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This is a continuation-in-part of United States Patent

5 Application Serial No. 07/891,503, Attorney Docket Number
PT00501U, filed May 29, 1992 by Kuznicki et al., entitled
"Data Communication Terminal Providing Variable Length .

Message Carry-On".

10 cross Reference to Related, Copending Application

A related, copending application is United States
Patent Application Serial No. 07/891,363, Attorney's Docket
No. CMO0871U, filed May 29, 1992 by Schwendeman et al.,
15 and assigned to'the assignee hereof, entitled "Data
Communication Receiver Having variable Length Message

Carry-On".

Field of the Invention
20

The present invention relates generally to the field
of addressed messaging communication systems, and more
particularly to a message segmentation method for
redistributing traffic over time slots in a communication

25 protocol.

Background of the Invention

Communication systems, such as paging systems, have

30 been increasing the length of their transmitted messages.
Further, the trend in the marketplace is toward
transmitting very long messages in certain applications,
such as information distribution services. Well known
paging signaling protocols, such as the POCSAG signaling

35 protocol, have provided a satisfactory level of performance-
for short message data transmission. However, when
messages get very long the communication channel access can
be blocked for very long time intervals. Also, errors due
to fading and other transmissibn phenomena can be more

40 likely to occur in long transmitted messages.
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15 and assigned to the assignee hereof, entitled "Data Conmuni cat i on

Pgecei ver Having Vari abl e Length Message Carry-On". -

Field of the Invention 20 - The present invention relates generally
to the field of addressed nessagi ng conmuni cati on systens, and nore
particularly to a nessage segnentation method $or redi stributing

traffic over tine slots in a comunication 25 protocol. .
‘Background of the  |hdditticomlly, if caller€dintibs Pagieh sE5s¥eAg, "Fuch as
‘pagi ng systens, have 3éceikees ddhEhfmaiibg fivm kesighibnof of e tramaenied ed
ranom thing very | oni ey atlal & sedSolBIGHRIAIELS LMARA: cotiere

. . \ . n_certain applicatjions

i nformation distribut ?‘5‘?11 §8r8?1§e§9a%|afl kTic upllcap%é“leﬁsa%ﬁsgﬁgllﬁ% Séne
protocol s, such as5t heeFEISAS si gﬁaqsqqqgntly, this adds to the overall traffic

in the system and increases the frustration of the users of
the system. This bottleneck can add significant time delay
to all other communication in the system. Long time
delays, i.e., communication system latency, from the time a
10 message is entered into the system to the time the message
is received by a user of a communication receiver can be at
the very least a significant inconvenience to the user. If
an emergency message is significantly delayed, such as in a
governmental or medical communication, the result may have
15 serious consequences for a community.
Thus, there is a need for providing a communication
protocol which uses message fragmentation to redistribute
traffic in a communication system, such as a pagiﬁg system.

20 ' Summary of the Invention

According to an embodiment of the present invention,
there is provided a method for decoding a transmitted
fragmented message in a selective call receiver. The

25 fragmented message comprises one or more message packets,
each of the one or more message packets comprises an
address and message data, the message data comprises an
indication of whether more message packets are to be
received for the fragmented message. The selective call

30 receiver receives an address of each message packet of one
or more message packets of a fragmented message, and then
correlates the address to one or more predetermined

- addresses. The selective call receiver decodes the message
data of each message packet in response to a successful

35 correlation of the address, and then successively stores
the decoded message data of each message packet of the one
or more message packets to reconstruct the fragmented
message. The selective call receiver determines that the
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35 protocol, have provided a satisfactory |evel of perfornmance for

short nessage datr. transm ssion. However, when nmessages get very |ong
t he conmuni cati on channel access can be bl ocked for very long tine

i aterval s. Also, errors due to fading and other transm ssi on phenonena
can be nore 40 likely to occur in long transm st ed nessages.

-2- Additionally, if callers to the paging system do not receive a

confirmation from rec#ﬁ?@?ﬁ‘%eéfmetsﬁég? rignsarpiargly recppeigagesd Wttefn a
reasonably short tinegetdaiiohhin ahkl d¢cded mdsznde tdateadi oagadin thadbreend

duplicate nessages topbhe R@8Rge packets an indication that no more message
. packets are to be received for the fragmented message.

Brief Description O0f The Drawings

FIG. 1 is an electrical block diagram of a data
transmission system ih accordance with the preferred

10 embodiment of the present invention.

FIG. 2 is an electrical block diagram of a terminal
for processing and transmitting message information in
accordance with the preferred embodiment of the present
invention.

15 FIGs. 3 to 5 are timing diagrams illustrating the
transmission format of the signaling protocol utilized in
accordance with the preferred embodiment of the present
invention.

FIGs. 6 and’7 are timing diagréms illustrating the

20 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.

25 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.

30 8. |

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

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

35 Dbinary converter utilized in the data communication
receiver of FIG. 8.
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2 recipients. Consequently, this adds to the overall traffic in the

system and increases the frustration of the users of the system This
bottl eneck can add significant tine delay to all other communication in
the system Long tine del ays, i.e., conmunication systemlatency, from

the tine a 10 nessage is entered into the systemto the tirre t he nessage
is received by a user of a conmunication recel ver ﬁag the very

| east a significant inconVafi ehtést¥P ERESTRSAL PYor 1""‘gﬁﬁmerrergency nessage
is significantly del aym;l:hrsumtasnl@IaelatOIgBV@rWﬁénltfaltherd%dl cal

comuni cation, the resshduniBYtibAYeeddivesassi @US. @aNsequences for a

communi ty. Thus, dherg ;g éh'EiggtgfgélpéﬁgékdafgﬁrémQ§fn§uﬁﬁ£§§' on

protocol which uses nmessage fragnentat . . trafficin a
conmuni cati on syst em tENAY 98Pt 1854 ém the §6ta Sohftunicat ion

Summary of the I nvent rereiver of FIG. According to an enbodi nent of the
present invention, t hesre. i 5 REOYi ekt endret borhsheatideconk ng a

transmtted fr agnept ad IESSAge a&raﬁ@m%cgéa{gneeun LEESId4REe ERE &R

fragnent ed nessage conpri Ses_one QOr nore
g 9 preferred embodiment ofrn% Ehsé%%clnventlon

10 FIG. 16 is a timing diagram illustrating the
organization of the transmission frame utilized in
accordance with the preferred embodiment of the present
invention.

FIG. 17 is a timing diagram illustrating the

15 transmission format of the first data code word in the data
portion of a message in accordance with the preferred
embodiment of the present invention.

FIG. 18 is a timing diagram illustrating a sequence of
packet numbers for a transmitted message using a message

20 fragmentation method in accordance with the preferred
embodiment of the present invention.

FIG. 19 is a more detailed block diagram of the data
decoder of FIG. 8, according to the preferred embodiment of
the present invention.

25 FIG. 20 is a more detailed block diagram of the frame
batcher of FIG. 2, in accordance with the preferred
embodiment of the present invention.

FIG. 21 is a first symbolic representation of messages
being processed by the frame batcher of FIG. 20, in

30 accordance with the preferred embodiment of the present
invention.

FIG. 22 is a second symbolic representation of
messages being processed by the frame batcher of FIG. 20,
in accordance with the preferred embodiment of the present

35 invention.

FIGs. 23, 24, and 25 are three additional symbolic

representations of messages being processed by the frame

_—
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gach of the one or nore message packets conprises an address and
message data, the nessage data conprises an I ndi cation of whether nore
nmessage packets are to be. received for the fragnmented nessage. The
selective call 30 receiver receives an address of each nessage packet of
one or nore nessage packets of a fragmented nmessage, and then
correlates the address to one or nore predeterm ned add esses. The

sel ective call recei etckr 0fcEIG-ha0 ngids ggeerdance gifh Yre BY sage
packet in response te@miositetessf the3freseotriglvehtiom.of the address, and then

-tSECCESSi vely stores the degoded, pessagsniata iregatlbvnessatge packet of
ressage. The sel ect 7 ITR A B e LI ok B LBBITRRL Sk e,
2, according to the preferred embodiment of the present
invention.

FIG. 29 is a flow chart illustrating an operational
sequence for the data communication receiver of FIG. 8, in
accordance with the preferred embodiment of the present

10 invention.

Description Of The Preferred Embodiments

FIG. 1 is an electrical block diagram of a data

15 transmission system 100, such as a paging system, in
accordance with the preferred embodiment of the present
invention In such a data transmission system 100, messages
originating either from a telephone, e.g., a dual-tone-
multi-frequency (DTMF) telephone, as in a system providing

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

25 transmitters 104 provided within the system. When multiple
transmitters are utilized, the transmitters 104 preferably
simulcast transmit the message information to data
communication receivers, e.g., selective call receivers
106. Processing of the numeric and alphanumeric

30 information by the paging terminal 102, and the protocol
utilized for the transmission of the messages is described
below.

FIG. 2 is an electrical block diagram of the paging

terminal 102 utilized for processing and contiolling the

35 transmission of the message information in accordance with
the preferred embodiment of the present invention. Tone-
only and numeric messages, which can be readily entered
using a DTMF telephone, are coupled to the paging terminal
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-3- fragnented nessage is conpletely reconstructed after detection

I n the decoded nessage data of one of the one or nore nmessage packets
an indication that no nore nessage packets are to be received for the
f eagment ed nmessage. 5 Brief Description O The Draw ngs

FIG 1 is an electrical block diagramof a datg - transm ssion systemin

accordance with the preferred 10 enbodi nent of the present invention.
FIG 2 is an el ectricd02bhtlookglisaageienhvheainterfhem|202 in fopapegceslsi ng and
transmtting nmessage ikabod At LR alrB.  AlpREROIcIa8 Gesehids,t BRI efpidady

embodi nent of the pr e%@a&lre thé r]}é%ngf Qindat]:? entry de'wzlllgg a§‘et Qoél@& etot ltme. ng
diagrams illustrating t SS or nat e SI nal i ng protocol
utilized in accorc?ﬁﬁb’ég \ﬁlef'ﬁ”i#er%zr é#‘ﬁ??% ae?’r?ﬂf&\ ﬁé% Sb? tHe Bt &sent
i nventi on. 5 proker @farrll7keew PpdehgrapaRisaaen |P|rPE@ﬂ°r1&ti ng the
When a call to place a message, i.e., a paging

request, is received, a controller 204 handles the

processing of the message. The contreller 204 is

preferably a microcomputer, such as one based on the

10 MC68000 family, which is manufactured by Motorola Inc., ox
the equivalent. The controller 204 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 enable

15 reception of messages from a data entry device. When a
call is received, the controller 204 references information
stored in the subscriber database 208.to determine how the
message'being received is to be processed. The subscriber
data base 208 includes, but is not limited to such

20 information as addresses assigned to the data communication
receiver, message type associated with the address, and
information related to the status of the data communication
receiver, such as active or inactive for failure to pay the
bill. A data entry terminal 240 is provided which couples

25 to the controller 204, and‘which is used for such purposes
as entry, updating and deleting of information stored in
the subscriber data base 208, for monitoring system
performance, and for obtaining such information as billing
information.

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

The received message is stored in an active page file 210

35 which stores the messages in queues according to the
transmission phase assigned to the data communication
receiver 106. In the preferred embodiment of the present

invention, four phase queues are provided in the active
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20 synchroni zation signals utilized in accordance with the preferred
enbodi nent of the present invention. FIG 8 is an electrical

bl ock di agram of a data comuni cation receiver in accordance with the
pkeferred enbodi nent of the present invention. 25 FIG 9 is an
el ectrical block diagramof a threshold -l evel extraction circuit
utilized in the data communi cation receiver of FIG 8. FI G
10 is an electrical bP8Ek fdilagtdm ofhenagtivs epge file@ldderPiafPFa¥adain the
data communi cati on redealgordf frEr-30fiBst-out randon Fdd@ss Ifemogyan

el ectrical block di agam&ghalﬁmplbe appr&iRebd ARbE eSeHdli Fd R a&ekbe dat a

communi cati on receiver FI G _8. FI.G 2 cal
bl ock di agram of a 4- '8 I"/Oerly Fewiffs’ b Rar )a}sc%ar{\?e? Sekr a5 "T‘Js %‘ e ﬁﬁ ?li
communi cat i on SredgiWedd-of FIG 8.

Periodically the message information stored in each of
the phase queues is recovered from the active page file 210
under control of the controller 204 using timing
information such as provided by a real time clock 214, or
10 other suitable timing source. The recovered message
information from each phase queue is sorted by frame number
and is then organized by address, message information, and
any other information required for transmission, and then
batched into frames by frame batching controller 212. The
15 selection of frames by the frame batching controller 212
can be based upon message size, and optionally based upon
other parameters that will be discussed below.
Because every frame is of a predetermined length,
sometimes not all message information from the active page
20 file 210 can be transmitted in the current frame, e.g., the
current time slot. For example, if one or more messages
are longer than can fit in the current frame, then the
frame batcher 212 optionally can fragment the long messages
into one or more message packets for transmission over one
25 or more frames, e.g., time slots, which may be allocated
over one or more phases, as will be more fully discussed
below. The frame batcher 212 can temporarily hold at least
a portion of the messages that are destined for
transmission over multiple frames in this fashion . The
30 process of generating fragmented messages and transmitting
them to a receiving communication receiver will be
discussed below.
Preferably, any priority addresses are located as the
very first addresses in the batched frame information for
35 sending them out first with the very next transmitted
frame. The batched frame information for each phase queue
is coupled to frame message buffers 216 which temporarily
store the batched frame information until a time for
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-4- FIG 13 is an electrical block diagramof a

synchroni zation correlator -utilized in the data conmuni cati on receiver
of FIG 8. FIG 14 is an electrical block diagramof a phase 5
tkm ng generator utilized in the data comuni cation receiver of FIG 8.
FIG 15 is a flow chart illustrating the -synchroni zation correl ation
sequence in accordance with the preferred enbodi nent of the present

i nvention. 10 Fifartiied pxocessing rgpddirapsaissidnystPrampa@rehbatched in
organi zation of the thaRéfcsse@ibricean® dhat ivi@deid) currentC EO4MAAE patingh t he

preferred embodi ment %fca&é]ﬁt%&,se%% next fDYRNEbML transmitted FilstLn lhel S @
timng diagramillustrati n%t el transm ssi_on formatf of thhe |£st dat a
code word in the daiéiframe essage buffer 216, and the next frame thereafter is

5 Dbeing retrieved and batched. At the appropriate time, the
batched frame information stored in the frame message
buffer 216 is transferred to the frame message encoder 218,
again maintaining the phase queue relationship.

The frame encoder 218 encodes the address and message

10 information into address and message code words required
for transmission, as will be described below. The encoded
address and message code words are ordered into blocks and
then coupled to a frame message interleaver 220 which
interleaves preferably eight code words at a time for

15 +transmission in a manner well known in the art. The
interleaved code words from each frame message interleaver
220 are then serially transferred to a phase multiplexer
221, which multiplexes the message information on a bit by
bit basis into a serial data stream by transmission phase.

20 The controller 204 next énables a frame sync generator
222 which generates the synchronization code which is
transmitted at the start of each frame transmission. The
synchronization code is mﬁltiplexed with address and
meséage information under the control of controller 204 by

25 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
226, which under the control of controller 204 transmits
the message stream over a distribution channel 228. The

30 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
distribution link. The distributed message stream is
transferred to one or more transmitter stations 104,

35 depending upon the size of the communication system 100.

The message stream is first transferred into a dual

port buffer 230 which temporarily stores the message stream
prior to transmission. At an appropriate time determined
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portion of a message in accordance with the preferred enbodi nent of the

present invention. FIG 18 is a timng diagramillustrating a
sequence of packet nunbers for a transmtted nessage using a nessage 20
fragmentati on nethod in accordance with the preferred -enbodi nent of the
present invention. FIG 19 is a noregdetail ed bl ock di agram of
the data decoder of FIG 8, according to the preferred enbodi nent of
the present inventionbky2biming andjcoptr carepifppd2 .d&hainesdadgh R d§r am of
the frane bat cherreobvdded f2om ithe adi@Qr paic bufiferh 28 heangr ebugpleddto the

enbodi ment of the presgpht 'd?vﬁgéféilably a 4-level Eélg‘mogtlla{&)razéd I‘S&-h§ynb0| ic
representation of nes rocess f

mogufgteghm?ﬁfags H?FPGF eﬁ%P(foan J ransmlt

FIG 20, in 30 accordance w presen
i nventi on. > BB6& f°22tF§n%!‘1§§é‘€}hdl§y?ﬂT6PP% %38pr esent at | on of
nmessages bei ng processed byIGshe3f ramedmtachetrindhg FiGgrats illustraatoprtdance

with the preferred enpoghsmankiol forRa®ESERd s:.ééal:.'n@vﬁfgﬂogal utlllzed in
G 23 24 and 25 gee Liieg G LhoNakeaIBLbSasnent LEPLESFRLALIONS of

nmessages bei ng processe
1nvent10n As shown in FIG. 3, the signaling protocol

10 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
then will be appreciated that the actual number of frames
provided within the signaling protocol can be greater or

15 1less 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
within the system. The fewer the number of frames
utilized, the more often messages can be gueued and

20 delivered to the data communication receivers assigned to

- any particular frame, thereby reducing the latency, or time
required to deliver messages.

As shown in FIG. 4, the frames comprise a
synchronization code (sync) followed preferably by eleven

25 Dblocks of message information which are labeled block 0
through block 10. As shown in FIG. S. each block of
message information comprises preferably eight address,
control or data code words which are labeled word 0 through
word 7 for each phase. Consequently, each phase in a frame

30 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
added thirty-second even parity bit which provides an extra
bit of distance to the code word set. It will be

35 appreciated that other code words, such as a 23,12 Golay
code word could be utilized as well. Unlike the well known
POCSAG signaling protocol which provides address and data
code words which utilize the first code word bit to define

—_—
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-o- batcher of FIG 20, in accordance with the preferred

enbodi nent of the present invention. FI Gs. 26, 27 and 28 conpri se
three flow charts illustrating operational sequences for the term nal
of FIG 5 2, according to the preferred enbodi nent of the present

i nvention. FIG 29 is a flow chart iljgustrating an operati onal
sequence for the data comrunication receiver of FIG 8, in accor dance
with the preferred entelicegatvas tyre.preswifiherrddggeshiorofata, no such

distinction is provided for the address and data code words
in the signaling protocol utilized with the preferred
embodiment of the present invention. Rather, address and

5 data code words are defined by their position within the
individual frames, as will be more fully discussed below.

FIGs. 6 and 7 are timing diagrams illustrating the

synchronization code utilized in accordance with the
preferred embodiment of the present invention. 1In

10 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)
and a second synchronization code (sync 2). As shown in
FIG. 7, the first synchronization code comprises first and

15 third portions, labeled bit sync 1 and BS1l, which are
alternating 1,0 bit patterns which provides bit
synchronization, and second and fourth portions, labeled
"A" and its complement "A bar", which provide frame
synchronization. The second and fourth portions are

20 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
addresses and messages are transmitted. The table below
defines the data bit rates which are used in conjunction

25 with the signaling protocol.

Bit Rate YA¥ Value _
1600 bps Al and Al bar
3200 bps A2 and A2 bar
30 6400 bps A3 and A3 bar
Not defined A4 and A4 bar

As shown in the table above, three data bit rates are
predefined for address and message transmission, although
35 it will be appreciated that more or less data bit rates can
be predefined as well, depending upon the system
requirements. A fourth "A" value is also predefined for

future use.
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Description O The Preferred Enbodi nents FIG 1 is an electrical
bl ock di agram of a data 15 transm ssion system 100, such as a pagi ng
system in accordance with the preferred enbodi ment of the present
imvention In such a data transmi ssion system 100, nessages originating
either froma tel ephone, e.g., a dual-tone- - 11 multi-frequency ( DTMF)

tel ephone, as in a systemproviding 20 nuneric data transm ssion, or from
a message entry device, Thesfxdmegsntgymalidrncgfieryarddit PreterabhEl2 sipgle
rout ed t hrough t he2 mibBteE @dket whel whedie dhobedazetritril (:l%ﬁhl):atpbrﬁi@agi ng
term nal 102 which prgca%%gﬁem%eawm{bgg 8 WALRNAERL Go J.den@ﬁf%D

rovi ded

information for transm ssion one .or transmt.t
Hgmber

within the system é?f“enﬂl“f*? rgSuch ag, r*?‘rﬁst B & 3??}’}32%5
transmitters 104 pPef 8rigblfyame nugbew|1@dst transnit the nessage i nformation
to data communi cat i on ThecetekSre &fQthe S@lcond isyachrdnizaeiom veds is

106. Processing of th%ré‘f@r’ﬁfnif s"iﬂgla?xl I%Baﬂl&!a[ﬂ?'bkct@ flié\f Q H&ifo%z@éiohhe
pagi ng term nal 102, an utilize transm ssi on of

ot.0
the messages is descr B d b88| Howdver; 411kE ene First
synchronlzatlon code which is preferably transmitted at a

10 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
transmitted in any given frame. Consequently, the second
synchronization code allows the data communication receiver

15 to obtain "fine" bit and frame synchronization at the frame
transmission data bit rate.

In summary the signaling protocol utilized with the
preferred embodiment of the present invention comprises 128
frames which include a predetermined synchronization code

20 followed by eleven data blocks which comprise eight
address, control or message code words per phase. The
synchronization code enables identification of the data
transmission rate, and insures synchronization by the data
communication receiver 106 with the data code words

25 transmitted at the various transmission rates.

FIG. 8 is an electrical block diagram of the data

" communication receiver, e.g., the selective call receiver
106, in accordance with the preferred embodiment of the
present invention. The heart of the data communication

30 receiver 106 is a controller 816, which is preferably
implemented using an MC68HCOSHC1l microcomputer, such as
manufactured by Motorola, Inc., or an equivalent
microcomputer. The microcomputer controller, hereinafter
called the controller B16, receives and processes inputs

35 from a number of peripheral circuits, as shown in FIG. 8,
and controls the operation and interaction of the
peripheral circuits using software routines. The general
use of a microcomputer controller for processing-and

[
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FLG 2 is an electrical block diagramof the paging term nal 102
utilized for processing and controlling the 35 transm ssion of the nessage
i nformation in accordance with the preferred enbodi nent of the present

i rventi on. Tone- only and nuneric nessages, which can be readily

ent ered using a DTMF tel ephone, are coupled-to the paging term nal

- 6- 102 through a tel ephone interface 202 in a manner well known
in the art. Al phanunecPetyals Sup@sionghisc el fineup |5p one qfeftfim@ry hkiddelitof a -
data entry device, arehemyr.ed to the - paging termnal 102 through a

nmodem 206 using any of a Sph UL cobun¥eht i kBB REIETd l1aNSIPaBIe U¥

protocol s. receiving address, control and message information,

5  hereinafter called "data", which is modulated using
préferably 2-level and 4-level freguency modulation
techniques. The transmitted data is intercepted by an
antenna 802 which couples to the input of a receiver
section 804. Receiver section 804 processes the received

10 data in a manner well known in the art, providing at the
output an analog 4-level recovered data signal, hereinafter
called a recovered data signal. The recovered data signal
is coupled to one input of a threshold level extraction
circuit 808, and to an input of a 4-level decoder 810.

15 The threshold level 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. A& first level detector
802 detects the peak signal amplitude value and provides a

20 high peak threshold signal which is proportional to the
detected peak signal amplitude value. A second 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

25 data signal. The first and second level 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

30 opposite resistor terminals 906, 912 are also coupled to
terminals of two resistors 908, 910, respectively. The
opposite terminals of the two resistors 908, 910 are
coupled together to form a resistive divider which provides
an average threshold output signal (Avg) which is

35 proportional to the average value of the recovered data
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

—_—
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Waen a call to place a nessage, i.e., a paging request, is received, a

controll er 204 handl es the processi ng of the nmessage. The controller
204 is preferably a m croconputer, such as one based on the 10 M68000
famly, which is manufactured by Mdtorola Inc., or t he equival ent. The
controller 204 runs various pre- programmad routines for controlling
such term nal operations as voice pronpts to direct the caller to enter

t he nessage, or the h@hddfak?Hy2pt dtBeoprd yhishisre a5 lized &6t PRAPLST
nmessages from a data éedadjinglenhiecé:-lewiedata signadal &s ivdll egeidesckibelie

controller 204 referepcew.| nformation stored in the subscri ber dat abase
208 to determ ne how t he age, C ed.i.s essed. The
subscri ber dat a base §B§ |pr?8r u es nb{?)‘[-]aug %l(ﬁ fg’d i t?%cgﬁc%

i nformation as add? esB¥<Eig8siamulen d:hFh‘éaWafa““‘&’c?ﬁﬁﬁ?ﬁ%aF‘F‘%ﬁ"}ver 1°rse(’:%| ver,
nmessage type associ at &ikrsw tirnddeoaddr e3sck anpte selectdroPbhitiisopresdtated to

the status of the daten®RERLHIRALLON input [REBtMEkanSeGNtaseabEt \éemsx
inactive for failure M)é%ay t he cloctf(l E r@ g%%qggﬁ%ymﬁ@{@lgﬂ 8 i#s
provi ded whi ch coupl es to the contro‘fll 'S use
such purposes as Biftesythe, sdarefly daha Ridl Ettagvhich AF AeRSEiRRT aPo¥ed in
t he subscriber dal@ bisd6203psf.or ThpAREYrdlogk sissgemerated by 128X clock
generator 844, as shown in FIG. 8, which is preferably a
crystal controlled oscillator operating at 204.8 KHz
(kilohertz). The output of the 128X clock generator 8§44
couples to an input of frequency divider 846 which divides
15 the output frequency by two to generate a 64X clock at
102.4 XHz. 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
20 (Avg), and high (Hi) threshold output signal values
required for 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
25 selection of a 1X symbol clock which is generated by symbol
synchronizer 812 as shown in FIG. 8.

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

30 1010, 1020, 1030 and a symbol decoder 1040. The recovered
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

35 of comparator 1020, and the low threshold output signal
(Lo) couples to the second input of comparator 1030. The
outputs of the three comparators 1010, 1020, 1030 couple to
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performance, and for obtaining such information as billing I nformati on.

30 The subscri ber database 208 al so i ncludes such I nformati on as
to what transm ssion frame and to what transm ssi on phase the data
cemruni cati on receiver is assigned, as will be described in further
detai|l bel ow. The received nessage is stofaed tn an active page file 210
35 which stores the nessages i ueues acco%glng to ransm ssi on
phase assigned to the R rﬁﬂ?ﬂ?{:eﬁei"Sﬂer 1040, eEQFv%W“bTbGie"Pﬂe’f H@40
preferred enbodi nent - é¢cadss 'Fjreggent@ts according to the table provided below.
-7- I nvention, four phase queues are provided in the active
Threshold Output
5 Hi Avg Lo MSB LSB
RCin > RCin > RCin > 1 0
10

As shown in the table above, when the recovered data
signal (RCjp) is less than all three threshold values, the
symbol generated is 00 (MSB = 0, LSB = 0). Thereafter, as
each of the three threshold values is exceeded, a different

15 symbol is generated, as shown in the table above.

The MSB output from the 4-level decoder 810 is coupled
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

20 positive level of the recovered data input represents the
two positive deviation excursions of the analog 4-level
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

25 signal below the average threshold output signal.

The operation of the symbol synchronizer 812 is best
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

30 selector 1120 is preferably a divider which provides
selective division by 1 or 2 to generate a sample clock
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

35 sample clock rate for symbol transmission rates of 1600 and
3200 symbols per second. The selected sample clock is
coupled to an input of 32X data oversampler 1110 which
samples the recovered data signal (MSB) at thirty-two
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page file 210. The active page file 210 is preferably a dual port,
first-in-first-out random access nenory, although it wll be

appreci ated that other random access 5 nenory devices, such as hard disk
dri ves, can be utilized as well. Per i odi cal |y the nessage
I'nformati on stored in each of t he phase quggles is recovered fromthe
active page file 210 under control of the controller 204 using timng
10 information such msmpkesyipdedcsympold. r §ak symbolciayphe? bre epupled &gt hpr
suitable timng sourcanplhefl eCAMRI edgdRBEagRdr 1130 RhosiBkherates0dn each

phase queue is sorted Ay, {f YIPLUIE  aymp8abd 1190:Q04AN 280 binddr ess,

nessage I nformati on, ormatl on reqU|re

transmi ssion, and theft¢8k 1l§af‘l:¥fé(‘f°l‘ﬁ]c"di fPaF S BY" Pfaﬁedlﬂé?%mynésé%t roll er
212.  The sel e6t | GATofitt Aa#@svhbyhtive uti binsdote G@ehetpteodX rald 8K sympol
can be based upon nesAgEkssisFAchitndzePticOBR |Necbosd 840N signalQt R

parameters that il | b ghGrussed 0l Biluse 1140 1o BRI, CUPI/AEAT® 1S Of

a predeterm ned | ength, sonet’i ne ormat 1 on t he
active page file ffﬁmée&n HEPET §H§rﬁattf"e8d‘-7‘“ndteh"e°tgﬁr+]e3r9t APTehTE, 2 £GPt he
current time slot. Fordegampbilse fisogrnegeptadbighsisageted by e 9pmddPot han
can fit in the curmwent«itr ame, ctheMtt &funt of divide-by-16/32 circuit 1140.

Concurrently, a pulse is generated by the data edge
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

15 a count of thirty-two 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 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

20 1130, and when the pulse coupled to the input of AND gate
1150 arrives after 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 divide-by-16/32
circuit 1140 to be retarded by one count in response to the

25 pulse which is coupled to the input of divide-by-16/32
circuit 1140 from the data edge detector 1130, thereby
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 iX
Clock Input Selector Selector Symbol Symbol
Divide Output Clock Clock
(Relative) (SPS) Ratio (BPS) (BPS)
S T e e ek
64X 1600 by 2 32X 3200 1600
64X 3200 by 1 64X 6400 3200
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frame batcher 212 optionally can fragment the |ong nessages 25 into one or

nore message packets for transnission over one or nore franes, e.g.,
tirme slots, which may be all ocated over one or nore phases, as will be
mpre fully discussed bel ow. The frame batcher 212 can tenporarily hold
at | east a portion of the messages that -ang destined for 30

transm ssion over nmultiple frames in this fashion The process of

generating fragmented nessagewwanin tyhentallet Rhgye. the tlfetd 3XaSY®Ri vi ng
comruni cation recei ved10kk| alke generatdliSTaINS €82002kbAIN. 6400 bits per I%leebmcl ably,

any priority addresseasndagﬁ?'gﬁ@h@gnl%dtth%aegexo&éfeat aa@0gE in the

bat ched frane i nformation t hem ou i.rs h ver
next transmitted fr ani® #ﬂ@vﬁhtsbdﬁ@ﬁyf ORXE" T %]r et %eﬁ und%rfgﬁogk%se

queue ' 5 referring to FIG. 12. The 1X symbol clock is coupled to a
first clock input of a clock rate selector 1210. A 2X
symbol clock also couples to a second clock input of the
clock rate selector 1210. The symbol output signals (MSB,
LSB) are coupled to inputs of an input data selector 1230.

10 A selector signal (2L/4L) is coupled to a selector input of
the clock 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 818
is best understood with reference to FIG. 13.

Predetermined "A" word synchronization patterns are
recovefed by the controller 816 from a code memory 822 and

35 are coupled to an "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

—
This Sheet Has

0D



i.s coupled to frane nmessage buffers 216 which tenporarily store the
batched franme information until a time for further processing and
transm ssion. Franes are batched in nuneri c sequence, so that while a
current frame is being 5 transmtted, the next franme to be transmtted is
in the frame nessage buffer 216, and the-ngxt franme thereafter is
being retrieved and batched. At the appropriate tinme, the bat ched frane
information stored i ng¢neratedremdnibs swpyeled topilid epntrd ey §lbansTherred to
the frame nessage. encgdleficdidr "h0 ongal-Bairaiwbidisyhardnieapitespatiesue
meseage i nfor mati B R B e e

_ co rds.require
for transmssion, as WY FTBEe ¢ ¥PT e&ngerff\?/. g%ﬁlé’e%n@loede%lta blggrc?d-’reegfs and
message code wor dsS ar theomgesage itat frldlovckas #A8 PISViedrdy deimpikelto a frane
nmessage interleaver 220 wrhehseriall birmrlyedatas spreaineisildlgoetqiplled adeamor ds

at a tine for 1 angtS 8k Ofhd BréndWRPE aeMBhdr KRN H1BL AR 0AES -tndhe

i nterl eaved code words from each fra nessage.l nterl e
?rame woréiand prggides an ndica gon o) Vgﬁe frame number

currently being received by the controller 816. During

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 one or more assigned frame
numbers normally stored in the code memory 822. The
assigned frame numbers may be assigned to the data

20 communication receiver 106 in different ways which will be
more fully discussed below.

