially accesses the messages stored in the message

30 storage areas representing the message transmission phases
of the active page file 210. The recovered messages are
coupled to inputs of a frame decoder 1906 which identifies
those messages which are to be transmitted during the
current transmission frame, and those messages which will

35 Dbe transmitted during one or more subsequent transmission
frames, which as described above are the three subsequent
transmission frames. When a message is detected within any

of the message transmission phases and which are to be



synchroni zation pattern correl ated provides frame synchronization to the
start of the frame ID word, and al so defines the data bit rate of the

message to follow, as was 5 previously desggibed. The serial binary data
streamis also coupled to an input of the frame word decoder 1320 which

decodes the frame word d, proovides an indication of Iheograrre nunber
currently bei n‘gr%%'&v% W‘Plflﬁ’@ CYFEERt 8182810t FRtP L 0t St &¥qui si ti on,
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the recei ver perde ofPnd rembiremendsposnthe cHErent free f (hhe and the

three subsequent frames (N+1, N+2 and N+3). The message
for the current transmission frame is also stored in a
current transmission frame buffer 1910, while messages for

15 the three subsequent transmission frames are returned in
the order in which the messages were received to the active
page file 210, thereby maintaining message queue order.
When the code word count maintained by the frame counter
1908 for the current frame (N) exceeds a predetermined

20 transmission frame queue capacity, which as described above
equals eight-seven code words, the excess messages which
are detected as the active page file 210 is read out are
stored in a carry-on buffer 1912. The excess messages
stored in carry-on buffer 1912 will be transmitted in one

25 or more of the three subsequent transmission frames, as
will be described below.

After all messages for the current transmission frame
have been recovered, the messages stored in the current
frame buffer 1910 are coupled to inputs of a data

30 concentrator 1914 which processes the messages stored in
the four message storage areas corresponding to
transmission phase depending upon thé‘message transmission
speed. The concentrated messages are then coupled to
inputs of a data distributor 1916 which then distributes

35 the concentrated messages to the frame message buffer 216,
again according. to the transmission speed. Thereafter,
message processing for transmission is as described for
FIG. 2.



‘Returning to the operation of the synchronization 30 correlator shown in
FIG 13, a predetermned "C' word synchroni zation pattern is recovered by
the controller 816 froma code nenory 822 .and is coupled to a "C' word
correlator 1330. Wien the synchronization pattern received matches the

predeterm ned "C' word synchroni zation pattern. 35 with an acceptabl e nmargin
of error, a "C' or Fi&%Hard0 G pre rlegindral eBIafk chiagramy pi e gtgating
control |l er 8lGhel®eiardiotulod the' data" Eohaéntyteky dik tadibutd W

correl ated 19 provides . "fine" franme sypchronizati.on the start of the
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de-interl eave a data recovery timng circuit 826. The data
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10 which selects either, 1X or 2X synbal clock inputs. _The sel ected synbol
clock is coupl%’c?gm’%?"{“ﬁg’]i%ﬁﬁ‘te'o?wﬁ éﬁagguﬁeﬁé’?%ﬁ‘? ﬁ%’b WH%h is preferably
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concentrator 1914 and the data distributor 1916 are readily
implemented as software routines dsing a microcomputer.
When the message data is to be trapsmitted at 1600
bits per second (bps), the total number of messages stored
15 within the four transmission phase regions of the current
frame buffer is typically eighty-seven or less code words
without message carry-on, and typically less than 1.5X to
2X times eighty-seveh code words with message carry-on.
waever, a speed change to the next transmission speed is
20 preferable when the current frame transmission queue
exceeds two times eighty-seven code words with message
carry-on. As shown in FIG. 20, the contents of the four
transmission phases are combined to a single serial output
using the data concentrator 1914, and then redistributed to
25 two of the four frame message buffer transmission phases (1
and 3). The second two frame message buffer transmission
phases (2 and 4) are coupled to a logic zero by the data
distributor 1916 which is then loaded into the frame
message buffer. The frame message buffer contents is
30 further processed for transmission as described in FIG. 2
above, and applied to the input of the 4-level FSK
modulator at the transmitter, which, because of the logic
zero input provided to frame message buffer transmission
phases 2 and 4, results in 2-level FSK modulation of the
35 nmessage to be generated at 1600 bps, which also corresponds
to a symbol rate of 1600 symbols per second.
When the message data is to be transmitted at 3200

bits per second (bps), the total number of messages stored



“15 the phase generator 1430, and is used to hold the ring counter in a
predeterm ned phase until the actual decoding of the nessage information is
.to begin. Wien the block start signal rel egses the phase generator 1430,

t he phase generator 1430 begins generating cl ocked phase signals 20 which
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sel ector 828 &9dthe PEED EHaRSMEFSERN | TRRAS i RURTeFaRle Wiredx&heg20, bl ock

de-interl eavel’cu&%ntalfiaﬁédtgﬁﬁsﬁﬂgsﬂ% aiaeo d e 0 G $ides eighty-

respectlvely The de It| éo is used to select the blnarﬁ %lts
associ at ed wi £ fie °] tWaFl MSITATE RIS W ch A% P98 iR FIEoupl ed
to the input eft, bkhekcdatenterbéaﬂhe Al tarechsodieeidech pmbseshel and 2,

e Lt o1 | 25V e bnl B3N 492G RCONERRON IS RPN OO e 49 geaver
array i s an 8x it arr e-1nterl eaves el ght ﬁﬁerl ave ress
control or using the data concentrator 1914, and then redlstrlbuted to

the four frame message buffer transmission phases (1 and 3,
and 2 and 4 respectively) by data distributor 1916. The
frame message buffer contents is further processed for

15 transmission as described in FIG. 2 above, and applied to
the input of the 4-level FSK modulator at the transmitter,
which results in 4-level FSK modulation to be generated at
3200 bps, which also corresponds to a symbol rate of 1600
symbols per second.

20 When the message data is to be transmitted at 6400
bits per second (bps), the total number of messages stored
within the four transmission phase regions of the current
frame buffer described above, is typically four times
eighty-seven or less code words without message carry-on

25 and typically less than six to eight timeé eighty-seven
code words with message carry-on, although message carry-on
to sixteen times eighty-seven code words is possible by
forcing a carry-on in all three subsequent transmission
frames. As shown in FIG. 22, the contents of the four

30 transmission phases are coupled directly through the data
concentrator 1914 and the data distributor 1916 to the
frame message buffer. The frame message buffer contents is
further processed for transmission as described in FIG. 2
above, and applied to the input of the 4-level FSK

35 modulator at the transmitter, which results in 4-level FSK
modulation to be generated at 6400 bps which corresponds to
a symbol rate of 3200 symbols per second.



“20 nessage code words, corresponding to one transmission block. The
de-interl eaved address code words are coupled to the input of address
_correlator 830. The controller 816 recovepg the address patterns assigned
to the data 5 comuni cation receiver, and couples the patterns to a second
I nput of the address correlator., Wen any of the de-interl eaved address

code words mat ches I2nFUBParke 5BAr 85309 atdaidets disyidd ligedh&oqsPEt
conmuni cat i on thec megeagest btoraed e alllee amrigien pageefiae, shewnessage 10

i nformation a cigted with.the dress is. then.decod t hedat a decoder
832 and store%ﬁgh 2’n§§8§8£13%n%$§ 9 e%aﬁ%&hﬁ%F%%€$%SE§8mn ?g one of
ordi nary ski | mopitphréngr the Folhbew nef tdrsies wordge fofr whachetzagemission

i nformatiog, §sSeaghhleadharinsi SiAteds WaNRAALE] OB fiRetORLEOLher 816. 15
The sensible alert "signal i1s preferably an audible alert signal, although

it will be appPeecafilseadenbt Ferngeiaginne thames sithgafsame ERTRATESEL i | e
al ert signal s ge@amihedalhahhésSd gl adSrgaona s)deeiahedeas anal rhidheof

audi bl e alertﬁiég%gl i s cgugled by the Qontrolker 816 tg aﬁ aler& griver 20
834 which is d L0g <G FYRSGAVSRY; B ARSI oRy tFaleee Y isdchealS§dshRaker or
a transducer @3ovideemessageavanveton de THee falamel forgaiitegendsat fommahs ough
t he use of,user i n s, 838 i, a . I o] '

Fol 1 owi ng:§ ho st BEEraSeohhEa e Pl FAE o, AR5 E0:E] bRTeBELS
comruni cat i on treasmiep ionhepraeds agpinnfrarafemaddyi & dodgved FEKt he input of

data decoder &34uthicel, deReHEEy ! PEoviding increased message processing
capacity using message carry-on and speed changes to be
described below, as the number of messages being received
15 by the system increases. '

FIG. 23 is a flow chart illustrating the operatioh of
the frame formatter of FIG. 19. At the beginning of each
transmission frame processing cycle, the controller within
the frame formatter initializes the frame counters to

20 counts of eighty-seven, at step 2302. During the message
transmission, the actual number of code words transmitted
is eighty-eight which includes at least one block
information word followed by the eighty-seven message code
words comprising address, control and message information.

25 When the controller determines that it is time to transmit,
at step 2304, the contents of the active page file is
recovered, at step 2306. As the messages are recovered,
the frame information bundled with the corresponding
messages is decoded, at step 2308. When the frame

30 information does not belong to the current transmission
frame being processed, at step 2310, the controller checks
whether the frame information belongs to one of the three
subsequent transmission frames, at step 2312. When the
frame information indicates the messages do not belong to

35 the three subsequent transmission frames, recovery of the
messages from the active page file continues, at step 2306.
When the frame information indicates the messages belong to

the three subsequent transmission frames, at step 2312, the



encoded message information into preferably a BCD or ASCI| format suitable
for storage and subsequent display. The stored nessage information can be
recalled by the user 30 wusing the user ingut controls 838 whereupon the
controller 816 recovers the nessage information from nenory, and provides

t he message information to a dis Iax driver 840 for presentatjgn on

di spl ay 842, SWRFFage d:r¥ﬂ_eCBn671 %EB% &Fe 1dentified) AF SaRr Pderi Hﬁﬁg t he
oper ati on of Iumbidie ofatoddeo RisuHds C gk eDré® CRO Y ef ramsmiiiiatanee naxtth t he
preferred errbodlfreurllta,(%‘dtheC %rteesegélknvgntlon Atessstae 502 m@g@ltr%%edata
comuni cat i on Fecelver I's Aufne t he®tont 7 ol o“g is 9
initialized, atabtephtsiybelow2l Power is periodi cal |y appl i ed to the
receiver pgrtion to enable receiving information present on the assigned RF
channel . Wen data is not detected on the channel i n % redet erm ned time
period, batter¥eSSRAS TIRS ation | S : REHETADE
det ected on thﬁ;ﬂ‘é’l&ﬂﬂ@l at step 115(2551&1‘43,@ Q;ysa@hm&azz@bwgn vvord correl at or
begi ns searchi for bit synchronl atjon at st 151

oyachroni aat | O isbiddt ABF1E; ok AR/ vRe R SHoPAiEonr &1 SFFBCBegi ns
at step 1512. Mhmrritdwe(lmomlgiﬁt) ccmrd@muse@ ‘cAbrwewd pilasd@t detedewat step

1514, the gessags LI ANSTSSI on Tate [qnldeidied 2% 588’1 pagyaoayss

characters

The table above is based on 21 data bits being

available for message transmission in the modified 32,21

15 BCH code word with numeric characters requiring four data
bits and alphanumeric characters requiring seven data bits
for message transmission. The frame gqueue capacity
remaining FC(M, where M is 1 - 3) for the three subsequent
transmission frames is next calculated by decrementing the

20 frame countexrs by the number of cbde words required per
message, at step 2218 following the code word requirement
calculation for each message identified to belong to one of
the three subsequent transmission frames. When the
transmission frame queue capacity is equal to zexo (FC(M) =

25 0), at step 2320, the corresponding subsequent transmission
frame queue is full, and is not generally suitable in
message carry-on, except as will be described below.