Should the currently received frame number differ from
the assigned list of one or more frame numbers, the
controller 816 generates a battery saving signal which is

25 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
signal is generated by the controller 816 which is coupled

30 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
correlator shown in FIG. 13, a predetermined "C" word

35 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 synchronization pattern

S
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220 are then serially transferred to a phase nmultipl-exer 20 221, which

mul ti pl exes the nessage information on a bit by bit basis |nto a seri al
data stream by transm ssi on phase. . The controller 204 next
enabl es a frane sync generator 222 whi ch generates the synchronization
code which is transnmitted at the start of 18ach frane transmi ssion. The
25 synchronization code is nultiplexed w th address qadcm "

3
i nformati on under the"ddnf? ACCEPT F‘B?‘?’é’r 5076 @ "Cst aFr%at aglst %cer
224, and generates thoy ekneratadnesisligés coupded donrortizohles 8hPf opditey
formatted for transm S&iteBulakhec" or Message sghélr@ni i ine xordocpiredatal a

transmtter controlle ro%Qdeszz'@ing\h'ﬁQmHn%chEQﬁﬁQ%J b ofe cOM Okl e 204
transmts t he ne sage rean%)}:\{l&F di stribution channel 228. The

di stribution channel %8 RE§F98 ¢ P%unber of wel | known
di stribution channel typeQettsltmhga'so WilBe $4 e ghprRpef the agtupd Gaddave
di stribution channel, p&ftiansai ektaiiasiba i sheidmirirorieri 8ik6 gefidmmting a

g![ ZE Ir I()Egt ig4nessage Sf)foec%nsfasrt sug’nélr "i‘ﬁﬁt %’t’é@f;% LRiORE Okokfil8 td aRpHEd ter
f a Lrn d Ltligozr_]nter?egxlrezre 834 ande acga@ugégoavtelrigntﬂggem 100.

10 circuit 826. The data recovery timing circuit 826 is best
understood by referring to FIG. 14. A control signal (2L /
4L) is coupled to an input of clock rate selector 1410
which selects either 1X or 2X symbol clock inputs. The
selected symbol clock is coupled to the input of a phase

15 generator 1430 which is preferably a clocked ring counter
which is clocked to generate four phase output signals (91-
$4). A block start signal is also coupled to an input of
the phase generator 1430, and is used to hold the ring
counter in a predetermined phase until the actual decoding

20 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
which are synchronized with the incoming message symbols.

Referring back to FIG. 8, the clocked phase signal

25 outputs are coupled to inputs of a phase selector 828.
During operation, the controller 816 normally recovers from
the code memory 822, the transmission phase number to which
the data communication receiver 106 is assigned.
Optionally, the data communication receiver 106 can be

30 assigned to a list of one or more phases which the
controller 816 then selects in a predetermined order or,
alternatively, in a dynamically assigned scheme as will be
more fully discussed below.

The selected phase number, e.g., 0, 1, 2, or 3, is

35 transferred to the phase select output (@ Select) of the
controller 816 and is coupled to an input of the phase
selector 828. The controller 816 typically has a "default"
assigned phase number which is normally configured in the

—_—
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REPLACEMENT SHEET - 9- The
nmessage streamis first transferred into a dual port buffer 230 which
tenporarily stores the nessage stream prior to transm ssion. At an
appropriate tine determ ned by timng and control circuit 232, the
nmessage streamis 5 recovered fromthe dual -ptt- buffer 230 and coupled to
t he I nput of preferably a 4-1evel FSK npdul at or 234. nodul at ed
message streamis t heFe8oUMaTY 1852t hPREARR MYy ¢ Ebe °°nt§§é‘efosr1 t FahdRest on
via antenna 238. phase Bu@ger Zssignpddis tHree firsH mgsshaggbenrk pflaistrati ng
the 10 transm ssion freadminted hddeagé ghalitaing atgaek t4 iskigdd tbnfor

accordance with the pr %Q&Nﬁg ﬂﬂl%ghé%“he%a&ehﬁl Li&SEP the trddMEPLdLON.  AS

shown in FIG 3, the gnaln smssion to

dat a communi cati on Vv ﬁiul%eh m8§ep5‘§2fys lsa%lgf%‘iz’g??%rg B e

of 128 phase number for receiving information over the
communication channel can be predetermined at the
communication receiver 106 or can be dynamically assigned
for receiving fragmented messages over multiple phases in

10 the communication protocol.

A phase clock, corresponding to the transmission phase
assigned, is provided at the output of the phase selector
828 and is coupled to clock inputs of the demultiplexer
820, block de-interleaver 824, and address and data:

15 decoders 830 and 832, respectively. The demultiplexer.820
is used to select the binary bits associated with the
assigned transmission phase which are then coupled to the
input of block de-interleaver 824, and clocked into the de-
interleaver array on each corresponding phase clock. The

20 de-interleaver array is an 8x32 bit array which de-
interleaves eight interleaved address, control or message
code words, corresponding to one transmission block. The
de-interleaved address code words are coupled to the input
of address correlator 830. The controller 816 recovers the

25 address patterns assigned to the data communication
receiver 106, and couples the patterns to a second input of
the address correlator. When any of the de-interleaved
address code words matches any of the address patterns
assigned to the data communication receiver 106 within an

30 acceptable margin of error, the message information
associated with the address is then decoded by the data
decoder 832 and stored in a message memory 850 in a manner
well known to one of ordinary skill in the art. Hence, the
data communication receiver, e.gq., the selective call

35 receiver 106, can selectively receive the message
information.

Following the storage of the message information, a

sensible alert signal is generated by the controller 816.
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15 franes which are labeled frame 0 through frame 127. It then wl |
be appreciated that the actual nunber of franes provided within the
signaling protocol can be greater or | ess than described above. The
g eater the nunber of frames utilized, the greater the battery life
t_hﬂ]_ mayhbe 20 prowhded to the data comuniczti-on receivers operating
within the system The fewer_the_nunber of frane uti L] nor e
of ten nessages can b&hGUETEIP IR LeTt 48PP elrseBr?%rf"HJéy Jat ab%lgb%?ru%?%éction
recei vers assi gned t@ignal.gpjthenchi gl fheperreqiared et RfdiegStiidble
latency, or tinme 25 meqt rAgnals dehévers passiageslert signals, il ghawal in
E'r Sf efébf Ceb;f glmg\sleﬁ%&t ssnggﬂa]ks ca?sw%ﬁsfutéat hoRet0de Theyaiviel d1ewed
, ocks .0 sage.infor [ re . abel ed

bl ock 0 t hr odgh SHFR¥k 1f09°"}1‘331egh%n%%fan%ﬂt&{%rng%%ﬁ%b%gciﬁg? %1_—01@?
message i nformati on @3ApYhishsipusedrtmidFive vt 2udidlesalerting qeyifeoSugh
data code words whi clasasesgeaket et aotihn8dedw08h. The wiprdedn foyerekish
Egatsg- ei&g)Rts)e/qgieg}1 ![yéézgrécﬁma§§gdaﬂ e?rte&«aereora tclilro@H mss ddeeot raRsnimsiton of

- ess, coptro a e_address,
control and data 35 888 ragehrsémgraesf lé’?ggcfnf'ﬁ%%%3%-l\%géysm;@£?dz with an
added thirty-secdfd &eghognshi Ly Hpanygy ¥RLbISPFESSR The btra

Following the detection of an address associated with

the data communication receiver 106, the message
information is coupled to the input of data decoder 832
which decodes the encoded message information into

15 preferably a BCD or ASCII format suitable for storage and
subsequent display. The stored message information can be
recalled by the user using the user input controls 838
whereupon the controller 816 recovers the message
information from memory 850, and provides the message

20 information to a display driver 840 for presentation on a
display 842, such as an LCD display. Optionally, the data
communication receiver 106 can share a data interface (not
shown), such as a serial or parallel computer interface,
with a computing device, such as a personal computer, and

25 can couple at least the message information to the
computing device. The message information then can be
utilized in functions of the computing device, as may be
desired by a user of the computing device.

FIG. 15 is a flow chart describing the operation of

30 the data communication receiver 106 in accordance with the
preferred embodiment of the present invention. At step
1502, when the data communication receiver is turned on,
the controller operaﬁion is initialized, at step 1504.
Power is periodically applied to the receiver portion to

35 enable receiving information present on the assigned RF
(radio frequency) channel. When data is not detected on
the channel in a predetermined time period, battery saver
operation is resumed, at step 1508.

-_—
—_—
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bit of distance to the code word set. It will be

- 10 - appreci ated that other code words, such as a 23,12 ol ay

code word could be utilized as well. Unlike the well known POCSAG

si gnal i ng protocol which provides address and data code words which
utilize the first code word bit to define 5- the code word type, as either
address or data, no such distinction is provided for the address and
data code words i n t hehei gatd iisgdetesttedobn Ghe|ghradgely eh T2 pP%-erred
enbodi ment of the preasenbyiditeniifion Wwaheésrreastsevegiusd searchdag afarode

words are defined by ﬁilaeg§n&gﬁkiéa%@ow é'lhis@eﬁ Il%lo. When bit synchronization
T is obtained, at step 1510, the "A" word correlation begins
5 at step 1512. When the non-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 fraﬁe identification code word is identified,
- 10 at step 1518.

When the non-complemented "A" word is not detected, 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

15 detected, at step 1520. When the "A bar" word is not
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.

20 When the "A-bar" word is detected, at step 1520, the
message transmission rate is identified as 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

25 the appropriate time, decoding of the frame identification
word occurs, at step 1526. When the frame ID detected is
not one assigned 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.

30 When the decoded frame ID corresponds.to an assigned frame
ID, at step 1528, the message reception rate 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 1532, the "C" word

35 correlation begins at step 1534. When the non-complemented
"c" word is detected, at step 1536, frame synchronization
is obtained, and the time (T3) to the start of the message

information is identified, at step 1538.
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10 individual franmes, as will be nore fully discussed bel ow.

FIG. 6 and 7 are timng diagrams illustrating the synchroni zati on code
utilized in accordance with the preferred enbodi nent of the present

i pvention. In particular, as shown in FIG 6, the synchronization code
15 conprises preferably three parts, a first 2gynchroni zation code
(sync 1), a frame information code word (frame info) and a second
synchroni zati on code (syndhg). thes nghempiemented FICS word ffengt fighected, at
synchroni zati on code segprsses ihidisitiagdthe notb fiomdl@entedns” waeked bi t

sync 1 and BS1, whi Chhé‘&eeb%g &J&Gﬁ&f& wga lszxbletrrsﬁt&u%ﬁuf ﬁﬂehmda&em des

bi t synchroni zati gn second and fourth 1310” I O ah I is A

and its conpl ement " ASBEFTMINGHEON, 15 MAGE jENEAS R com Foni za?l o The
second and fourth portietantedr eat steprlSuer alﬂhynsfrh?gl'% b3’2 2OMSCLE ciste wor ds
whi ch are predefined @&tedteapi®\éicds 1Hagh nEHeawiigdtir the atd-dbart edordbidyi ty,

and whi ch are al sg, ysed.t qaée'ﬂdlz&azg:%té&]%ydgtﬁu@tteﬁ%&edlﬁtln@h' ch

addresses and nessages are transmtt

bl e, bel the

data bit rates which HF&PEEF Y RN CETGH °peratl?'h Tha¥%i g % %‘P“ﬁeé ¢
protocol . 30 step 1508 t Whepethe "C- bar"Aworgapﬁéietected, at step

10 1540, frame synchronization is obtained, and the time (T4)

to the start of the message information is identified, at
step 1542. At the appropriate time, message decoding can
begin at step 1544.
In summary, by providing multiple synchronization code

15 words which are spaced in time, the reliability of
synchronizing with synchronization information which is
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

20 .synchronization code word which is the complement of the
first predetermined synchronization code word, allows
accurate frame synchronization on either the first or the
second predetermined sfnchronization code word. By
encoding the synchronization code words, additional

25 information, such as the transmission data rate can be
provided, thereby enabling the transmission of message
information at several data bit rates. By using a second
coded synchronization word pair, "fine" frame
synchronization at the actual message transmission rate can

30 Dbe achieved, and again due to spacing in time of the
synchronization code words, the reliability of
synchronizing at a different data bit rate with
synchronization information which is subject to burst error
corruption is greatly enhanced, thereby improving the

35 reliability of the data communication receiver to receive
and present messages to the receiver user.

FIG. 16 is a timing diagram illustrating the

organization of the transmission frame utilized in
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1600 bps Al and Al bar 3200 bps A2 and A2 bar

6400 bps A3 and A3 bar 35 Not defi ned A4 and A4 bar

- 11 - As shown in the table above, three data bit rates are
predefined for address and nessage transm ssion, although it will be
gppreg!ated that nore or less data bit rates éan be predefined as well,
ependi ng upon the system5 requi . "A" '

pr gdef i ngd ]P or f zﬂqﬁzpédq}g:@. wgtgjtll rt%ge Sxtesferrepél feglgcg&it{len@ of\/gléJ eprlegen | so

invention. As previously described for FIG. 4 and shown
again in FIG. 16, the transmission frame comprises a
synchronization code word 1600 followed by eleven data

5 blocks labeled Block 0 to Block 10. Address, control and
message code words are distributed within the eleven data
blocks in a predetermined order. The first code word,
located in Block 0, is always a block information code word
1602 and includes such information as the beginning

10 locations of an address field 1604 and a vector field 1606,
leaving eighty-seven code words available in the frame 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 816 is able

15 to calculate how many address code words must be decoded
per 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. Address code

20 words specifying, for example, numeric and alphanumeric
messages have associated message information located within
the data field 1608. Tone only messages can communicate
all necessary information in the address code word, or
optionally with a control code word in the vector field

25 1606, and consequently would not have associated message
information located within the data field 1608.

For those address code words 1605 which do have
corresponding messages 1610, the vector field 1606 includes
control words 1607, or vectors, which include information

30 to identify the starting location 1612 of messages 1610
located within the data field 1608. Specifically, the
vector code word 1607 identifies the location of the first
data code word 1612 and also the number of data code words
in the data portion 1610 of the message for the current

35 frame. Further, there is a one to one correspondence
between the relative location of the address code words
1605 located within the address field 1604 and the relative

location of the associated vectors (vector code words) 1607

-
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The frame informati on code word is preferably a single 32,21 BCH code

word which includes within the data portion a predeterm ned nunber of
bits reserved to identify the 10 frame nunber, such as 7 bits encoded to
define franme nunber 0 to frame nunber 127. The structure of
t he second synchronization code is preferapdy simlar to that of the
first synchroni zation code descri bed above. However, unlike the first

15 synchroni zati on cd@&2tif #AtH SPeresisr v st dntihit ¢ elp &fig way. fhe g
data synbol rate, sucleistig0fogpisopbdt snpeddreseorrile, word 16A2 idetbad
synchroni zati on code iagatésanFieid adoatpdifes dad @he locaydplofr &t esabeidtieah

the address and messagggt@f 86b9 A€ the vddtBPSAIECHdeNwilbh JhdBlhekr ame.
Consequently, the gecan hrO&Il zatl on cod

communi cati on recei vermg°r2“%tt3‘s’%gft fntheq RRAYS f’lenl?olg?ggré:%gsﬁ%%tgﬁ? zation
at the frane t r andArasiamn 16k #fbi tmesgege 1610 in the datasfipedst J60het
signaling protocol utithezedrenthfriahe. Thipraidreet paahbiligrechenef ptdreides
present invention compises k2B ABeubrARgS thiehad il e epige or m ned
synchroni zati on code fgLIoggg by el even data bIocK%)mth conpri se
ei ght address, cAREPBIREPE Eé%etrG‘Bﬁ‘@l?ﬁdPBsf‘i?@FSp Zs&PC The
synchroni zati on cdfe spamEsatiemsystemilofnbesusschgargssage information,
including the relative starting position of the message
information in a transmission frame, can be dynamically
allocated to one or more transmission frames as the frames
are being processed for transmission. Hence, the paging

15 terminal 102 can organize the message information into the
transmission frames as the paging requests are being
processed with significant flexibility in selecting the
relative position of the message information within the
transmission frames.

20 Referring to FIG. 17, a timing diagram illustrates the
composition of the first data code word 1612 in the data
portion of a message in accordance with the preferred
embodiment of the present invention. As can be seen, the
data code word 1612 is a 32 bit word. Further, it is

25 preferably organized as a 32, 21 BCH code word. From the
least significant bit (LSB) to the most significant bit
(MSB), the data code word 1612 includes a 21 bit data field
1710, a 10 bit parity word 1720, and a parity bit 1730. 1In
this signaling protocol, the 10 bit parity word 1720 is

30 selected such that every data code word 1612 differs by at
least 5 bits from every other data code word 1612 in the
protocol. The parity bit 1730 can be defined as an even or
an odd parity bit for the entire address code word 1612.
For example, if the lower 31 bits of a data code word 1612

35 include an even number of ones then the parity bit 1730 may
be set to zero. Further, for an odd number of ones in the
lower 31 bits of a data code word 1612, the parity bit 1730
may be set to 1. Hence, the parity bit 1730 provides a

_
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transm ssion rate, and insures synchronization by the data 30

comuni cation receiver 106 with the data code words transmtted at the
vari ous transm ssion rates. FIG 8 is an electrical block diagram
of the data comuni cation receiver, e.g., the selective call receiver
106, in accordance with the preferred enbodi st -of the 35 present

I nvention. The heart of the data conmunicati on recei ver, 106 is. a
control l er 816, whi chreletivereaapry way todateehenbell Us PREaA™ MBERREI |

m croconput er, such adata code word 1612. - 12 -

manuf actured by Mdtorol a, thBC21 b3k @taLguUeMBII@D0 of the first data code word
1612 in the data portion 1610 of a message is preferably
5 formatted to define certain flags and fields as discussed
below. A continue flag 1702, such as bit 11 of the 21 bit
data field 1710, indicates when fragments of the current
message being transmitted are to be expected in following
frames. For example, if the continue flag 1702 is set to
10 one, then this indicates to the communication receiver 106
that one or more fragments of the current message being
transmitted can be expected in the following frames.
Additionally, a packet number 1704 is included in the 21
bit data field 1710 of the first data code word 1612 of the
15 data portion 1610 of the message being transmitted in the
current frame. The message packet number 1704 identifies
the current data portion of the message in the current
frame as one of a sequence of data packets. For example,
the message packet number 1704 can increment by one in
20 successive message packets. In this way, the communication
receiver 106 can keep track of the message packets and
store them in the message memory 850 in the correct
sequence. A special signature field 1706 is also included
in the 21 bit data field 1710 of the first data code word
25 1612 of the data portion of the message being transmitted
in the current frame. The signature field 1706 uniquely -
identifies the sequence of successive message packets such
that the communication receiver 106 can keep track of the
current message sequence being received and decoded. That
30 is, while a fragmented message is being received, i.e., in
successive message packets, the communication receiver 106
can receive other messages and distinguish them apart by
their unique signature field 1706.
Additionally, a phase assignment field 1708 is
35 included for identifying the phase, e.g., phase one, two,
three, or four, on which any subsequent message fragments
will be transmitted to the communication receiver 106. For
example, a first message fragment can indicate by the phase

i



m croconputer. The m croconputer controller, hereinafter call ed the

controller 816, receives and processes inputs froma nunber of
peripheral circuits, as shown in FIG 8, 5 and controls the operation and
I nteraction of the peripheral circuits using software routines. The
gener al use of a m croconputer controller26or processing and

control functions is well known to one of ordinary skill in the art. 10

The data communi cat i cresigrranfefieldo 1788 dhphbiybsgaient megRageyfrgmaeidt ess,
control and nessage iwilor patiransmittedhar ganafdaar be aldcetivedddrat), phhsech i s
Tochn, dues. Tha tr ancuits eq Car eI Eey AR o o . G2 whi ch
. S | ntercepte a a ic
coupl es to the input %“fbsﬁq?eégg?’vsewrl ch phsaesgtl%nre%%/fe 8%%?%e?£§%%? F%%%gﬁg
processes the rece} verhase thigea iM-s8. narfifape\agsiIppiintistd Ad0%ip,
providing at the @ubpbit ipn e efe JpHasechssigoperer €delthild0Siqgnal ,
20 15 coupl ed to onenasst e Simdl oA e THE L08R ARtk e
a_thresha evel e . circuit
808, and to an i nput %cfreggﬁ"’-r?eesvé? e elrgngio?hease £ %&é%ggtﬁeeshol d
| evel extraction circiAmRiBt® fsagrepted mesgader SSoBH P BEr i to FIG 9,
and as shown conpro sediscussed below.

Other information, such as in the frame assignment
field 1709, can indicate to the communication receiver 106
in which frame (or sequence of frames) to monitor for
receiving subsequent message fragments. For example, the

15 frame assignment field 1709 can indicate that the
communication receiver 106 can search every third frame for
possibly receiving a subsequent message fragment. The
pattern of frames to search indicated by the frame
assignment field 1709 can be determined dynamically by the

20 terminal 102 while preparing the message for transmission
to the communication receiver 106. Alternatively, the
pattern can be predetermined by system configuration, or
even selected by a system operator to respond to varying
system requirements and communication traffic patterns.

25 similarly, the phase assignment field 1708 can be
predetermined or dynamically set by the terminal 102 (or
the system operator) to handle varying system requirements
and communication traffic activity. It can be appreciated
by one of ordinary skill in the art that the size of each

30 of the aforementioned data fields can vary to accommodate
different system configurations and parameters within the
scope of the present invention. The preferred mode of
implementing the fragmented message protocol will be more
fully discussed below.

35 As discussed above, a portion 1610 of the data of a
message can be transmitted as a message packet. Subsequent
message packets can be transmitted in the same frame or in
subsequent frames of the transmission protocol, or even in

I
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two cl ocked | evel detector circuits 902, 904 which have as 25 inputs the

recovered data signal. A first |evel detector 902 detects the peak
signal anplitude value and provides a hi gh peak threshol d signal which
I, proportional to the det ect ed peak signal anplitude value. A second
| evel detector 904 detects the valley si gﬁaf anpl i tude val ue and 30
provides a valley threshold signhal which is grtiqnal to eh

det ected val |l ey signa “bﬁ?ﬁ}‘?‘f‘ij%éa'i}%ﬁ @& ¥t atlﬁg 896‘?1’@83 (in acf%tlfltl Pywal .

The first and second tewehidetiont prot®@gl) 3G4will besfyrlpr slisputsedapelov.
coupled to term nals @fie I@atSlu 81206702 can 2dmainr 8spaot oel Yor ekhmple,

opposite resistor termnal ngIOeGaﬁgﬁn glﬁegagghgkggg t[y gb Itela@%éqpbg €4 put

signal (H) , and the
The opposi te ?esFIMBRIFRTIPNEFE1Y68, O‘%Iz fgﬁlil % eaacfﬁcp%c" |vely.

then indicated when the continue flag 1702 1s set to zero.
Moreover, each message packet in the sequence is identified
by a message packet number 1704, which preferably
increments in a circular fashion to indicate the sequential

10 relationship between the message packets being received
from frame to frame. For example, FIG. 18 is a timing
diagram illustrating one such sequence of packet numbers
for a transmitted message. The first message packet in the
sequence may be flagged with the message packet number

15 field 1704 being set to "11" 1802, and with the continue
flag 1702 being set to 1. While there are more message
packets to be received by the communication receiver 106,
the continue flag 1702 will continue to be set to 1 in the
first data code word 1612 of each of the subsequent message

20 packets 1610. Further, the message packet number field
1704 can increment using modulo three arithmetic 1804 for
each subsequent message packet. That is, the message
packet number field 1704 for the second, third and fourth
successive message packets will have the values "00", "01",

25 "i10" 1804, with the message packet numbering sequence
repeating itself in subsequent message packets. The "1
state of the message packet number field 1704 is skipped in
this numbering sequence to avoid confusion with an initial
packet of a non-continued message. Of course, the final

30 message packet is indicated by the continue flag 1702 being
set to zero. Additionally, the signature field 1706
identifies all the sequential meséage packets as being part
of one message. Hence, multiéle fragmented messages can be
contemporaneously received by the communication receiver

35 106 with the signature field 1706 of each message packet
jdentifying the message that the particular message packet
belongs to. Therefore, the combination of the continue
flag 1702, the message packet number 1704, and the
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- 13 - termnals of two resistors 908, 910, respectively. The
opposite termnals of the two resistors 908, 910 are coupl ed toget her
to forma resistive divider which provides an average threshol d out put
signal (Avg) which is 5 proportional to the average value of the recovered
dat a signal. Resistors 906, 912 have resisior val ues preferably of
1R, while resistors 908, 910 have resistor val ues preferably. of 2R
realizing threshol d ogipiatuseghiald, i Pegllovws Ghe CRARPRURIRRLAIRY ’§§¥/&"%ﬁ1&°§mi ch
are utilized to enabl eolfecealgecatingetdre hessngel fxhmmgnts qoabsitading |Ywoper
descri bed bel oW. more diffeMiNmPO¥RYesi Beindi tédlikid ajvelri etk lsamé Eme

receiver portion, i%ge%‘ig t'fe}F‘e g@ﬁ:ﬁm&%ﬁ% %@ééi%rrﬁféeicé(@rth%%jéi% the

first turned on, a cloc sel ector [ reset 15 hr ough_a contr ol
i nput (center sanplie) MESSRI Barkefs] 9gsresponng ko qach of t%‘f"o%"f?gﬁ’évnl‘oﬁ a
frequency equival ent tmesd&@fs to tecopstiuss sichnestthgareceiivedrande degpiedh as
descri bed above | el 6L DPS. thEhe JAGXngl Gkaisongener at ed by 128X cl ock
FIG. 19 is a more detailed block diagram of the data
decoder 832, the controller 816, and the message memory 850
10 of the communication receiver 106, according to the
preferred embodiment of the present invention. As
discussed earlier for FIG. 16, the communication receiver
106 can correlate an address 1605 in the address field 1604
of a frame in an assigned phase. Specifically, the address
15 correlator 830 (FIG. 8) signals the controller 816 that
there is a match between the received address 1605 and a
predetermined address pattern from the code memory 822.
Subsequently, the.communication receiver 106 decodes the
vector code word 1607 in the vector field 1606 that
20 corresponds in position to the address code word 1605, and
therefrom the controller 816 can determine when the first
data code word 1612 of the data portion 1610 of the message
occurs in the data field 1608. An output of the block
deinterleaver 824 couples a stream of bits to an input of
25 the data decoder 832. This stream of bits includes at the
appropriate point of the data field 1608 of the frame the
first data code word 1612 of the data portion 1610 of the
message.
The controller 816 couples an enable first word output
30 signal 1902 to an input of the data decoder 832 to indicate
to a first word decoder 1904 that the data code word 1612
is present in the incoming data stream. The first word
decoder 1904 captures the 32 bit data code word 1612 and
couples it to an error corrector 1906. The error corrector
35 1906 can correct up to a predetermined number of error
bits, such as two error bits, in a data code word 1612. As
mentioned earlier, the data code word 1612 is organized
with the parity word 1720 (FIG. 17) to allow the error
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generator 844, as shown in FIG 8, which is preferably a 20 crystal

controlled oscillator operating at 204.8 KHz (ki l ohertz). The out put
of the 128X cl ock generator 844 couples to an input of frequency

di-vi der 846 whi ch divides t he output frequency by two to generate a
64X cl ock at 102.4 KHz. Returning to FF&@99, the 128X cl ock all ows

the 25 |evel detectors 902, 904 to asynchronously detect in a very

short period of tine {RETHREAE AAQP 4l PHFest gifal- gﬁﬂ FYufEror blt\?af‘t&’]élde‘énd
to therefore generateinhe tepgifed)datavendageord in { Aagher amdl Hinghn (t4 )
threshol d output signaho¥éldk@sied in tR&Wireed As0h Fadut adf @Re dGodi ng. After

symbol 30 - synchroni zag o gcd&%gacmeeg§ﬁ ];Mcgp?gggﬁrsy;b%h%g{uﬁgtgaoa} to the

signal, as will be descri e con erates a
second control sigral tiEshMordasRodey 1994enHnraected 3%6‘?’&9?% Cgfle Forg
synbol cl ock which isl§éhearak ed indisyniyp| that theyerghrechicanewagkRcgessfiadwn i n
FIG 8. 35 Ret uEnthg etrQoEIcGrrsctltohewAs oY educdesorlar, Eddh eperairben

i s best understood b y crogi'gé l% Eégﬁrnlgn 1ré§c§ﬁ%wqthéﬂ%f and tﬁe | ﬁ\fgl:

decoder 810 conprises three Vo e conpar
word decoder 1 04 could not rellably utilize the first data

10 code word 1612. 1In such a case, the data portion 1610 of
the message can still be decoded and stored in message
memory 850. However, the lost information in the first
data code word 1612 of the particular portion 1610 of the
message may leave an orphan message packet, i.e., not being

15 associated with any of the other message packets of a
message. '

After the first word decoder 1904 receives the
corrected data code word 1612 from the error corrector 1906
it checks the continue flag 1702 and the message packet

20 number field 1704 to determine if this is a message packet
of a fragmented message or if it is the one and only
message packet of. a complete message. If the continue flag
1702 is set to one it indicates that this message packet is
part of a fragmented message. Further, if the message

25 packet number 1704 is set to "11" then this is the first
message packet in a sequence of message packets
constituting a fragmented message. The message is uniquely
identified by the signature field 1706. Additionally, the
phase assignment field 1708 can include information to

30 identify a subsequent phase for receiving one or more
subsequent transmitted message fragments. Also, the frame
assignment field 1709 can identify one or more alternative
frames for receiving any subsequent transmitted message
fragments. Note however that if this message packet is the

35 one and only message packet in a message, then the continue
flag 1702 will be set to zero and the message packet number
1704 will be set to "11", and the communication receiver

\
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- 14 - 1010, 1020, 1030 and a synbol decoder 1040. The recovered

data signal couples to an input of the three conparators 1010, 1020,
1030. The high threshold output signal (Hi) coupl es to the second i nput
of conparator 1010, the average 5 threshold output signal (Avg) couples to
the second i nput -of conparator 1020, and 8he- |l ow threshol d out put

si gnal (Lo) couples to the second input of conparator 1030. The

out puts of the three ¥$npar akgpese 1ep infergtianip ey phesd 85519"FhRbut s of
synbol decoder 1040. flikadsyndmlandetmater ad(40mdrid fdelcod@®st he i nputs

according to the table preysdsdsheldd decoder 1904 indicates to the Threshol d
Qut put controller 816 that this is the start of a new message, and
5 whether the message is completely found in the data portion
1610 of the message in the current frame or alternatively
it is a fragmented message found over successive message
packets. The first word decoder 1904 also couples the 21
bit data field 1710 of the data code word 1612 to the
10 controller 816, which then couples the 21 bits of
information to a message block 1912 in the message memory
850. The 21 bits of information are preferably stored at a
starting location 1914 in the message block 1912 in the
message memory 850. The controller 816 then couples an
15 enable signal 1908 to the message data word decoder 1910 to
decode all subsequent data code words in the data portion
1610 of the message in the current frame. The message data
word decoder 1910 captures the 32 bit data code words out
of the stream of data from the block deinterleaver 824 and
20 couples each of the data code words to the error corrector
1906 to correct up to two error bits in a received data
code word. _
The error corrector 1906 couples a corrected data code
word back to the message data word decoder 1910 and further
25 indicates the successful correction. If the error
correction fails on a particular data code word then the
message data word decoder 1910 preferably replaces the 21
bit data field from the failed data code word with. a
predetermined bit pattern and couples the 21 bits of
30 information to the controller 816. The predetermined bit
pattern may help indicate to a user of the communication
receiver 106, such as when the message is displayed on the
display 842 (FIG. 8) that the particular portion of the
message in the failed data code word was corrupted during
35 transmission.
Alternatively, after a successful error correction the
message data word decoder 1910 strips the 21 least
significant bits (LSB) of the corrected data code word 1612

BamR-‘N”d
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ki Avg Lo M5B LSB RCerr] < RC [err]

< RCerr] < 0 0 15 RCerr] < RCerr] < RC[ err]
> 0 1 RC err] < RCerr] > RCerr] > 1
1 RC [err] > RCerr] > RCerr]> 1 0

As shown in the table above, when the recoveredll data 20 signal (RCerr])
is less than all three threshold val ues, the, synbol % nerarted1 is 00
(MBB = 0, LSB = 0). TREReAUPpS these bits,of YHoPRritR & gﬁrceoghﬁ? ¢SFal ues

i s exceeded, a differ@mt. Thesgoidoblier gadficthancdoundes sthswhnfermphion dbre
above. The WMeBiulmREiagd boseit he14-ietht mieeagemeBdfy 850 caupl ed 25

E:IO an | nput of the Sy"&gB d%('ﬂghff%iizgroﬁ%.%fgﬂtﬁj:\tg&g\fjod% @nformati&EOVer ed
ata i nput generated t;

_ etecting the zerq. Cr.ossi L n thhe 4- | evel
recovered data sigral 2LifRdy pres f“f‘i'iz)léE Eé%tl 18F2%R8 %coi?rértecei a2 nput
represents the t Wdoplogidirve Thevhegdagn @taurerdrscetert hilhRaryues| evel
30 recovered data si @Badedtidevend RRbay@lengeddta esdowdrdeioputhe data si gnal ,
Z‘QSU: Qleogggg‘; ' ;’ﬁel gxglpgyr@%neﬁgﬂé %I’fte IEﬁ?/ é%sgggﬁgxi Vie cur:i:erﬁeellfféﬂe: gﬂileh
aver.age t hreshol d out ﬁﬂgbjs‘?dgﬁé&é by %ge conQrofler 8l6. éorgsequerpcq.y,%l%e 31

10 Dbits data field 1710 of each of the data code words in the
data portion 1610 of the message in the current frame are
coupled to the message memory 850 and appended to the
information bits in the first location 1914 of the message
block 1912.