When the frame information belongs to the current

transmission frame, at step 2310, the message type and

30 length are identified, at step 2324. The number of code
words required for meésage transmission is next calculated,
at step 2326, for each message type using the table
described above. The transmission frame queue capacity
remaining FC(0) for the current transmission frame is next

35 calculated, at step 2328 following the code word
requirement calculation for each message. When the current
transmission ffame gueue capacity is not equal to zero
(FPC(0) > 0), at step 2330, and the contents of the active



>

at step 1516, and because frane synchronization is obtained, the time (Tl)
to the start of the frane identification code word is identified, at step
1518. When 15 the non-conplenented "A" wpyd is not detected, at step 1514,
i ndi cating the non-conplenented "A" word may have been corrupted by a burst

error during transpission, a determination is made whether the ¢ | ement ed
"A" bar" is deR¥gtEhle renqmy %@.eeﬂhéﬁilﬁemﬁ%%edm%i%%‘b‘f%r
detected at steps1bH, mésuh gatdaigyt-bat fihg tAahanitved dimayhallslodiave been

corrupted by a burst. error_durin ranspi,ssLon t S tion is
agai n resumed PRPTER B sUYC Wé[g\i Etﬁe Bg\‘iwba‘_r’l'g‘)’ \?\B?ﬁ %gg%étg%?{ecd, grggastep
1520, the nmesthgbt 1o ansssare orareyt-on dsi deauifeddfar BBe gexxenrbed above,

at step 15522,@99 Qfg@i@@ £ A0 SWITREORWEALI B8BK] $nPbEAhEES thecidie (T2)
to the start o t]g*ue rame i dentification code word is identified, at, step

1524. At the ¥ppdob?i wateddy ddCoderGrotlehe FhEnBUFrEEALI FIR2ET GV d
occurs, at stepakéufierncddredtsae Ifenl PrédfbEeieddi sonthe ofLamssi gned to

the data communi cati an ceiver, at step 1528, battery savj [ r,esumed,
at step 1508, BEREATSRFHESE fESiBToERE LRgx BoalePaRbRt  Mier T 1 HOve-
recei ved. Wen t hewbenotled ¢uarent Rreosmdspdeds firamenqasseghedffithneat D, at

step 15280 { hge B389, [ S6PDA| AhdAlReIAge! $eifl reflbntl Rrd53ored Al L ML

to bit synchronrze ssage transnrssion rate 1's next e at _step
1532. \Wen bi theyaehrvren dubien s adhisiered334t sWepni1ths cepkents b d

correl ation begingcgivetShyd Bhe WG N 8a80B2eAMRLETPNE880vered, the

absolute value of the contents of the current frame counter
is determined, which indicates the actual number of code

15 words which are required to be placed into one or more
subsequent transmission frames using message carry-on when
the code word count is negative. In one embodiment of the
present invention, the number of code words which
correspond to complete messages including address, control

20 and message information, and which is to be moved from the
current transmission frame is then compared to the number
of available code word positions within the subsequent
three frames, at step 2338. When a sufficient number of
code word positions are available in the first, second or

25 third subsequent transmission frame or a combination

| thereof to accommodate the number of messages to be moved
from the current transmission frame, the controller sets
the carry-on flag in the block information code word, to
"01", "10" or "11" respectively, thereby identifying

30 whether the carry-on information is located within the
first, second or third subsequent frame or combination
thereof, at step 2342.

When the number of code words required to be carried-

on exceeds the number of excess code words available in the

35 three subsequent transmission frames, at step 2338, the
carry-on messages are preferably placed at the head of the
transmission frame queue for the third subsequent

transmission frame, and the carry-on flag is set by the



22 "C' word is detected, at step 1536, frane synchronization is obtained,
and the tinme (T3) to the start of the nessage information is identified, at
.Step 1538. Wen the non-conplemented "C' wprd is not detected, at 5 step

~ 1536, indicating the non-conpl enented "C' word may have been corrupted by a
burst error duri ngoiiansm' ssion, a determ.natiqn _i s nade whet her the

conpl ement " C°BRF CHetRctel,r &t StEP 546 WRGACRRERICRE CATBY PR s not
detected at stapoihdOionnik chddated Hal afthdeactbahe whiddmaybdSquehtso have

been corrupte . [ dyri tr. m ssion.-batter e
operation is gﬁg?{ﬁﬂ%%%%%%d;&%?é’stagos 8.2%9(%% ? e ™ 53 b%%" aéB?%X}aEsted’
detected, at thap bB4plac¢ingreths minnemtz Areasmissdbnaifnane axdeshecedare

(T4) to the s{rhsOht! ke RSARASE iﬂHé)rﬂ%hieO%ﬂa%sh%Q%—Bi §leudl £dP t13d €P
1542. At the appropriate tinme, nessage decoding can begin at step 1544. In

sunmmary, by ptBYrdi REPseARent SpfRHSHC afiramee ofbeWsPAY I HANERL aF X spaced
in tine, the egkirabbhiwitiofn SHHE RIGHE isilhseqguenty ReAhSRE 81 6ANEHah@ AL | ON
which is 20 sub%}eﬁg: to, burst_error corruption is grea |y enh%[;lcgd. The

use of a preddPBPRFhEY WHEHFONIER M5758968 RGAY A5 ERES fPE tha
synchroni zat | bnanswessionl, fxank arseevad yatedeber theedusyanhr oni zati on code

wor d whiqﬂ,istgggsﬁggpiggmggaﬁg,tfy; the alternative, the excess

messages can be transmitted in part in any excess code word
positions available in the subsequent three transmission
frames, leaving the balance for the next transmission frame
cycle, or can replace the messages in any one of the three

15 subsequent transmission frames, such as by "bumping® the
messages in the first subsequent transmission frame and
then using message carry-on for each of the subsequent
transmission frames until a transmission frame becomes
available to absorb the excess message count without the

20 requirement for a message carxry-on.

FIG. 24 is a flow chart illustrating data speed
selection in accordance with the preferred embodiment of
the present invention. At step 2402, the transmission
speed is initialized, for purposes of example, to 1600 bits

25 per second {(bps), although it will be appreciated that the
actual transmission speed could be initialized to 3200 or
6400 bit per second (bps) as wéll. At the next
transmission queue time, at step 2404, the current
transmission frame queue capacity is evaluated as described

30 above, at step 2406. When the current transmission frame
queue capacity is, for example, less than two times eighty-
seven code words, at step 2406, the messages from each
transmission phase are concentrated, at step 2408, and
redistributed to transmission phases 1 and 3, at step 2410,

35 as described for FIG. 20 above, and transferred to the
frame message buffer, at step 2412, resulting in 2-level
FSK modulation being generated at a data rate of 1600

symbols per second when the messages are transmitted.



“first predeterm ned synchronization code word, allows 25 accurate frame
synchroni zation on either the first or the second predeterm ned

synchroni zati on code word. By encoding thg synchroni zati on code words,

addi tional information, such as the transm ssion data rate can be provided,
t hereby enabling the transm ssion of nessage 30_ informati on_ at several

data bit rates. BYPeRitRE LY d TERERLSSheRr SRADS FOR Sty g3, “fi ne”
frame synchr Oé&&egtieo,n qtedten amfaualtwaessmge &1 gyt ssvem cade vweamshand

achi eved, and (?1% r}rdue tQ }o%celsn ggvglf]tég %s‘}{&&g orggggtﬂa&g ﬁng

wor ds, the reJr SVnch rzing at a erent d rate
Wi th synchr omn@tmeﬁsagﬁ Graratyi-on Wﬁl ahtl snEGIS?@ctt]tl© pefsAIRreqsie d@rrtdl§pt i on

|s greatly enhanced, dNASLAG 'ﬁgaort%hgalggson pRAsé £l habitds a6 t hngdat a

conmuni CatIOI’l recelver to recelrve an resent nessages to he receiver
user. FIG 16then grediftrikutag dn tP-’PH§{“|'L§FiLﬂB Ph%s%r oahi S8R At 1F A%

transm ssion §&aaei vd |fo7-1€(1-"1(§1 @1aagaﬁraanaﬁdwcisan§herﬁé@fw rmb effad nment
of the present. i nvent|o€ preV| ou descrllP d for %Cﬁh hovvn
again in Fl GP9%5aghPY migds| 5ﬁpf r cOfpF gég 9 8yhchTont Z3a |on code
word 1600 f ol hedelhtbiore/miary deneraltedkat| abéhtd BhbekoD 32@) dektsl(per

Address’]&Pntégéog'ckhich corresponds to 1600 symbols per second when
the messages are transmitted.

When the current transmission frame queue is, for
example, greater than four times eighty-seven code woxrds
and less than eight times eighty-seven code woxrds, at step

15 2420, and message carry-on is not invoked, the message code
words are concentrated by transmission phase, at step 2424,
and then redistributed by transmission phase, at step 2426,
as described for FIG. 22 above, and transferred to the
frame message buffer, at step 2312, resulting in 4-level

20 FSK modulation being generated at a data rate of 6400 bits
per second which corresponds to 3200 symbols per second
when the messages are transmitted.

When the current transmission frame queue is, for
example, greater than eight times eighty-seven code words,

25 at step 2420, message carry-on is reviewed, at step 2422,
in an attempt to transmit all messages in the transmission
frame queue during the current transmission frame cycle.