15 After all the data code words are decoded for the data
portion 1610 of the meésage in the current frame, the first
location 1914 in the message block 1912 contains the
respective message data. This message data stored in the
message block 1912 can be organized to allow the controller

20 816 to subsequently couple the information to the display
driver 840 for displaying on the display 842 in a manner
well known to those.skilled in the art. If the data
portion 1610 of the message in the current frame
constitutes the entire message then the information in the

25 location 1914 in the message block 1912 can be retrieved by
the controller 816 for presentation to a user, such as via
the display 842. However, if the information in the
location 1914 constitutes only a message packet of a
fragmented message, as indicated by the continue flag 1702

30 and the message packet number 1704 in the first 21 bits of
information in the location 1914, then the controller 816
will continue searching for message packets of the
fragmented message until all the subsequent message packets
can be received and decoded and stored in subsequent

35 locations 1916 in the message block 1912. FIG. 19 shows
for example a message block 1912 comprising the message
information from five packets of a fragmented message.
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The operation of the synbol synchronizer 812 is best 35 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 - 15 -
selector 1120 is preferably a divider which pravi des sel ective division
by 1 or 2 to generate a sanpl e clock which is thirty-two tinmes the

synbol transnission rate. AA the fiph data siograrord1 8607 BF085CH suewsiFsied o a
second input of 5 theeckived aleessfd patrst 1920, isaneecodeduse dheof sedteedrd he

sanpl e clock rate forge34aPoloch! ARSI 18L&t el €905 a7@2, the
message packet number 1704, the signature 1706, the phase
5 assignment 1708, and the frame assignment 1709, and other
included information as necessary, are coupled to the
controller 816. The controller 816 then compares the
signature 1706 to the stored signature in the first
location 1914 of each message block 1912 in the message
10 memory 850. A matching signature 1706 indicates that the
current message packet corresponds to the fragmented
message being stored in sequential packets in the message'
block 1912. The controller 816 then determines whether the
current message packet being decoded is in the proper
15 sequence to the already stored message packets in the
message block 1912. As discussed earlier, the sequence is
indicated by the message packet number 1704. If the
message packet is out of sequence, this may indicate that a
previous message packet was lost during transmission. The
20 controller 816 can continue to store the successive message
packets in the message block 1912 until the final message
packet is decoded and stored in the message block 1912.
The final message packet is indicated by the continue flag
1702 being set to zero in the first data code word 1612 of
25 the particular message packet 1610. In this way, the
communication receiver 106 can receive and decode one or
more fragmented messages.
Once the communication receiver 106 detects the first
message packet of a fragmented message, as indicated by the
30 continue flag 1702 being set to 1 and the message packet
number 1704 being set to "11", the communication receiver
106 will continue searching through the current frame and
into subsequent frames for successive message packets
- corresponding to the fragmented message being received.
35 Specifically, the communication receiver 106 searches the
address field 1604 of each successive frame, or each
assigned frame, for the particular address code word 1605,

and then utilizes the vector code word 1607 corresponding

\
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3200 synbol s per second. The sel ected sanple clock is coupled to an

I nput of 32X data oversanpler 1110 which sanpl es the recovered data
signal (MsSB) at thirty-two 10 sanples per synbol. The synbol sanples are
coupled to an i nput of a data edge detector 1130 which generates an
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 2Xtsytigohddfessctoik osg niddsote pednt orikhes % tovereedexiat a
signfll- TC\ﬁ thdi \éi ?ﬁgsé&é’elﬁéc?&tciémﬂ-tTﬂé%%skfg@'bﬁf:ﬁi@lilkYirﬁﬂcHgédeW
counter. en e da . e . A

pul se is generated V\/n?g%di?lgogg%tgghgéltﬁ\lggg%lee3%l@& dggy&mﬁf hd tlﬁégc(gére}t gﬁt
count of divide-by-16f3%5%cArEyiqede199Fa 2612 Ofn ke [ahe BPTTAOD 648 9% the
generated by the dat ameskpge in thet ectmntlfBenhi ch is al so coupled to an

itﬂpm Oftthf AND di ;/i de- bm&@hﬁessabécx#aakeélﬁ&odmrprbb@cdqu%@ﬁ)@ouﬁ& ed Eo f
thirty two by the di vigenmyt Hs30cER aepniats L TR o requetBuiRUY. O
AND gate 1150 causes FREfdGupt lomg messagegiqyerpy-cpgpPivatdopcef tmug&iz;det o be
advanced by one count frames, or medpbpise phas¢deopunddiphe clomnsnicetpdred to the
i nput of di viige- Biankh3? 4 WEUi thel hdPe fHualy tdieclsdesa 860K dekgect or
.creating smaller packets 1610 of message information and
distributing these over one or more frames as needed, the
terminal 102 can better manage the message traffic to the
communication receivers 106. For example, if an emergency
15 nmessage needs to be transmitted over a communication
channel the terminal 102 can packetize a long message into
smaller message packets and fit the emergency message into
the current frame along with one or more of the smaller
packets of the fragmented message. Hence, long messages
20 can be reduced to a number of short message packets and
transmitted over one or more frames to distribute the
traffic over the communication channel. In this way, o¢ther
messages can also at least partially be transmitted during
the current frame as necessary. Additionally, by sending
25 shorter message packets the probability of fading errors
corrupting a portion of the message can be reduced.

FIG. 20 is a more detailed block diagram of the frame
batcher 212 (FIG. 2), according to the preferred embodiment
of the present invention. As described above, messages

30 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 memory which is further
delineated by message transmission phase, and which stores
the messages in the order in which the messages were

35 received according to the message transmission phase
assigned to the data communication receiver. It will be
appreciated that other memory types, such as hard disk

-
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3,130, and when the pul se coupled to the input of AND gate 30 1150 arrives

after 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 divide-by-16/32 circuit 1140 to be retarded by one count in
response to the pul se which is coupled taithe input of divide-by-16/32
35 circuit 1140 fromthe data edge detector 1130, thereby enabl i ng

t he synchroni zati on ofirives ¢t dedubiligpdibad welbcles implementing the active

- 6- 102 through padelrephone.i nterface 202 in a manner well known

inthe art. A phanurreri c %§§g&%§llwisﬁghty§)ioﬁ@élééch transmission frame

interval or cycle, a batching controller 2002 having
5 outputs 2004 sequentially accesses the messages stored in

the message storage areas representing the message
transmission phases of the active page file 210. The
recovered messages are coupled to inputs of a frame decoder
2006 which identifies those messages which are to be

10 transmitted during the current tranémission frame. When a
message is detected within any of the message transmission
phases and which is to be transmitted during the current
transmission frame, the frame decoder 2006 generates a
message detection signal which is coupled to the controller

15 2002. The controller 2002 then analyzes the corresponding
message to determine the number of code words which will be
required for message transmission. Because every frame is
of a predetermined length, sometimes not all message
information from the active page file 210 can be

20 transmitted in the next frame. For example, if one or more
messages are longer than can fit in the next frame, then
the frame batcher 212 may fragment the long messages into
one or more message packets for transmission over one or
more frames. Depending on the transmission phase assigned

25 to the recovered messages, the controller 2002 couples
calculated message code word counts to a group of next
frame counters 2012 which maintain a total count of the
message code word requirements for the next frame for each
of the four phaseé. The message for the next transmission

30 frame is also stored in a next transmission frame buffer
2008 under control 2009 of the batching controller 2002,
such as via a bus 2009, the message being stored according
to its assigned phase. When the code word count maintained
by the frame counter 2012 for the next frame exceeds a

35 predetermined transmission frame queue capacity, such as
eight-seven code words, the excess messages and message
fragments of fragmented messages can be stored in a carry-
on buffer (hereinafter called a délay message buffer) 2010.

-
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require the use of a data entry device, are coupled to the pagi ng
termnal 102 through a nbodem 206 using any of a 5 nunber of well known

nodem t ransm ssi on protocols. When a call to place a nessage,
i.e., a paging request, is received, a controller 204 handles the
processi ng of the nessage. The controller 204 Bs - preferably a

m croconputer, such as one based on the 10 MZ68000 famly, which is
manuf act ured by Mot or dihg e¥gess pgssages tdfenggiAdfaf AN Th S OB (19| FR® 204
runs various pre- qeleg rassede madfenedld orildobe rolahsmigtedcin oeenemal

operations as Voice prRRtsuds@qiidteeladdis68bd Srahds €BEGFi11 be [diGciRRIATE,
or the handshaki ng prcgqugl to enable 15 reception of nessages froma data

entry device. Wen a cal| is received, the controller 204 references

i nf or mat i on st 6red i n Thenrdiprier therameirhinds debays tide fECRITASTRIRGR t he

nmessage bei ng recei vedcheissado flvegymEnichss edpefimmcedbgdlebering deldged athe 208

It nclt Edeg,tbut i's not Itdema&eaastsagélﬂahf@p 201 0f MR h&¥BadE HIHESSERS £ Aefifie ﬁaed
o the data commruni cat.i on . ei.yer. a | ; e

address, and i nforrafton 1 %%atweléﬁt% rt{‘g%%gi%g:f %%(lp(;%fn ??el‘%dg%%%dmﬂ ke

communi cat i on r ecéleday message DULERY APd0or ThASFAFE PHYALST 1GPePE SSPay

t he bill. A datta ent kyptedetensined4funber po\firdeel twhherkissdomplaysles,

e.g., thirty one cycles, which the message can be delayed
with no consequence in the communication protocol. As each
opportunity to transmit the message or message fragment
arrives and possibly passes without transmitting at least a
15 fragment of the message the carry-on value is decremented
for the particular message to keep track of the delay time.
When the carry-on value reaches zero, such as may be
possible during a very busy time interval for a
communication system 100, the priority of the message is
20 elevated requiring at least a minimal message fragment to
be transmitted during the next transmission frame. This
minimal message fragment comprises an address code word, a
vector code word, a first data code word which includes
control information such as the continue flag 1702, the
25 message packet number 1704, the signature 1706, the phase
assignment 1708, and the frame assignment 1709. This
minimal message fragment also comprises a message
information data code word which provides one data code
word of message information to the communication receiver
30 106. Hence, the minimal message fragment in this example
comprises four code words.

This protocol keeps the terminal 102 and the
communication receiver 106 synchronized while delivering
all message packets in a fragmented message to the

35 communication receiver 106. The communication receiver 106
after monitoring for subsequent message fragments for a
predetermined time interval (predetermined number of

assigned frames) without receiving any message fragment for

_—
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25 to the controller 204, and which is used for such purposes - as
entry, updating and deleting of information stored in t he subscri ber
data base 208, for nonitoring system per formance, and for obtaining
such information as billing i nformation. 30 The subscri ber

dat abase 208 al so includes such I nformati§ -as to what transm ssion
frame and to what transm ssi on phase the data comruni cati on receiver
S assi gned, as whk|ndseadesmm Bedenminé whakethatet wid epepown the The

recei ved nessage is stc%e.dmcet%h 2%t LN rRagRerteh anedt8g85 Thkierors! ames t he
Messages in queues accor b1%at Ood ?788tociol F%&H%@LSF Q‘Qd&r&ﬁl@n@t?%lﬁ@ed to the

data communi cati on recer ver referred e od| e
pr esent interval for delivering anoé%er message gﬂggmen w1th1n Eﬂe

5 varying message traffic load in the communication channel.
After all messages for the next transmission frame
have been determined by the batching controller 2006 and
are stored in the next frame buffer 2008, the messages or
message fragments stored in the next frame buffer 2008 are
10 then coupled to the frame message buffer 216.
Subsequently, the terminal can process the messages and
then the paging system can transmit the messages in a
manner as described for FIG. 2.
FIG. 21 is a symbolic representation of messages being
15 processed between the next frame buffer 2008 and the delay
message buffer 2010 by the frame batcher 212, in accordance
with the preferred embodiment of the present invention.
Initially, the frame batcher 212 recovers from the active
page file 210 the message information that has a frame
20 number assignment equal to the number of the next frame
scheduled to be transmitted. This message information is
temporarily stored in the next frame buffer 2008 as
illustrated in step 2102. For illustration purposes, each
frame has a predetermined length equivalent to 87 codewords
25 as shown. Further, a single long message "A" 2108 is
temporarily stored in the next frame buffer 2008. Message
"A" 2108 comprises one hundred codewords as shown.
Therefore, the message 2108 is longer than the 87 codeword
capacity of the next frame. In this step the delay message
30 buffer 2010 is shown empty. The frame batcher 212
determines to transmit only a portion of message "A" 2108
equivalent to one full frame, or 87 codewords. The
remaining message will be stored in a delay message buffer
2010. This is illustrated in the next step 2104, where the
35 frame batcher 212 has divided the message 2108 into two
smaller message packets, e.g., "Al" 2110 and "A2" 2112, as
shown.

This Skeat Has Been Re
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-7 i nvention, four phase queues are provided in the active page
file 210. The active page file 210 is preferably a dual port,
first-in-first-out random access nmenory, although it will be

appreci ated that other random access 5 menory devices, such as hard disk
drives, can be utilized as well. - Peri odi cal |y the nessage

I nformation stored in each of t he phase queues is recovered fromthe
active page file 210 Ulhge £ ixsinmeesadef Padketc 'y 811 % compRissSi fig ti ni ng
10 information such asagfcadsdes fiyl anecahtireneextl dcdme214Thigy includsisher .

suitable timng SOUfC%Jé@a&%@&\ﬁ%&%d&éwes overhBiOreFRt 1) aliapeBseach
phase queue is sorted

me_nunbe s th ess,
nessage i nfornmation, Sﬂ%emr \ova Hfﬁ%?r Fﬂ?%wrorlfgt |"’31rc11 ?ge Qr{lggg %Q-_Q Bached
transni ssion, and Bhewhich pmavidrsd2fgitdoprhAeatint fLP'é‘h’E‘alSé‘P‘btﬁ%Ijh"cont rol | er
212. The sel ect i esmfinikati@ms rbyeivee i0@neadatishusgpdcemtyigr| for FIQ.

R e A
a predeterm ned | engt ﬁs conf(igurecij by J:l?ew'frame batcher 399‘{%%%3?{% ff&ma i's of
example, the continue flag 1702 set to one, the message

10 packet number 1704 set to "11", and to a unique 51gnature
in the signature field 1706. Optionally, the signature
1706 can be set to a number such as the number of messages
transmitted to the communication receiver 106 during the
current billing cycle, which is available from the

15 subscriber database 208 and may be included with the
message in the active page file 210.

The second portion of the message "A2" 2112 is stored
in the delay message buffer 2010. This message packet 2112
also includes the address codeword, the vector codeword and

20 the first data codeword. At this point, the frame batcher
212 can take the'message packet "Al" 2110 from the next
frame buffer 2008 and couple it to the appropriate frame
message buffer 216 to be transmitted in the next frame.
When the next frame is scheduled for transmission, the

25 frame batcher 212 recovers message information having the
frame number that matches the number of the next frame for
transmission and stores it in the next frame buffer 2008.
This is illustrated in the next step 2106, with the new
message "B" 2112.

30 Additionally, the frame batcher 212 appends the second
message packet "A2" 2112 to the next frame buffer 2008 for
transmission in the next frame. The frame batcher 212
organizes the first data codeword of the second message
packet "A2" 2112 to include the continue flag 1702 set to

35 =zero, the packet number set to "00" and the signature 1706
set to the same value as was included with the first
message packet "Al" 2110. The frame batcher 212 then
couples the message information in the next frame buffer

jaced

I
i



20 sonetinmes not all nessage information fromthe active page file 210

can be transmtted in the current frane, e.g., the current time slot.

For exanple, if one or nore nmessages are longer than can fit in the

current frame, then the frame batcher 212 optionally can fragnment the

| ong nmessages 25 into one or nore nessage packets for transm ssion over

one or nore franes, e.g., tine slots, which nmay be all ocated over

one or nore phases, af0@f|to Fhemaxd frane mgrsdgsbetfer 20¥%efety SUPRBIYT Ene

bat cher 212 can tenpopabiéssingl shdttrheasission. a Ipotiisomaof thecerpinEgas?

tT Eat are destined ]for nad tfta_rr@mﬁ&isEﬁ@t&g%&nayllbhelxﬁsga@ma"inotshi))s fashi on
e process of generatin ragnen me S I m .t hn

themto a receivin c%@%ﬁ?%&gfl ntw(r%ef%?@eerr Wé%%ggepa@gté &?ggbsélég' gteﬁ OW.

Preferably, any priorifi}l frFPetESNIFEe] FEAPR P53 EUEHES BPSFEPYS 8L

addresses in the bat chmedsigenripforjagripat ivdrileoxllowing osheli mgssdgem out fir st

Wi th the very next traRsfbd{@€ion suchl #BheThér RabsRd 8T @1®2 i43f BEMAL I ON
for each phase queue transmitted in its designated frame number. That is, the
. longer message 2108 may be slightly delayed for a full

10 message transmission, while allowing the smaller ongoing
messages 2112 to be transmitted in their designated frames.

Notice that in this example the communication receiver
106 will receive in its designated frame the first message
packet "Al" 2110 which in the first data codeword

15 identifies itself as a first message packet to the
communication receiver 106. The communication receiver 106
then sequentially searches the address field of subsequent
frames until it detects the second message packet "A2" 2112
whose first data codeword identifies to the communication

20 receiver 106 that this is the final message packet. That
is, the message has been completely received. If there
were more message packets to be received, then the continue
flag 1702 would remain set to one which would indicate to
the communication receiver 106 to continue searching

25 subsequent frames for the successive message packets.

FIG. 22 is a second example illustrating symbolic
representation of messages being processed by the frame
batcher 212, in accordance with the preferred embodiment of
the present invention. Initially, the frame batcher 212

30 recovers the message information having the frame number
assignment for the frame number of the next frame to be
transmitted. The frame batcher 212 then couples the
message information to the next frame buffer 2008 as shown
in the first step 2202.

35 Here, there are four messages stored in the next frame
buffer 2008. The first message "A" 2208 is 24 codewords
long. The second message "B" 2210 is an additional 16
codewords long bringing the total so far to 40 codewords in

[
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-.8- I's coupled to frame nessage buffers 216 which tenporarily

store the batched franme information until a tinme for further processing
and transm ssion. Franes are batched in nuneri c sequence, so that while
a,current frame is being 5 transmtted, the next frame to be transmtted
Is in the frame nmessage buffer 216, and ths next frame thereafter is
being retrieved and batched. At the appropriate tinme, the bat ched frane
i nformati on stored i nthaenetafmamenbeiege2008. phih¢ dhipd godevwarda QT e@rtedig o
the frame nmessage encedefod@¥8rdslQongGaidnthal foatininegsidee "phaes gueae

rel ati onship. adz{mofnaﬁr@ @8&&5&% Zﬂ&genoﬂﬁesbw@sag@r es€a1and
message . |nforrrat|on I nt o B%?%‘F and ne ng %d
for transnission, as WFFF295et FHdy rﬁg?%‘?/‘\}m%h%o g’ﬁc 5mltte adtress and
message code words 5ar aewt darme fonfl80 (Hasekardhdons  HARYSE o uPlceBeXH T5219 anme
message i nterl eaver 220nwWtighhandle 87 codewords as shown. Therefore, the
frame batcher 212 has to determine what messages will be
fragmented into smaller message packets.
At this point the delay message buffer 2010 is empty.
10 The frame batcher 212 searches the next frame buffer 2008
for the longest message. The longest message'is the fourth
message "D" 2214, which is 60 codewords long. The frame
batcher 212 then moves this message to the delay message
buffer 2010. However, the total number of remaining
15 codewords in the next frame buffer 2008 is 90, which is
greater than the 87 codewords that can fit in the next
frame. Therefore, the frame batcher 212 again searches
through the remaining messages in the next frame buffer
2008 for the longest message. That message is the third
20 message "C" 2212, which is fifty codewords long. The frame
batcher 212 then moves this message 2212 to the delay
message buffer 2010.
At this point, the total number of codewords remaining
in the next frame buffer 2008 is forty which is less than
25 the maximum 87 that can be transmitted in the frame. The
frame batcher 212 determines that a portion of each of the
two messages being delayed 2212, 2214, can be transmitted
in the next frame. The frame batcher 212 creates a first
message packet for message "D" 2214 in the next frame
30 buffer 2008 by combining the address codeword, the vector
codeword, the first data codeword and one message data
codeword for the particular message 2214. This first
message packet "D1" 2216 is four codewords long and is
inserted into the next frame buffer 2008 right after the
35 second message "B" 2210. A second message packet "D2" 2220
for the particular message 2214 remains stored in the delay
message buffer 2010. This second message packet 2220 also
includes an address codeword, a vector codeword, and a

This Sheet Has Been Rer
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i.nterl eaves preferably eight code words at a tine for transmssion in a
manner well known in the art. The I nterl eaved code words from each
frame nessage interl eaver 220 are then serially transferred to a phase
mul tiplexer 20 221, which nmultiplexes the nessage information on a bit by
bit basis into a serial data stream by transmgsion phase. - The
controll er 204 next enables a frame sync generator 222 whi ch generates
the synchroni zati on coilestndatd dodeword.t r aindiis tradngt theensxtafraps bufEer
frame transm ssion. Tb@oa’z%onﬁyﬂehwfﬂyzabﬁ@ra:daed&dssamnnfegpimed" v@2A1h can

address and  ressage 4y gaa;g%e%m%rmé g6 Qckels b EPN! QLI er 204 by

serial data splicer rat es ere foma ness t rream whi ch
is properly fornattedr?‘E‘PrmfiF‘ér%fm Beingt as SH¥B A Hb %g?rseeé:ﬁflﬁ SRt

coupled to a transhiteeads.controller 30 226, whi ch under the control of
controller 204 transmts the céfRspPBREAGES BidtCABIGer pack@ditStaibarisn

channel 228. The bRl D00 RN e D B2 Yol @ NUMDET of

wel | known distri pes such a RF

or m crowave di stri bufPHFSERRHHS “‘efﬁa & BARSE [§% §%2%i|1§‘f’h?‘g‘iﬁ t8‘|’1 | i nk. The
di stributed nessage steémwnrds which remainf iy rtéd delagnpessagaoPuferafEfitt er
stations 104, 10deprivindgsaAROpatker 20222 Nbot h-10asnsn eadrieas Sytwerd,100.

a vector codeword, and a first data codeword. Here, the
frame batcher 212 has organized a full frame of message
information in the next frame buffer 2008 which is then
coupled to the next frame message buffer 216 for subsequent
15 processing and transmission.
In processing the following frame, the frame batcher
212 recovers a new message "E" 2224 from the active page
file 210 and stores it in the next frame buffer 2008 as
shown in the third step 2206. This message 2224 includes
20 twenty-two codewords which in combination with the fifty-
nine codewords from the second message packet "D2" 2220 of
the fourth message “D" 2214, and the second message packet
"C2" 2222 with ten remaining code words of the third
message "C" 2212 would exceed the eighty-seven maximum
25 codewords per frame. Therefore, the frame batcher 212
searches the next frame buffer 2008 for the largest message
stored there, and removes it from the next frame buffer
2008.
This leaves the new message 2224 and the second packet
30 2222 of the third message 2212, which totals thirty-two
codewords. Because the frame can accept up to eighty-seven
codewords, the frame batcher 212 then fragments the second
message packet "D2" 2220 into a third and a fourth message
packet as shown in the third step 2206. The third message
35 packet "D3" 2226 of the fourth message "D" 2214 is
sufficient to fill the eighty-seven codewords of the next
frame. The remaining message information is organized as a
fourth message packet "D4" 2228 for the fourth message 2214

Thmsh

i



+9-

The message streamis first transferred into a dual

buf fer 230 which tenporarily stores the nessage stream prior to

transm ssi on.
Gircuit 232,

The

utilized

in

At an appropriate tinme determ ned

port

by timng and control

t he message streamis 5 recovered fromthe dual port buffer
230 and coupled to the I nput of preferabl yja-4-1evel FSK nodul ator 234.
nodul at ed nessage streamis then coupled to the transmtter
for transm ssion via anttéendel238message buffef| ZL0.3, ThiisafouBhapessagai ng
diagrams illustratingpddretlflas h8ESTnssads bardmireoé dohewsagnalvergopr ot ocol

accor dance: ! Lat D& RLE! Sleel-ERReE! HRA! Sfcrbhie Present

10

15

20

25

30

35

information therein.

At this point, the frame batcher 212 can transfer the
one frames worth of message information from the next frame
buffer 2008 to the next frame message buffer 216 for
further processing and transmission. The fourth message
packet 2228 (composed of seven code words) of the fourth
message 2214 remains in the delay message buffer 2010 and
may be processed by the frame batcher 212 into the
following frame. In this slightly more complicated
example, the general operation of the frame batcher 212 may
be better appreciated.

In a separate aspect of the present invention, each
fragmented message that is stored in the delay message
buffer 2010 may be assigned a predetermined frame selection
pattern. This may be predetermined in the subscriber
database 208 for each of the communication receivers 106.
The predetermined frame selection pattern is a mechanism
that can extend the battery life of the particular
communication receiver 106 and can redistribute message
traffic over underutilized frames in the communication
protocol.

Specifically, the communication receiver 106 can be
coordinated with the terminal 102 to receive message
packets from a fragmented message by searching in every one
of N frames after the start of the fragmented transmission.
For example, the communication receiver can expect after
receiving the first message packet of a fragmented message
to only look at every third frame for subsequent message
packets of the fragmented message. In this way, the
communication receiver need only turn on its receiver
portion during every third frame while looking for
successive message packets of the fragmented message. This
affords the communication receiver 106 the capability to
conserve power during the other two frames of that cycle by
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lnvention. As shown in FIG 3, the signaling protocol enabl es nessage
transm ssion to data conmuni cation receivers, such as pagers, assigned to
one or nore of 128 15 frames which are |abeled frame 0 through frane 127.

[ then will be appreciated that the actual nunber of franes
provided within the signaling protocol can be greater or | ess than
descri bed above. The greater the nunber of frames. utilized, the greater

the battery |ife thatnpeyturei® onptisyirdediter pértidatef tbeneammpaidaghon
receivers operating receiviehi 1od me§y§,tteﬁ@ce'gbgr§ ewer the nunber of franes

utilized, the nore often nRIsSAQES Bé‘%h‘%@ %%gf the rggétj_e}lrﬁgﬁgd tQ &Qe

data communi cati on recejvers assi ul ar ere Yy

reduci ng the | atency, Sote¥HA %tFJé‘hdﬁlFEdﬂleomﬁ M?ég‘g re°°"ered As
shown in FIG 4, the framdbecorjirvespage file 2@9ncl‘1‘h@ﬂ|mﬂemod® flrapaic)
foll owed preferably by¥eR246A patter®l@@kbe Ghoré®Ssage isabskriBbl ahtabieh are

| abel ed bl ock 0 55‘5 %,ligng Q!vlqz?xktﬂé) otﬁér %QEM&&OEI& t‘:_.)he %%9918119 k of 30

nessage i nformati on conpri ses pre erab % eSS contr

data code words whi chCHFEERERI TG TS rouQtFe the Tfgpey batpher @ggh
phase. Consequently, eéefdrmjhesdhah f Mesapge is to He| Hupgmepted Apke Mmgdiem of
up to eighty-ei ghtoadfiésssge packets, the message packets stored in the delay

message buffer 2010 are assigned its respective
predetermined frame selection pattern which also
corresponds to a parameter configured in the code memory
822 in the communication receiver 106. Therefore, the

15 paging terminal 102 and the communication receiver 106 are
coordinated to only transmit respective message packets and
only receive the respective message packets in every one of
N frames, as indicated by the predetermined frame selection
pattern. For example, the predetermined frame selection

20 pattern may indicate that only every third frame can be
considered for the particular communication receiver for
transmitting message packets of a fragmented message.
Hence, the terminal will keep track of the message packets
residing in the delay message buffer 2010 for each

25 successive frame.

For each of the message packet in the delayed message
buffer 215 the frame batcher 212 may count down the
corresponding predetermined frame selection pattern untiil
it reaches zero, for example. When the counter reaches

30 zero for the particular message packet in the delay message
buffer 2010, the frame batcher 212 then attempts to include
a particular message packet in the next frame. If it can
fit the message packet or a portion thereof in the next
frame then the frame batcher 212 will do so. However, if

35 traffic is so heavy that not even a portion of the message
packet in the delay message buffer 2010 can be included in
the next frame then the frame batcher 212 will not include

the message packet in the next frame, and in either case on
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control and data code words. The address, control and data 35 code words
are preferably 31,21 BCH code words with an added thirty-second even

parity bit which provides an extra ‘bit of distance to the code word
set. It will be - 10 -

appreci ated that other code words, such as a-23 12 Col ay code word
could be utilized as well. Unlike the well known POCSAG si gnal i ng
prot ocol which provi dese asahihesdowanedo datra will cesk: Wwbe dwuphexouthe i ze t he

Li {st code wor d bit tQegdafingevPue BRIGPIE WY Grésdtermifedeitthes satkbtass or
ata, no suc di Stplaggetxlnogo} %:h%r ggrlr%%gogﬁrngt g&mﬂqgéaet%_%naf&e.dl%la 1@@@16

wor ds .
In a variation to this aspect of the present

S invention, the frame batcher 212 may assign a frame
selection pattern to the communication receiver 106 as
indicated within the first data codeword of the first
message packet of the fragmented message. An optional
information field in the first data codeword, e.g., a frame

10 assignment field 1709, can indicate to the communication
receiver 106 what the current frame selection pattern it is
to follow. The terminal 102, in this variation, can adjust
the frame selection pattern of transmissions and of the
communication receivers 106 to accommodate changes in

15 communication traffic. So in very heavy traffic
conditions, the frame batcher 212 may instruct the
communication receiver 106 to a long frame selection
pattern. While in a lightly loaded traffic condition, the
frame batcher 212 may instruct the communication receiver

20 106 to a short frame selection pattern. This technique may
allow the terminal 102 to better manage the traffic loads
from frame to frame during varying traffic conditions.
Additionally, it can extend the battery life in the
communication receiver 106 because the communication

25 receiver 106 does not have to remain on for all subsequent
frames, but only one in every N frames.

An example is shown in FIG. 23, where a communication
protocol for the communication system 100 may include four
phases 2301 having a frame transmission cycle of three

30 frames 2303. That is, for each of four phases, three
frames, e.g., numbered 1 to 3, cycle repeatedly in the
communication protocol. A communication receiver 106, in
this example, is assigned to phase one and to frame one
2302, 2304, 2306, 2308, 2310, 2312, for receiving messages

35 from the terminal 102. After receiving a first message
packet in frame one 2304, the communication receiver 106
can be assigned to receive subsequent message packets for

the message in an alternative frame such as frame two 2314,
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Ln the signaling protocol utilized with the preferred enbodi nent of the
present invention. Rather, address and data code words are defined by
their position within the 10 individual frames, as will be nore fully

di scussed bel ow. FI.Gs. 6 and 7 are timng diagrans illustrating
the . synchronization code utilized in accerdance with the preferred
enbodi nent of the present invention. In particular, as showmn in FIG 6,
the synchroni zation c@36.1331%0R3R0 s forpreRdranty repRigdng athes trapgyifted
synchroni zati on chdesdgry nasl jis@usseanenrilnéor rhei tarndoae 1M038r cax f r ame

i nf o) and a Secon@yé&ﬁﬂ%ﬁi?f"a%@ié@@h@oﬂeamésyél%cgion A3 c8&IMR o} rl:he FIG
7, the first synchronizatiqn code_conpr f‘f first and o abﬁg{gde? jons,
a

od

| abel ed bit sync 1 an§OBEPIGRFS 5?%9'12’5’: ‘ePhat’i hg" rns whi ch

provi des bit s§nc RREANCESE | ordR BN S’é%orf&aaﬁdmﬁobﬁ Rt BYeY 6‘ﬁ§qudaBé‘F}bd

"A" and its conpl enentiond\ neasdgeswhhixdth prewdidertedine framesywwheoditdet i on.

The second and fourt hcgﬁﬁ&ﬂlgg§1c§1r @ecelveprﬁf()e'bagldbn§éﬁgal BaBeryl pBidd Ccode

wor ds which are predef.inged gg (% g g qh cQ % gvorldncgr{o Eg%é

reliability, and FRFEY SPeearfEg™ TR Nl R THE A A

whi ch addr esses aRds$agSSages are transmtted. The tabl e bel ow.

defines the data hbt ratesnchiclt aneé 2f5dllustrovajaudéEfaent aspect of the
present invention, where the message fragments can be

transmitted from the terminal 102 to the communication

rate at

receiver 106 over alternative phases in a multiphase
communication protocol. For example, as shown in FIG. 24,

15 the communication receiver 106 can be assigned to receive
messages in frame one of phase one 2402, 2408, 241i4. Long
messages can be transmitted in fragments in the frames
located, for example, in phase three. Hence, the
communication receiver 106 would search for messages in its

20 assigned frame one 2402 in phaée one and when a long
fragmented message would be detected by the first message
fragment being received in frame one 2402 of phase one,
then the communication receiver 106 would shift to phase
three for monitoring to receive subsequent message

25 fragments of the long message in the other frames 2404,
2406, 2410, 2412. The communication receiver 106 would
return to its assigned frame one 2408, 2414, in phase one
during every transmission cycle for receiving other
messages while completing to receive the long fragmented

30 message from phase three. 1In this way, the communication
system 100 can dedicate a phase, e.g., phase three, for
delivering long messages to the communication receivers.
This will free up the other phases, e.g., phase one, for
communicating other normal "personal" messages.

35 In this example, the communication receiver 106 can be
assigned to search all frames in phase three other than
frame one which it normally searches in phase one. Hence,
a long fragmented message can be delivered efficiently over
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wi th the signaling protocol. 30 Bit Rate "A" Val ue

1600 bps Al and Al bar 3200 bps A2 and A2 bar
6400 bps A3 and A3 bar 35 Not defi ned A4 and A4 bar
- 11 - ' As shown in the table above, three data bit rates are
predefined for address and nessage transm ssiasg, -al t hough it wild be

appreciated that nore or less data bit rates can

10

15

20

25

30

35

consecutive frames 2404, 2406, 2410, 2412, in phase three
while allowing the communication receiver 106 to switch
back to its assighed frame one in phase one for receiving
other messages.

Alternatively, as shown in FIG. 25, the communication
receiver 106 can be assigned to monitor frames in phase
three in a frame selection pattern 2504, 2508, 2512, 2516.
The terminal 102 can dynamically instruct the communication

. receiver 106 to follow a frame selection pattern through

the frame assignment field 1709 in an alternative phase,
e.g., phase three, as indicated in the phase assignment
field 1708. 1In this way, the communication receiver 106
monitors frame one 2502, 2506, 2510, 2514, 2518, in phase
one as its default assignment for receiving normal
"personal” messages, and then switches to a frame selection
pattern 2504, 2508, 2512, 2516, in phase three for
receiving message fragments of a long transmitted message.
This adds the advantage that the communication receiver 106
can conserve power to extend battery life while receiving
messages.

FIG. 26 is a flowchart showing an operational sequence
for the terminal 102 in accordance with the preferred
embodiment of the present invention. The terminal 102
services 2602 an incoming call, at step 2604, by answering
the telephone and receiving a page request from a caller or
calling device. Then, at step 2606, the terminal 102
identifies a pager address for a communication receiver as
destination for a message indicated by the page request.

In the subscriber database 208, the terminal 102 can access
all the pager parameters associated with the identified
pager address, at step 2608. The controller 204} at step
2610, can determine if the requested page is for a valid
subscriber. If not, the terminal 102 can terminate the

‘call, at step 2612, such as by providing a termination

message to the caller and then disconnecting the telephone
line. If the pager request is to a valid subscriber, at
step 2610, then the terminal 102 can prompt for a message,
at step 2614, and then store the message, at step 2616.

This Sheet Has Been Reilaced

N A




be predefined as well, depending upon the system5 requirenents. A fourth
"A" value is also predefined for future use. The frane
information code word is preferably a single 32,21 BCH code word which
i.ncludes within the data portion a predeterm ned nunber of bits
reserved to identify the 10 franme nunber, sucgg as 7 bits encoded to define
frame nunber 0 to franme nunber 127. The structure of the
second synchroni zati on coddei serminapridier ablsgreps A6llar 2632t MH206of variéies r st

synchroni zation ca;@péeﬁsadlbegram\ieerﬁweu@rmesaﬁe ke tHeerfirst 15

synchroni zati o de whi
symbol ratze Iszcﬁoag & | Eéu?a% {c%eﬁbﬂe&ééﬁ%@s ddp8d, &l & POCSA&'@%@tdata

t he
synchroni zati on code PSH4Fardf lSF%'bdaa"tdlﬁﬁ%l‘ﬁ‘aP Vlsorys(iﬁ%Bf prrgfn'%coa{t &hi ch
t he address and neSsagelecied hw tbe page requssit therd the eayreilegn2G4afe.
Consequently, the seconsg 26205 wteheonineaiésiageodnl ahé awsot heedaparameters

conmuni cation receive t of
at the frame tran%?ntglgl %ﬁc%l& ‘%gl bQé{? fhé. 2% éﬁeagglé&%hﬁ%béai' on

si gnaling protocol utifi&d G H Fﬁ%“enual SEBgY é&e%rﬁ;’gdf?ﬁs %/
present invention conpristep 1923 ,2Btoxgsaihe messade |aﬁéI*EI¥Yea§S‘19rléH%q é’laﬁ?ﬁed
synchroni zati on c@@lé parameters in the GSC active page file. Alternatively, at

step 2626, if the selected protocol is a time slot protocol
(TSP) then the controller 204, at step 2630, identifies the
assigned frame, the assigned phase, and other transmission
parameters for the requested page and, at step 2632, stores

15 the message with the associated parameters for the
requested page in the TSP active page file by assigned
phase. That is, in this protocol, messages are stored in
the active page file 210 organized by their assigned phase.

As shown in FIG. 27, the paging terminal 102 can

20 follow an operational sequence for transmitting the message
to the communication receiver according to the preferred
embodiment of the present invention. Specifically, the
frame batcher 212 follows the routine, at step 2701, for
transferring messages from the active page file 210 to the

25 frame message buffer 216 for transmitting messages in the
next frame. '

At every frame transmission cycle, at step 2702, the

frame batcher 212 begins to sort messages to build the next
frame buffer 2008 with the messages for transmitting into

30 the next frame. The frame batcher 212, at step 2706, gets
all the messages in the active page file 210 that are
assigned to the next frame, and transfers them to the next
frame buffer 2008, as discussed earlier. Further, at step
2708, the frame batcher 212 éets all the messages in the

35 delay message buffer 2010 and transfers them to the next
frame buffer 2008. Hence, at this point all the messages
for transmission in the next frame are located in the next
frame buffer 2008. The frame batcher 212 can then decide

““‘**-e—__N_“__
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foll owed by el even data bl ocks which conprise eight address, control
or nessage code words per phase. The synchroni zati on code enabl es
identification of the data transm ssion rate, and insures

synchroni zati on by the data 30 conmunication receiver 106 with the data
code words transmtted at the various trafism ssion rates.

FIG 8 is an el ectrical block diagramof the data conmuni cati on

recei ver, e.g., the sehich imgssegds orcpautjer of messpygs Vidlake SrARFRIERRt h
the preferred embodi maat tigf nkke anpr eschdiscunsedtbedow. The heart of the data

communi cati on recei Vejeyt06eies féalﬁgrﬁa&ehéxerzoﬁmatw@aerwzm peef amabl y
I npl enment ed usi ng an MC68 ut e such as,
- 12 - next frame counter 1n1 i vy tb Zerd, also as discussed

5 earlier. If all the code words for transmission fit in the
next frame, at step 2712, the frame batcher 212 then
transfers, at step 2714, the messages in the next frame
buffer 2008 to the frame message buffer 216 for encoding
the messages and then transmitting them to the

10 communication receivers. If, on the other hand, all the
messages for transmission in the next frame exceed the
capacity of the next frame, at step 2712, then the frame
batcher 212 determines what messages, or portions of
messages, will be transmitted in the next frame.

15 The frame batcher 212 determines, at step 2716,
whether there are any long messages or long message
fragments in the next frame buffer 2008 for transmission in
the next frame. In this example, messages or message
fragments that are greater than 10 codewords are considered

20 to be long and are candidates for message fragmentation.
This criteria defines short messages to include all numeric
and alpha messages with less than 21 characters in the
messages.

If there are no long messages then the frame batcher

25 212 sets, at step 2718, the next frame carry on value to 3.
The frame batcher 212 then selects the longest message in
the next frame buffer having a message carry-on value not
equal to zero and then transfers the message to the delay
message buffer 2010 and sets the message carry-on value to

30 2, at step 2720. Next, the frame batcher 212 verifies, at
step 2722, whether the capacity of the next frame is still
exceeded by the number of codewords in the next frame
buffer 2008. As long as it is exceeded, the frame batcher
212 continues to move the longest message from the next

35 frame buffer 2008 to the delay message buffer 2010, at
steps 2720 and 2722. A frame counter is utilized by the
frame batcher 212 to keep track of the number of message
fragments to be transmitted in the next frame. If the next

_
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manuf actured by Mdtorola, Inc., or an equival ent m croconputer. The
m croconputer controller, hereinafter called the controller 816,
recei ves and processes inputs froma nunber of peripheral circuits,
shown in FIG 8, 5 and controls the operation and interaction of the
peripheral circuits using software routines.-Tge-general use of -a
m croconputer controller for processing and control functions is wel
known to one of ordi ndramesgppiternequalst perqyr ft St 2724, Fhen dhere are no
conmruni cat i on recei vehedddgei fragapatd dnOthe next efx@iméi bif fatd2EBS and aher Ol

nmessage .i nf ormati on,
usi ng preferably

t echni ques. The transhl

EriméeP/gQ@cj:Mf §?f cg.ﬁl {l'fé!) 1 gé’l;ﬁer, V!H ‘f\slﬂeﬂas'S 2F7Q§h'gnﬁt ed

processes the receivedn the detiex h&indg AENtY neet | fdaneWounfet lE®1ardges not

providing at the

her ei nafter called a .recov

elAULe AL %’Eaéi% ﬂ?é@V%heﬁ %@Vﬁfﬁﬁ gatéhes 81Al

20 is coupled to onerf’ NGBS : g?‘nr esﬁ%ﬁ?%ng%?megxf II:%.E'?I 8?1%2 circuit

808, and to an input
10

15

20

25

30

35

of aSng@y.@ntH@CGagrfm batcher 212 constructs a last
message fragment to £ill the remainder of the frame, at

step 2727, which is equivalent to the maximum capacity of
the frame, e.g., 87 words, less the number of words already
stored in the next frame buffer 2008. Finally, the frame
batcher 212 adds the message fragment, at step 2731, to the
next frame buffer 2008, and then moves the remainder of the
message, at step 2733, to the delay message buffer 2010 and
resets the message carry-on value to a maximum delay, e.qg..
31. Subsequently, the frame batcher 212, at steps 2712 and
2714, transfers the messages from the next frame buffer
2008 to the frame message buffer 216 for encoding the
messages and transmitting them to the communication
receivers. '

If the frame batcher 212 determines, at step 2716,
that there are long messages in the next frame buffer 2008
which are overflowing the capacity of the next frame then
the frame batcher 212 moves the newest message, at step
2728, to a temporary buffer, and, at step 2730, determines
whether the remaining words in the next frame buffer 2008
are within the capacity of the next frame, at step 2730.
If the capacity of the next frame is met, at step 2730, the
frame batcher 212 increments the next frame counter, at
step 2732, and then constructs, at step 2727, a last
message fragment to fill the remainder of the frame.
Subsequently, the frame batcher 212 adds the message
fragment to the next frame buffer 2008, at step 2731, and
then moves the remainder of the message, at step 2733, to
the delay message buffer 2010 and resets the message carxy-
on value to 31. Subsequently, the frame batcher 212 at
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The threshold | evel extraction circuit 808 is best under st ood by
referring to FIG 9, and as shown conpri ses two cl ocked | evel detector
circuits 902, 904 which have as 25 inputs the recovered data signal. A
first |evel detector 902 detects the peak signal anplitude val ue and
provi des a hi gh peak threshold signal whisgh-is proportional to :the
det ected peak signal anplitude value. A second |evel det ector 904
detects the valley sigrls ampli rRARTA) UEraaageB0 the vARdERt S Of aFiepext

t hreshol d signal whi chrdre ptffear b0@mnab tle frame tMeesaipt BofBek a6 [y Signal

anplitude value of t h@n&ﬁ@.ﬂryed’n%dtransmlg@:t.r% ihtgrf@ssaaz? 15' ’Eh%t naRd sseoONd
| evel detector 902, 904 éte,% {l}%‘f g uts are cou erm nal s of
[

resistors 9086, 912, r&s hl‘f‘lé’e%?)oénle B eeéc?s or ‘rermnnal s
906, 35 912 provi d® th‘efﬁ?F-”ghaQ H’FEBH’GP@ St GPREIGRAPE (HHF) DeXn AranipebusEer | o
t hreshol d out put signatos ko)1l leeseslt thelnaximiye capacityppdsiteenewtsifsamsy,

termnals 906, 912 ar g %Itgﬁ @')@épl%nt @he frame batcher 212 verifies, at step
2734, if the newest message is a continued message
fragment. If it is not a continued message fragment, then

10 this will be the first message fragment of a fragmented
message and the frame batcher 212, at step 2736, increments
the next frame counter, and then constructs, at step 2738,
a minimum four word message fragment for representing the
first message fragment of a fragmented message. Next, the

15 frame batcher 212 adds the message fragment to the next
frame buffer 2008, at step 2731, and then moves the
remainder of the message, at step 2733, to the delay
message buffer 2010 and resets the message carry-on value
to 31.

20 The frame batcher 212, at step 2734, determines that
the message is a continued message fragment then it checks
the message carry-on value, at step 2740, to determine if
it has reached zero. A message carry-on value of zero
indicates that the message fragment has been delayed a

25 maximum amount of time and deserves a high priority for
transmission to the communication receiver. Hence, if the
message fragments carry-on value is equal to zero, at step
2740, then a message fragment will be transmitted to the
communication receiver, at steps 2736, 2738, 2731, 2733,

30 2712, and 2714. 1If the message fragment has a message
carry-on value that is greater than zero, at step 2740, the
frame batcher 212 can move the fragment to the delay
message buffer 2010 and then decrement the message carry-on
value accordingly at step 2742. This indicates that the

35 message fragment has been delayed one more frame
transmission cycle. Subsequently, the frame batcher 212
transfers the contents of the next frame buffer to the
frame message buffer 216, at steps 2712 and 2714. In this

_—
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-. 13 - termnals of two resistors 908, 910, respectively. The

opposite termnals of the two resistors 908, 910 are coupl ed toget her
to forma resistive divider which provides an average threshol d out put
stgnal (Avg) which is 5 proportional to the average val ue of the
recovered data signal. Resistors 906, 91g; have resistor val ues-
preferably of 1R, while resistors 908, 910 have resistor val ues

preferably of 2R, realvazi nthe Hrawhbldcioart P2 wegatds val umesmit asghaily7% 50%
and 83% and which ar eedbiddszed ndxs@gairagmdits decRal Ak tiketKe nexel faaka
signals as will be describgg 28 48k ces o srighery WOSTERAVEEelL by T 2l 1Y

applied to the receiver conmmuni_cat

dat
recei ver 106 is FAPSIcq CCIPﬁe’a‘e ﬁra’%? Si oo %Pr?ewé‘éﬁ‘ &EEBFC9 18 F}ée preset
15 through a cont 5ol dpepaitiqheénteuencersheyn tim EEG e@F - a HEZBX the framg ock,
i.e. a clock having avhtemnecray £ighadRRinitivk2Bhases and select frame

patterns for fragmented messages being transmitted to
communication receivers. The main differences are
discussed below.

10 After the frame batcher 212 fills the next frame
buffer 2008 with the messages and message fragments, at
steps 2806 and 2808, the frame batcher 212, at step 2809,
moves all messages and message fragments that are not
assigned to the current frame for transmission in this

15 phase. Further, their message carry-on value is
decremented by one to indicate their delay by one frame
transmission cycle. In this way, the frame batcher 212
keeps track of not just frame information but also phase
information for determining which messages or message

20 fragments can be transmitted in the current frame. Another
difference occurs when transmitting the very first message
fragment, at step 2829, where the frame batcher 212 must
determine, at step 2835, the frame pattern and the phase
for delivering subsequent message fragments to the

25 communication receiver.

Once the frame batcher 212 assigns the frame pattern
and the phase to the fragmented message in its first
fragment, at step 2835, the frame batcher 212 can add the
first message fragment to the next frame buffer 2008, at

30 step 2831, and then if subsequent message fragments are to
be received in a different phase at step 2837, the frame
batcher 212 moves, at step 2839, the remainder of the
message to the delay message buffer 2010 at the specified
phase and further sets the message carxry-on value to 31.

35 Then, the frame batcher 212 can transfer the contents of
the next frame buffer 2008 to the frame message buffer 216,
at steps 2812 and 2814, for encoding and transmitting the

messages to the communication receivers. 1In this way, the

\
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times the slowest data bit rate, which as descri bed above s 1600
bps. The 128X clock is generated by 128X cl ock generator 844, as
shown in FIG 8, which is preferably a 20 crystal controlled oscillator
operating at 204.8 KHz (kilohertz). The output of the 128X cl ock
generator 844 couples to an input of freguency divider 846 whi-:ch

di vi des t he out put frequency by two to generate a 64X cl ock at
102.4 KHz. Returningftand-betcisr the cha8Xisiribitalmeoswet ivagr@bts |ayeel

det ect (r)]rs 902, 904 tom@lsylrg,qgrplrgpdéglyndjglt,@g{pllenpﬁaéégr Yn the commlfidat@ehi od of
time the peak and vall Vc'pgn@l e@g}) iqi{,)utlllée t%e ‘?ﬁ#lgg%]tcga ﬂfﬂ gfore

generate the | ow (Lo) P res d out put
si gnal val ues réhﬁlqeédv?wgnﬁ%ﬁﬂaaﬁﬁﬁddé‘é?ﬁﬁgﬁg TaqEeRES
synchroni zati on i ssackbemedcatidn réesisgmshr oni zati on Si gnal , as vv| |1

b? descri bed bel ow, the cqigr 0dd 6 816 ow char@@ﬂﬁfs%&@ﬁlr@ S8 Cdpasta €al Ol
~signal (Center Sanpl e%s toen%g Por the commﬁgzl.e I<:.gnr %1%9%0%%&' é:)l OEK whi ch

i s generated by synbo roni zer

Returning to FIG 8, @ﬁ@owﬁpe%éwltae%@reéqvesp@vbai%wt of the Br%%%lf
under stood by referriagvémribhG akfler Aheshamwunitieion receifet éhdgl halecoder 810

conprises three vaht agen£&HRRar fwekSduring a power conservation interval 2902,
2904, the communication receiver 106 synchronizes to the
current frame and address field within the frame 2906, and
searches through the address field correlating 2908 each
address in the address field with one or more predetermined

15 addresses in the communication receiver 106. If an address
successfully correlates 2908 with one of the one or more
predetermined addresses in the communication receiver 106
then the communication receiver 106 decodes the vector
codeword 2910 corresponding to the successfully correlated

20 address codeword. . Then the communication receiver 106
performs error correction 2912 on each of the one or more
data codewords in the message. Optionally, the
communication receiver 106 can calculate a checksum 2914
over the range of decodes data codewords and compared to a

25 transmitted checksum value 2916 to determine a transmission
error. The communication receiver 106 can then flag errors
in messages which can then be processed accordingly in
presentation to a user of the communication receiver. For
example, errors in messages can be replaced by a specific

30 character which would be displayed to the user to indicate
an error during reception.

The communication receiver 106 checks the continue
flag of a received message packet 2918, and then compares
the packet number to the value "11" 2920 to determine if

35 this is a start of a new fragmented message. If it is a
new start, a new timer is created 2922 which keeps track of
the maximum allowed time between receiving message packets

of a fragmented message. The timer is then set to 60
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- 14 - 1010, 1020, 1030 and a synbol decoder 1040. The recovered

data signal couples to an input of the three conparators 1010, 1020,
1030. The high threshold output signal (Hi) coupl es to the second i nput
of conparator 1010, the average 5 threshold output signal (Avg) couples to
t he second i nput of conparator 1020, and_tdie_l ow threshol d out put

si gnal (Lo) couples to the second input of conparator 1030. The

outputs of the three ecooparsaters I04(G3xatpld), td(O3fevestpihe tommunicatipunt s of

synbol decoder 1040. Thgesxrbdle 3e6RAMa 1P L@mdecRdRs R teRPiiah 60

ac_cor di ng to the tabl %egcgn%\él ggglebgggﬂng for a subsequent message packet of a

fragmented message.

5 The communication receiver 106 saves the signature and
the packet number as parameters for the message in memory
2926 and then transfers 2928 the data porxrtion of the
message to message memory 850. Optionally, The
controller 816 utilizes the signature and the packet number

10 to match 2930 the received message packet with any
previously received message packets that are stored in the
messade memory. These message packets are stored in the
message memory 850 for reconstructing the fragmented
message when all the message fragments have been received.

15 The communication receiver 106 then continues 2902
searching for other transmitted messages at the next
occurrence of an assigned frame 2904.

If the continue flag is not set 2918, then this
indicates either that this is the very last packet in a

20 fragmented message 2932, 2934, 2936, 2938, or that it is
only a message packet of a short message 2932, 2942. 1In
either of these cases the communication receiver 106
acknowledges receipt of a complete message by generating an
alert signal and providing an alert 2940 to the user to

25 indicate that a message has been completely received.
Again, the communication receiver 106 can continue 2902
performing other functions or searching for other
transmitted messages at the next occurrence of an assigned
frame 2904. Therefore, the communication receiver 106 is

30 capable of receiving fragmented messages which comprise one
or more message packets over multiple frames.

Optionally, the communication receiver 106 may, after
detecting reception of a first message packet, at step
2920, switch to monitoring a predetermined pattern of

35 subsequent frames, or an alternative assigned phase, or
both, at step 2904, for receiving subsequent message
packets transmitted over the communication channel for the
fragmented message having its first message packet detected

—_—
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Threshol d Qut put Hi Avg Lo

MSB LSB RC er] < RCerr] < RCerr] < 0 0 15
RCerr] < RCerr] < RCerr] > 0 1 RCerr] <
RCerr]> RCerr] > 1 1 RC [err] > RC[err] >
RClerr] > 1 0 ' As shown io ¢&he table above, when {he
recovered data 20 signal (RC[err]) is less than all three threshold

val ues, the -~ synboktgereer 202¢. | $hd ashbEB ©f0thd SBrmuricatIdepeatdmil, as

each of the three thr aﬁaoiﬁé »s flﬁ:siohsote)ﬁﬁgeéhﬂﬂunfcaqilgﬁexre%@lver 1o§yrmol s
generated, as shown |ge£_1111e %‘gaggg . The ad"a‘%tatgﬁe ol\éS% O%Jtﬁl,égr Qmthe

4-| evel decoder 810 is cou sync ronr zer
812 and provides a 09?%\?&% t&ﬁt%“i‘“ﬁ‘ﬁb?“d@ﬁe?@tt@’d b‘&PCBeT%(FPPﬁ@r“E’-HE zero
crossings in the 43| epever epdvertsadind dastgnalifdise the coosudiicagidérevel of
the recovered data i npdéeivR e6E&ENHSve A so bedn\BigSkbd \@odeVi ati on

excursions of the anal 09 e Ygﬁge:’fofneéﬁ%%e{]a%dbgaé §fn9t{1:%\</ie?1p%¥r§ili

average threshold outi‘)1 e negative resents the
t WO negatlve essage packets thereby allow1ng more even distribution of

communication traffic, and preventing very long messages
10 from frustrating the required traffic flow of other
potentially more important messages, such as emergency
messages. Hence, the communication receiver 106 receiving
the longer messages may be slightly penalized in time delay
for receiving the entire fragmented message, while allowing
15 the other communication traffic to efficiently flow in the
communication channel and more fairly share the available
channel capacity and available resources.
Thus, the communication protocol for the distributed
communication system discussed above allows fragmented
20 message transmission. By reducing the longer messages into
a sequence of successive smaller message packets the
distributed communication system can better handle the
varying traffic loads while allowing the longer messages.
What is claimed is:

/_——-

as een laced

"



devi ati on excursions of the anal og 4-1evel recovered data si gnal bel ow
the average threshol d output signal. The operation of the synbo
synchroni zer 812 is best 35 understood by referring to FIG TI—The—64X

ckock at 102.4 KHz which is generated by frequenc

coupl ed to an input of a 32X rate sel ector 1120. mmg '}g’!ﬁm”"i
- 15 - sel ector 1120 is preferably a dividg which*proviide
selective division by 1 or 2 to generate a sqaﬂiguglock -which is
thirty-two tinmes the synbol transnission rat €. control signa

(1600/3200) is coupled to a second_ i nput qf
A method for decoding a transmitted fragmented message

in a selective call receiver, the fragmented message
5 comprising one .or more message_packets, each of the one or
more message packets comprising an address and message
data, the message data comprising an indication of whether
more message packets are to be received for the fragmented
message, the method comprising the steps of:
10 : {a) receiving an address of each message packet of
one or more message packets of a fragmented message;
{b) correlating the address to one or more
predetermined addresses;
(c) decoding the message data of each message packet
15 1in response to a successful correlation of the address in
step (b):; and
(d) successively storing the decoded message data of
each message packet of the one or more message packets to
reconstruct the fragmented message, the fragmented message
20 being completely reconstructed after detection in the
decoded message data of one of the one or more messagde
packets an indication that no more message packets are to

be received for the fragmented message.

25 2. The method of claim 1, wherein the message data of
each of the one or more message packets comprises a
signature identifying each of the one or more message
packets as being associated with the fragmented message,
the method further comprising the steps of:

30 {e) detecting the signature irc the decoded message
data of each of the one or more message packets of the
fragmented message to identifying the association of each
of the one or more message packets; and '

(£) storing the decoded message data of each of the

35 -one or more message packets associated by the signature for
reconstructing the fragmented message identified by the

signature.

-
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5 the 32X rate selector 1120, and is used to sel ect—t—he -sanpl e clock

rate for synbol transm ssion rates of 1600 and cond.
The sel ected sanple clock is coupled to an i nput Wﬂ EﬁiM"!ﬂr
qversanpl er 1110 which sanpl es the recovered dat

thirty-two 10 sanples per synbol. The synbgls sanples are coupled to an

I nput of a data edge dft ec!;r%F| 11&% t’iag’anerageg__ha? comrggfu%ughgu;éeep ween

a synbol edge is detected otk’1s a t'o an |nput
of a divi de-by-16/32 |‘ﬁbU|’¥°°JZ~I&Gl’9\$1|f(ﬂﬁ‘mF§ i ia e sﬁB"g‘éﬂ’i’E’l”ﬁf“éa"l’)?

2X symbol 15 cl ocks symtheehifzadotdng e predevermdaed afrrusi gw@lcthhepattern
di vi ded- by- 16/ 32 ci rcw_rar %éé@;h%gpli—_ﬁfeeén%.blo)e A0 &iHedO¥fe pack&@IBECERe Wen
the data edge dete 1130&d%%%%%§a§? Sc%urlﬁg at e%gg one o?thLlfeembﬁrgﬁ%%r at ed

which is gated by 2hrient coun
di vi de- by-16/ 32 ci rcw rapedp. 20 Concurrently, a pulse is generated by the
dat a edge detector 1130 which is also coupled to an i nput of the

di vi de-by-16/32 circuig 114Qe yheRat bBe ﬂgxie3coﬂlm&@rt&mprlsid§eth8p§&e§)5f
AND gate 1150 arrives bef or the neratl oun oé gggtm\go by

the divi de- by-16/32 circui f ?%e ou puf generate gate 1
causes the count o¥ PI%PWHefWOYGﬁQ%? Fredetermingd f’@”ﬁesmh‘%c?ﬁffeﬁﬁe

count in in an assigned phase for receiving the cne or more message
packets of the fragmented message during at least ore of

the monitored frames in the assigned phase.

15 5. The method of claim 1, wherein the message data of '
each of the one or more message packets comprises an
indication of message packeT sequence in the fragmented
message, the method further comprising the step of:

(i) detecting a start of a new fragmented message by

20 detecting in the decoded message data of a message packet
of the one or more message packets of the fragmented
message an indication of .a first message packet in the

message packet segquence of the fragmented message.

25 6. The method of claim 5, wherein the fragmented message
comprises a plurality of message packets capable of being
transmitted over a communication chanrel in a plurality of
frames in a communication protocol, tze meticd after step
(i) further comprising the steps of: '

30 (j) detecting in the message daza of tkhe first
message packet a frame sele"tlon pattert for selecting
frames in the communication protocol Zoilowizg the frame
selection pattern; and

(k) monitoring at least one subsecuect frame

35 following the frame selection pattern fcxr raceiving one or

more subsequent message packets of the flurality of message

packets composing the fragm=nted messag=s.

—_—
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(esponse to the pulse which is coupled to the input of di vi de- by- 16/ 32

circuit 1140 fromthe data edge detector 1130, and .
coupled to the input of AND gate 30 1150 arrives after “H ﬂm mHI“f a

count of thirty-two by the divide-by-16/32 circuit e moutsput
gener at ed by AND gate 1150 causes the cognt of di vi de- by 16/ 32
circuit 1140 to be retarded by one count in res onse to the ul se which
is coupled to the inpdt ofThft Wegbopyf Glarm36, &F tCOPPRES P RRE HE-8aP s
edge detector 1130, thereb§l) recetralxd et bge SyNEhremubaequmrtohetsdpge] X and
2X synbol cl ocks packets ‘transmitted in at least one of thd GubsequentW th
the recover ed data si gP?:ames Tnfc‘;%l%XPQQ'foﬁh%lfnJ Q'.th%s frame selection pattern.

. . —

8. The method of claim 5, wherein the fragmented message

' comprises a plurality of message packets capable of being
transmitted over a communication channel in a plurality of
frames in a plurality of phases in a communication

.10 protocol, the method after step (i) further comprising the
steps of:

(m) detecting in the message data of the first
message packet a frame selection pattern for selecting
frames in the communication protocol following the frame

15 selection pattern; )

(n) detecting in the message data of the first
message packet a phase assignment for selecting the frames
following the frame selection pattern in an assigned phase:;
and '

20 (o) monitoring at least one subsequent frame
following the frame selection pattern in the assigned phase
for receiving the one or more subsequent message packets of
the plurality of message'packets composing the fragmented

message.
25

9. The method of claim 8, further comprising the step of:
{p) receiving the one or more subsequent message

packets transmitted in at least one of the subsequent

frames monitored following the frame selection pattern in

30 the assigned phase.