While message carry-on considerations are not
considered while speed change decisions were described in

30 FIG. 24, it is clear that when messages can be delivered in
most transmission frames, at a given transmission speed,
message carry-on can be used effectively to balance those
transmission frames which have a greater number of messages
to be transmitted ﬁhan can be effectively handled within

35 the transmission frame at an increased transmission speed.
When frame transmission queue requirements increase
generally throughout the active page file due to an

increased number of messages being received for all



10 nessage code words are distributed within the el even data blocks in a
predeterm ned order. The first code word, located in Block 0, is always a
bl ock information code word 1602 and i ncl s such information as the
begi nning | ocations of an address field 1604 and a vector field 1606, 15

| eavi ng ei ghty-seven code words avail able for the transm ssion of address,
vector and datEFaisdesidiods fraregmohbfiguefecbebr aRFREs$ tMmtSRieb chapges
address fiel d diedlemiaddiie Vectiaerbhelflg 1606, 1&h€1 contt:d ffilc ithaablcant 0
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addr ess code words fying nuneric_anc phanuneric messages 25
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nmessages, becayisedan®®e eBRhihy0Bol & AL§REHEHes ¥ G sideE o
correspondi ng nessage I%ES?SH W t inothe d%ta figl%@lGOS. For, t hgse address
t

code words whiEHb h&Pd-1coPPedPSRERAGNRYRRGE O L3 LB 9P606 30
i ncl udes cont rdcemreds, cah bechdded, Wahd hwhele nees duges tardnsag savidbrendi ng
| ocati ons 3f NesSapes l.ocat ed 'ghi t he d€£a fiel

1 speed’ 1 nytE
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EHERRL R RstiBnPE s Pt v i e

one to oné corﬁg%ponékﬂte et wee
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1606. FIG 17 iscdaildgNdpdedl 206RTrbhbHE! 5L Ple L 8Lt Qffnunication
receivers remains constant for the transmission protocol as
described the message speed increases. \

15 FIGS. 25-27 are timing diagrams illustrating
transmission phase and bit interleaving of the message
transmissions in accordance with the preferred embodiment
of the present invention. As described in FIGS. 4 and 8,
each transmission block comprises eight thirty-two bit code

20 words, which are encoded in the signaling protocol of the
preferred embodiment of the present invention as either
address, control or data code words, and which are then
interleaved using methods which are well known to one of
ordinary skill in the art using the frame message |

25 interleaver. Since the messages are stored in transmission
phases, as described above, the messages within each
transmission phase are independently encoded and

.interleaved. Depending upon the message transmission rate,
the transmission frame data stored for any given

30 transmission phase can be related to transmission frame
data stored in other transmission phases, or can be totally
independent of the transmission frame data stored in the
other transmission phases, as described in FIGS. 20-22.
When the transmission frame data is finally processed for

35 transmission, the transmission frame data for each
transmission phase is multiplexed together by a phase
multiplexer, further interleaving the interleaved

transmission frame data.



Information control word 1602 utilized in accordance with the preferred
enbodi nent of the present invention. Two 24 bits define a carry-on flag
1710 and represent the nunber of carry-on §4ames which are provided for
message transm ssion. The nunber of transm ssion frames into which carry on

Is extended is defined by the carry-on flag 1710 5 as follows: _Carry
Fl ag Fr an%er‘ﬁ%’e?gd'fP F1c. 25, wn FReEntrapshisehey Heame Ydata
Thru Frane N #29040is transmitted at ahOeffectlve rate JbrlﬁﬁﬁaMEtéJpeﬁ 11

Thru Frame N +_3 The functi on of carr fIa ja t i.n .the
DT ook | af or mat FERoRgy 1 meikatle b1E BRELYRARLE 0508 2T2E0E ! A5 dd (it
FIG 18 is a nemptlye merangrissica |qingnme§sage2céﬁvyloﬂSK redehattiae with

the preferreed grbp r@rsl@fpéﬁ%aorz%aénte LBYERELENto NOEHR! byt thier RAGHIME
termnal restricts massages whi ch are recel ved over the public swtched

t el ephone 20 n@atdring ved in § feRYeptafdmlsERBReY a?r%t RSP or
purposes of expePiegéd s1 | edaird Fyoangoiohell by B8t Fesdtol meguagerd s the

current transm%é'g%r %%@TE bed ng proce%iedt;gksmlggggn %{g{llgr’gagé on, by the

controller.
derived from the four transmission phases 2510 and is

10 interpreted by the data communication receiver as being a

single data bit transmitted at 1600 bits per second.
Returning to FIG. 26, when the transmission frame data

2602, 2604 is transmitted at an effective rate of 3200 bits
per second, the message bit information 2606, 2608, 2610,

15 2612, 2614 and 2616 appear on the transmission channel as
4-level FSK modulation having a bit period 2620 equivalent
to 3200 bit per second data interleaved in a non-
conventional manner, bit zero of message 1 (BOM1l) 2606
directed to a first group of data communication receivers,

20 followed by bit zero of message 1 (BOM1l) 2612 directed to a
second group of data communication receivers, and so on.
The transmission frame data is still derived from the four
transmission phases 2618, but is interpreted by the groups
of data communication receivers as being two unrelated data

25 streams, each transmitted at 1600 bits per second.

Returning to FIG. 27, when the transmission frame data

2702, 2704, 2706 and 2708 is transmitted at an effective
rate of 6400 bits per second, the message bit information
2710, 2712, 2714, 2716, 2718 and 2720 appear on the

30 transmission channel as 4-level FSK modulation having a bit
period 2722 equivalent to 6400 bit per second data
interleaved in. a non-conventional manner, bit zero of
message 1 (BOM1l) 2710 directed to a first group of data
communication receivers, followed by bit zero of message 1

35 (BOM1) 2716 directed to a second group of data
communication receivers, followed by bit zero of message 1
(BOM1) 2718 directed to a third group of data communication
receivers, followed by bit zero of message 1 (BOM1l) 2720



%bove, the nessage data is encoded into eighty-eight code 25 words for
transm ssion during the current transm ssion frame, of which at | east one
code word is reserved for the block inforggtion code word. It wll be
appreci ated, however, that for any given period of time, the nunber of
nmessages received by the termnal for transm ssion, and the 30 | ength of
the nessages, CETTENEP PnEQURERLEFOWR Qﬁxﬂ?qﬁofﬁ§mw@ﬂFé§éﬁPiﬁ&cﬁég§£§es
received for tandns 8ai.0nThe exapediddion rHnew skitan ilsr srelquaseicafacity
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Excess nessagéy dahe deotirngrdohpserfi data cwwpirdic times ageeivelrscesr bepoadi ng
address, nat %“3 %%ugué&' QQ};Qfs@réérE@,' SdBP 3%hsmiteRal B¢ REEBeH: 0L

nmessages received exceeds the franme transm ssion queue capacity, message
25 carry-on i Me¥F $§5988uent transnission franes and nessage transm ssion

rate changes can anU%QﬁmhgyLnﬁé§§§§é§rﬁ&é“%&&ﬁsﬁﬂt&&ﬁ&ﬁﬁﬁ%eﬂeEhéered, as
T e, deser e Re OlaV L FESSATEL AL T WIS AESR Ao ShTHER, 1007
frames, which af eonpttaptsesfoebtiexangdta vt lmted ed M4D0 NiZsapdrNs8condhe
sel ection; of v\ eUel! AIPLRTIRY 58 A | Snd'lddd A& 222890 48! G5 FhPh Y
the four transmission phases, and which synchronization
code word is transmitted, as described above, the
transmitted messages are interpreted by the data
communication receivers as messages transmitted to one, two
15 or four groups of data communication receivers at a
constant effective transmission rate of 1600 bits per
second.
FIGS. 28-30 are timing diagrams illustrating the data
communication receiver message bit sampling in accordance
20 with the preferred embodiment of the present invention. Aas
described above, the synchronization code word transmitted
indicates the relative transmission rate as 1600 bits per
second, 3200 bits per second, or 6400 bits per second.
Bach of the data communication receivers is assigned to one
25 of four transmission phases initially, 21, 22, 3, and ©24.
When the synchronization code word received indicates
message transmission at 1600 bits per second is to follow,
the phase selector 828 of FIG. 8 is addressed to select all
four phase outputs, resulting in a phase clock which is
30 provided to the demultiplexer 820, block de-interleaver
822, and address 830 and data 832 correlators which is
generated at 1600 bits per second. This results, as shown
in FIG. 28 with 1600 bit per second message bits which are
sampled by all data communication receivers irregardless of
35 transmission phase to which the data communication
receivers are assigned, and sampling is provided within the
center of the 1600 bit per second data bit. |



“which of the three subsequent transmission frames has, in 10 one instance,
excess transm ssion frane queue capacity, and in another instance, is one
,of “di spl aci ng messages in subsequent trangsission frames to allow current
"nmessages to be transmitted with the shortest time queue possible, as wll

be descri bed bel ow, 15 S an ectri.cal block di [ f the
frane formatter 219PEPi FP?eﬂYPﬁ£¥%1%H?%Iq°§ﬁ 8‘Pr€| éecflvié ﬁ%ggrl 8
above, nessagmesshyehtaspsmiseiowchtari2 dried pert becandi ve pageoildw, 210.

The active Pagge! bhes210cisopeleratly mdlual sRobhgrbbish (. oliset ol

random access del’i neat message transm ssion
phase, and Wnptfhfgtll;rEbasheomg‘asgesrﬂﬁvltmgoﬂ@eﬁ Phaﬁﬁl ghoehehishab®s

were receiyed %899&Qangotehéh&aﬁﬁﬁ§ﬁ9€e£élam Siﬂ@@kphésenaéﬂgﬁresrto t he
data communi cation receiver. It be appreci ated.that ot menory

types, 25 sucB28s ﬁﬁ@da@¢§ﬁsﬂr§%%sa%rfiad'é" B34 COEF A8 T REF wgb?h hPl ement i ng
the active pagenfah:he_ealgt Peoomwsalﬂar ssenancmimag eaahsmiassonssi on

frame interval controll 1902 h tp 1904 | |
t he messages ?PG?SH 351 ?ﬂg Ss% Het AP SRpd ou él é’r eas?sr e§reg§§2%‘lhﬁg %{%ggcesses

nmessage transmiessailba, phassbowh iineFmt|2/SeVpagwe3f2|0I0eb21—0perhee¢eE@vered
messages pfe gauBhad boeLNPHishOLra gér@éﬁaﬂgﬁo% 4208pshbehaadant |1 es

t hose nessage are to tTans fhe current transmission
frame, and theommppisagdenvhecenivers GEUW th andt £red?dur FREUBNE or%ore

subsequent trapadnpd§i @Ampling within the center of a 3200 bit per second
data bit, thereby effectively doubling the amount of
information transmitted on the transmission channel.

15 When the synchronization code word received indicates
message transmission at 6400 bits per second is to follow,
the phase selector 828 of FIG. 8 is addressed to select one
of four phase outputs, resulting in a phase clock which is
provided to the demultiplexer 820, block de-interleaver

20 822, and address 830 and data 832 correlators which is
generated at 1600 bits per second during transmission
phases 21, 92, 93 and #4. This results, as shown in FIG.
30 with 6400 bit per second message bits which are sampled
by four groups of data communication receivers (group 1/%1,

25 group 2/82, group 3/ﬁ3 and group 4/94) sampling within the
center of a 6400 bit per second data bit, thereby
effectively quadrupling the amount of information
transmitted on the transmission channel.

The sampling of the received data is controlled by the

30 controller 816, shown in FIG. 8, and generates one sampling
pulse at 1600 bit per second bit rates, two sampling pulses
at 3200 bit per second bit rates, and four sampling pulses
at 6400 bit per second bit rates, the sampling pulses
centered within the data bit at each transmission bit rate.

35 Selection of which data bit is recovered at the three
transmission bit rates is controlled by the phase clock
generated by the phase selector, and is based on which



frames, which as described above are the three subsequent transmi ssion

frames. When a nessage is detected within any of the nessage transm ssion

phases and which are to be 26 transmttsgd during the current

transm ssion frame, or during one of the three subsequent transm ssion

frames, the franme decoder 1906 .gene aées a nessage (detection signal which
2650 5aC by ga

i s coupled to WP EHRTEN

BRI CE I F 99 EndiSyzes the

correspondi ng inreissizgd t @asddigned te rbeebuebes ddsanidsedvatdsreshi ch will be
required for nessagerdd ansm g3 o, a@gp%ﬂgwghgﬁé hfjljg%%{gﬂﬁfd qy,d rame
g er

assigned to the recovered nessageées, the contro

coupl®es cal cul at ed

message code VRgSBagsumroaessingr capabilitynef 1the olafia rapmmng catiion

mai ntain ast ot@lesio 19f AR AB%eRIG1 EAIENNOSLL FOME] GBIt e the
current frame (N), and the three subsequent franmes (N+1, N+2 and N+3). The

nmessage for tRFSSHtedmSPIHON-ss B8Nt FRfeddta L@ IFHL I TeSiveEnt s
transm ssi on fhafedwWd erthkd il crobbhputessegetréDled Sid higittirad zaid)s aguent
transm ssi on frtamass]g)re returned i£ t he ordgr (#ﬂr; Wnri;#h t he Tessages were
recei ved to tHeE-Hetd ez‘pagé’wﬁq &5218e0 ARPRAYShe Nt W5 M HeSEad® queue
order. Wen t lenaddde negred viagntinfermatioedwhich ey rsere-eoantidritet®O0® f or
the currepg fr

capacity,

whi ¢

asa(sg%tsg?réﬁigg%%g%ogﬁergﬂﬁéﬁé{ﬁ Ofifn?ls 17 AR SO dd FPanueue

synchronization are not obtained within a predetermined

period of time, at step 3104, power is suspended to the

receiver, and the receiver remains in a battery saving

mode, at step 3106, until a predetermined time period has

15 elapsed, such as when the next assigned frame transmission

is expected. When bit and frame synchronization are

obtained as described in FIG. 15, at step 3104, the message

transmission speed is identified, at step 3108, to enable

decoding the received messages. After the block

20 information code word has been separated from the address

information by de-interleaving transmission Block 1, the

block information code word is decoded, at step 3110. The

status of the carry-on flag is then checked, and when the

carry-on flag value is "00", indicating no message carry-on

25 is established by the terminal, the current transmission
frame address fields is decoded, at step 3114. When the
carry-on flag value is not "00", at step 3112, but rather

is determined to be "01", at step 31156, indiéating a

message carry-on is established by the terminal which

30 extends into the first subsequent transmission frame, the

current transmission frame and next subsequent transmission

frame addresses are decoded, at step 3118. When the carry—

on flag value is not "01", at step 3116, but rather is

determined to be "10", at step 3120, indicating a message

35 carry-on is established by the terminal which extends into

the first or second subsequent transmission frame or a

combination thereof, the current transmission frame and

next two subsequent transmission frame address fields are



equal s ei ght-seven code words, the excess messages which are detected as
the active page file 210 is read out are stored in a carry-on buffer 1912.
The excess messages stored in carry-on buffer 1912 will be transmitted in
one 25 or nore of the three subsequent transm ssion frames, as will be

descri bed bel o %%écgé zf’tls m% SA95S f% Fﬁeghgurgg traflf%%s\?aﬂpﬁ %qgorg(;ave

been recovered, ¢ ssages “storéed in curren fPane
coupled to i nptll@;" ofata Pd:ﬂm BR0,coutematheor ig datembiedrivvdsseblihe at

messages storegdiip ii‘f«‘zlf%Hdlr@a%%%%eash%ég&eaégﬁfycgﬁrfép&é‘ﬁéﬂlgléﬁéd by

transni ssi on phase depehding upon t he message tranhsm ssion speed
concentrat ed nkERe IRl t‘ﬁ%%@&ﬁ?@ést dnkapthe Birgt datecddt r‘?’bd-'tl'ﬁfrd1916

ﬁ’h} fch tgig =i Séﬁb@éﬁl@l@&ﬁ&&nﬁ@ﬁﬁaﬂt Fabfd, W_Eﬁéagﬁﬁr%@t Erﬁﬁriérﬁ&f imssage

uf f er , again accordin t.Q the transm ssi spee ereaft Jressage

o ocess: vy f oy BHnE S St duiel” ubBRRTLRE! BraRPRESsi od F5He Haa SR 5

are el ectrical fhebik aitegiemsiad,| ast shepndlehe operation of the dat a

concentrator/distri My h rr | of the
; : %‘éx‘? & Ms@a’}%ﬂf‘slgfﬁ 8e868£ & l&E‘@&g 1Y,

present invention. a concent rat or er a
programmabl e f3Lk81] 323 (S)lbr@%t\ﬁ@ optf ggclpﬁgea@eaddress lS assigned to

10 the data communication receiver, as determined at step 3202
of FIG. 32, power is suspended to the receiver, and battery
saving is performed until the next assigned transmission
frame. When the address fields are decoded, at steps 3114,
3118, 3122 or 3126 include an address is assigned to the

15 data communication receiver, as determined at step 3202 of
FIG. 32, the message information corresponding to the
address is decoded, at step 3204, in the transmission frame
in which the address is detected, which is either the
current transmission frame or one of the three subsequent

20 transmission frames, depending on the value of the carry-on
flag transmitted. The decoded message is then stored in
memory, at step 3206, and the user is alerted of the
received message, at step 3208. Power is then suspended to
the receiver, until the next assigned transmission frame is

25 expected, at step 3106 of PIG. 31.

In summary, a data communication receiver has been
described above which is responsive to a message carry-on
flag transmitted within the block information code word to
determine the length of time the data communication

30 receiver should remain on to detect any messages which may
be directed to the data communication receiver. 1In
particular, the message carry-on flag indicates that
messages are being transmitted in the assigned transmission
frame, or in one or more of three subsequent transmission

35 frames. A data communication receiver which has been
directed to search for addresses in one or more of the
three subsequent transmission frames, thereafter ignores

any message carry-on flag which is transmitted in the block



Tul tipl exer, the operation of which is controlled by the controller 1902.
The data distributor 1916 is preferably a programmabl e one, two or four
line to four line nmultiplexer, the operatign of which is also controlled by
10 the controller 1902. The operations of both the data concentrator 1914
and the data djs ribu%.or 1916 are rea ilg ing#errented as_soffware routines
usi ng a m cr ocbPPUE R LM SHOIh&OTESs Qe thS: EUPECEECBE TTAEMITE  at 1600
bits per seconfirdies) butherdmtials Aooléngofforeaddgessss ovechild whe hi n t he
four transm ssj DhASE; ']g@& f; rept el LS, I\ pi y

ei ghty-seven o{r_'P{lréss csgld‘{er?\?\fbr ss\(/)vi:Ltn#c})L(tc}f—:l %rgrgelsggggﬂégﬁ%/g%# (Eétah%é}f y(yr?ciglla%(‘{/

| ess than 1.5)Xdeecded tinddheiafinignedy Eransnésabeasivane. neBrbg 2 kavws - on.

However, a s5spegsls $4a8 0818, 1die toe e %é@@%ﬁ%éﬁ.?naﬁf:ﬁf@d i 8o 2h preferable
when the current frane transm ssion queue exceeds two tinmes ei ghty-seven

code words wit REFRERLERIQ ANANGS, ARdSASWASPRTEPR] 3OVE hd"SHFAEN IR t he
four transm sso®ncghasedy dee dqxditedd biyoaadsatagbemae iedt Dok Hdcelisierg t he
data concentrator 1914, and then.redi stgri but ed ton2€rtV\g of the four frame
nmessage bufferogrﬁahsrﬁ%s]i on npt?5’sé’§n€f ﬁ8n§5“. FHhe"setONa two frane nmessage
buf fer transm ssi onWghebem{2 and 4) are coupled to a logic zero by the
data distnigoutor 1916 which is then |oaded into the frame nessage buffer.
The frame nessage buffer contents is 30 further processed for transni ssion
as described in FIG 2 above, and applied to the input of the 4-1evel FSK
nmodul ator at the transmtter, which, because of the logic



'zerb i nput provided to frame nessage buffer transm ssion phases 2 and 4,
results in 2-level FSK nodul ation of the 35 nessage to be generated at 1600
,bps, which al sc‘m’r’esﬁﬁmynbol rate of 1600. synbol s per second.

"When t he rressageﬂ m“\ansmtted at 3200 bits per second (bps),
the total nunber mﬁwﬂm 28 within the four transm ssion
phase regi ons of eccukrent frdnme buffer scri bed above, is typically

twi ce eighty- seven or |ess code words without nmessage carry-on and typi cal
| ess than three to four tines eighty-seven code 5 words with nessage
carry-on. However, again a speed change Egaggg next transm ssion speed is

preferabl e when the current franme transmSsion queue exceeds four tines
ei ghty- séven code words with nessage carry-on. As shown in FIG 21, the

contents of the four dEEQ”éH&ﬁﬁh?@a@M%eéél@éld dosithec®tdr3raRdiging’ €

conbined to two seri al outfuts 3) using the data concentrator 1914,
and then redi eFFRELT1IR2 ﬁe‘”*‘éﬂﬁfn f?%‘ré’?ré%%%‘gé‘%@?ﬂ@r LERRARAPEEPDN phases

(1 and 3, andfzamed éraﬁ§raﬂ@&¢d/eiry)a Ry slpdtaerihiisldd Bebent8]6thdhreésage
nmessage buffer .con ents s furt roce ed for 15 _transm ssion.as
doscribed | n” FFERA3EabogLIatiy SR den 0 fine SAdpus 5P TAE 27 oG8R FoK
nodul at orlaat uhéormansomtdes;gmmg rcarseuldrs mared-adehieh oR8K medasbagei on to be
generated at transmission frames to which the data communication receiver
is responsive for receiving the message signals, the data
communication receiver comprising:
a receiver for receiving the nessage signals;
i5 means, coupled to said receiver, for decoding the
address and designating information received during the
assigned transmission frames;
means, responsive to the address and designation
information decoded, for storing the message information
20 received which is intended for the data communication
receiver during the assigned transmission frames,
said decoding means being further responsive to the
designating information, for decoding address information
received during the one or more additional transmission
25 frames designated by the designating information,
said memory means further storing the message
information received which is intended for the data
communication receiver during the one or more additional
transmission frames; and

30 means for displaying the stored message information.