10. A communication system for transmitting fragmented
messages to distributed selective call receivers, each
fragmented message comprising one or more message packets,
35 each of the one or more message packets ccmprising an
address and message data, the message data comprising an
indication of whether more message packets are to be

received for the fragmented message,.
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generated are best understood fromthe table bel ow

' | npu ol
S A g

(Relative) (SPS) ~ Ratio ( BPS) (BPS) *

1600 by 2 32X 3200 166G 10 -64X 3200 - by
1 64X 6400 3200 = As shown in the table above, the -
1X and 2X synbol cl ockshereemgeRtTatien 1HUT™ $988° 11896400 bits per
second and are synchroni zec wonrhreXerr oo veryddied Log| PhHCre|message
The 4-1evel binary copeRktes ¥4 kSadiRbitednilaiszigeod by referring to

FIG 12. The 1X synbol clock is,c S t of
clock rate sel ector 1210. -A 2X &QQL@%H C ansmtchaE- éo@llg&ktd R a

ock al so couples to a
cl ock input of theS c°€FW‘-T‘atf8rs‘é‘faé’€f“th’1n?lG‘heTﬂ ° S n%’"fe SatpiA ?gngﬁ's
(MBB, 20 LSB) are cowdl edftagmenpad suepsagn: i ansut data sel ect or 1230

at least one selective call selective receiver
for receiving the one or more message packets of the
fragmented message, the at least one selective call
10 receiver comprising: '
a code plug memory for storing one or more
predetermined addresses:
a message memory for storing the message
data oflone or more message packets of a fragmented
15 message:

. a receiver for receiving transmitted
messages including the one or more message packets of the
fragmented message;

an address correlator coupled to the

20 receiver and the code plug memory for correlating the
address of each of the one or more message packets to the
one or more predetermined addresses, and for providing an
indication of a successful correlation of the address to
one of the one or more predetermined addresses; and

25 a data decoder coupled to the receiver and
the address correlator for decoding the message data of
each of.the one or more message packets in response to the
indication of a successful correlation of the address
thereof, and for coupling the message data to the message

30 memory, the message data of each of the one or more message
packets being successively stored in the message memory for
reconstructing the fragmented message, the fragmented
message being completely received after detection in the

_message data of one of the one or more message packets an

35 indication that no more message packets are to be received

for the fragmented message.
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A selector signal (2L/4L) is coupled to a sel ector input of t he cl ock

rate selector 1210 and the sel ector input of the : tor
1230, and provides control of the conversi on of Jl’ﬂ!@mﬂm"mﬂm
stgnals as either 2-level 25 FSK data, or 4-1evel a . e

2-1 evel FSK data conversion (2L) is se!l, ected, only the MSB output is
sel ected which is coupled to the input of a paral I el to seri al
converter 1220. The 1Xlel dt¥e rapmnicatieheas¢dmbyf claimcllckhermtia th¢ ect or

1210 which results inmassdgegpackits 3@ abfAminted deSbifaBahObd@rgeaitiiead
at the output of the gyer ao%ﬁén&xf‘icik)‘ioﬁs Lt efEO{LV%r %Eﬁﬁ&&%@ oé""k‘}gméé‘ein a

4-1 evel FSK dat a_conversi on ect ed he LSB and
outputs are sel ected WATTH 8Fe® ?%éi’ﬁ’!"éﬁt’f?f‘ tpﬁgt‘?‘?ﬂ}u angrwhepgin t‘bﬁa?%‘?ef éﬂl“?o
serial converter 1220%eRy 2K thoct Lapst dre SSlesgtiizet eallpyeldasdker at e

sel ector 1210 which re&¢diveri indludes aSEfddRiteidliithdd ErdhdakyigldearSideamto

be generated at 2X thsredetermined frame selection pattern, and the at least one
selective call receiver further comprising:
frame selection means responsive to the predetermined

10 frame assignment for selecting an assigned frame in the
time slot communication protocol for monitoring the
assigned frame for réceiving the transmitted messages
including the one or more message packets of the fragmented
message, and '

15 - the frame selection means being alternatively
responsive to the predetermined frame selection pattern
after receiving a first message packet of a plurality of
message packets of a fragmented message for selecting
frames in the time slot communication protocol following

20 the predetermined frame selection pattern for monitoring
the selected frames for receiving at least one message
packet of the plurality of message packets trapnsmitted in

at least one of the selected frames.

25 12. The communication system of claim 11, wherein the
frame selection means follows the predetermined frame
selection pattern after receiving the first message packet
of a plurality of message packets of the fragmented message
for selecting all subsequent frames in the time slot

30 communication protocol for monitoring all subsecuent frames
for receiving at least one message packet of the plurality
of message packets transmitted in at least one of the

subsequent frames.

\

This Sheet

| /ll/ i



- 17 - synbol rate, which is provided at the output of the

parallel to serial converter 1220. Returning to Fl eri al
bi nary data stream generated by the 4-level to bi Em\“\gﬁ‘g\\g‘wwm is
coupled 5 to inputs of a synchronization word correl . camd & *
denul ti pl exer 820. The synchroni zati on wordsgorrel at or 81§ is best

understood with reference to FIG 13. . _Pr edetgrmanedl"A';’h\é\ord the at
synchroni zation pattérns aP® SO™PERFEReaY DYt R Tontr 511 &FSBTR fTom a
code nenory 822 and D@astrene GepEedivep cahl "recaiBel OGAPEEHtoF R FO When
t he synchr oni zat i gyevRpai i€ riime enefored t idd C la@d thee fghmée @lection means

predeternined "A" word SYDCIMAORLZALIGR RELL SId¥SrihiftinNadber recalefiyt ahte -
margin of error, an "A"--

\"--or-"A-bar" qutput is. - .generate d_J upk ed
to the controller 81 .1rfﬁem3%sagﬁa¥’?$%etﬁ 8% s QLGP 19?{/_ l?grmeé/j\%‘%% p%&&g bt
synchroni zati on patt ethe fragmented| pessddpr &0F FeIeFEihfe 289 RIRLEATLRE 23k to

the start of subsequent frames in the time slot communication protocol
for a predetermined time interval for receiving at least
one message packet of the plurality of message packets
10 transmitted in at least one of the subsequent frames within

the predetermined time interval.

14. The communication system of claim 10, wherein the
message packets of a fragmented message can be transmitted

15 over a communication channel in a plurality of frames in a
communication protocol,

the controller further comprising:
a frame batcher for preparing a fragmented
message comprising a plurality of message packets for

20 transmission to the at least one selective call receiver, a
first message packet of the plurality of message packets
including a frame selection pattern for instructing the at
least one selective call receiver to select frames in the
communication protocol following the frame selection

25 pattern for monitoring the selected frames for receiving at
least one subsequent message packet of the plurality of
message packets composing the fragmented message; and

the at least one selective call receiver further
comprising:

30 a frame selection means responsive to the frame
selection pattern in the first message packet for selectizg
frames in the communication protocol following the frame
selection pattern for monitoring the selected frames for

_receiving at least one subsequent message vacket of the

35 plurality of message packets composing the fragmented

message.

-
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e e

the franme ID word, and al so defines the data bit rate of the ne ge to
follow, as was previously described. The seri m ﬁ ream
is also coupled to an 20 input of the frame word dec &“&\m‘

decodes the frame word and provides an i ndi cation e‘frine nurrber
currently being received by the controller _816. During sync

acquisition, such as following initial rec8 ver turn- on, power is
supplied to the receider pbetcomunichbicmesyspen afa ¢t i%10¢ UFReT8AB, tRhown |
FIG 8, which enabl edidsl8ge pacKet@eptiHIErabmédieed Aessygec han ez aranymitged,

as descri bed abo)Ry Q”Qa%@a%@a@%ﬁ | dGRed PR Eﬂ%'l&é‘fi 410 f@ﬂﬂég @n a

processi ng of the remai nder

nchroni zatiqn
controll er 816 conparReTphtty r%f'r’ré’hﬁﬁ er®. GuPPERTIY ‘3’0° Bg?tff’crécel ved with
a list of one or rfore assithnecermupication smﬁﬂer%lrﬁb%qmyr%%lm‘ied in the

code nenory 822. The assi gnechnle BAECH¥HTHOL Sprrapyrbng as Sraggmechted t he

dat a communi cat i e | b ARYSsR1 Sderedeks f&@

nore fully discussed re;Isgglg éq\é&;n;qgg ﬂoﬁ]i%gf@{h%pcgrr na‘@ﬁ bl ived f Jane
nunber differ from traneREssn fRelbridt 16ASHP% Fra AGRbere’ The

control |l er 816 gener afigstambssagy packet rf S’rhgrmlu\ﬂﬁi‘ém qfsmessage packets

10 including a frame selection pattern and a phase assigmment
for instructing the at least one selective call receiver to
select frames in the communication protocol followina the
frame selection pattern in the phase assigned by the phase
assignment for monitoring the selected frames for receiving

15 at least one subsequent message packet of the plurality of
message packets composing the fragmented message; and

the at least one selective call receiver further
comprising:
a frame selection means responsive to the frame

20 selection pattern and the phase assignment in the first
message packet for selecting frames in the communication
protocol following_the frame selection pattern in the phase
assigned by the phase éssignment for monitoring the
selected frames for receiving at least one subsequent

25 message packet of the plurality of message packets

composing the fragmented message.

16. A selective call receiver capable of receiving a
transmitted fragmented message, the fragmented messacge
30 comprising one or more message packeTs. each of the cne oI
more message packets comprising an address and messace
data, the message data comprising ar indication of whether
more message packets are to be received for the fragmented
message, the selective call receiver comprising:
35 a code plug ﬁemory for storing ore or more

predetermined addresses;
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: 18 - coupled to an input of battery saver cireuit 848,
suspendi ng the supply of power to the receiver porti

. y of
power W |1 be suspended until the next framne asiiﬂ ﬂi‘!ﬂ“‘ﬂ H ﬂmm ver,
at which time a battery saver 5 signal is generate conty ol+ er 816

whi ch is coupl ed to the battery saving gircuirit 848 to enable the suppl y
of power to the receiver portion to enable recegtlon of tH
assi gned frame. RERFSAIRGRERO T EoB pBIeFLPInt R AT AZH & 98Fi on

10 correl ator shown iar Rbfe nk3sage ppackeiter of rredragienygddnessage;
synchroni zation pattern i g f&eAvetetoPYrdcBevi)icirahbkitt8d tressages
including the one or more message packets of the fragmented
S message; _ T
an address correlator coupled to the receiver and the

code plug memory for correlating the address of each of the
one or more message packets to the one or more
predetermined addresses, and for providing an indication of

10 a successful correlation of the address to one of the omne
or more predetermined addresses; and

a data decoder coupled to the receiver and the address

correlator for decoding the message data of each of the one
or more message packets in response to the indication of a

15 successful correlation of the address thereof, and for
coupling the message data to the message memory, the
message data of each of the one or more message packets
being successively stored in the message memory for
reconstructing the fragmented message, the fragmented

20 message being completely received after detection in the
message data of one of the one or more message packets an
indication that no more message packets are to be received

for the fragmented message.

25 17. The selective call receiver of claim 16, wherein the
message packets of a fragmented message can be transmitted
over a communication channel in a plurality of frames in a

" time slot communication protocol, and
wherein the code plug memory includes a predetermlned

30 frame assignment and a predetermined frame selection
pattern, and the selective call receiver further
comprising:

frame selection means coupled to the code plug memoxy
and responsive to the predetermined frame assigomment for

35 ~selecting an assigned frame in the time slot communicaticn
protocol for monitoring the assigned frame for receiving
the one or more message packets of the fragmented message,

and

T



f.rom a code nmenory 822 and is coupled to a "C' word—— correl ator 1330

When t he synchroni zation pattern received mat che "
word synchroni zation pattern 15 w th an acceptable ﬁ!‘l mm;&mﬂl a "C
or "C-bar" output i's generated which is coupled The

particular "C' or "Cbar" synchronization rd correl ated provi des
“fine™ frame synchronization to the start of the data portion of the
frame. 20 Ret ur ni ng tBeFfamegseleetiopgpeans Reiad A Garaiaedy

portion is establishedrdsponhive ant thé |pred@téngimet firpmg selectidpl pektatmar t
signal (Blk Start) whla:ﬂteksrs&&wlagl 4 ofllngULéssage Q:facﬁetW@E?da dairai efyf eaver

824 and a data recovergyunégggkqaoogtﬁ of cwt 826n%<;l' datg?4|%§§osveq%¥dl m ng

circuit 826 is best 2 re err ont-ro i gnal
(2L / 4L) is c%up’f’@d‘efol%ﬁhienﬁbﬁe Lot W‘Fn&t‘-‘été‘é‘i' @6?6?‘:%43?61“““9
whi ch sel ects either I1theopré@detsymiboed cimagle sabedtsionThettern formeoitarimgnbol

clock is coupled to thed BRIkt 2rBhesGor recgﬂl%ata@rle&éa%amhebsagse

preferably a clocked rin ounter 3 ES clocked to generate

phase out put signals %T et% Ptgl P'ﬁ\ragltgk starisagieg%aﬁkets aasngm%%’ﬁe*ea to
an input of t he pﬂ?aééaﬁ’ér@eaﬁérﬂﬂﬁﬁleﬁFEF@r%éd to hold the ring
counter in a predeatoer m ned phase until the actual decodi ng

18. The selective call receiver of claim 17, wherein the
frame selection means féllows the predetermined frame
selection pattern after receiving the first message packet
of a plurality of'message packets of the fragmented message

15 for selecting all subsequent frames in the time slot
communication protocol for monitoring all subsequent frames
for receiving at least one message packet of the plurality
of message packets transmitted in at least one of the
subsequent frames. '

20
19. The selective call receiver of claim 16, wherein the
message data of each of the one or more message packets
comprises an indication of message packet sequence in the
fragmented message, and wherein the data decoder detects a

25 start of a new fragmented message after detecting in the
message data of a message packet of the one or more message
packets of the fragmented message an indication of a first
message packet in the message packet sequence of the
fragmented message.

30
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of the nessage information is to begin. Wen the bl ock 35 start si gnal

rel eases the phase generator 1430, the phase . i ns
generating ¢l ocked phase signals WIF’:I ch are syﬁnum,ﬂmﬂmﬁ“mg

L.ncom ng nessage symnbol s.

Referring back to FIG 8, the cl ocked phasgssi gnal outputs are coupl ed
to inputs of a phase sel ector 828. Duri ng operatlon the caontrall er. 816
normal |y recovers fromP- Thh@edsabitremoly BSEIVEReCt FAAEHIEsi B sHEsEe
nunber t'o which 5 theedsige @xalmuafoﬁqmnfremﬁelomeroqmﬂemsw&%‘k‘gm?d’kets of

Optionally, the data GORPAMH&GRleliOResfEHRI “Bhpdides §adlidaeture identifying each
of the one or more message packets as being associated with
5 the frégmented message, and wherein the data decoder o
detects the signature in the messagé data of each of the
one or more message packets and couples the message data to
the message memory for reconstructing the fragmented
message identified by the signature.
10 '
21. The selective call receiver of claim 16, wherein the
message data of each of the one or more message packets of
the fragmented message comprises a first portion and a
second portion, and wherein the first portion includes phe
15 indication of whether more message packets are to be
received for the fragmented message, the data decoder
coupling the second portion of the message data of each of
the one or more message packets to the message memory for
successively storing the message data of the fragmented
20 message while the indication in the first portion of the
message data of each of the one or more message packets
indicates that more message packets are to be received for
the fragmented message, and the data decoder coupling the
second portion of the message data of a fipal message
25 packet of the one or more message packets constituting a
completely received fragmented message after detection in
the first portion of the message data of the final message
packet an indication that no more message packets are to be
received for the fragmented message.
30
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assigned to a list of one or mpre phases which the  controller 816 t hen
sel ects in a predeternined order or, alternativ Elly
assigned schene as will be 10 nore fully di scussedeillm“mm“lm“l“mn

sel ected phase nunber, e.g., 0, 1, 2, or 3, is trandfefred to the phase
sel ect output ([err] Sel ect) of the ceatroller 816 and is coupled to an
input of the phase se&_ecto 8%8 Th coptroller Séglhypé CahkYe@sna
"default' 15 asmgne& phase UITS 'S normaf)f sqaured |lptth .
code nmenmpry 822. Opt iRSH&PIS, d"‘t‘%‘i‘e°§o‘i"ﬁ°rbol°Ffth%f6’ecﬁﬁ emﬁs Phase “ntnber
assigned in the firsttheetsapentedcesfage is oxfgagdredticd opesyaders miAtéati ng
a phase to switch to dg@e worad,ee8bNidiaSubseGraidl commsiadagd eeksagé dalte

transmtted 20 sage, ; as will be nore-fully di scussed beI ow. Hence, the
phase nunber for recéelvi ng information over the channel
can be predeternined at t#Aed wheTredpntha é&ELFSleee(‘,’éHe’Fe%EeB ‘%Eﬂ

dynam cal | y assi gned comprises raac ervongorraghemntaetdpied segsbe dmﬂelﬁ‘a?t ithee
phases in 25 the comysaireas |&ﬁ‘rQﬁ.Q€<9§0|and the data décdiedS€of|meiecting up
corresponding to the transmgegz gﬁ@s er o@%slltggggorg §_Fpé£§ﬂ dedead JLhe

out put of the phase S8 8choT I's coupled to c Euts of the
demul ti pl exer 10 or more data code words of a received message pac

one or more message packets of the fragmented message in
response to the indication of a successful correlation of
the address of the received message packet, and for
providing an indication of a succéssful or failed _
15 correction of each of the one or more data code words, the
data decoder keing responsive to the indication of a
successful correction of each of the one or more data code
words of the received message packet for decoding the
message data portion of each of the corrected one or more
20 data code words and coupling the message data portion to
the message memory for successively storing the message
data of the received message packet in the message memory
for reconstructing the fragmented message in the message

memory -
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820, block de-interleaver 824, and address and data 30 decoders 830 and
832, respectively. The denultiplexer 820 Is used to select the binary
bits associated with the assi gned transm ssion phase which are then
coupled to the i nput of bl ock de-interleaver 824, and clocked into the
de- i nterl eaver array on each correspondgfig phase cl ock. The 35.
de-interleaver array is an 8x32 bit array which de- I nterl eaves ei ght

i nterl eaved address, control or nessage code words, corresponding to
one transm ssion block. The - - 20-

de-interl eaved address codeP¥or{¥s SEPEL HEPTR HEFEATTERPRIENTATION TO

REDISTRIBUTE TRAFFIC

Abstract

A selective call receiver (106) receives one or

10 more message packets of a transmitted fragmented
message, where each of the one or more message packets
includes an address (1605) and message data (1610), and
the message data (1610) includes an indication .(1702) of
whether more message packets are to be received for the

15 fragmented message. The selective call receiver (106)
receives an address of each message packet, and then
correlates (2908) the address to one or more
predetermined addresses. After a successful correlation
(2908), the selective call receiver (106) decodes the

20 message data (1610) of each message packet, and then
successively stores (2928,2936,2942) the decoded message
data (1610) to reconstruct the fragmented message. The
selective call receiver (106) determines that the
fragmented message is completely reconstructed after

25 detection (2918) in the decoded message data (1610) an
indication (1702) that no more message packets are to be
received for the fragmented message.

FIG. 8 accompanies this abstract.
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of address correlator 830. The controller 816 recovers the addr ess
patterns assigned to the data comruni cation recei ver 106, and coupl es
the patterns to a second input of 5 the address correlator. Wen any of
address code words matches any of the address
patterns assigned to the data conmunication receiver 106 within an

the de-interl eaved

acceptable margin of error,

the nmessage information associated with the

address is then decoded by the data 10 decoﬂg 832 and stored in a nessage

menory 850 in a manne

recei ver 106, can selectively recei\N¢ahp ne§§ g

Fol Il owi ng the storag
signal is generated
preferably an audi bl
t hat ot her sensible
visual 20 alert si W
signal is coupled
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the alert signal generation through the use of user input 25 controls 838,

such as buttons, switches, or keys on a keyboard, in a manner well
known in the art. Fol l owi ng the detection of an address
associated with t he data comruni cation receiver 106, the nessage
information is coupled to the input of data decoder 832 30 which decodes
t he encoded nessage information into preferably a BCD or ASCI| format
suitable for storage and subsequent di splay. The stored nessage
i nformati on can be recall ed by the user using the user input controls
838 wher eupon thecongroller 816 recovét€ t he nmessage 35 information
fromnmenory 850, an yi des the nessage I nformation to a display
driver 840 for presdntation on_a di spl ay 842, such as an LCD di spl ay.
Optionally, the datg
g 5
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- 21 - communi cation receiver 106 can share a data interface (not
shown), such as a serial or parallel conputer interface, wth a
conputi ng device, such as a personal conputer, and can coupl e at | east
the nessage information to the 5 conputing device. The nessage

i nformati on then can be utilized in functions of the conputing device,
as may be desired by a user of the conputing device. FIG 15
is a flow chart describing the operation of the data comuni cati on
receiver 106 in accordance with the 10 pre*%@red enbodi ment CW%fhe P

i nvention. At step 15@ en the data comunic (on receiver §s
504.

nt

turned on, the control ljer§ dperation is initializeg at ste
Power is periodically appl o] e | e
receiving information presé¢ o assigned RF 15 (radio fré&guency
channel. Wen data is n&@ 3 0N o >hamnel in @& predetertfi
time period, battery saver o is ref , at st® g
Wien data is detected on t ] t he ggp H¥oht z3gti on
word correl ator begins sea
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20 bit synchronization at step 1510. When bit synchronization IS

obt ai ned, at step 1510, the "A" word correl ati on begins at step 1512.
When t he non-conpl enented "A" word is detected, at step 1514, the
nessage transmission rate is identified as descri bed above, at step
1516, and because 25 franme synchronization is obtained, the time (T1l) to
t he start of the frame identification code word is identified, at
step 1518. When t he non-conpl enented "A" word is not detected,
at step 1514, indicating the non-conplenented "A" word may 30 have
been corrupted by a burst error during transqbz?ion, a determ nation
i s made whet her the conplenentqg "A" bar" is detected, at step 1520.
When the "A bar" word i $:d30t gym OLd%§%6VEﬁéﬁ step 1512, indicating that
the "A-bar" word may al sqhave beggrgorrupted by a burst error during
35 transm ssion, battery saver operatifn is again resuned, at step
1508. e J,,,,,,,, e R it
/
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- 22 - When the "A-bar” word is detected, at stép 1520, the

nessage transmssion rate is identified as descri bed above, at step
1522, and because frame synchronization is obtained, the tinme (T2) to
the start of the frame 5 identification code word is identified, at step
1524. At the appropriate.time, decoding of the frane identification
word occurs, at step 1526. When the frane ID detected is not one
assigned to the data conmunication receiver, at step 1528, battery
saving is resuned, at step 1508, and 10 remains so until the next assigned
frame is to be received. When the decoded franme ID corresponds to an
assi gned frane I D, at step 1528, the ne%g%ge reception rate is set, at
step 1530. An attenpt to bit synchronize at the nessage transm ssi on
rate is next made at step 1532. Wen bit 15 synchronization is obtained,
at step 1532, the "C' word 812
; 1110~ 1130~ ;
RECOVERED ¢ 32X DATA DATAEDGE | . 1150
DATA  —+™ OVERSAMPLER DETECTOR [ ™ ‘
: I ;
4
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correl ation begins at step 1534. \Wen the non-conpl enent ed "C'" word is

detected, at step 1536, frame synchroni zation is obtained, and the tine
(T3) to the start of the nessage information is identified, at step
1538. 20 When the non-conplenented "C' word is not detected, at
step 1536, indicating the non-conplenented "C' word may have been
corrupted by a burst error during transm ssion, a determ nation is made
whet her the conplenent "C bar" is detected, at step 1540. When the "C
bar”" word is not 25 detected at step 1540, indicating that the "C bar”
word may al so have been corrupted by a burst error during
transm ssion, battery saver operation is agabf2resuned, at step 1508.
When the "C-bar” word is detected, at step 1540, frgye synchroni zation
is obtained, and the tinme (T4) 30 to the start of the nessage information
is identified, at step 1542. At the appropriat ' _ odi ng
can begin at step 1544. In summary, I o) iple
synchroni zati on codeINARY words which are spaced in 't= oo SRAY
of 35 synchroni zi ng WATA synchroni zation infornatBUh\%h' i subj ect
to burst error corruptjion is greatly ggganced. The ose—of—=
predet ermi ned synchrorfi zati on codesWordas the CONTROL
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~ 23 - first synchronization code word, and a second predeterm ned
synchroni zati on code word which is the conpl enent of the first

pr edet er mi ned synchroni zati on code word, allows accurate frane
synchroni zation on either the first or the 5 second predeterm ned
synchroni zati on code word. By encodi ng the synchroni zati on code words,
addi ti onal I nformation, such as the transm ssion data rate can be

provi ded, thereby enabling the transm ssion q@zpessage i nformati on at
several data bit rates. By using a second 10 "coded synchroni zation word

pair, "fine" franme synchr oni zd®% Atal kecepicipbnssage transni ssion

rate can
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be achi eved, and again due to spacing in tinme of the synchroni zati on

code words, the reliability of synchroni zing at a different data bit
rate with 15 synchroni zation information which is subject to burst error
corruption is greatly enhanced, thereby inproving the reliability of
the data communi cation receiver to receive and present nessages to the
recei ver user. FIG 16 is a timng diagramillustrating the 20
organi zation of the transm ssion frane utilized in accordance with the
preferred enbodi nent of the present i nvgppion. As previously described
for FIG 4 and shown again in FIG 16, the transm ssion franme conprises
a synchroni zat i on-pgode wog%ﬂéGOO fol | owed by equgr data 25 Dbl ocks
| abel ed Block O to Blogk 14. - ress.. control & = ssage code words
are distributed within 8h@ el even|dat a bl ocksd n a|predet erm ned order.
The first code word, |2 Tqcated¥iin Blpck 0, is plways a Bl ock i nformation
code word 1602 and| 1 nclfudes 8yeh—hor mati on| as toh¢ begi nni ng 30
| ocati ons of an addresg_fT4gld 16 ﬂ and| ajvector fiel ¢ 1606, | eavi ng
ei ghty-seven code mordgo%Xailabl in thejfranme fpr >a the transm ssion of -
address, vector and da}Q “tdde wogds: & By k@&owi ng the begi nni ng
| ocation of the addresg®fidld o -E‘L
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604 and the vector field 1606, the controller 816 is able 35 to cal cul ate
how many address code words nust be decoded per frane in order to
determ ne when a nessage i s present within the frame. Consequently,
the address field 1604 ' - 24 -

I ncl udes one or nore address code words corresponding to nmessages

| ocated within a data field 1608. Address code wor ds speci fying, for
exanpl e, numeric and al phanuneric nmessages have associ ated nessage
information |located within 5 the data field 1608. Tone only nessages can
communi cat e all necessary informati 922in the aldress code word, or
optionally with a control code word in the vector 8e
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16606, and consequently woul d not have associ ated nessage I nformation

| ocated within the data field 1608. 10 For those address code words
1605 whi ch do have correspondi ng nessages 1610, the vector field 1606

i ncl udes control words 1607, or vectors, which include information

to identify the starting | ocation 1612 of nessages 1610 | ocated within
the data field 1608. Specifically, the 15 vector code word 1607 identifies
the location of the first data code word 1612 and al so the nunber of
data code words in the data portion 1610 of the message for-the current
frame. Further, there is a one to one corrggpgndence bet ween t he
relative Iocatlon of the addres$s code words 20 1605 |located wi tfin the
address field 1604 and the rel & hve | ocation of the aSSOC|at8H vectors
(vector code words) 1607
way, the rel ative | ocati of

g d 1605 int
address field 1604 points to thg % | at ed ¢
in the vector field 1606 whi ion t t
via 1609 to the starting age 161Q i
field 1608 of the curre : Hointid@)sc
provi des significant erxjuigity he gressege
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30 information within transm ssion frames for the conmuni cati on
system 100 because the nessage information, including the rel ative
starting position of the nessage information in a transm ssion frane,
can be dynam cally all ocated to one or nore transm ssion franes as the
frames 35 are being processed for transm ssion. Hence, the paging
termnal 102 can organi ze the nessage information into the

transm ssion frames as the pagi ng requests are being

- 25 - processed with significant flexibility in selecting the
relative position of the nessage informatib22wi thin the
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transm ssi on frames. Referring to FIG 17, a tim ng di agram
illustrates the 5 conposition of the first data code word 1612 in the data

portion of a message in accordance with the preferred enbodi ment of the
present invention. As can be seen, the data code word 1612 is a 32 bit
word. Further, it is preferably organi zed as a 32, 21 BCH code word.
Fromthe 10 least significant bit (LSB) to the npbst significant bit
(MsB), the data code word 1612 includes a 21 bit data field 1710, a 10
bit parity word 1720, and agarity bit 1730.12/42 this signaling
protocol, the 10 bit parbty rd 1720 is sel ected such that every data
code word 1612 differs atN1 |l east 5 bits fromevery other data code
word 1612 in the pr ot ocpl . e parity bit 1730 can be defined as an
even or an odd parit¥y_b]t<f the entire address code word 1612.
For exanple, if the |lower 3j E‘t of a data code word 1612 i ncl ude an
even nunber of ones en the y
Furt her, for an odd nber of ones in the lower 31 bits of a data code
word 1612, the par|t§“b|8 1730 may be set to 1. Hence, the parity bit
1730 provides a rel & Hy—gqutick—way—todetectt—brt—of—error—n a
recei ved dat a code 1612
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25 The 21 bit data field 1710 of the first data code word 1612 in
the data portion 1610 of a nessage is preferably formatted to define
certain flags and fields as di scussed bel ow. A continue flag 1702, such
as bit 11 of the 21 bit data field 1710, indicates when fragnents of
the current 30 nessage being transmtted are to be expected in foll ow ng
frames. For exanple, if the continue flag 1702 is set to one, then this
i ndicates to the comuni cation receiver 106 t hat one or nore fragnents
of the current message being transmitted ddfde expected in the
following frames. 35 Additionally, a packet nunber 170455811 ncluded in the
21 bit data field 1710 of the first data code rd 1612 of the dat a
portion 1610 of the nessage bei ng transPHASENUMBERe

REPLACEMENT SHEET

1 2 3 4
] 1 1 1 1
/
2302| | 2 2 2 2
3 3 3 3
1 1 1 1 1
2304
1.2 2 2 2
2314
3 3 3 3 3
/gl 1 1 1
2306
FRAME 2316} | , 3 3 3
NUMBER
/" 1 1 1 1
2308
AT 2 2 2 2
1 1 1 1 1
2310
1 2 2 2 2
2320 3 3 3 3
111 1 1 1
2312
2 2 2 2
3 3 3 3




.26 - current frame. The nessage packet nunber 1704 identifies

“the current data portion of the nessage in the current frame as one of
a sequence of data packets. For exanpl e, t he nessage packet nunber 1704
e¢an increment by one in 5 successive nessage packets. In this way, the
conmmuni cati on recei ver 106 can keep track of the nessage packets and
store themin the nmessage nenory 850 in the correct sequence. A speci al
signature field 1706 is al so included in the 21 bit data field 1710 of
the first data code word 10 1612 of the dgayzp portion of the nessage being
transmtted in the current frame. The signature field 1706 uni quely

I dentifies the sequence of successiv ckets such that the
comuni cati on receiver 106 can keep §ﬁg§E%®%ﬁPEg current nessage

sequence being received and decoded., That 15 is, while a fragnmented
message i s being received, i.¢.,1in 2 sugcedsi fe flesshge packets, the
conmuni cation receiver 106 camr Tfecer vejorner [messages and di stingui sh
t hem apart by their unique_sHQ Rt OTE ¢Td 1105 Addi tionally,
a phase assignnent field 17¢8]ils N 2404
2402 [, >, 2 NI -
| 2406
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20 included for identifying the phase, e.g., phase one, two, three, or

four, on which any subsequent nessage fragnents will be transmtted to
t he conmuni cation receiver 106. For exanple, a first nmessage fragnent
can indicate by the phase assignnment field 1708 that subsequent nessage
fragnents 25 wll be transmtted on (and can be received fron) phase
three. Consequently, the comrunication receiver 106 can subsequently
switch phase to receive nessage fragnents from phase three. Also, a
frame assignnent field 1709 in conbi nation with the phase assi gnnment
field 1708 can 30 instruct the conmunication receiver 106 to nonitor one
or nore frames in the assigned phase fgg/npeceiving the remai ni ng
fragnented nessage, as will be nore fully di scussed bel ow .
O her information, such as in the frappagenuwmEnt 35 field 1709, can
indicate to the conmunication receiver 106 in which frame (or sequence
of franmes) to nonitor for [ edei vj n@ subséquent4neqsage fragnments. For
exanpl e, the
/ﬂ_ N 1 | 1 0504
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« 27 - frame assignnment field 1709 can indicate that the

“communi cation receiver 106 can search every third franme for possi bly
recei ving a subsequent. nessage fragnent. The pattern of franes to
search indicated by the franme 5 assignnent field 1709 can be determ ned
dynam cally by the term nal 102 while preparing the nessage for

transm ssi on to the comruni cation receiver 106. Alternatively, the
pattern can be predeterm ned by system confé/2puration, or even sel ected
wstem requi renments and
comuni cation traffic patterns. SifmTEERHONE Re—ghase assignnent fiel d
1708 can be ° predetermned or dyna.~c§§ﬂ by g term nal 102 (or
the system operator) to handl e varying X [
communi cation traffic activity. It can be aps

2608 | AND EXTRACT PAGER MESSAGE
STATUS

[ vOICE PROMPT
FOR MESSAGE

/2620
STORE IN POCSAG
ACTIVE PAGE FILE
/‘2624

STORE IN GSC
ACTIVE PAGE FILE

IDENTIFY FRAME, PHASE,
PAGER COLLAPSE MASK, AND OTHER
TRANSMISSION PARAMETERS

2632

STORE IN TPS ACTIVE PAGE
FILE BY ASSIGNED PHASE
| FIG. 26




15 by one of ordinary skill in the art that the size of each of the

af orenenti oned data fields can vary to acconmobdate different system
configurations and paraneters within the scope of the present

i nvention. The preferred node of i npl ementing the fragnmented nessage
protocol will be nore 20 fully discussed bel ow. As di scussed
above, a portion 1610 of the data of a nmessage can be transmtted as a
nmessage packet. Subsequent nmessage pqg&gts can be transmitted in the
sane frane or in subsequent franeg e ansni ssion protocol, or
even in 25 subsequent franes of an g '

communi cation protocol) as wll b pd bel ow. The
continue flag 1702 can remain sef td on@HASQB(exr pl e, while there are
nmore message packets to be recé&/Qtd b onmuni cati on receiver 106.
The final nessage packet is 30 Eﬁﬁ%' ;

is set to zero. Mor eover, eac S

identified by a ge.packet
increments in a circﬂﬁii? ézﬁﬁon to

sequenti al

rel ati onshi p between the nessage packef recei vega35 fromframe to
frame. For exanple, FIG 18 is a timng Il agram il lustrating one such
sequence of packet nunbers BEGIN SORT TO BUILD QUEUE

FOR "NEXT FRAME" = FN

['ADD TO “NEXT FRAME QUEUE"-
ALL MESSAGES IN THE TPS "ACTIVE PAGE FILE" WITH
FRAME#( MODULO COLLAPSE# ) = FN(MODCOLLAPSE#)

7ADD TO "NEXT FRAME QUEUE":
ALL MESSAGES IN THE CARRY ON QUEUE"

2710

’ 2712
MOVE FRAGMENT TO e ves 2714

“CARRY ON" QUEUE FRAME" ENCODE NEXT

AND DECREMENT FRAME

*CARRY ON" VALUE.