2. A pager assigned for receiving message signals within
one or more message transmission frames transmitted in a
predetermined sequence, the message signals including address
35 information, and information designating one or more
additional message - transmission frames to which the pager is
responsive for receiving the message signals, the pager

comprising:

e

e

eet Has Been Reraced

TN, S




- 3200 bps, which also corresponds to a synbol rate of 1600 synbols per
second. 20 Wien the nessage data is to be transmtted at 6400 bits
per second (bps), the total nunber of nessages stored within the four

transm ssi on phase rrent frame buffer described above, is
typically four ti ﬂ‘ﬂﬁm“ﬁk‘““mn | ess code words wi thout nessage
carry-on 25 and t @sssthan six to eight tinmes eighty-seven code
words with nmessage carry-on, although nessgge carry-on to sixteen tines
ei ghty-seven code words is possible by forcing a carry-on in all three

subsequent transm ssion franes. As shown in FIG 22, the contents of the

four 30 transni ssi;0Rcplases &be Qééléiﬁﬂn@iﬂ@@trﬁésgdy@@@nbhe ;dat a
concentrator 1914 and the datgsaigtribu or 1916 to the fra ?ﬁage

buffer. The frame MEEEZge “BUP 8nP3h sr?%e*Yﬁ?%e<nbf%%§%se8

transm ssi on aﬁddessrhhdddéeiﬁhétiﬂgahmﬂmrm&uﬁbnnnﬁdeadeﬁoduhengnphe of the

4-1 evel FSK 35 nndula ggg % gWhich results in 4-1evel FSK
Fanthisahs

d
nodul ati on toaﬁglagﬁera corresponds to a symbol rate-

of 3200 synbol s perlsetingd. meangg rﬁSBmV? te Hehg ragidreser Mt er s
utilized to S%hbh@ﬁﬁé%ﬂ@érﬁéeiéﬂ a@é&éut%xagén\é@-aﬁaag hi kensghosn in
FIG 2, preparlng he nessa for transm ssi on
alert signal w en the address 1nformat10n decoded is intended
for the pager during the assigned transmission frames,
said decoding means being further responsive to the
designating information, for aecoding address information
received during the one or more additional transmission
15 frames designated by the designating information,
said alerting means further generating a sensible alert
signal when the address information decoded is intended for
the pager during the one or more additional transmission
frames.
20
3. The data communication receiver according to claim 1 or
2, wherein the designating information designates one or more
additional consecutive transmission frames transmitted
subsequent to the assigned transmission frame.
25
4. The data communication receiver according to claim 3,
wherein thg designating information designates up to three

additional consecutive transmission frames.

30 5. The data communication receiver according to any
preceding claim, wherein only the address information is
decoded during the one or more additional transmission frames

designated by the designating information.

e
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nmoni toring the_nunber of code words for which transmssion 5 is required in
the current transm sSi d the three subsequent transm ssion

_frames, the fra .determ nes when nessage carry-on is desirable,
and whi ch of thm,lmmm t transm ssion frames will be used to
provi de nessage tart¢y-iOMl.y #Hane formatter also formats 10 the nessage

data to enable transm ssion at three selected transm ssion speeds using

preferably a 4-1evel FSK nodul ator, therebysproviding increased nessage.
processi ng capacity using nmessage carry-on and speed changes to be

descri bed bel ow, as the nunber of nessages being received 15 by the system
i ncreases. Fl& 23The dathowomhatiicatiarstreaidivgrt kecopdiati bn afiyt he frane

formatter of FIG 19, At.the heginn af h tr 1 $SJ.0 .
processi ng cy%?%?e%h%g COME M I@%g%%rﬂiqu?et%g T gtﬁg’ggg‘rgkn%ﬁ%e%llﬁél tiallzes the
frame count erdesbgr@tesotime song oy giane selddtioaplstepnsBhssiomyfyanes he

message t rans%g i%&&e%.@e- RES MR £ FUHTDORIet (568 WREd8athaBSHkA B4kt on

ei ghty-ei ght h 1 ncludes at |east one block informati on word foll owed by
the ei ghty- seVeReHESE oyl coR AR atGthMesSigeadBfesRatLant Ft 2hd nessage

information. gpandhetédeik ity Bt ethdleiyignaeed Babnkii58ibh NBrimes.
transmt, at step 2304, the contents of the active page file is recovered,
at step 6. As the nessages are recovered, the franme information bundl ed
wi t h t he correspontthagdats segesunscaleicndatkcsitvest egc23d8ngWienanhe frane 30

information dges.08t,pelPlf, ! Quldie G RN addi3RaMi 8§ @Afcrmation in
included within a code word which also includes information
identifying the position of the address information within

15 the assigned transmission frame.

8. The data communication receiver according to any
preceding claim, further comprising
battery saving means for controlling the supply of power
20 to said receiver during the assigned transmission frames, and
for enabling the same to receive the message signals,
said battery saving means being further responsive to
the designating information for controlling the supply of
power to said receiver during the one or more additional
25 transmission frames designated by the designating

information.

This Shee,

Wi

THIS SHEET HAS BEEN
REPLACED




“frame being processed, at step 2310, the controller checks whether the
frame informati on belongs to one of the three subsequent transm ssion
_frames, at step 2312. Wen the franme information indicates the nmessages do
“not belong to 35 the three subsequent transm ssion franmes, recovery of the
nmessages fromthe active page file continues, at step 2306. Wien the franme
information indicates the nessages belong to the three subsequent
transm ssion frames, at step 2312, the 8D nessage type and length are
identified, at step 2314. The nunber of code words required for
transm ssion is next cal cul ated, at st§P 2316, for_ each nessage type, using

the tabl e shown bel ow DATACARGAVIEATION RECEIVER (HAVWNG VARIABLE " f or

Transmi ssPon Tone-only L T@dyﬁ§§§GEOGéR§BF9N(CﬁD Nuneric (7

digit) 2 address/vector cw plus 1.4 data cw Nuneric (10 digit) 2
address/vector cw plus 2 data cw 10 Adg@g@gﬂ@fic ' 2 address/vector
cw plus 1 data cw 3 characters The tabl OVe€ i s based on 21 data bits
bei ng avail abl e for nessage transm ssion in the nodified 32,21 15 BCH code

vord with numeric ghalag! Elmnl S0 Jiui Wt 3186) S 18Nd 584 gheaURBE | C
characters requiring seven ata_ Its . .

10 receiving message signals within one or more message
transmission frames (FIG. 3) transmitted in a predetermined
sequence. The message signals include address (1604) and
message (1608) information, and information (1710)
designating one or more additional message transmission

15 frames to which the data communication receiver (106) 1is

responsive for receiving the message signals.

FIG. 9 accompanies this abstract.



“for nessage transm ssion. The frame queue capacity remining FC(M where M
is 1 - 3) for the three subsequent transm ssion franes is next cal cul ated
_by decrenmenting the 20 franme counters by the nunber of code words required
per message, at step 2218 follow ng the code word requirenent cal cul ation
for each nessage identified to belong to one of the three subsequent

transm ssion frames. Wen the transm ssion frame queue capacity is equal to
.zero (FC(M =25 0), at step 2320, the correspondi ng subsequent

transm ssion frame queue is full, and is notL&ﬁnerally suitabl e in nessage
carry-on, except as wll be described bel ow. en the frane information

DATABASE
REAL TIME
CLOCK

TO PSTN ~-st—

belongs to the current transm ssig at-step~23t0e-vhe nessage type
and 30 length are identified, at: 32§§ The nunper wor ds
required for nessd ansm s | CLE?Lﬁd, bt Y6, for
each nmessage type|ysing the { bl e} e fbdve Tha:t on frane
queue capacity rerfatni pg FC(®) for %1 T ﬂ-ggnsmd e is(.\riext
35 calcul ated, at éra_e 2328\lfollp~v\% th bdg Shor|d .
cal cul ation for ¢3eh ssage. \Wen clrrgpt i:r‘a?rsrr asl| q e
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sets the nmessage carry-on flag transmtted in the block information code
word to "00", at step 2332, indicating that no nmessage carry-on is required
Jor the current 5 transm ssion frane. After the block information control
word is updated by the controller, the current transm ssion frame buffer
contents is then transferred to the frame nmessage buffer for processing as
described in FIG 2 above. Wen the current transm ssion frame queue is
full, at 10 step 2330, any further nmessage requirenents are stored in the
carry-on buffer, at step 2336. When the contents of the active page file
menory has been fLM%¥a4/Ecovered, t he absol ut 2/A8al ue of the contents of the
current frane count i/$ determ ned, which indicates the actual nunber of
code 15 words whighVafe required to be placed into one or nore subsequent
transm ssion frame$ usi1g nmesgage ca ry-on when the code word count is

negative. In one e rent off {le pfesent invention, the nunber of code
wor ds whi ch corresp dﬁ 10 conpl(gbonmssages i ncl udi ng address, control 20
and nessage informﬂflon and Whigh i to be noved fromthe current

transm ssion franmelis then COTpdred [0 the nunber of available code word
positions within thge subsequent [{hre step 2338. Wen a
sufficient nunber pEgofle word pgsjt avgilable in the first, second

or 25 third subsepment|trangm $3i on "a |conbi nation thereof to
accommodat e t he nupbDer pf nedsages t ed ffromthe current
transm ssion frame| thefjcontrolf|er s carrly-on flag in the bl ock

informati on code wbrd, fo
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“01", "10" or "11" respectively, thereby identifying 30 whether the

carry-on information is located within the first,
Subsequent franme or conbination thereof,

words available in the 35 three subsequent transm ssion franes,

second or third

at step 2342. \Wen the nunber of
code words required to be carried- on exceeds the nunber of excess code

2338, the carry-on nessages are preferably placed at the head of the
transm ssion frame queue for the third subsequent transm ssion franme, and
32 controller to "11, at step 2344,

the carry-on flag is set by the
i ndi cating the carry-on in
subsequent transm ssion fra@z

tion is |ocat¥#88in at
at step 2346. It wll gg appr eci

| east the third
edY

at step

by placing the current trgnghEs} ane excess code=bp words 3t he hedd
of the frane transnissiofjqeeue /f he third subsequent trans Si Qo
. . . . -
frame, the requirenent Epﬂ gio within the third subseguent p
transm ssion frame is gé&er ' & when @ressages requBrenents fo t@
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“cycle, or can replace the nessages in any one of the three 15 subsequent
transm ssion frames, such as by "bunping" the nessages in the first

- _Subsequent transm ssion frane and then using nmessage carry-on for each of

t he subsequent transm ssion franes until a transm'ssion frane becones
avai l abl e to absorb the excess nmessage count w thout the 20 requirenent
for a nessage carry-on. FIG 24 is a flow chart illustrating data speed
selection in accordance with the preferred enbodi nrent of the present
invention. At step 2402, the transmission speed is initialized, for

pur poses of exanple, to 1600 bits 25 per sgrond (bps), although it wll be
appreci ated that the actual ¥Xansm ssion speed could be initialized to 3200
or 6400 bit per secord@3Xbp3YMBOLWRECOVEREDe next transm ssion queue tine,
at step 2404, the current t@#snissiBATArane queue capacity is evaluated as
described 30 above, at step P406. en the current transm ssion franme
gueue capacity is, J/For{exanprE, 1"ess ghan tTwoe tr gkﬁrghfy?’ggven code

words, at step 2405, the nesslages fro ion se are
concentrated, at sfep R408, and redistri {ssion’phases 1 and
3, at step 2410, 35 ap descrf bed for tfansterrétl to the
frame nmessage buffer, Wt sted 2412, r¢sulliing- Aodul at i on

being generated at; g 6E68K%ﬂ&% pf 1600 synbol skper secon eh the nessages

are transmtted.
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"33 Wien the current transmi ssion franme queue is, for exanple, greater than
two tinmes eighty-seven code words and | ess than four tines eighty-seven
.code words, at step 2414, and nessage carry-on is not invoked, the nessage
code words 5 are concentrated by transni ssion phase, at step 2416, and then
redi stributed by transm ssion phase, at step 2418, as described for FIG 21
above, and transferred to the frane nessage buffer, at step 2412, resulting
in 4-1evel FSK nodul ation being generated at a data rate of 3200 bits per
10 second which corresponds to 1600 synbol s per second when the nmessages
are transmtted. Wien the current transm ggigon frane queue is, for exanple,
greater than four tines-eighty-seven code words and | ess than eight tines
ei ghty-seven code words, at step 15 2420, and nessage carry-on i s not

i nvoked, the message code words are concentrated by transm ssion phase, at
step 2424, and then redistributed by transm ssion phase, at step 2426, as
described for FIG 22 above, and transferred tgftﬁégfrane nessage buffer,

at step 2312, resulting/Tf{Ig<lever20"""F3Ky ra

data rate of 6400 bits per '
second when t fEG ’
frane queue is, P~ exabpl
words, 25 at step 2420; n
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“in an attenpt to transmit all messages in the transm ssion frame queue
during the current transm ssion frane cycle. Wiile nessage carry-on
.considerations are not considered while speed change decisions were
described in 30 FIG 24, it is clear that when nessages can be delivered
in nost transm ssion frames, at a given transm ssion speed, nessage
carry-on can be used effectively to bal ance those transm ssion frames which
have a greater nunber of nmessages to be transmitted than can be effectively
handl ed within 35 the transm ssion franme at an increased transm ssion
speed. \Wen frame transm ssion queue regyygenments increase generally

t hroughout the active page file due to an |ncreas%gﬁ£unber of nessages
bei ng received for all 34 transm ssion frames, = \se of transm ssion
speed changes are effective in increasing the I[EVEl 01 {raific t
handl ed on the channel. By bal ancing the use of| meSORRMEMQRY on hnd speed
changi ng, a tE#ﬁAﬁqriable speed 5 signaling for i i ch all ows
flexible systeﬁhghpmnh begi nning at a relatlggéy\lo nmessageAt ransm ssion

t can be

speed and progrgssing to a hi gher nessage trans | e an
i ncreased nunber| of data congyn+§£§ion receiverp cancbgrsied, angl while
message transmi-gstoen -10-speee-ts-i-nereased By tyansm \idang nultipge
messages ‘ :
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*essentially in parallel, as described as above, the actual decoding speed
requi rement for the data conmunication receivers renmains constant for the
transm ssion protocol as described the nessage speed increases. 15

FIGS. 25-27 are timng diagranms illustrating transm ssion phase and bit

i nterl eaving of the nessage transnissions in accordance with the preferred
enbodi ment of the present invention. gibed in FIGS. 4 and 8, each
transm ssion bl ock conprises eight thlrty mo b|t code 20 words, which are
encoded in the signaling protocpys0 egbodi nment of t he
present invention as either addr- , 'ﬁﬁNﬂﬁﬁC&NEﬂéwh code words, - and which
are then interl eaved using net hods WAT CII Gl G We KNNOWn t 0 one of ordi nary
skill in the art using the frangogaessage e aver. Since the nessages
are stored in transm ssion phaseé\_as deﬂﬂimmﬁﬁiabov the messages Wi thin
each transm ssi on phase are indepen e oucy anu "interl eaved.

Dependi ng upon the mess#&p8-r gnsmi ssion rate¥ the & nsm ssion frane data
stored for any given 30 tranymni ssion phasg e related to transni ssion
frame data stored iherBAr‘Ia' o can be totally

I ndependent of the ¥\ SSBAVIEf #ane e n the other transm ssion
phases, as described Tn FIGS 20-22. Wen ransm ssion frane data is
finally processed for 35 transni sgrom the®y¥hnsni ssion frame data for each
transm ssion phase is multiplexed]together by a_ptiase nultipl exer, further

interl eaving the interleaved | N
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‘transmission franme data. 35 Returning to FIG 25, when the transm ssion.
frame data 2502 is transmtted at an effective rate of 1600 bits per
.second, the nessage bit information 2504, 2506, 2508 appear on the
transm ssi on channel as 2-level FSK nodulation 5 having a bit period 2512
equi valent to 1600 bit per second data interleaved in a conventi onal

manner, bit zero of nmessage 1 (BOMVL) 2504 followed by bit zero of nessage 2
(BOWR) 2506, and so on. The transmi ssion frame data is derived fromthe
four transm ssion phases 2510 and is 10 interpreted by the data

communi cation receiver as being a single data bit transmtted at 1600 bits
per second. Returning to FIG 26, when t@yggtransm ssion frane data 2602,
2604 is transmtted at an effective rate of 3200 bits per second, the
message bit information 2606, 2608, 2610, 15 2612, 2614 appear on
t he transm ssion channel—gs—4—-evel FSK nodul ati on havi ng eriod 2620
equi val ent to 3200 bit pef.secpnq data interleaved in a n| enti ona
manner, bit zero of nmessape 4 [[BOVL) 2606 directed to a f up of data
communi cation receivers, PB~fplldwed by bit zero of nesshge I1n (BOML) 2612
directed to a second group®@of Pata\conmuni cation receiverk, o on. The

transm ssion frane data i:thi | deli ped—omthe four N
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‘transmi ssi on phases 2618, but is interpreted by the groups of data

conmuni cation receivers as being two unrelated data 25 streans, each
Jransmtted at 1600 bits per second. Returning to FIG 27, when the-
transm ssion frame data 2702, 2704, 2706 and 2708 is transmtted at an
effective rate of 6400 bits per. second, the nessage bit information 2710,
2712, 2714, 2716, 2718 and 2720 appear on the 30 transm ssion channel as
4-1evel FSK nodul ation having a bit periggg722 equivalent to 6400 bit per
second data interleaved in a non-conventional manner, bit zero of nessage 1
(BOML) 2710 directed to a first group of data communi cation receivers, -
followed by bit zero of nmessage 1 35 (BOML) 2716 directed to a second
group of data conmuni cation receivers, followed by bit zero of nessage 1
(BOML) 2718 direER8MEo a third groul QBQNdfuni cation receivers,
foll owed by bit zd@. of message 1 (BOML) 2720 36 directed to a fourth
group of data communi dati®n 1&ce24er32 a40 s48 orb6 Tigd t 72nsBDssB8®n frane

data is still derivedpfromrtiefqur—qran3ym S3T O] PITapeEsS B2, D i's
interpreted by the 1oyr drougs of| datla cgmuni cajion|reckivers ds being 5
four unrel ated data_ sfreqms,feaci tTgqrnsmtted at o0 s econd. In
summary, nessages afelltrdnsniltted befween thé :
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Eerninm
effective data bit

and the transmtter over a distribution channel
rate of 6400 bits per second. 10 However,
dhow the nessages are formatted within the four transm ssion phases,
whi ch synchroni zati on code word is transmtted, as descri bed above,

at a const ant
dependi ng on

and
t he

transmtted nmessages are interpreted by the data conmmuni cati on receivers as
or four groups of data communi cation
receivers at a constant effective transm ssion rate of 1600 bits per
second. FIGS. 28-30 are timng diagrans illustrating the data communi cation

rressages transmtted to one,

receiver
enbodi nent of the present
synchroni zati on code word tr

two 15

i nventi on.