2733 716 "
MOVE REMAINDER FETTIY
OﬁmETSOSf}ﬁE FRAGMENTS "CARRY ON"
T
“CARRY ON" WITH > 10 VALUETO 3
QUEUE

AND RESET

"CARRY ON' YES 2728 MOVE Lé)NstET
YALUETOSL, MOVE NEWEST MESSAGE] | cAmmy o vt U

“CARRY ON VALUE" #
0 TO THE "CARRY ON"
QUEUE AND SET THE
"MESSAGE CARRY
ON" VALUE =2

TO TEMPORARY BUFFER

FRAME"
< 87 WDS




for a transmtted nmessage. The first nessage packet in the

- 28 - sequence may be flagged with the nessage packet nunber

field 1704 being set to "11" 1802, and with the continue flag 1702
being set to 1. Wile there are nore nessage packets to be received by
t he communi cation receiver 106, 5 the continue flag 1702 will continue to
‘be set to 1 in the first data code word 1612 of each of-the subsequent
nessage packets 1610. Further, the nessage packet nunber field 1704
can increment using nodulo three arithnmetic 1804 for each subsequent

nmessage packet. That is, the nessage

18/22

MESSAGE A
CONTINUED

“CARRY ON*

[[CONSTRUCT MINIMUM
4 WORD MESSAGE
FRAGMENT

CURRENT
FRAGMENT
TO "NEXT
FRAME"
QUEUE

2726

CONSTRUCT LAST MESSAGE RETRIEVE
FRAGMENT TO FILL REMAINDER OF LAST MESSAGE
FRAME IE. LENGTH OF FRAGMENT FRAGMENT "N"

“N" = (87 WDS - "“TOTAL WDS")

FIG. 28



1.0 packet nunber field 1704 for the second, third and fourth

successi ve nessage packets will have the values "00", "01", "10" 1804,
wi th the nessage packet nunbering sequence repeating itself in
subsequent nessage packets. The "11" state of the nmessage packet nunber
field 1704 is skipped in 15 this nunbering sequence to avoi d confusion
wth an initial packet of a non-continued nessage. O course, the final
nmessage packet is indicated by the continue flag 1702 being set to
zero. Additionally, the signatu Leld 1706 identifies all the
sequenti al nmessage packets iMEy part 20 IY220ne nessage. Hence,

mul tiple fragnmented nessafes BAAGHING cont enpor aneously received by the

conmmuni cati on receiver ROVTING EARtJle>si gnat ur e fieIdJ§zgg() ach
message packet i dent | MW AYASRE gf€ssagpy t hat the par i ar ssage
packet bel ongs to. Therer OTEE the conbi nati on of the continue 25 flag
1702, the nmessage packejgos ] ' i2PRBture field 1706
all ows the conmuni cation rec
fragments constituting t
over the sane tine !
join the 30 nessage packets cO
nmessages to reconstruct each of
BEGIN SORT TO BUILD

QUEUE FOR "NEXT
FRAME" = FN

S NADIDER NEDST KFANIE QUETET.V
comuni caj i OALL MESSAGESINGHEATPS h
pond| ng to eptACTIVE PAGEFACE'ONITHDI
YiES r pCef@P8d anfl dec dHAME#( MODULO
COLLAPSE# ) =
FN(MODCOLLAPSE#)

DECREMENT MESSAGE "CARRY ON VALUE" ngJg,_"NEXT FRAME
BY 1 AND MOVE BACK TO "CARRY ON ;

. \ ALL MESSAGES IN THE
QUEUE" ALL MESSAGES FOR WHICH: AR .

A) CARRY ON FRAME# (MODULO CARRY
ON COLLAPSE#) #
FN (MODULO CARRY ON
COLLAPSE #)
B) PERSONAL MESSAGE FRAME#(
MODULO COLLAPSE# ) =
FN(MODCOLLAPSE#) IF THIS
PHASE IS NOT EQUAL
TO THE PERSONAL MESSAGE
ASSIGNED PHASE.

t

MOVE FRAGMENT TO

"CARRY ON" QUEUE
AND DECREMENT

"CARRY ON" VALUE.

MESSAGES FIT IN
“NEXT FRAME"

ANY

MESSAGES OR

FRAGMENTS WITH >

10 WORDS
?

- SET FRAME FN
“CARRY ON*
VALUETO 3

MOVE NEWEST MESSAGE
TO TEMPORARY BUFFER




ressages to their original data content.
detail ed bl ock diagram of the data decoder
t he nessage nenory 850 35 of the conmmunication
the preferred enbodi nent of the present
earlier for FIG 16, the communi cation receiver
- 29 - 106 can correlate an address 1605 in
of a frame in an assigned phase. Specifically,
830 (FIG 8) sijgnals the

code nenory 823.

“NEXT FRAME"

A CONTINUED
FRAGMENT

2838

832,

i nventi on.

t he address

controll 816 2draz there is a natc wek
the received address 1609 and a 5 Lred$LELninld address pattern ¥rom tije

YES

FIG 19 is a nore

the controller 816, and

106, according to
di scussed

receiver
As

the address field 1604
correl at or
en

MOVE LONGEST
MESSAGE WITH
"CARRY ON VALUE" #
0 TO THE "CARRY ON"
QUEUE AND SET THE
"MESSAGE CARRY
ON"VALUE =2

'NEXT FRAME"
< 87 WDS

CONSTRUCT
MINIMUM 4 WORD
MESSAGE
FRAGMENT

CONSTRUCT LAST MESSAGE
FRAGMENT TO FILL
REMAINDER OF FRAME IE.
LENGTH OF FRAGMENT “N" =
(87 WDS - "TOTAL WDS")

RETRIEVE LAST
MESSAGE
FRAGMENT "N*

g3z~ | MOVE REMAINDER OF MESSAGE

"N" TO THE "CARRY ON" QUEUE
AND RESET “CARRY ON' VALUE TO 31.

MOVE REMAINDER OF MESSAGE

“N“TO "CARRY ON" QUEUE OF
SPECIFIED PHASE AND SET

"CARRY ON" VALUE TO 31

2835
i

2837

SAME
ASSIGNED
PHASE ?

2831

ASSIGN RECEPTION
PATTERN AND PHASE,
AND SPECIFY IN
CONTROL WORD IN
FIRST FRAGMENT

ADD CURRENT
FRAGMENT TO "NEXT
FRAME" QUEUE

829

FIRST

FIG. 30

FRAGMENT
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Subsequent |y, the comunication receiver 106 decodes the vect or code
word 1607 in the vector field 1606 that corresponds in position to the
address code word 1605, and therefromthe controller 816 can determ ne
when the first 10 data code word 1612 of the data portion 1610 of the
message occurs in the data field 1608. An output of the bl ock

dei nterl eaver 824 couples a streamof bits to an input of the data
decoder 832. This stream of bits incl ugd ?%Qﬁ appropri ate point of
the data field 1608 of the framegple 1@&9 data code word 1612 of the
data portion 1610 of the 2ssage- The controller 816 coupl es
an enable first word outp {0 an input of the data decoder
832 to indicate to a D04 that the data code word
1612 20 is present in thie i ncom ng'wes 2Bbe first word

decoder 1904 captures thel 32 bi 612 and couples it to
an error corrector 1906. [The eerﬁCQQﬁSIéH@dFRAME 1906 can correct uypte a
pr edet er mi ned nunber of e€fror wo error bits, inja data
code word 1612. As 25 nenlti oned eéppﬁg$ » code word 1612 i s
or gani zed with the pari 454 to allow the erraqr
-corrector 1906 to correctjup to the twoyerror bits included

irst word

DETECTED
IN ADDRESS

[DECODE VECTOR FOR
MESSAGE POINTERS

DECODE MESSAGE WORDS USING 2 BITS
GENERALIZED ERROR CORRECTION.

CALCULATE CHECK SUM AND
COMPARE TO VALUE TRANSMITTED.§ 2914 Bl

7~ 2916

FLAG MESSAGE OR WORDS WITHIN MESSAGE '
ACCORDING TO RULES WHEN CHECK SUMS DO NOT
MATCH. (FLAGS PART OF INFORMATION STORED iN
MEMORY ALONG WITH ASCIl CHARACTERS)

2932

IS
MESSAGE
CONTINUE
BIT SET?

FRAGMENT
NUMBER =

2920
2924
r—

NO [ RESET PACKET
TIMER TO 60 SEC

FIRST PACKET IN
™\ |FRAGMENTED MESSAGE

CREATE NEW TIMER FOR
SIGNATURE RECEIVED

DOES
FRAGMENT
NUMBER =
112

2922

FIG. 31




Jn a received data code word in a manner well known to . those skilled in
the art. As a result of the error 30 correction, the error corrector 1906
returns back to the first word decoder 1904 a corrected 32 bit data
code word 1612 and an indication that the correction was successful.
If the error correction was not successful, then the error corrector
woul d return an indication thereof and the first 35 word decoder 1904 coul d
not reliably utilize the first data COd?F%Q%d 1612. In such a case, _{he
data portion 1610 of t he nessage can sti e decoded and stored
message - 30 -

2902

SHORT NEW MESSAGE /2942 , /—2940

TRANSFER MESSAGE TO ALERT USER OF
MEMORY MANAGEMENT RECEIVED
FOR IMMEDIATE DISPLAY MESSAGE

LAST PACKET IN FRAGMENTED MESSAGE f2938

TRANSFER TRANSFER MM MATCHES
SIGNATURE AND MESSAGE TO PACKET TO
PACKET NUMBER MEMORY PARTIAL MESSAGE

TO MEMORY MANAGEMENT IN MEMORY WITH
MANAGEMENT. FOR IMMEDIATE SAME SIGNATURE
DISPLAY AND ENDING WITH
PACKET NUMBER

MINUS ONE.

2934

2936

MIDDLE PACKET IN FRAGMENTED MESSAGE 72930

TRANSFER TRANSFER MM MATCHES
—»] SIGNATURE MESSAGE TO PACKET TO PARTIAL
AND PACKET MEMORY MESSAGE IN MEMORY
NUMBER TO MANAGEMENT WITH SAME
MEMORY SIGNATURE AND
MANAGEMENT. ENDING WITH PACKET
' NUMBER MINUS ONE.

2026

FIG. 32



memory 850. However, the lost information in the first Adat b d
1612 of the particular portion 1610 of the message may | eavef an or ghan
nessage packet, i.e.,- not being associated with any of the other
message packets of a 5 nessage. After the first word decoder 1904
receives the corrected data code wdrd 1612 from t he e®ro@5®yrrect or

1906 It check cont, fla 0 e nurrber
field 1704 to det gp#&ﬁ‘é; [ %gﬁ,ﬁ%%ﬁ@giiﬁgag%m ed
nmessage or if it is the one an r Ssa P et of a conplete

nmessage. If the continue flag 1702 is set to.one it indicates that this

message packet i Syie A Q@ ldANGN AL SRS UL T Bratieh PakeiRssage

packet nunber 1704 1s set to Irst 15 nessage
- packet inS5a skppbheatisn fferiak Nack@l4891, 5¢hnAttaxneiy Deogkely tmkear

message. The pREGSEED, | Fi18H Ay Va9, 198Ny IRerhipkil e didnatenta died d
1706. Additionally, th

e phase assjgnnent fjeld 1708 can include.
i nformation tdpata ?Qﬁ?ﬂ##%ﬂ%#%&uﬁﬁ%ﬁkﬁﬂlpﬁﬁe¥;4¥ﬂ9r¥§£§4§iﬁ;ﬁﬁﬂg nore 20

subsequent truessadgé ecarPpempe. fragnments. Also, the frame__ assi gnnment
field 1709 can identify one or nore alternative frames for receiving
any subsequent transmtted nessage

10 Cross Reference to Related, Copending Application

A related, copending application is United States
Patent Application Serial No. 07/891,363, Attorney's Docket
No. CM00871U, filed May 29, 1992 by Schwendeman et al.,
15 and assigned to the assigneée hereof, entitled "Data
Communication Receiver Having Variable Length Message
Carry-on". -

Field of the Invention
20

The present invention relates generally to the field
of addressed messaging communication systems, and more
particularly to a message segmentation method for

redistributing traffic over time slots in a communication
25 protocol.

Background of .the Invention

Communication sfstems, such as paging sysﬁems, have

30 Dbeen increasing the length of their transmitted messages.
Further, the trend in the marketplace is toward '
transmitting very long messages in certain applications,
such as information distribution services. Well known
paging signaling protbcéls, such as the POCSAG signaling

35 protocol, have provided a satisfactory level of performance
for short message dats transmission. However, when
messages get very long the communication channel access can
be blocked for very long time intervals. Also, errors due
to fading and other transmission phenomena can be more

40 1likely to occur in long transmitted messages.

ol
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fragnents. Note however that if this nessage packet is the one_and_onl.y
nmessage packet in a nessage,, then the continue 25 flag|l1RERLAGEVERS sREET
n 1"

to zero and the nmessage packet nunber 1704 will be get to

t he conmmuni cati on receiver 106 can ignore the infor Da@qgi _____ SE&; se
assi gnment - field 1708 and frame assignment field 1 B
first word decoder 1904 indicates to the_39 _controller 816 that this is
the start of a new nessage, and whet hér the message is conpletely
found in the data portion 1610 of the nessage in the current frame or
al ternativel yAdditippaldya Af;geddess ﬁ@s§&§epﬁsgﬁﬂ gyetem deRetve nessage

packets. The fdeceliveoadcdaFaamationd fabmo reetipieatshef 2th85trimsmiittedfi el d
1710 of ‘the dgla,60d8 WikhikO12 dedsdiBnly snbRE! Eohb?! LA +HO! Gh1ioEs
couples the 2 I't's of Information o a_nessage block 1912 in the
" message nenoryend to call again and send duplicate messages to the same
5 recipients. Consequently, this adds to the overall traffic
in the system and increases the frustratién ofkthe users of
the system. This bottleneck can add significant time delay
to all other communication in the system. Long time
delays, i.e., communication system latency, from the time a
10 message is entered into the system to the time the message
is received by a user of a communication receiver can be at
the very least a significant inconvenience to the user. If
an emergency message is significantly delayed, such as in a
governmental or medical communication, the result may have
15 serious conséguences for a community.

Thus, there is a need for providing a communication
protocol which uses message fragmentation to redistribute
traffic in a communication system, such as a paging system.

20 Summary of the Invention

According to an embodiment of the present invention,
there is provided a method for decoding a transmitted
fragmented message in a selective call receiver. The

25 fragmented message comprises one or more message packets,
each of the one or more message packets comprises an
address and message data, the message data comprises an
indication of whether more message packets are to be.
received for the fragmented message. The selective call

30 receiver receives an address of each message packet of one
or more message packets of a fragmented message, and then
correlates the address to one or more predetermined
addresses. The selective call receiver decodes the message
data of each message. packet in response to a successful

35 correlation of the address, and then successively stores
the decoded message data of each message'packet of the one
or more message packets to reconstruct the fragmented
message. The selective call receiver determines that the



- 31 - 850. The 21 bits of information are preferably stored at a
starting location 1914 in the nessage bl ock 1912 in the

850. The controller 816 then couples an enabl e signal 1 SFOACRMENT SHEET
nessage data word decoder 1910 to 5 decode all subsequent

in the data portion 1610 of the nessage in the current g Thatl. W
nessage data word decoder 1910 captur the 32 bit data code WO

of the stream of data fromthe bl ock deinterl eaver 824 and coupl es each
of the data code words to the error corrector 10 1906 to correct up to two
error bits i nfragmentedduessage is compleksly reconstructad &FYGT correct or

1906 coupl s o COLE£6H Ciia Bhe. §0851eq nilfiklzdAked o NEndTRSS R daiea 0! d

decoder 1910 and further i ndi cates the successful correction. |f the

error 15 CcorrEe |W$%9?§%ﬁkﬁt%$¥|m%ﬁa%% hik MAPTHAPIARIE

nessage data yeéKe€sCREEtd9BE Pecttved! for efhecEsagmentdd mesdsde.dat a
field froglthe failed data code word with a

Brief Description O0f The Diawiggs

FIG. 1 is an electrical block diagram of a data
transmission system in accordance with the preferred

10 embodiment of the present invention.

. FIG. 2 is an electrical block diagram of a terminal
for processing and transmitting message information in
accordance with the preferred embodiment of the present

. invention.

15 FIGé. 3 to 5 are timing diagrams i;lustrating_the
transmission format of the signaling protocol utilized in-

. accordance with the preferred embodiment of the present
invention. ’

FIGs. 6 and 7 are timing diagrams illustrating the

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

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

25 " 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.

30 8.

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

FIG. 12 is an electrical block diagram of a 4- 1eve1 to

35~ binary converter utilized in the data communication

. receiver of FIG. 8. |



predeterm ned bit pattern and couples the 21 bits of i nf-ermation to the

controller 816. The predeterm ned bit 20 pattern may help ipdhgﬁﬁﬁgg = \

gserlof t he conmuni cati on recei ver 106, such as when thg nessagé@$§TSHcET |
i splayed on the - display 842 (FIG 8) that the particul'wom@r | f _

t he ~ nmessage in the failed data code word was corrupted 240@5? 1996 """

transm ssion. 25 Alternatively, afteg a successful error correctlon

t he nmessage data word decoder 1910 strips the 21 |east signi ficant

bits (LSB) of the rected d C es these bits
of information to %ﬁ c%%tggl ei%g%§¥%quk§$ggn?%% %?'%ﬁgithen coupl es
t he |nfornatlsgnbhmgnsaatigntnerneégﬁgﬁ ptddhzed1Pn the Rakkssage nenory

850 to %ﬂuhﬁ% %}oglEgcggvbgfggnpgbonato the information al ready
present in the ocatlon 19 in the nessage bl ock 191é The
beey

nmessage data word d&oddsd i@l@ﬂbsﬂﬁpﬁ5@§al blogkjdiagramnet <3 8nt data

code wor dsg Oft%PE @agé 22atBe k0126400l thRequessaamminiédeionr rent frame
néra i
whi |l e ena 3 % the controller 816. Consequently, the 21
bits data fiemg¢ceiverort e dF-of-the data code words in the.. '

FIG. 15 is a flow chart illustrating the
synchronization correlation sequence in accordance with the
preferred embodiment of the present invention.

10 . FIG. 16 is a timing diagram illustrating the
organization of the transmission frame utilized in
accordance with the preferred embodiment of the present
invention.

FIG. 17 is a timing diagram 111ustrating the _

- 15 transmission format of the first data code word in the data
portion of a message in accordance with the preferred
embodiment of the present invention.

FIG. 18 is a timing diagram illustrating a sequence of
packet numbers for a transmitted message using a message

20 fragmentation method in accordance with the preferred
embodiment of the present invention.

FIG. 19 is a more detailed block diagram of the data
decoder of FIG. 8, according to the preferred embodiment of
the present invention.

25 FIG. 20 is a more detailed block diagram of the frame
batcher of FIG. 2, in accordance with the preferred
embodiment of the present invention.

FIG. 21 is a first symbolic representation of messages
being processed by the frame batcher of FIG. 20, in '

30 accordance with the preferred embodiment of the present

invention.

FIG. 22 is a second symbolic representation of
messages being processed by the frame batcher of FIG. 20,
in accordance with the preferred embodiment of the present
35 invention. _ .

- FIGs. 23, 24, and 25 are three additional symbolic
representatiens of messages being processed by the frame



- 32 - data portion 1610 of the nessage in the current franme are

coupled to the nessage nenory 850 and appended to the I nflor At om b

inthe first location 1914 of the nessage bl ock 1912. 5 Oﬁ&ﬁJﬁ%ﬂ%ﬁ”ﬁSHEET
the data code words are decoded for the data portion 1610 of theg ept 1998 '
nessage in the current frame , the first - 5 -location 1914 im;ﬁﬁﬁlneg§§§e -----------
bl ock 1912 contains the respective nessage data. This nessage data ~
stored in the S A o 1912 can _he _organized.to_al e

controller 1Oba§f%g§b%§8§gg%ugﬁ?l3}%3ﬁ§$3gfﬁgei%agithFoﬁgF%8¥%éadisplay-
driver 840 f oemiiodimepitngfokhehprtisepitain®entiona nmanner wel | known to

those skilled in thaqut.od,! dhefats comprise three flow charts

illustrating operational sequences for the terminal of FIG.
5 2, according to the preferred embodiment of the present
invention. )
FIG. 29 is a flow chart illustrating'an.operational
sequence for the data communication receiver of FIG. 8, in

accordance with the preferred embodiment of the present
10 invention.

Description Of The Preferred Embddiments

FIG. 1 is an electrical block diagram of a data

15 transmission system 100, such as a paging system, in
accordance with the preferred embddihent of the present
invention In such a data transmission system 100, messages
originating either from a telephone, e.g., a dual-tone-
multi-frequency (DIMF) telephone, as in a system prbviding

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

25 tramnsmitters 104 provided within the system. When multiple
transmitters are utilized, the transmitters 104 preferably
‘simulcast transmit the message information to data
communication receivers, e.g., selective call xeceivers
106. Processing of the numeric and alphanumeric

30 information by the paging terminal 102, and the protocol
utilized for the transmission of the messages is described
below. .

FIG. 2 is an electrical block diagram of the paging

terminal 102 utilized for processing and controlling the.

35 transmission of the message information in accordance with
the preferred embodiment of the present invention. Tone-
only and numeric messages, which can be readily entered :
using a DTMF ‘telephone, are coupled to the paging terminal



portion 1610 of the nessage in the current frame constitutes the entire

message then the information in the 15 |ocation 1914 in tﬂe '
1912 can be retrieved by the controller 816 for presenUEpréﬁggﬁéﬁzég?fT t
such as via the display 842. However, if the informatiik HJA? § ________ l
| ocation 1914 constitutes only a message packet of a f rlagmeptad .
message, as indicated by the continue flagglZ02 20 and the nmessage packet
number 1704 in the flrst 21 bits of information in the |ocation 1914,

then the contr L1 |, cont arc 950 kets of -

t he frag 8?598 EWFePhQPF %ﬁgesu%se gg%t %Eégggaaggewggg can

be received akﬂo@ecene&h&ndrttoreﬂphnnumbsaqumﬂssésesbd@h.¢bﬁ§Yﬂiﬂ§ilYlthe
ressage bl ock 8iAze BhG ubd BIOKSapta ehiyCHBYLE, calESSaRRLN oY U2

conprising thé of mat |ve pac ets of a fragnented
message. pagingASemménﬁﬂri02d&haougheammpdem629Goﬂsénﬂhagﬂd@§§%|veIy

recei ved S'S QbR nuew%ﬁiokk§8§e&8ﬁgﬁ E*ahgﬁigbiﬁh EEiéoéngdeCOder 1904,

t he respec |ve con nmessage packet nunber 1704, the
si gnature 1706, théﬂ}ﬁms!e ca 1 tes placec At MEBGRYCand -Ehe Br BAFLRIS| gnnent

1709, and Othg%quest,'&%l%@@@i&@h@rgahbﬁ@r@ilaﬁcgbiahﬁndﬁéé €Repl ed to the
controller he ‘control Ler 816 then cgﬁpare% Ei 204

processing of the message. controller is

preferably a microcomputer, such as one based on the

10 MC68000 family, which is manufactured by Motorola Inc., or

the equivalent. The controller 204 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 enable

15 reeeptidn of messages from a.data entry device. When a

call is received, the controller 204 references information '
stored in the subscriber database 208 to determine how the
message being received is to be processed. The subscriber
data base 208 includes, but is not limited to such

20 information as addresses assigned to the data communication

receiver, message type associated with the address, and
information related to the status of the data communication
receiver, such as active or inactive for failure to pay the
bill. A data entry terminal 240 is provided which couples

25 to the controller 204,-and which is used for such purposes

as entry, updating and deleting of information stored in
the subscriber data base 208, for monitoring system
performance, and'for obtaining such information as billing
information. '

30 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.

The received message is stored in an active page file 210

35 which stores the messages in queues according to the .
transmission phase assigned to the data'communication
receiver 106. 1In the preferred embodiment of the present



35 signature 1706 to the stored signature in the first ,
of each nessage hlock 1912 in the nessage menory 850
signature 1706 indicates that the
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- 33 - current nessage packet corresponds to the fragnbate

nmessage being stored in sequential packets in the nmessaget TRk 191Z.
The controller 816 then determ nes whethersthe current nessage packet
bei ng decoded is in the proper 5 sequence to the already stored nessage
packets in the message bl ock 1912. As discussed ear]ier, the sequence
i S i ndi caivveRtiome g%%%a@h“ﬁﬁcﬂ%@“?ﬁnﬂ%ﬁ nrevided in,Lhe active

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

5 memory devices, such as hard disk drives, can be utilized
as well. ' '

Periodically the message information stored in each of
the phase queues is recovered from the active page file 210
under control of the controller 204 using timing |

10 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
and is then organized by address, message information, and
any other information required for transmission, and then

15 ©batched into frames by frame batching controller 212. The
selection of frames by the frame bafching controller 212
can be based upon message size, and optionally based upon
other parameters that will be discussed below.

Because every frame is of a predetermined 1eﬁgth,

20 sometimes not ali message information from the active page
file 210 can be transmitted in the current frame, e.g., the
current time slot. For example, if one or more messages
are longer than can fit in the current frame, thern -the
frame batcher 212 optionally can fragment the long messages

25 into one or more message packets for transmission over one
or more frames, e.g., time slots, which may be allocated
over one or more phases, as will be more fully discussed
below. The frame batcher 212 can temporarily hold at least
a portion of the messages that are destined for

30 transmission over multiple frames in this fashion . The

process of generating fragmented messages and transmitting

‘them to a receiving conmunication receiver will be

discussed below.

Preferably, any priority addresses are located as the

35 very first addresses in the batched frame information for
sending them out first with the very next transmitted
frame. The patched frame information for each phase queue



nmessage packet is out of sequence, this may indicate that |
message packet was |ost during transm ssion. The 10 contr ¢l keri S3EERP SHEET
continue to store the successive nessage packets in thg nmessage bl oc
1912 until the final message packet is decoded and st otjed-;n.4 AeSEP 1996
message bl ock 1912. The final nessage packet is indi cated-by=the '
continue flag 1702 being set to zero-igh 4he first data code word 1612

of 15 the particular nmessage packet 1610. In this way, the _
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point via 16
buffer 216 is transferred to the frame message encoder 218,

10 again maintaining the phase queue relationship.

The frame encoder 218 encodes the address and message
information into address and message code words required
for transmission, as will be described below. The encoded
address and message code words are ordered into blocks and

15 +then coupled to a frame message interleaver 220 which .
interleavés preferably eight code words at a time for
transmission in a manner well known in the art. The
interleaved code words from each frame message interleaver

' 220 are then serially transferred to a phase multiplexer

20 221, which 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 vwhich ‘is

~ transmitted at the start of each frame transmission. The

'25 synchronization code 15 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 contxrol 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 100.



30 nessage packet 1610. The nessage packet is indicated e
information bits in the 21 bit data field 1710 of the f%F%@Aﬂ CFAMBNT SHEET
word 1612 of the data portion 1610 of the nmessage i n the cur Qts P
Thi s message packet® decodi ng protocol allows the 35 termin Wele éhzﬁﬁ.
conmmuni cation systemto redistribute traffic of | ong MESSages ovet
conbi nation of nultiple frames, or nuétiple phases, or multiple

comuni cati on
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message i nf or gatopuffér 230 which temporarily stores the message stream
prior to transmission. At an appropriate time determined
by timing and control circuit 232, the message stream is
5 recovered from the dual port buffer 230 and coupled to the
input of preferably a 4-level FSK modulator 234. The
modulated message stream is then coupled to the transmitter
236 for transmission via antenna 238.
FIGs. 3, 4 and 5 are timing diagrams illustrating the
10 transmission format of the signaling protocol utilized in
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
15 frames which are labeled frame 0 through frame 127. It
then will be appreciated that the actual number of frames
provided within the signaling protocol can be greatef or
less than described above. The greater the number of
frames utilized, the greater the battery life that may be
20 provided to the data communication receivers operating
within the system. The fewer the number of frames
utilized, the more often messages can be queued and
delivered to the data communication receivers aésigned to
any particular frame, thereby reducing the latency, or time
- 25 required to deliver messages. :

As shown in FIG. 4, the frames comprise a
synchronizatioh 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

30 message information comprises preferably eight address,
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

35 code words are'preferably 31,21 BCH code. words with an
added thirty-second even parity bit which provides an extra
bit of distance to the code word set. It will be



di stributing these over one or nore franes as needed, the termnal 102
can better nmanage the nessage traffic to the 5 comrunic an T g
106. For exanple, if an energency nessage needs to be héﬁg?@é@%\%ﬁ
a communi cati on channel the term nal 102 can packetizel a, Jo nmessage
into smal | er nessage packets and fit the energency rressage_ _ﬁﬁi&_ '

current frame along with one or nore of .tfg snmaller 10 packets of the
fragnent ed nessage. Hence, Iong rressages can be reduced to a nunber of

short nmessage packet ransn1 \er o]
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page file 210;4 sed ef £5201 Ind ﬂb@éoé@! tuti‘liz%d with ﬂm,rfprle'fbrﬁtua random
S e Jembpdiment of the ALY RS WAL Eh"
phase, and wfEpPdinent the presen
data code words are defined by their position within the
10 individual frames, as will be more fully discussed below.
FIGs. 6 and 7 are timing diagrams illustrating the
synchronization code utilized in accordance with the
preferred embodiment of the present invention. 1In
- particular, as shown in FIG. 6, the synchronization code
15 compfises preferably three parts, a first synchronization
code (sync 1), a frame information code word (frame info)

and a second synchronization code (sync 2). As shown in
FIG. 7, the first synchronlzation code comprises first and
- third portions, labeled bit sync 1 and BS1, which are

20 alternating 1,0 bit patterns which provides bit
synchronization, and second and fourth portions, labeled
*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

25 to provide high code word correlation reliability, and
which are also used to indicate the data bit rate at which
'addresses and messages are transmitted. The table below .
defines the data bit rates which are used in conjunction
with the signaling protocol. -

30
Bit Rate IA® Value
1600 bps Al and Al bar )
3200 bps . A2 and A2 bar
6400 bps A3 and A3 bar

35 - ) Not defined a4 and A4 bar



25 the nessages in the order in which the nessages were received

according to the nessage transm ssion phase assi gned t[o oL0E, O

comuni cation receiver. It will be appreci ated t hat ofih&r* ﬁ%ﬁt §NT3HEET
types, such as hard disk drives can -be utilized as me”l for

I npl ementing the active 30 page file 210. Per i ogli -Cat fVZQUSEPJQQE
once each transm ssion frane i nteryvalkqor cycle, a batching controlTer
2002 havi ng out puts 2004 sequentially accesses the nmessages stored in

t he nessage storage areas representing the nessage transmn ssi on phases

of the active pagersiskownpin.the table %‘a‘b%rem% o T &% o
inputs of a fypedefiftadiofor addrEd ad Ghedsiard i fratsnimgmnesdagrenglhi ch

are to be it will be appreciated that more or less data bit rates can
be predefined as well, depending upon the system
5 requirements. A fourth "A" value is also.predefined for
future use. .
The frame information code word is preferably a single
32,21 BCH code word which includes within the data portion
a predetermined number of bits reserved to identify the
10 frame number, such as 7 bits encoded to define frame number
0 to frame number 127.
The structure of the second synchronization code is
preferably similar to that of the first synchronization
. code described above. However, unlike the first
15 synchronlzation 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
transmitted in any given frame. Consequently, the second
20 synchronization code allows the data communication receiver
to obtain "fine" bit and frame synchronization at the frame
transmlssion data bit rate.
In summary the signaling protocol utilized with the
preferred embodiment of the present invention comprises 128
25 frames which include a predetermined synchronization code
followed by eleven data blocks which comprise eight
address, control or message code words per phase. The
synchronization code enables jdentification of the data
transmission rate, and insures synchronization by the data
30 communication receiver 106 with the data code words
transmitted at the various transmission rates.