As

rate as 1600 bits per second,5200 bits per second,

second. Each of the data commugi
four transm ssion phases initi
synchroni zati on code word recCe
bits per second is to follow,
to select all four phase outp
provided to the demulti pl exer
830 and data 832 correl ators™W
This results, as shown in FIG
whi ch are sanpled by all data
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35 transm ssion phase to which the data communication receivers are
assigned, and sanpling is provided within the center of the 1600 bit per
second data bit. . 37 Wen the synchronizati on code word received

i ndi cates nessage transm ssion at 3200 bits per second is to follow, the
phase selector 828 of FIG 8 is addressed to select two of four phase
outputs, resulting in a phase clock which is 5 provided to the
derul ti pl exer 820, bl ock de-interleaver 822, and address 830 and data 832
correlators which-is generated at 1600 bits per second during transm ssion
phases 01 and 02, or transm ssion phases 03 and 04. This results, as shown
in FIG 29 with 3200 bit per second 10 nesdddgk8 bits which are sanpl ed by
two groups of data conmuni cation receivers (group 1 - 01 and 02, group 2 -
03 and 04) sanpling within the center of a 3200 bit per second data bit,
thereby effectively doubling the amobunt of information transmtted on the
transm ssion channel. 15 When the synchroni zati on code word recei ved
i ndi cates nmessage transm ssi o 6400 bits per ond is to foll t he
phase selector 828 of FIG 8 ddressed to s one of four p
outputs, -resulting in a phase bck which is pr ed to the denul
820, bl ock de-interleaver 20 and address 8 nd data 832 co i at or s

which is
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“generated at 1600 bits per second during transnission phases 01, 02, 03 and
04. This results, as showmn in FIG 30 with 6400 bit per second nessage bits
Wi ch are sanpled by four groups of data comruni cation receivers (group
1/01, 25 group 2/02, group 3/03 and group 4/04) sanpling within the center
of a 6400 bit per second data bit, thereby effectively quadrupling the
anmount of information transmitted on the transm ssion channel. The sanpling
of the received data is controlled by the 30 controller 816, shown in FIG

| se at 16@Qq9|t per second bit rates, two

8, and gener at e SAITD

sanpl i ng ?ﬁgﬁ*- econt—b arre—fot arping—pul ses
at 6400 bit pe |u . s, the sanpllng pulses fentered Wrthip the
data bit at pe-in SSI on“Bpgog ate. 35 Sel ection off which dafa bft is

recovered at the three transm ssion bit rates is contr¢lled by the phase
cl ock genergted by theg ohaseﬁ@glector, and is based onjwhich B8
transm ssi o phase~€ach o0& a nmuni cati on receiver isjlinitially]ass|gned

to recei ve as g & FIGS.. 31 and 32 are floy chagdsy i|lusfrating

ity of the data Cei ver in
accordance with the )

€7 red embodi ment of t "tﬁé@ﬁﬁERIHU@hti:n. When t he
data communi cation recgivey3306 TO MESSAGE BUFFER
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“turned on, the microconputer controller is initialized, at step 3102. Power
is then supplied to the receiver to enable receiving information which may
be transmtted on 10 the assigned radio frequency channel. Wen bit and
frame synchroni zati on are not obtained within a predeterm ned period of
time, at step 3104, power is suspended to the receiver, and the receiver
remains in a battery saving node, at step 3106, until a predetermned tine
period has 15 el apsed, such as when the next assigned frame transni ssion
i s expected. When bit and franme synchroni zati on are obtained as descri bed
in FIG 15, at step 3104, the nessage transm ssion speed is identified, at
step 3108, to enable decoding the receivedigmgssages. After the bl ock 20

i nformati on code word has been separated fromthe address information by
de-interleaving transm ssion Blegk21l, the block informati on code word is

decoded, at step 3fif S atp= the carry-on flag is then checked, and
ﬁ%ﬁ ', indicating no nessage carry-on 25 is
2 Al rent transm ssion frame address fields

when the carry-on 2

establ i shed by thelfg

i s decoded, at sgep 4—w\hen the carry-on flag value is not "00", at step
3112, but rather|is deterngned to be "A ", at step 3116, indicating a
nmessage carry-on|is establiAshed2d94t he term nal which 30 extends 5&&9 t he
first subsequent ansarssi on ane, the current transmpssian Ao _and
next subsequent Hax§NEXT OWEURD. addr esses are decodefl, aRemew 3114,
Whien the carry- on fl 2JWMEE g not "01", at step 3116| bOARRM-D&F i g
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deternmined to be "10", at step 3120, indicating a nessage 35 carry-onis
established by the termnal which extends into the first or second
sSubsequent transm ssion frane or a conbination thereof, the current

transm ssion frame and next two subsequent transm ssion frame address
fields are 39 decoded, at step 3122. When the carry-on flag value is not
"10", at step 3120, but rather is determned to be "11", at step 3124,

i ndicating a nmessage carry-on is established by the term nal which extends
into the first, second, or third 5 subsequent transm ssion franme, the
current transm ssion frame and next three subsequent transm ssion frane
address fields are decoded, at step 312¢4/Mhen the address fields are
decoded, at steps 3114, 3118, 3122 or 3126 do not include an address is
assigned to 10 the data conmunication receiver, as determ ned at step 3202
of FIG 32, power is.suspended to the receiver, and battery saving is
performed until the nexte.@3si.gned transm ssion frane. Wien the address
fields are decoded, at sSteps 3114, 3118, 3122 or 3126 include an address is
assigned to the 15 daté comuni cation receiver, as determ ned at step 3202
of FIG 32, the nessage:info@nation corresponding to the address is
decoded, at step 3204, iin the transnmission frane in which the address is
detected, which is eitherytgHe
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“current transm ssion frame or one of the three subsequent 20 transni ssion
frames, depending on the value of the carry-on flag transmtted. The
;decoded nessage is then stored in nenory, at step 3206, and the user is
alerted of the received nessage, at step 3208. Power is then suspended to
the receiver, until the next assigned transm ssion frane is 25 expected,
at step 3106 of FIG 31. In summary, a data communi cation receiver has been
descri bed above which is responsive to a nessage carry-on flag transmtted
within the block information code word to determne the length of tine the
data communi cation 30 receiver shouhggﬁ?ggin on to detect any nessages
which may be directed to the data co tion receiver. In particul.ar

t he nessage carry-on flag indicates that nessages are being transmtted in
t he assigned transm ssion frane, or in one or nore of three subsequent
transm ssion 35 frames. A data comunication receiver which has been .
directed to search for addresses in one or nore of the _three subsequent -
transm ssion frames, thereafter ignores any nessage parry E% flag which is

transmtted in the block 40 infornationnggzhgprds e subsequent
transm ssi on frames, but renaims!fffigg f rgsses (within the
transm ssion franes indicateg bylthe lnsage carry-on f|l ag
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“decoded in the assigned transmission frame. This allows 5 nessage carry-on
to be selectively applied to all transm ssion frames, and as descri bed
c;above, nessage carry- on can only be detected by a data conmunication
receiver operating in an assigned transmssion frane. W claim 10 41
CLAIMS 5 W claim 1. A data conmuni cation receiver assigned for
recei ving nessage signals within one or nore nessage transm ssion franes
transmitted in a predeterm ned sequence, the nessage signals arranged in
transm ssion 10 franme queues having a predeterm ned | ength, the

transmi ssion frame queues includi ng addr esB6AI8f or mati on and nessage
information associated therewith, and information deS|gnat|ng one or nore
addi tional consecutive and non-consef ransm ssion frames to
whi ch the data comunication recd®vel 1s|r@spchs)i e |for receiving

addi tional 15 address informatiesa—ahd ssage i'nf orrat+on associ at ed

t herewi t h when ﬂ@eg‘% m ned | ength of a transnission frame queue for

an assi gned nes ame is ex eeded, the @t1600dBRSNi cati on
recei ver conprising: a receZ%E@ rece|V| t he message signals; 20
decodi ng nmeans, coupled to eiver, decodlnq addr ess

7] 1-| 2
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“informati on and designating information received during reception of the
assi gned nessage transm ssion franme; nmenory nmeans, responsive to the
s;address information decoded, for storing the nessage information associ ated
therewith which is 25 recelved during the assigned nessage transmi ssion
frame, said decodi ng neans- being further responsive to the designating

I nformati on, for decoding additional address information received during

t he reception of the one or nore additional consecutive and non-consecutive
message transm ssion frames designatediﬁy t he designating information 30
when the transm ssion’'franme queue for t J'QSS|gned nmessage transmni ssion
frame is full, _said nenory neans further storing the nessage information
associated thqrew th which isjreceived during the reception of the one
or nore additiona”“ﬂBHﬂé%Etlv 8y@b non-consecutive 5 nessage transm ssion
frames; and _ _ _ 'ng the nessage I nformati on stored. 2. The
dat a connunlcatlon reo" e : L wherei n the designating

i nformati on desi gnat ed cpnsecutive and

non- consecuti ve nes i teq/suﬁéeﬁuent to the

assi gned nessgge wagnnye ST [ eeeve
Pt [ T S| @agfes Bp t
ok Qi SSi 0

<l BihAN vﬁﬁ’r\

accordi ng

three additiomns
frames. 4. The dats
only the address info
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*more additional consecutive and non-consecutive nessage transm ssion 20

- franmes designated by the designating information. 5.~ The data

Fgcomuni cation receiver according to claim 1, wherein when the designating
Zinformation designates the one or nore additional consecutive and

non- consecuti ve nessage transm ssion franes, the 25 address information
identifying the data comruni cation receiver and the nessage information
assovciated therewith is transmtted in at | east one of the one or nore
addi tional consecutive and non-consecutzigygg message transm ssion franes
designated. 30 6. The "dat a communi cati1on receiver according to claim1,
wherein the designating information is included within a code word which

al so includes information identifying a position of the address infornmation
wi thin the assigned nessage transm ssion frane. 43 7. A data

conmmuni cation receiver assigned for receiving nessage 5 signals within one
or nore nessage transm ssion franes tfansm tyed in a predeterm ned
sequence, the nessage signals arrangqd i ™ tr@nsmission frane gueues havi ng
a predeterm ned length, the transm sshaa g queues including address
informati on and nessage i nformati on assogi at ed t ewi th, and information

- designating one or nore additional 10 c 2

and non-consecutive
nmessage transni ssion franes to which th€ t{fa conmuni cati on receiver is
responsive for receiving additionaldddress ™{ornmati on and nessage
i nformati on associ ated t herew t hathen BBREEGTede™s i ned | ength of a

DECODE MESSAGE
DATA

//"3206

STORE MESSAGE
IN MEMORY

/f-3208
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rressage transm ssion frame is exceeded, the data communication 15 receiver
iconprising: a rec receiving the nmessage signals; battery saving

means fo supply of power to said receiver during the

*assi gned I"ﬂmmg"ﬂ @, |on frarre and for enabling said receiver to
recei ve tHe messa %ﬁodlng means, coupled to said
recei ver, for decoding address |nfornat| and deS|gnat|ng I nformati on
received during reception of the assigned nessage transmi ssion frane;
menory neans, responsive to the address information decoded, for storing
't he nessage i nformation associated th&lMMS which is 25 received during
the reception of the assigned nessage transm ssion franme, said battery
savi ng nmeans being further responsive to the designating information for
control ling the sugpdgldih: power to said receiver during the reception of
one or nore additional consecutive and non-consecutive nessage transm Ssion
frames designated by the 30 designating information, said decodi ng neans

addi ¢ onal addr eso ) ebredbriicatBE, JEavREARHEheH I LBind B8R "one or
nore addi ti Onéi nf‘aisﬂﬁlﬁﬁiﬁ oIV of Abra e setReRahdriid sioRFRRE6s trahehiltted irva franes
REPLACEMENT SHEE 43A designated by the designating information, said

Menory means pmdetermmedsqaﬂuamget the message signals atrangad 4a fansmisgion
therew thyghi g {41656 h&¥ing a predetermined length, the transmission frame

queues including address information and message information
associated therewith, and information designating one or more additional
consecutive and non-consecutive meésage transmission frames to which
the data communication receiver is responsive for receiving additional