FIG.‘S is an electrical block diagram of the data
communication receiver, e.g., the selective call receiver
106, in accordance with the preferred embodiment of the
35 present invention. The heart of the data communication

receiver 106 is a controller 816, which is preferably

implemented using an MC68B8HCOSHC1ll microcomputer, such as



- 35 - transmtted during the current transm ssion frane. VMen a
nmessage is detected within any of the nmessage transm ssifffF———phases—ansd
which is to be transmtted during the current trans
frame decoder 2006 generates a 5 nessage detection sig
to the controller 2002. The controller 2002 then ang
correspondi ng nmessage to determ ne thgaonunber of code - ,
be required for nessage transn ssion. Because every frame is of a

predet erm ned | th t.al 10 i nf f h
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message packet$ fTansm ssron over one or nor e- éranes De endlng on
t he transn1ssfmnmphanamb§§|gﬁeperiphevalhelre%bb%réﬁS#§§§§g é)

control | erg 2004CQURLES1 5 tggagsﬁlggfggan@ﬁaaﬂﬁtefésﬂgﬂdofoums to a group

of next frame counters mal ntaln a tot count of the
nessage code werdpheyalr eArauitsonsing aektwarankowbinegch The general

use of a microcomputer controller for processing and
control functions is well known to one of ordinary skill in
the art. '

10 The data communication receiver 106 is capable of
receiving address, control and message information,
hereinafter called "data®", which is modulated using
preferably 2-level and 4-level frequency modulation
techniques. The transmitted data is intercepted by an

15 antenna 802 which couples to the inpiut of a receiver

section 804. Receiver section 804 processes the received
data in a manner well known in the art, providing at the
output an analog 4-level recovered data signal, hereinafter
called a reccvered data signal. The recovered data signal
20 is coupled to one input of a threshold level extraction
circuit 808, and to an input of a 4-level decoder 810.

The threshold level 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

25 inputs the recovered data signal. A first level detector
902 detects the peak signal amplitude value and provides a
high peak threshold signal which is proportional to the
detected peak signal amplitude value. A second level _

. detector 904 detects the valley signal amplitude value and

30 provides a valley threshold signal which is proportional to

the detected valley signal amplitude value of the recovered

data signal. The first and second level detector 902, 904

signal outputs are coupled to terminals of resistors 906,

912, respectively. The opposite resistor terminais 906,

35 912 provide the high threshold output signal (Hi), and the
low threshold output signal (IL.o), respectively. The
opposite resistor terminals 906, 912 are also coupled to



20 of the four phases. The nessage for the next transm ssi

al so stored in a next transm ssion frame buffer 2008 BEPL$©EMENVS%@@?
of the batching controller 2002, such as via a bus 2009, the nessage
bei ng stored accordi ng to its assigned phase. Wen th @@de ﬁbﬁdS@@qm!i
mai nt ai ned 25 by the frame counter 2012 for the next fra

predeterm ned transm ssion frame queue cagaci.ty, such as ei ght - seven
code words, the excess nessages and nessage fragnents of fragnented
nessages can be stored in a car uffer (hereinaft call.ed a
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signal. Resistors 906, 912 have resistor values preferably
of 1R, while resistors 908, 910 have resistor values
preferably of 2R, reéalizing threshold output signal values
of 17%, 50% and 83%, and which are utilized to enable
decoding the 4-level data signals as will be described
below.

When power is initially applied to the receiver

- portion, as when the data communication receiver 106 is

first turned on, a clock rate selector 914 is preset
through a control input (center sample) to select a 128X
clock, i.e. a clock having a frequency equivalent to 128
times the slowest data bit rate, which as described above
is 1600 bps. The 128X clock is generated by 128X clock
generator 844, as shown in FIG. 8, which is preferably a -
crystal controlled escillator 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. 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 modulation decoding. After symbol
synchronization is achieved with the synchronization
signal, as will be described below, the controllexr 816
generates a second control signal (Cehter Sample) to enable
selection of a 1X symbol clock which is generated by symbol
synchronizer 812 as shown in FIG. 8.

. Returning to FIG. 8, the 4-level decoder 810 operation
is pest understood by referring to FIG. 10. &As shown, the
4~-level deco@er 810 comprises three voltage comparators



- 36- del ay nmessage buffer 2010. This carry-on val ue can be set to
a predeterm ned nunber of frane transm ssion cycles, thirty one

cycles, which the nessage can be del ayed “with no consEqw@mxcgwgﬂﬁchgf
comuni cation protocol. As each 5 opportunity to transmf{ the nessage or
message fragnent arrives and possibly passes w thout frEnsm 214 [&EPa]ggﬁ

| east a “fragnment of the nessage the_ ca ?ry-on val ue i stdecrenente
for the particul ar nessage to keep track of the delay tine. When t he
carry-on val ue reaches 'zero, such as may be 10 pOSSIb|e %gpin a_very busy

time interval10:, 4020, JARAARG 3 ymbedk dacoder 4940 | GPVERE
message is  gath ayeed rcﬁﬂitblésﬂg:cﬁtad edfgutd oF Wlthmﬁsaagmp&lragmat to

PfaéaggfnLéted dur| the t tranagg S“ébrégﬁﬂfﬁ od%put 51gnai qﬁl nmessage

couples to the second input of comparator 1010, the average

5 threshold output signal (Avg) couples to ;he second input
of comparator 1020, and the low threshold dutput,signal
(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

10 decodes the inputs accordin§ to the table provided below.

| ——

Threshold ' Output
Hi . Avg Lo  MSB LSB

RCyn < RCjp < RCijn < 0 0

5 RCip < - RCip <  RCip > o 1
. RCin < Rciﬁ > RCin > 1 1
RCin > RCipn > RCipn > 1 0

As shown in the table above, when the recovered data
20 signal (RCin) is less than all three 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 abové.
The MSB output from the 4-level decoder 810 is coupled
25 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 pogitive deviation excursions of the anélog 4-level
30 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
35 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



15 vector code word, a first data code word which includes contro
information such as the continue flag 1702, the nmessage—packet nunhber
1704, the signature 1706, the phase assi gnnment 1708,[EHEPLHQEMEQW%HEET

assignment 1709. This m ni mal nessage fragment al so gonprises a nessage
20 information data code word which provides one data cg
nmessage information to the communicatiop igcgiver 106== -
m nimal message fragnent in this exanple conpri ses four code words.
Thi s-protocol keeps the termnal 102 and the 25 communicatiQn recei ver 106
synchr oni zed sedidatare| 3129 i 8 prefexahlynss siyd der mhich Provafgs ent ed.
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coupled to an input of 32X data oversampler 1110 which
samples the recovered data signal (MSB) at thirty-two ’

10 samples per symbol. The symbol samples are coupled to an
input of a data edge detector 1130 which generates an
output pulse when a symbol edge is detected. The sample
clock is -also coupled to an input of a divide-by-16/32
circuit 1140 which is utilized to generate 1X and 2X symbol

15 clocks synchronized td the recovered ‘data signal. The
divided-by-16/32 circuit 1140 is preferably an up/down
counter. When the data edge detector 1130 detects a symbol
edge, a pulse is generated which is gated by AND gate 1150
with the current count of divide-by-16/32 circuit 1140.

20 Concurrently, a pulse is generated by the data edge
detector 1130 which is also cougled 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 géneration of
a count of thirty-two by the divide-by-16/32 c¢ircuit 1140,

25 the output generated by AND gate 1150 causes the count of
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

30 1150 arrives after 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 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

35 circuit 1140 from the data edge detector 1130,'thereby
enabling the synchronization of the 1X and 2X symbol clocks

f




have been deternined by the batching controller 2006 and |

- 37 - are stored in the next franme buffer 2008, the

nmessage fragnments stored in the next frane buffer 2008 are

to the frane nessage buffer 216. Subsequently, the teri af T
the nmessages and 5 then the paging systemcan transnit the nessages T a-
manner as described for FIG 2. -G 21 is a synbolic
representation of nessages being processed between the next frane

ng ;gg 0 gggg c g‘g 2 (e duegl'l?ya telenzﬁlsosr?eg eiz?‘éjefggarcg %% hJXI tah ?najnrnaer{‘e J%Tlc her 212,
known in the art. Alphanumeric messages, which typically
require the use of a data entry device, are coupled to the
paging terminal 102 through a modem 206 using any of a

5 number of well known modem transmission protocols.

When a call to place a message, i,e.; a paging
request, is received, a controller 204 handles the
processing of the message. The controller 204 is
preferably a microcomputer, such as one based on the

10 MC68000 family, which is manufactured by Motorola Inc., or
the equivalent. The controller 204 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 epable

15 receptidn of messages from a.data entry device. When a
call is réceived, the controller 204 references information '
stored in the subscriber database 208 to determine how the
message being received is to be processed. The subscriber
data base 208 includes, but is not limited to such

20 information as addresses assigned to the data communication
receiver, message type associated with the address, and
information related to the status of the data communication
receiver, such as active or inactive for failuré to pay the
bill. A data entry terminal 240 is provided which couples

25 to the controller 204,.and which is used for such purpdses

' as entry, updating and deleting of information stored in
the subscriber data base 208, for monitoring system
performance, and'fo: obtaining such information as billing
information.

30 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.

_ The received message is stored in an active page file 210

35 which stores the messages in queues according to the
transmission phase assigned to the data communication
receiver 106. In the preferred embodiment of the present



10 with the preferred enbodi nent of the present invention bpitially

the frame batcher 212 recovers fromthe active page fil REPLACENENT SHEET
nmessage i nformation that has a frane nunber assi gnnent}equal to the
nunber of the next ‘frame schedul ed to be transmtted. ([Mag UE%S@? 199
information is 15 tenporarily stored in the next frane buFer—2B88 x5 Y
illustrated in step 2102. For illustrationgpurposes, each frame has a
predeterm ned | ength equival ent to 87 codewords as shown. Further, a

single | ong nessage "A" 2108 is -tenporarily stored-jn the ne frame
buf fer 2008. ip¥edfiong four phase gigh %e%r%rér‘hﬂéﬁ‘gdi’bo%\(ﬁ YR shown.
tTﬂeref 0{ e],c th@agaswﬁe 2168 imhxéoﬂd‘fiivél‘lpﬁgéf'lﬂiﬁa znoledwrgireferasippca ty of
e nex rang. In this ep,.the ay nessage r i s shown
empty. The f?g%iba? er‘%’fgt'm'ggfﬁﬁr?ﬁésr%%d?lpa?‘é#%gonﬁ%ns&%’portion of
nessage "A" 2af8hdtghetti whl2nbet appreciateédfthak, othes randmmeress The
remai ni ng S | to I Do & S uf Pilfag Thi s
i's iIIustFg?eﬁgﬁﬁxyaégﬁgéféétéggglgﬁ,hagéféigﬁeéfggegfréﬁé]gafgﬁgr Zf% has
di vi ded the nesswgdl2108 into two smal | er nessage packets, e.g., "A"

2110 and "A2" 2112paa§oddcail9Mihe message iAB8rhht$bn"BESREE PACE&ENR"HE"
2110 conprises 87

the phase queues is recovered from the active page file 210
under control of the controller 204 using timing

10 information such as provided by a real time clock 214, or
other suitable timin§ source. The recovered message
information from each phase queue is sorted by frame number
and is then organized by address, message information, and
any other information required for transmiséion, and then

15 Dbatched into frames by frame batching controller 212. The
selection of frames by the frame batching controller 212
can be based upon message size, and optionally based upon
other parameters that will be discussed below. '

Because every frame is of a predetermined 1eﬁgth,

20 sometimes not all message information from the active page
file 210 can be transmitted in the current frame, e.g., the
current time slot. For exampie; if one or more messages
are longer than can fit in the current frame, then-the
frame batcher 212 optionally can fragment the long messages

25 into one or more méssage packets for transmission over one
or more frames, e.g., time slots, which may be allocated
over one or more phases, as will be more fully discussed
below. The frame batcher 212 can temporarily hold at least

- a bortion of the messages that are destined for

30 transmission over multiple frames in this fashion . The

process of generating fragmented messages and transmitting

‘them to a receiving communication receiver will be

discussed below.

Preferably, any priority addresses are located as the

35 very first addresses in the batched frame information for
sending them out first with the very next transmitted
frame. The batched frame information for each phase queue



codewords to fill the entire next franme. This includes t hr ee

addi ti onal codewords as overhead for the address codewond“ Lhe\KQQt EET
codeword, and the first data codeword 35 which provides adqitlonar bontr
information to the comruni cation receiver 106. As di sdusggd s& W
for FIG 17, the first data codeword of the message packet Al 271

- 38 - is configured by the frame hagcher 212 to include, for

exanpl e, the continue flag 1702 set to one, the-nessage packet number
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store the batched frame information until a time for
further processing and transmission. Frames are batched in
numeric sequence, so that while a current frame is being
transmitted, the next frame to be transmitted is in the
frame message buffer 216, and the next frame thereafter is
being retrieved and batched. At the appropriate time, the
batched frame information stored in the frame message
buffer 216 is transferred to the frame message encoder 218,
égain maintaining the phase queue relationship.

The frame encoder 218 encodes the address and message
information into address and message code words required
for transmission, as will be described below. The encoded
address and message code words are ordered into blocks and
then coupled to a frame message interleaver 220 which )
interleavés preferably eight code words at a time for
transmission in a manner well known in the art. The
interleaved code words from each frame message interleaver
220 are then serially transferred to a phaée multiplexer
221, which 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
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
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
distribution link. The distributed message stream is
transferred to one or more transmitter stations 104,
depending upon the size of the communication system 100.




5 1706 can be set to a nunber such as the nunber of nessaggs. . -
transmtted to the comruni cation receiver 106 during the R HACEWENT SHEET

billing cycle, which is available fromthe subscri ber ﬂaxaba 2
may be included with the message in the active page fil “‘%fl(j?é ggpm

The second portion of the nessage "A2" 2112 is stored i n the delay
message buffer 2010. This nmessage packet.2412 al so includes the address
codeword, the vector codeword and the first data codeword. At this

poi nt, the frame batcher 212 can th ket o f

the next 15 frame BOFfBFS5888 ShySABy Fe%FFSFOE§%§g€$ﬁ£3% fgf% ?r%.¥f rem

][ressage bqu ego?thuﬁfbr pBanwhithetiemporhrilpxstérescthe mesMage t$leremnt
rame i s schedu n, (ﬁgﬁ zgé#

nmessage |nforﬁﬁflg Eﬁa L&ﬁg@ﬂ%ﬁibﬂ Rggaﬁu%%é£3§ﬁ1 es e nuﬁ%%r of

t he next franbyf&imicgtaadsqoubroh Ghucgibr 232; tthe mesgsagsiSE¥edR I8ffer

2008, o » i o PpEOvekbiSEEBRCHNENALAE PEXL BhepeR!Sf did leddmaeito the

nessage " ' I onal frame bat cher ends the
second nedBpys 9§CE§?f3F2b121§24réeYﬁé ﬁ%ﬁtm?ﬁﬂk%tﬁﬁf?%ﬁ 2 for 25
transm ssion thhhSt&&XheE§a§E stheafn’ agethahcbeitpldd to tlné garadenitber
first data codemnrd of the nd ssag%

for trans ss on v enna 238.

FIGs. 3, 4 and 5 are timing diagrams illustrating the
10 transmission format of the signaling protocol utilized in
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
15 frames which are labeled frame 0 through frame 127. It
‘then will be appreciated that the actual number of frames
provided within the signaling protocol can be greatef or
less than described above. The greater the number of
.- frames utilized, the greater the battery life that may be
20 provided to the data communication receivers operating
within the system. The fewer the number of frames
utilized, the more often messages can be queued and
delivered to the data communication receivers'aésigned to
any particular frame, thereby reducing the latency, or time
- 25 required to deliver messages. |
As shown in FIG. 4, the frames comprise a
synchronizatioh 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
30 message information comprises preferably eight address,
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
35 code words are preferably 31,21 BCH code words with an
added thirty-second even paxity bit which provides an extra
bit of distance to the code word set. It will be



packet "A2" 2112 to include the continue flag 1702 set to

packet nunber set to "00" and the signature 1706 set tq[?géaéﬁﬁﬁsuﬂsﬁggT
as was included with the first 30 nessage packet "Al" 2110|‘The frame

bat cher 212 then coupl es the nmessage information in the: hexi th

buf f er 2008 to the next frane nessage buffer 2016 for subs

processing and transmssion. In this wayjothe term nal 102 has
transmtted the original | ong nessage "A" 2108 by 35 transnmitting two

€1 TESeReReRfiELE af oBhR el yaredy il I Gy o oo
message code word could be utilized as well. -Unmnke the well known
POCSAG signaling protocol which provides address and data
code words which utilize the first code word bit to define
5 the code word type, as either address or data, no such
distinction is provided for the address and data code words
in the signaling protocol utiliied with the preferred -
embodiment of the present invention. Rather, address and
data code words are defined by their position within the
10 individual frames, as will be more fully discussed below.
FIGs. 6 and 7 are timing diagréms illustrating the
synchronization code utilized in accordance with the
preferred'embodiment of the present invention. 1In
particular,.as shown in FIG. 6, the synchronization code
15 compfises preferably three parts, a first synchronization
code (sync 1), a frame information code word (frame info)
and a second synchronization code (sync 2). As shown in
FIG. 7, the first synchroﬁization code comprises first and
third portions, labeled bit sync 1 and BS1l, which are '
20 alternating 1,0 bit patterns which provides bit
synchronization, and second and fourth portions, labeled
*A" and its complement "A bar", which provide frame
synchronization. The second and fourth portioné are
preferably single 32,21 BCH code words which are predefined
25 to provide high code word correlation reliability} and
which are also used to indicate the data bit rate at which
addresses and messages are transmitted. The table below .
defines the data bit rates which are used in conjunction
with the signaling protocol.

30
Bit Rate IA® Value
1600 bps Al and Al bar )
3200 bps . A2 and A2 bar
_ 6400 bps A3 and A3 bar

35 ) Not defined A4 and A4 bar



communi cati on such as the new nessage "B" 2112 to be tri

desi gnated frane nunber. That is, the | onger nessage 21 8PﬁE®AQﬁNENTSHEET i
slightly delayed for a full - nmessage transm ssion, mhile lal | o

smal | er ongoing 5 -nessages 2112 to be transmitted in their _____ gzq?éﬁﬁFEBG ‘
frames. : Notice that in this exanple the connunicatlon recer ver —
106 wi |l receive in its designated frame ghe_first nessage packet "Al"

2110 which in the first data codeword | dentifies itself as a first '

nmessage packet to the 10 comuni cation receiver, 106. onnqnlcatlon
recei ver 106 1A% sheducin | e takle FRAVE cEhERR é’sasta\‘ ei@&d BSuent

Br?m%s gnti | d;&fe&@fﬁ?é& fc{}.e a&iﬁfﬁé’ﬁh NEEE Ak SRRfk e ra ARl sl bR, albﬁﬂmg-h first
ala codewor | es 0 the co ni.cation rec I 6 t SIS
the final me 1'a %iacik%tappﬁ%ﬁiﬁ%e%F e %%g]eeﬁfagd%gaenjigorrﬁﬁ% eléyai

received. |fpéhseredefinedras mﬂn@ap@nimhmml ttdxeaesyrsam ved, then the

conti nue _ fIa 1702 woul t o]
the commufi caXF% ?%%%?Ese'r %‘)6&%@ conti nue searfgll ng fsigiqéuagni?ff ranes
for the succefsturemesgage packets. 20 FIG 22 is a second exanpl e

[1Tustrating symbouhe ramé CPAESEABL SR NcoAe MEEAUES PRLLGrANTY o6 EThdle t he

- 32,21 BCH code word which includes within the data portion

a predetermined number of bits reserved to identify the
10 frame number, such as 7 bits encoded to define frame number
0 to frame number 127.

The structure of the second synchronization code is
preferably similar to that of the first synchronization
code described above. However, unlike the first

15 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
transmitted in any given frame. Consequently, the second

20 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
preferred embodiment of the present invention comprises 128

25 frames which include a predetermined synchronization code
followed by eleven data blocks which comprise eight
address, control or message code words per phase. The
synchronization code enables jdentification of the data

' transmission rate, and insures synchronization by the data

30 communication receiver 106 with the data code words

transmitted at the various transmission rates.

FIG. 8 is an electrical block diagram of the data
communication receiver, e.g., the selective call receiver
106, in accordance with the preferred embodiment of the
35 present invention. The heart of the data communication_

receiver 106 is a controller 816, which is preferably

implemented using an MC68HCOSHC1l microcomputer, such as



bat cher 212, in accordance with the preferred enbodi nent of the present
invention. Initially, the frame batcher 212 recovers thegBEBESRERE NTSH ET
i nformati on having the frame nunber 25 assignnent for thejfrane
the next frame to be transmtted. The frame batcher ED;@QHQE _________
t he message information to the next frane buffer 2008 """"""
the first step 2202. Here, ther qale four messages stored in the
next frame 30 buffer 2008. The first nmeSsage "A" 2208 is 24 codewords

| ong. The second nessage "B" 2210 is an additional 16 codewor ds | ong

bri ngi ng t he Bagufiactiied hy, MREQXRidwo IRE i/n 0F an @RUYAIENt e puffer

2008. The t higfierosubaaiter C' Phd Znidroco imdeswmllmxg Sectetina fitear t h

foral . neadded g %rm%?%## 5t :?rr;e‘%i’ Rl e okl s "
next frame tcfridw o arlentsearof miﬂm&rclﬁdtﬁtﬁxtasf redosm in FIG. 8,

5 and controls the operation and interactiog of the
peripheral circuits using software routines. The general
dse of a microcomputer controller for processing and
control functions is well known to one of ordinary skill in
the art. '

10 The data communication receiver 106 is capable of
receiving address, control and message information,
hereinafter called "data", which is modulated using
preferably 2-level and 4-level frequency modulation
techniques. The transmitted data is intercepted by an

15 antenna 802 which couples to the input of a receiver
section 804. Receiver section 804 processes the received
data in a manner well known in the art, providing at the
output an analog 4-level recovered data signal, hereinafter
called a reccvered data signal. The recovered data signal

20 is coupled to one input of a threshold level extraction
circuit 808, and to an input of a 4-level decoder 810.

) The threshold level 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

25 inputs the recovered data signal. A first level detector
902 detects the peak signal amplitude value and provides a
high peak threshold signal which is proportional to the
detected peak signal amplitude value. A second level

_ detector 904 detects the valley signal amplitude value and

30 p:ovides a valley threshold signal which is proportional to

the detected valley signal amplitude value of the recovered

data signal. The first and second level detector 902, 904

signal outputs are coupled to terminals of resistoxrs 906,

912, respectively. The opposite resistor terminals 906,

35 912 provide the high threshold output signal (Hi), and the
low threshold output signal (Lo), respectively. The
opposite resistor terminals 906, 912 are also coupled to




b foh- ”1o ﬁan onlé handl e 87 codewords as shown. Therefore,_-the frame
at cher as to determ ne what nessages wll be fra ! r =
snal | er nmessage packets. At th?s poi nt the del ay : @i%dAbE (gTSH:ET
2010 is enpty. 5 The frane batcher 212 searches the next fr
for the |ongest message. The |ongest message is the fourth U——pe&sAgelImusR" "
2214, which is 60 codewords long. The fr - bat cher 212 then noves .
this nmessage to the del ay nessage buffer 2010. However, the total
nunmber of remaining 10 codewords in the next franme bu ffF% vé 08 | 90,

which is gesminplengf tWe Besistensr 898y h310caReFPEC
Ireﬁaﬁfm Ihe:rgfs ggﬁggapﬁ Eé%ﬁ&nh%bgaﬁrtﬁ%Ztﬂr@arésisabﬁhesos, 91mrmgh t he
reoeage. That CRUBLSGe tPISERET: Py OFB anEeeigtive: absidr MEIeR B 1dce
codewor ds | ongn avefabeathresholdt ohepubl2ighed (Bve} whichnissage 2212 to
the delay proportional to the average value of the recovered data
signal. Resistors 906, 912 have resistor values preferably
of 1R, while resistors 908, 910 have resistor values
preferably of 2R, réalizing threshold output signal values
of 17%, 50% and 83%, and which are utilized to enable
10 decoding the 4-level data signals as will be described
below.

When power is initially applied to the receiver
- portion, as when the data communication receiver 106 is
first turned on, a clock rate selector 914 is preset
15 through a control input (center sample) to select a 128X
clock, i.e. a clock having a frequency equivalent to 128
times the slowest data bit rate, which as described above
is 1600 bps. The 128X clock is generated by 128X clock
generator 844, as shown in FIG. 8, which is preferably a
20 crystal controlled escillator 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. Returning to FIG. 9, the 128X clock allows the
25 1level 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 modulation decoding. After symbol
30 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 as shown in FIG. 8.
35 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



nmessage buffer 2010. At this point, the total number_of codewords

remai ni ng in the next frame buffer 2008 is forty whichifigged es: z ,
t he maxi num 87 that can be transmtted in the frame. The ﬁtﬁqﬁsiﬁgﬂﬂanEET"

bat cher 212 determines that a portion of each of the - @gkﬂess
bei ng del ayed 2212, 2214, can be transnmitted in the b fiar e B 3EP.19%

frame batcher 212 creates a first gﬁésage packet for nessage "D' 2214
in the next frame 25 buffer 2008 by co ning the address codeword, the

vect or codeword, the first data codeword and one nessage dat a
codeword forl0h@. ph929 c L1830 nend yesymhol degadex (1Q40. The ecny et

bD}f 22%80;38 éears ééﬁ iéQgténQn'fnput of mt%@t@m peeratets f ranme
uf fer ri secon ssage " nmessage
packet "D2" 298@1 1°2°io1°§ﬂe pﬂh?lEﬁ?%rthﬁ%%ﬂﬁgg2ﬁqu¢%ﬂ%ﬁﬂ?sé in the

del ay dﬁﬂés beéfeheZQéeona’hiﬁ S€CON loAmS&PaNED zpanm 2208 ﬁ'éafage
i ncl udes an ad

ress_codewor a vector codevvor]c_i Q ‘i‘us"{ a1_r
codewor d.5 At threshold eutput sigpal, (hwg)h Feupless ?O@%ec%'ﬁ?%ﬁ MRHy-f our
codewor ds angdfnesspafatér 18207 and the 16% thiéeskoldoutput tsbgymeksage
packets to fI(Ll)tgguples 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

10 decodes the inputs accordiné to the table provided below.

Threshold output
Hi . Avg Lo MSB LSB

. RCjp < RCijp < RCjp < 0} 0

5 RCiyp <  RCjp <  RCjp > o 1
. RCijn < RCin > RCijpn > 1 1
RCin > RCip > RCin > i 0

As shown in the table above, when the recovered data -
20 signal (RCin) is less than all three threshold values, the
symbol generated is 00 (MSB = 0, LSB = 0). Thereafter, as
edch of the three threshold values is exceeded, a different
symbol is genérated, as shown in the table above.
The MSB output from the 4-level decoder 810 is coupled
25 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 anhlog 4-level
30 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
35 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



- 41 -
2204.

i ncludes forty-three codewords, and the second 5 corres
2222 includes ten codewords which rema
message buffer 2010. . Thi s nmessage packet 2222 al so

packet "C2"

codewor d,

remai nder of the next frame as shown in the second step

Re22 ABEMENT SHEET
ondi ng message

The correspondi ng first nessage packet "?
n

a vector codemnrd and a1Urf§ data codeword. Here, the

frame batcher 212 has organized a fuII frane of nessage 10 information in

the next frame buffer 2008 wh i

pled to the next frame

s
nmessage buf f eF€2¢6 Pﬁr1%395é&uBﬁ?ferabbyoEegéYﬁﬂeﬁth%?%nBﬂ?§¥§?ﬁ
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35

selective division by 1 or 2 to generate a sample clock
which is thirty-two times the symbol transmissjon 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
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
output pulse when a symbol edge is detected. The sample
clock is-also coupled to an input of a divide-by-16/32
circuit 1140 which is utilized to generate 1X and 2X symbol
clocks synchronized td.the recovered ‘data signal. The
divided-by-16/32 circuit 1140 is preferably an up/down
counter. When the data edge detector 1130 detects a symbol
edge, a pulse is generated which is 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
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'géneration of
a count of thirty-two by the divide-by-16/32 ¢ircuit 1140,
the output generated by AND gate 1150 causes the count of
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
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

enabling the synchronization of the 1X and 2X symbol clocks



In processing the following frame, the franme batcher 212 _recovers a new

nmessage "E' 2224 fromthe active page 15 file 210 and st Fggw g,
next frame buffer 2008 as shown in the third step 220 L 'FLAC%@EQESQEET

2224 incl udes twenty-two codewords which in conbinati q’anyimQMtwmy- '
ni ne codewords fromthe second nessage packet "D2" 2220 ofl——— tH& fourth- [
message "D' 2214, and the second nessage pgcket 20 "C2" 2222 with ten ‘
remai ni ng code words of the third message "C' 2212 woul d exceed the

ei ghty-seven maxi mum . codewords per, frame. Therefore, . the.fra bat cher
212 sear ofiEh tHRe ksgoveTa drﬁﬁ‘afp &t f (#’et ﬁm%&ﬁgséf’cﬁeﬁg%%

st or ed there{%ﬁﬁﬁhifﬂﬁ“&ﬁhiﬁeéﬁ(undénstﬁbd ffroureeheu ftabl.e2 be12008.

This | eaves the new nessage 2224 and the second packet 2222 of the
third nmessage 2212, which totals thirty-two codewor ds. Because the

frame can accp,p%uﬂp t o ebghtylsevenRate codematds, the 2% anme batXher 212
then fragnents e second 30, nessage packet, ".D2% 222Q. jQAtq a | and a
fourth me§sag%1°gk pack&BPYE sho%ﬁgﬁeﬁ fre tsrﬂlregt?%ep%ét%% Thgyn{hgﬁlrd
message packet "D3" 2226 of tbdviiderth regypage " Blotkl4 | £lock
sufficient to,fill, the, ej -seven wor ds of the &8s fréyﬁg The
remai ni ng nesgéﬁéaFﬁ¥%¥ng@?%ﬁ R%EQB ) )

Is organi zed as a

64X 1600 by 2 32X 3200 1600
10 64X 3200 by 1 . 64X 6400 3200

As shown in the table.above, the 1IX and 2X symbol
clocks are generated 1600, 3200 and 6400 bits per second
and are synchronized with the recovered data signal.