15 address information and message information associated therewith when
the predetermined Iehgth of a transmission frame queue for an assigned
message transmission frame is exceeded, the data communication
receiver comprising:

a receiver for receiving the message signals;

20 decoding means, coupled to said receiver, for decoding address
information and designating information received during reception of the
assigned message transmission frame;

memory means, responsive to the address information decoded,
for storing the message information associated therewith which is

25 received during the assigned message transmission frame, said
decoding means being further responsive to the designating information,
for decoding additional address information received during the
reception of the one or more additional consecutive and non-consecutive
message transmission frames designated by the designating information

30 when the transmission frame queue for the assigned message
transmission frame is full, said memory means further storing the
message information associated therewith which is received during the
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during the reception of the one or nore additional consecutive and non-
consecutive nsm ssi on franmes; and neans for displaying the
stored nessage inf j n& 8. The data comruni cati on receiver
according to 3\ m he designating information designates one or
mor e addi ti onaliieg I've ahd non-conggcutive nessage transm ssion franes
transmtted subsequent to the assigned sage transm ssion franme. 15 9.
The data comruni cation receiver according to claim@8, wherein the
designating information designates up to three additional consecutive and
non- consecuti ve nessage transm ssion franes. 10. The data conmuni cation

recei ver accorée%ire@ﬂoﬁ %f%é‘iofﬁbz%r B S4GtioRal &H(%Icpﬁ\?e ﬁﬂﬂrrfb?écéﬁgé&hﬁ@éi on is

decoded durin ceptron o e one oOf nore a I'onal consecut1ve and

non- consequt i inessage aedshiissionifiamnes) ahdanes desi gnated by the designating
I nformation. 11. he data comuni cati on receiver according to claim?7,
wherein 25 when t meagsdegAispiaving theomessags infeanalicn gorethe one or nore

addi ti onal consecutive and non-consecutive nessage transm ssion flanes, the

address information identifying the data comruni cation receiver and the

associ at ed negsageThefdataebmmunisatiorareceivareatcording td elain brwherfein he one or

nore additional consecutive and, noa- consecuti ve mess\a%ﬁSO transm ssi on
itpnal

frames desi gn&%@??igﬂaﬁﬂgﬂ'@ﬂ'ﬁ@&)% _ﬁﬁ'ﬂﬂﬂe&t‘?%of e A rding to claim
70 wherel ih { ol 08 dntfnbcBhSBAIRR hstdlid tHHRSMIIAH Rafhezode word whi ch

al so 4
transmitted subsequent to the assigned message transmission frame.

3. The data communication receiver according to claim 2, wherein
the designating information designates up to three additional consecutive

15 and non-consecutive message transmission frames.

4. The data communication receiver according to claim 1, wherein
only the address information is decoded during reception of the one or
more additional consecutive and non-consecutive message transmission

20 frames designated by the designating information.

5. The data communication receiver according to claim 1, wherein
when the designating information designates the one or more additional
consecutive and non-consecutive message transmission frames, the

25 address information identifying the data communication receiver and the
message information assovciated therewith is transmitted in at least one
of the one or more additional consecutive and non-consecutive message

transmission frames designated.

30 6. The data communication receiver according to claim 1, wherein
the designating information is included within a code word which also
includes information identifying a position of the address information
within the assigned message transmission frame.
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i ncludes _information identifying a position of the address information 5
within the assigned nessage transm ssion frame. 13. A pager assigned for
recei vi 13l Wi thin one or nore nessage transm ssion frames
transm [,mﬂmmlmmﬂnmrm ned sequence, the nessage signals arranged in
transm ssi ot frane queuwes 10 having a pégdeterm' ned | ength, the

transm ssion frame queues including address informati on and nessage

i nformati on associated therewith, and informati on designating one or nore

addi ti onal consecutive and non- consecutive nmessage transm ssion frames to
whi ch the pager is responsive for receiving additional address information

Tength of 'a t fansmiAane cofiicHiloR BHehef REYlghBy 10F Poceling TSGR 151
frame is egceegiiprhls Withirpege or eedrRassitie BanSaisionr frimes teremitted i e

message signals; decodi ng neans, coupled to said receiver, for decoding
address 20 i mgdmmm&mw;qm message Signals arangediin dansmissign
reception of ' mﬁ;'s o SS) f rIgN ' nmeans,
responsi ve towt%mggggrgggg'ai n o?%g‘?‘gééﬁﬁﬂ@?@%@@hf E)r g%ﬂ%ﬁ%s?&nrgﬁéh%gnsi bl e

al ert signal oeoesncladihgeaddress dnforhation aadariessage infdrmmatich f or t he pager
during the reception of the_assigned 25 mess_a%e transm ssion frame, said

decodi ng mea_n@_sﬁei"ﬁbeq mqrﬂ‘é’iﬂ_"f mfg'_rm@ti%dﬁ_ﬁ's ating Qﬁ&t‘?r@oﬁ\a@mﬁbn, for
decodi ng ggdi tcbﬂQgédnfléédéﬁ@ ﬁohlbfo?%?ﬁﬁxfé“rﬁe%&&gé{ #hndHiddign et Rhich ©f
the one or nore additional consecutive and non-consecutive nessage

transm ssi on fthewata demnynricatibroyecehwrds sespurisivegfarréceiving additibeal t he
transm ssion 30  fra ueue for the assigned nessage, transm ssjon frane is
Ul said al address tian AR messAge dnfoRgation assppieteditharewith Waen when

the the predetermined length of a transmission frame queue for an assigned

message transmission frame is exceeded, the data communication
15 receiver comprising:
a receiver for receiving the message signals;
battery saving means for controlling a supply of power to said
receiver during the assigned message transmission frame, and for
enabling said receiver to receive the message signals;

20 decoding means, coupled to said receiver, for decoding address
information and designating information received during reception of the
assigned message transmission frame;

memory means, responsive to the address information decoded,
for storing the message information associated therewith which is

25 received during the reception of the assigned message transmission
frame, said battery saving means being further responsive to the
designating information for controlling the supply of power to said
receiver during the reception of one or more additional consecutive and
non-consecutive message transmission frames designated by the

30 designating information, said decoding means being further responsive
to the designating information, for decoding additional address
information received during the reception of the one or more additional
consecutive and non-consecutive message transmission frames
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addr ess i nformarion—which is decoded duri ng the reception of the one or

43C m)regm i ik onsecutive and non-consecutive nessage transm ssion 5
frames i "mmmrlg"’e pager. 14. The pager according to claim 13,
wherein the desi MInformation designates one or nore additional
consecutive and non- consecutive rressagéz éransm’ ssion frames transmtted
subsequent to the 10 assigned nessage :'? nsm ssion frame. 15. The pager
according to claim 14, wherein the designating information designates up to
three additional consecutive and non- consecutive nessage transn ssion
frames. 15 16. The pager according to claim 13, wherein only the address

conseut | ve speaiRCEEHe RRRAER kfimpatch Sef oo thEatiAltiatir e oy
the desi gmat i storihgfthe méssage inforinétion Hxsopigsd trarewitdiwigich ¢s edcived 3,
wherein when the designating informati on desi gnates the one or nore

addi ti onal codding the, eception of the peertmeee addiiapal gansesHiiveaRd NANanes, t he
address infor ' d VA [\Scd smtted in at | east one of
t he one or m‘?@{%ﬁ“g%gﬁ%%%aﬁaeﬂg%%gr@gg@g%aemgﬁ’déﬁn- consecutive nessage
transm ssi on franmemeaasifgndisptayirifthe Stoeed ampssage dnforation.o cl ai m 13,
wherei n the designating
10 8. The data communication receiver according to claim 7, wherein

the designating information designates one or more additional

consecutive and non-consecutive message transmission frames

transmitted subsequent to the assigned message transmission frame.

15 9. The data communication receiver according to claim 8, wherein
the designating information designates up to three additional consecutive -
and non-consecutive message transmission frames.

10. The data communication receiver according to claim 7, wherein
20 only the address information is decoded during reception of the one or
more additional consecutive and non-consecutive message transmission

frames designated by the designating information.

11. The data communication receiver according to claim 7, wherein
25 when the designating information designates the one or more additional
consecutive and non-consecutive message transmission flames, the
address information identifying the data communication receiver and the
associated message information is transmitted in at least one of the one
or more additional consecutive and non-consecutive message
30 transmission frames designated.

12. The data communication receiver according to claim 7, wherein
the designating information is included within a code word which also
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i nf or mat+ hin a code word which al so includes 30

I nformati tifying a position of the address information within the
assignedﬁﬁm IIIﬂ i
M S

*

43B

includes information identifying a position of the address information
5 within the assighed message transmission frame.

13. A pager assigned for receiving message signals within one or
more message transmission frames transmitted in a predetermined
sequence, the message signals arranged in transmission frame queues
10 having a predetermined length, the transmission frame queues including
address information and message information associated therewith, and
information designating one or more additional consecutive and non-
consecutive message transmission frames to which the pager is
respbnsive for receiving additional address information and message
15 information associated therewith when the predetermined length of a
transmission frame queue for an assighed message transmission frame
is exceeded, the pager comprising:
a receiver for receiving the message signals;
decoding means, coupled to said receiver, for decoding address
20 information and designating information received during reception of the
assighed message transmission frame; and |
alerting means, responsive to the address information decoded,
for generating a sensible alert signal when the address information
decoded is intended for the pager during the reception of the assigned
25 message transmission frame, said decoding means being further
responsive to the designating information, for decoding additional
address information received during the reception of the one or more
additional consecutive and non-consecutive message transmission
frames designated by the designating information when the transmission
30 frame queue for the assigned message transmission frame is full, said
alerting means further generating a sensible alert signal when the
address information which is decoded during the reception of the one or
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more additional consecutive and non-consecutive message transmission
frames is intended for the pager.

14.  The pager according to claim 13, wherein the designating
information designates one or more additional consecutive and non-
consecutive message transmission frames transmitted subsequent to the
assigned meséage transmission frame.

15. The pager according to claim 14, wherein the designating
information designates up to three additional consecutive and non-

consecutive message transmission frames.

16. The pager according to claim 13, wherein only the address
information is decoded during reception of the one or more additional
consecutive and non-consecutive message tfansmissio_n frames
designated by the designating information.

17. The pager according to claim 13, wherein when the designating
information designates the one or more additional consecutive and
non-consecutive message transmission framés, the address information
identifying the pager is transmitted in at least one of the one or more
additional consecutive and non-consecutive message transmission

frames designated.

18.  The pager according to claim 13, wherein the designating
information is included within a code word which also includes
information identifying a position of the address information within the

assigned message transmission frame.
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