15 The 4-level binary converter 814 is best understood by
referring to FIG. 12. The 1X symbol clock is. coupled to a
first clock input of a clock rate selector 1210. A 2X
symbol clock also couples to a second clock input of the
clock rate selector 1210. The symbol output signals (MSB,

20 LSB) are coupled to inputs of an input data selector 1230.
A selector signal (2L/4L) is coupled to a selector inmput of
the clock rate selector 1210 and the selector igput of the
input data selector 1230, and provides control of the
conversion of the symbol output signals as either 2-1eve1l

25 FSK data, or 4-level FSK data. When the 2-level FSK data -
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

30 binary data stream to be generated at the output of the

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

'~ 35 selected by clock rate selector 1210 which results in a

serial two bit binary data stream to be generated at 2X the



35 fourth nessage packet "D4" 2228 for the fourth nessa

del ay nmessage buffer 2010. This fourth nessage packegs= QﬁﬁﬁrﬁENDSHE=T
i ncl udes an address codeword, a vector

- 42 - codeword, and a f| rst data codeword with co tngh ..... 248EP19$
I nformati on therein. At this point, the frane

transfer the one frames worth of nessage_information fronlthe next
frane 5 buffer 2008 to the next frame sage buffer 216 for further

processi ng and transm ssion. The fourth nessage - packet 2228 (conposed
of seven codesymbads)radfe t iwhifaduriish 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
5 to inputs of a synchronization word correlator 818 and a
démultiplexer 820. The synchronization word correlator 818
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
10 are coupled to an "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 to the controller 816. The
15 particular "A® or "A-bar" word synchronization pattern
correlated provides frame synchronization to the start of
the frame ID word, and also defines the data bit rate of
the message to follow, as was previously described.
" The serial binary data stream is also coupled to an
20 - input of tlie frame woxrd decoder 1320 which decodes the
frame word and provides an indication of the frame number
currently being received'by the controller 816. During
sync acquisition, such as following initial receiver turn-
on, power is supplied to the receiver portion by battery
25 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
processing of the remainder of the synchronization code
The controller 816 compares the frame number currently
30 being received with a list of one or more assigned frame
numbers normally stored in the code memory 822. The
assigned frame numbers may be assigned to the data
communication receiver 106 in different ways which will be
more fully discussed below.
35 Should the currently received frame number differ from
the assigned list of one or more frame numbers, the
controller 816 generates a battery saving signal which is
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assigned frame.

Returning to the operation of the synchronization
10 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 synchronization pattern
15 with an acceptable margin of error, a "C" or "C-bar" output
" is generated which is coupled to controller 816. The
particular "C" or "C-bar" synchronization word correlated
provides *fipe" frame synchronization to the start of the
data portion of the frame. - _
20 Returning to FIG. 8, the start of the actual data
portion is established by the controller 816 generating a
" block start signal (Blk Start) which is coupled_to inputs
of a word de-interleaver 824 and a data recovery timing
circuit 826. The data recovery timing circuit 826 is best
25 understood'by referring to FIG. 14. A control signal (2L /
4L) is coupled to an'input of clock rate selector 1410
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 ring counterx
30 which is clocked to generate four phase output signals (91-
24). A block start signal is also coupled to an input of
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
35 start signal releases the phase generator 1430, the phase
generator 1430 begins generating clocked phase signals
.which are synchronized with the incoming message symbols.
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frame while | ooking for successi ve nessage packets of tie\fﬁz TRER
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35 conserve power during the other two franmes of that cycl e by not

turning on the receiver portion of the cogaunlcatlon recei ver 106 when
not necessary. -43 The

frame batcher 212 can get the predeterm ned franme sel ection pattern
with the message iRefenmimgbadcde®iE. 8, the clocked phase signal

outputs are coupled to inputs of a phase selector 828.
During operation, the controller 816 normally recovers from
thé code memory 822, the transmission phase number to which
5 +the data communication receiver 106 is assigned.
Optionally, the data communication receivér 106. can be
assigned to a list of one or more phases which the
controller 816 then selects in a predetermined order or,
alternatively, in a dynamically assigned scheme as will be
10 more fully discussed below. i
The selected phase number, e.g., 0, 1, 2, or 3, is
transferred to the phase select output (& Select) of the
controller 816 and is coupled to an input of the phase
selector 828. The controller 816 typically has a "default”
15 assigned phase number which is normally configured in the
code memory 822. Optionally, the controller 816 can have a
phase number assigned in the first message block of a
fragmented message indicating a phase to switch to for
receiving subsequent message blocks of the transmitted
20 message, as will be more fully discussed below. Hence, the
phase number for receiving information over the
communlcation channel can be predetermined at the
communlcatlon receiver 106 or can be dynamically assigned
for receiving fragmented messages over multiple phases in
25 the communication protocol.
A phase clock, corresponding to the transmission phase
assigned, is provided at the output of the phase selector
828 and is coupled to clock inputs of the demultiplexer
820, block de-interleaver 824, and address and data
30 ‘decoders 830 and 832, respectively. The demultiplexer 820
is used to select the binary bits associated with the
assigned transmission phase which are then coupled to the
input of block de-interleaver 824, and clocked into the de-
interleaver array on each corresponding phase clock. The
35 de-interleaver array is an 8x32 bit array which de-
 interleaves eight interleaved address, control or message
code words, qofrespondihg to one transmission block. The
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acceptable margin of error, the message information

associated with the address is then decoded by the data
decoder 832 and stored in a message memory 850 in a manner
well known to one of ordinary skill in the art. Hence, the
data communication receiver, e.g., the selective call
receiver 106, can selectively receive the message
information.

Following the storage of the message information, a
sensible alert signal is generated by the controller 816:
The sensible alert signal is preferably an audible alert
signal, although it will be appreciated that other sensible
_alert.signalé, 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
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
-contxols 838, such as buttons, switches, or keys on a
keyboard, in a manner well known in the art.

Following the detection of an address associated with
the data. communication receiver 106, 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 using the user input controls 838

F_whereupon the controller 816 recovers the message

information from memory 850, and provides the message
information to a display driver 840 for presentation on a
display 842, such as an ILCD display. Optionally, the data



25 buffer 215 the frame batcher 212 may count down the

predeterm ned frane selection pattern until it reaches Zeﬁ@ ﬁWnNTSHEET
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packet in the delay nessage buffer 2010, the frane bat dhé?igﬁgﬁgﬁgﬁp ------
attenpts to include 30 a particular message packet in t he-wext=fTane.

It can fit the message packet or a-pgyti.on thereof I n the next

frranme then the frame batcher 212 will do -so. However, traffic is so
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can couple at least the message information to the
5 computing device. The message informatiog then can be
utilized in functions of the computing device, as may be
desired by a user of the computing device.
FIG. 15 is a flow chart describing the operation of
the data communication receivér 106 in accordance with the
10 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.
Power is periodically applied to the receiver portion to
enable receiving information present on the assigned RF
15 (radio frequency) channel. When data is not detected on
the channel in a predetermined time period, battery saver
operation is resumed, at step 1508.
When data is detected on the channel, at step 1506,
- the synchronization word correlator begins searching for
20 Dbit synchronization af step 1510. When bit synchronization
is obtained, at step 1510, the "A" word correlation begins
at step 1512. When the non-complemented "A*" word is
detected, at step 1514, the message transmission rate is
identified as described above, at step 1516, and because
25 frame synchronization is obtained,-the time (T1l) to the
start of the frame identification code word is identified,
at step 1518. -
When the non-complemented "A" word is not detected, at
step 1514, indicating the non-complemented "A" word may
30 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
detected at step 1512, indicating that the *A-bar® word may
also have been corrupted by a burst error during

'35 transmission, battery saver operation is again resumed, at’
step 1508.
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short frane sehecppropniate ntifé; sdeanding)ef the frame identification
word occurs, at step 1526. When the frame ID detected is
not ohe assigned to the data communication receiver, at
step 1528, battery saving is resumed, at step 1508, and
10 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 is set, at
step 1530. An attempt to bit synchronize at the message
transmission rate is next made at step 1532. When bit
15 synchronization is obtained, at step ‘1532, the "“C" word .
correlation begins at step 1534. When the non-complementéd-
"c*" word is detected, at step 1536, frame synchronization
is obtained, and the time (T3) to the start of the message
information is identified, at step 1538. -
20 When the non-complemented *Cc" word is not detected, at
step 1536, indicating the non-complemented "C" word may
"have been corfupted by a burst error during transmission, a
determination is made whether the complement "C bar" is
detected, at step 1540. When the *C bar® word is not
25 detected at step 1540, indicating that the "C-bar" word may
also have been corrupted by a burst 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)
30 to the start of the message information is identified, at
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
35 synchronizing with synchronization information which' is
subject to burst error corruption is greatly enhanced. The
use of a predetermined synchronization code word as the




20 allow the termnal 102 to better manage the traffic TS f

frame to frame during varying traffic conditions. Ad |FIEWEMENT$HEHh .
extend the battery life in the comuni cation receivejf 106 gf agéﬁ ggﬁ
conmuni cati on recei ver 106 does not have to remain 0 q%ﬁ g ) ;1 "

subsequent 25 frames, but only one in every N frames.
is shown in FIG 23, where a communicatiom3 - protocol for the

comuni cati on systen1100 may i ncl ude four phases 2301 havi ng a frame
transm ssion ¢

303.. Th t f
phases, three §§ amﬁirqgﬁfatﬁﬂmﬁﬁﬁﬁﬂ worg, 3% 90F8°8é8e§¥g%€§e¥%y§ﬁ%
cormuni cat IdOP qymmlza&iwnwdecmmdnwmm der ghGGpgmplergznthbﬁ gb;amglﬁ
I S assigne S I 0,
2312, fgr rec j\%@%g%r%%ﬁggni%% Fg%hggglzau'%% %Ofé Qérg\ g?l?‘g%el ving a
first message a3 uradieetfvame mynshyoaizagion: pa @d##ﬁﬁ'@h@lgﬁrﬁﬁcervﬁh3106

can be 554 0NGlddhd SR eHATRANHn SRR doRel Bord.  BNS Message

in an alternatlv such as frame tw 23
encoding the synchronization code woxds, additional

information, such as the transmission data rate can be

provided, thereby enabling the transmission of message
information at several data bit rates. By using a second
10 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
synchronizing at a different data bit rate with
15 synchronization information which is- subject to burst error
corruption is greatly enhanced, thereby improving the
reliability of the data communication receiver to receive
and present messages to the receiver user. '
- . FIG. 16 is a timing diagram iilustrating the
20 organization of the transmission frame utilized in
accordance with the preferred embodiment of the present
invention. As previously described for FIG. 4 and shown
again in FIG. 16, the transmission frame'compriées-a
synchronization code word 1600 followed by eleven data
25 blocks labeled Block 0 to Block 10. Address, control and
message code words are distributed within the eleven data
blocks in a predetermined order. The first code word,
located in Block 0, is always a block information code ﬁord
1602 and includeé such information as the beginning
30 locations of an address field 1604 and & vector field 1606,
leaving eighty-seven code words available in the frame for
the transmission of address, vector and data code words.
By knowing the beglnning location of the address field
1604 and the vector field 1606, thg controller 816 is able
35 to calculate how many address code words must be -decoded
per frame in order to determine when a message is present
within the f;ame. Consequently, the address field 1604
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the frame selection pattern for the conmuni cation r ver?2 40 1996
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messages have associated message information located within

5 the data field 1608. Tone only messages can communicate

all necessary information in the address éode_yord, or
optionally with a control code word in the vector field
1606, and consequently would not have associated message
information located within the data field 1608.

10 For those address code words 1605 which do have
corresponding messages'1610, the vector field 1606 includes
control words 1607, or vectors, which include information
to identify the starting location 1612 of messages 1610
located within the data field 1608. Specifically, the

15 vector code word 1607 identifies the-location of the first
data code word 1612 and also the number.of data code woxrds
in the data portion 1610 of the message for -the current
frame. Further, there is a one to one correspondence
between the relative location of the address code words -

20 1605 located within the-address field 1604 and the relative
location of the associated vectors (vector code words) 1607
located within the vector field 1606. In this way, the
relative location of an address code word 1605 in the
address field 1604 points to the location of an associated

25 vector 1607 in the vector field 1606 which includes -
information that then points via 1609 to the starting
location 1612 of a message 1610 in the data field 1608 of
the current frame. This indirect pointing schéme provides
significant flexibility in arranging the message

.30 information within transmission frames for the

communication system 100 because the message information,
including the relative starting position of the message
information in a transmission frame, can be dynamically
allocated to one or more transmission frames as the frames
35 are being processed for transmission. Hence, the paging
terminal 102 can organize the message information into the
' transmission frames as the paging requests are being
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preferably oxrganized as a 32, 21 BCH code word. From the
10 least significant bit (LSB) to the most significant bit
(MSB), the data code word 1612 includes a 21 bit data field
1710, a 10 bit parity word 1720, and a parity bit 1730. 1In
this signaling protocol, the 10 bit parity word 1720 is
selected such that every data code word 1612 differs by at
15 1least 5 bits from every other data code word 1612 in the
protocol. The parity bit 1730 can be defined as an even or
an odd parity bit for the entire address code word 1612.
For example; if the lower 31 bits of a data code word 1612
. include an even number of ones then the parity bit 1730 may
20 be set to zero. Further, for an odd number of ones in the
lower 31 bits of a data code word 1612, the parity bit 1730
may be set to 1. Hence, the parity bit 1730 provides a
relatively quick way to detect 1 bit of error in a.received
data code word 1612. '
25 The 21 bit data field 1710 of the first data code word
1612 in the data portion 1610 of a message is preferably
formatted to define certain flags and fields as discussed
below. A continue flag 1702, such as bit 11 of the 21 bit
data field 1710, indicates when fragments of the current
30 message being transmitted are to be expected in following
frames. For example, if the continue flag 1702 is set to
one, then this indicates to the communication receiver 106
that one or more fragments of the current message being
transmitted can be expected in the following frames.
'~ 35 Additionally, a packet number 1704 is included in the 21
bit data field 1710 of the first data code word 1612 of the
data portion.1610 of the message being transmitted in the

ges - -




frame one which it normally searches in phase one. Hen

56 7. The nethod of claim6, further conprising th¢ BERAGEMENT SHEET
(1) receiving the one or nore subsequent nessage pagkets transmtted
at | east one of the-subsequent franmes nonitored fol |joW&iAg-tdhé- SERBSE:
selection pattern. 5 8. The nethod of claimb5, wherern

nmessage conprises a plurality of ness _packets capabl e of being
transmtted over a conmuni cation channel i'n a plurality of frames in a

plurality of phases in a communication 10 protocol, the iethod aft step
(i) further cEHPFEBEN§TEME- The mgssage pgcket n“T?ﬁrc&ﬁ%&nﬁikfﬁ%fg?ﬁ;

message dat a thet barkentt data portion of the message in the current
frame as one of a sequence of data packets. For example,
the message packet number 1704 can increment by one in
5' successive message packets. In this way, the communication
| receiver 106 can keep track of the message packets and
store them in the message memory 850 in the correct
sequence. A special signature field 1706 is also included
in the 21 bit data field 1710 of the first data code word
10 1612 of the data portion of the message being transmitted
in the current frame. The signature field 1706 uniquely
identifies the sequence of successive message packets such
that the communication receiver 106 can keep track of the
current message sequence being received and decoded. That
15 is, while a fragmented message is being received, i.e., in
successive message packets, the communication receiver 106
- can receive other messages and distinguish them apart by
their unique signature field 1706.
Additionally, a phase assignment field 1708 is
20 included for identifying the phase, e.g., phase one, two,
three, or four, on which any subsequent message fragments
will be transmitted to the communication receiver 106. For
example, a first message fragment can indicate by the phase
assignment field 1708 that subsequent message fragments
25 will be transmitted on (and can be received from) phase
three. Consequently, the communication receiver 106 can
subsequently switch phase to receive message fragments from
phase three. Also, a frame assignment field 1709 in
combination with the phasé assignment field 1708 can
30 instruct the communication receiver 106 to monitor one or
more frames in the assigned phase for receiving the
remainihg fragmented message, as will be more fully
discussed below. .
Other information, such as in the frame assignment
35 field 1709, can indicate to the communication receiver 106
in which frame (of sequence of frames) to monitor for
receiving subsequent message fragments. For example, the
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call receiyerygs9rhhent field 1709 can be determined dynamically by the
' terminal 102 while preparing the message for ygansmission'
to the communication receiver 106. Alternatively, the
pattern can be predétermined by system configuration, or
even selected by a system operator to respond to varying
10 system requirements and communication traffic patterns.
Similarly, the phase assignment field 1708 can be
predetermined or dynamically.set by the terminal 102 (or
the system operator) to handle varying system requirements
and communication traffic activity. It can be appreciated .
15 by one of ordinary skill in the art that the size of each
of the aforementioned data fields can vary to accommodate
different system configurations and parameters within the
scope of the present invention. The preferred mode of
implementing the fragmented messége protocol will be more
20 fully discussed below.

As discussed above, a portion 1610 of the data of a
message can be transmitted as a message packet. Subsequent
message packets can be transmitted in the same frame or in
subsequent frames of the transmission protocol, or even in

25 subsequent frames of an alternative phase (in a multi-phase
communication protocol) as will be further discussed below.
The continue flag 1702 can remain set to one, for example,
while there are more message packets to be received by the
communication receiver 106. The final messége packet is -

30 then indicated when the continue flag 1702 is set to zero.
Moreover, each message packet in the sequence is identified
by a message packet number 1704, which preferably
increments in a circular fashion to indicate the sequential

_ relationship between the message packets being received

35 from frame to frame. For example, FIG. 18 is a timing
diagram illustrating one such sequence of packet numbers
for a transmitted message. The first message packet in the
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field 1704 being set to "11" 1802, and with the continue
flag 1702 being set to 1. While there are more message
packets to be received by the communication receiver 106,
the continue flag 1702 will continue to be set to 1 in the
first data code word 1612 of each of—the,éubseguent message
packets 1610. Further, the message packet numﬁer field
1704 can increment using modulo three arithmetic 1804 for
each subsequent message packet. That is, the message
packet number field 1704 for the second, third and fourth
successive message packets will have the valueé *00", “01°*,
"10" 1804, with the message packet numbering sequenee
repeating itself in subsequent message packets. The "11"
state of the message packet number field 1704 is skipped in

_ this numbering sequence to avoid confusion with an initial

packet of a non-continued message. 'Of course, the final
message packet is indicated by the continue flag 1702 being
set to zero. Additionally, the signature field 1706

identifies all the sequential message packets as being part

of one message. Hehce, multiple fragmented messages can be
contemporaneously received by the communication receiver
106 with the signature field 1706 of each message packet
identifying the message that the particular meséage packet
belongs to. Therefore, the combination of the continue

- flag 1702, the message packet number 1704, and the

signature field 1706 allows the communication receiver 106
to receive and decode.message fragments constituting two or
more different messages being received over the same time
interval. The communication receiver 106 can then join the
message packets corresponding to each of the two or more
messages to reconstruct each of the received and decoded
messages to their original data content.

'FIG. 19 is a more detailed block diagram of the data

_ decoder 832, the controller 816, and the message memory 850

of the commnnication receiver 106, according to the
preferred embodiment of the present invention As
discussed earlier for FIG. 16, the communication receiver
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t he nmessage m%ﬁﬂdtfdﬁde word 1607 in the vector field 1606 that
corresponds in position to the address code word 1605, and
therefrom the controller 816 can determine when the first

10 data code word 1612 of the data portion 1610 of the message’
occurs in the data field 1608. An output of the block
deinterleaver 824 couples a stream of bits to an input of
the data decoder 832. This stream of bits includes at the
appropriate point of the data field 1608 of the frame the

15 first data code word 1612 of the data  portion 1610 of the
message. , '

The controller 816 couples an enable first word output
signal 1902 to an input of the data decoder 832 to indicate
to a first word decoder 1904 that the data code word 1612

20 is preéent in the incoming data stream. The first word
decoder 1904 captures the 32 bit data code word 1612 and
couples it to an error corrector 1906. The exrror corrector
1906 can correct up to a predetermined number of error
bits, such as two error bits, in a data code word 1612. As

25 nmentioned earlier, the data code word 1612 is organized
with the parity word 1720 (FIG. 17) to allow the error
corrector 1906 to correct up to the two error bits included
in a received data code word in a manner well known to
those skilled in the art. As a result of the error |

30 correction, the error corrector 1906 returns back to the
first word decoder 1904 a corrected 32 bit data code word
1612 and an indication that the correction was successful.
If the error correction was not successful, then the error

_ corrector would return an indication thereof and the first

35 word decoder 1904 could not reliably utilize the first data
code word 1612. 1In such a case, the data portion 1610 of
the message can still be decoded and stored in message
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data code word 1612 of the particular portion 1610 of the
message may leave an orphan message packet, i.e., not being
associated with any of the other message packets of a
message.

After the first word decoder 1904 reéeiv§§-the
corrected data code word 1612 frbm the error corrector 1906
it checks the continue flag 1702 and the message packet
number field 1704 to determine if this is a message packet
of a fragmented message or if it is the one and only
message packet of a complete message. If the continue flag
1702 is set to one it indicates that this message packet is
part of a fragmented message. Further, if the message
packet number 1704 is set to "11* then this is the first
message packet in a sequence of message packets
constituting a fragmented message. The message ‘is uniquely
identified by the signature field 1706. Additionally, the
phase assignment field 1708 can include information to
identify a subsequent phase for receiving one or more
subsequent transmitted message fragments. also, the frame
assignment field-liOS can identify one or more alternative
frames for receiving any subsequent transmitted message
fragments. Note however that if this message packet is the
one and only message packet in a message, then the continue
flag 1702 will be set to zero and the message packet number
1704 will be set to "11", and the communication receiver
106 can ignore the informhtion_in the phase assignment-
field 1708 and frame assignment field 1709. '

The first word decoder 1904 indicates to the
controller 816 that this is the start of a new message, and
whether the message is completely found in the data portion
1610 of the message in the current frame or alternatively
it is a fragmented message found over successive message
packets. The first word decoder 1904 also couples the 21
bit data field 1710 of the data code word 1612 to.the
controller 816, which then couples the 21 bits of
information to a message block 1912 in the message memory
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next frame counter initially to zero, also as discussed * ge&bE@EMT@HEEm'.

the code words for transmssion fit in the next franq' a step 2712,
the franme batcher 212 then 10 transfers, at step 2714, tjhe

next frame buffer 2008 to the franme nessage buffer 216 _1c g

t he messages and then transmtting themto the communi cati on recei vers.
If, on the other hand, all the nessaggﬁ for transm ssion in the next
frame exceed the 15 capacity of the next frame, at step 2712, then the
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of the stream of data from the block deinterleaver 824 and

couples each of the data code words to the error corrector

10 1906 to correct up to two error bits in a received data

code word. )

The error corrector 1906 couples a corrected data code
word back to the message data word decoder 1910 and further
1ndlcates the successful correction. If the error

15 correction fails on a particular data code word then the
message data word decoder 1910 preferably replaces the 21
bit data field from the failed data code word with a
predetermined bit pattern and couples the 21 bits of
-information to the controller 816. The predetermined bit

20 pattern may help indicate to a user of the communication
-receiver 106, such as when the message is displayed on the
_display 842 (FIG. 8) that the particular portion of the
messaje in the failed data code word was corrupfed during
transmission.

25 Alternatively, after a successful error correction the
message data word decoder 1910 strips the 21 least
significant bits (LSB) of the corrected data code word 1612
and_couples these bits of information to the controller
816. The controller 816 then couples the information bits

30 to the message block 1912 in the message memory 850 to
append the 21 bits of information to the information
already present in the first location 1914 in the message
block 1912. The message data word decoder 1910 continues

_ to decode the subsequent data code words of the data

35 portion 1610 of the message in the current frame while
enabled 1908 by the controller 816. Consequently, the 21
bits data field 1710 of each of the data code words in the
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coupled to the message memory 850 and appended to the

information bits in the first location 1914 of the message
block 1912.

After all the data code words are decoded for the data
portion 1610 of the message in the current frame, the first
location 1914 in the message block 1912 contains the
respective message data. This message data stored in the
message block 1912 can be organized to allow the controller
816 to subsequently couple the information to the display
driver 840 for displaying on the display 842 in a manner
well known to those skilled in the art. If the data
portion 1610 of the message in the current frame
constitutes the entire message then the information in the
location 1914 in the message block 1912 can be retrieved by
the controller 816 for presentation to a user, such as via
the display 842. However, if the information in the
location 1914 constitutes only a message packet of a
fragﬁented message, as indicated by the continue flag 1702
andlthe message packet number 1704 in the first 21 bits of
information in the location 1214, then the controller 816
will continue searching for message packets of the )
fragmented message until all the subsequent message packets
can be received and decoded and stored in subsequent
locations 1916 in the message block 1912. FIG. 19 shows
for example a message block 1912 comprising the message
information from five packets of a fragmented message.

As the first data code word 1612 of each successively
received message packet 1910 is decoded by the first word
decoder 1904, the respective continue flag 1702, the
message packet number 1704, the signature 1706, the phase
assignment 1708, and the frame assignment 1709, and other
included information as necessary, are coupled to the

_controller 816. The controller 816 then compares the

35

signature 1706 to the stored signature in the first
location 1914 of each message block 1912 in the message
memory 850. A matching signature 1706 indicates that the
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t he frame batcher 212 can then transfer, at steps 2712 and 2714,

the contents of the next frame buffer 200 to t he frame nessage buffer

216 for transmtting the next frame. 10 3the ot her hand, if the next
frame counter 2012 .does not °~ equal zero, at step 2724, then the frame
bat cher 212 currentimnessagecpacket mmdn@gmwhmfmmm
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next frame bumessage packet is out of sequence, this may indicate that a
previous message packet was lost during transmission. The
10 controller 816 can continue to store the successive message
packets in the message block 1912 until the final message
packet is decoded and stored in the message block 1912.
The final message packet is indicated by the continue flag
1702 being set ‘to zero in the first data code word 1612 of
15 the particular message packet 1610. In this way, the
communication receiver 106 can receive and decode one orxr
more fragmented messages.
Once the communication receiver 106 detects the first
message'packet of a fragmented message, as indicated by the
20 continue flag 1702 being set to 1 and the message packet
number 1704 being set to "11%, the communication receiver
. 106 will continue seaxching through the current frame and
into subsequent frames for successive message packets
corresponding to the fragmented message being received.
25 Specifically, the communication receiver 106 searches the
address field 1604 of each successive frame, or each
assigned frame, for the particular address code word 1605,
and then utilizes the vector code word 1607 corresponding
to the address code word 1605 to point via 1609 to the next
30 message packet 1610. The message packet is indicated by
the information bits in the 21 bit data field 1710 of the
first data code word 1612 of the data portion 1610 of the
message in the current frame. )
This message packet decoding protocol allows the
35 terminal 102 in the communication system to redistribute
traffic of long messages over a combination of multiple
frames, or multiple phases, or multiple communication

at



2008 to the franme nessage buffer 216 for encoding the 25 nessages and
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transmtting themto the communication receivers. | recldclient GReET
bat cher 212 determ nes, at step 2716, that there are | ang ne [

the next franme buffer 2008 which are overflow ng the capggity~ Of J-he™vy .
next frame then 30 the franme batcher 212 noves the newest SSAge-

2728, to a tenporary buffer, and, at step é7§0, det er m nes whet her the
remai ning words in the next frane buffer 3608 are within the capacity

of the next frame, at step 2730. If the capacity of the next franme is

met, at step @rRelfe TS Wikhike Raxh Uiy Jirquanast el .neRlY franme .
counter, at cre#&tiiy Jshtdllar hbddasts A0 WH mestfadge Anfothationl ant

essage frag@{]sttéi?btiil:ixllgt eesree ng\lrgxg eornef) fo:.:[ rllueo::]fer %;Fa'mes as needed, the
terminal 102 can better manage the message traffic to the
5 communication receivers 106. For example{ if an emergency
message needs to be transmitted over a communication
channel the terminal 102 can packetize a long message into
smaller message packets and fit the emergency message into
the current frame along with one or more of the smaller
.10 packets of the fragmented message. Hence, long messages
| can be reduced to a number of short message packets and
transmitted over one or more frames to distribute the
traffic over the communication channel. In this way, other
messages can also at least partially be transmitted during
15 the current frame as necessary. Additionally, by sending
shorter message packets the prbbability of fading errors
corrupting a portion of the message can be reduced.
FIG. 20 is a more detailed block diagram of the frame
batcher 212 (FIG. 2), -according to the preferred embbdiment
20 of the present invention. 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 memory which is further -
delineated by message transmission phase, and which stores
25 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, such as hard disk
drives can be utilized as well for implementing the active
30 page file 210.

Periodically, such as once each transmission frame
interval or cycle, a batching controller 2002 having
outputs 2004 sequentially accesses the messages stored in
the message storage areas representing the message
.- 35 transmission phases of the active page file 210. -The

recovered messages are coupled to inputs of a frame decoder
2006 which identifies those messages which are to be
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fragnment to the next frame buffer 2008, at step 2731, and}l REPLARMERNY

t he remai nder of the nessage, at step 2733, to t he deffay neis
2010 and resets the nessage carry- 5 on value to 31. Supdreyeht? WL
frame batcher 212 at steps 2712, and 2714, transfers {he=eenteni s G

t he next frame buffer 2008 to the fLa§§ pessage buffer 216 for
encoding and transmitting the nessages in the next frane. If after

novi ng the newest nessage tq a tenporary 10 buffer, at step 2728, the
contents of t4@nfm 'tW%ﬂ e curyent dmansmdesdons fraBe axNhgH 2

capacity of tn’ﬂﬁs ifs a&tected aotmilep ahfBf RN nldtgabeatRahsingBetionl?
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representi ng 20&2 THe reontameldege 2002 tden @rnaelyrzwgrbmt cormespagdiniext ,
the message to determine the number of code words which will be
required for message transmission. Because every frame is
of a predetermined length, sometimes not all message
10 information from the active page file 210 can be
transmitted in the next frame. For example, if one or more
messages are longer than can fit in the next frame, then
the frame batcher 212 may fragment the long messages into
one or more messagé packets for transmission over one or
15 more frames. Depending on the transmission phase assigned
to the recovered messages, the controller 2002 couples
calculated message code word counts to a group of next
frame counters 2012 which maintain a total count of the
message code word requirements for the next frame for each
20 of the four phases. The message for the next transmission
frame is also stored in a next transmission frame buffer
2008 under control 2009 of the batching controller 2002,
such as via a bus 2009, the message being stored according
to its assigned phase. When the code word count maintained
25 by the frame counter 2012 for the next frame exceeds a
predetermined transmission frame queue capacity, such as
eight-seven code words, the excess messages and message
fragments of fragmented messages can be stored in a carry-
on buffer (hereinafter called a delay message buffer) 2010.
30 The excess messages or message fragments stored in the
delay message buffer 2010 will be transmitted in one or

more subsequent transmission frames, as will be discussed
below.

To indicate the amount of delay time each message oxr
35 message fragment has experienced while being delayed in the
delay message buffer 2010, each message or message fragment
is associated with a message carry-on value stored in the
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arrives and possibly passes without transmitting at least a
fragment of the message the carry-on value is decremented
for the particular message to keep track of the delay time.
When the carry-on value reaches zero, such as may be
10 possible during a very busy time interval for a
communication system 100, the priority of the message is
elevated requiring at least a minimal message fragment to
be transmitted during the next transmission frame. This
minimal message fragment comprises an address code word, a
15 vector code word, a first data code word which includes
control information such as the continue flag 1702, the
message packet number 1704, the signature 1706, the phase
assignment 1708, and the frame assigmment 1709. This
minimal message fragment also comprises a message
20 information data code word which provides one data code
word of message information to the communication receiver
106. Hence, the minimal message fragment in th;s example
comprises four code words.
This protocol keeps the terminal 102 and the
25 communication receiver 106 synchronized while delivering
all message packets in a fragmented message to the
communication receiver 106. The communication receiver 106
after monitoring for subsequent message fragments for a
predetermined time interval'(predetermined number of
30 assigned frames) without receiviné any message fragment for
the message can determine that there was error in the
communication of the fragmented message. Therefore, the
communication protocol provides a predetermined time
_ interval for delivering another meséage fragment within the
35 varying message traffic load in the communication- channel.
After all messages for the next transmission frame
have been determined by the batching controller 2006 and



- 51 - message buffer 2010 and then decrenent the nessage-carsy-0n-
val ue accordingly at step 2742. This indicates that the; zzp(RSSAERT SHEET |}
fragnent has been del ayed one nore frane transn155|dn cycl e.
Subsequently, the frame batcher 212 5 transfers the cd q
frame buffer to the frame nessage buffer 216, at stahs=2 =S
In this way, the frame batcher 212 gpggates to transmt as many
nmessages or nessage fragnents as can fit 1n the next frane. FI G
28 illustrates a sllghﬂfarnthled oper ati_onal 10 sequ nce for the frame

bat cher 212 ixe staxatiin Fhe,next s s RERA2IFSFPE. 27.
Here, the frapEssage birdifinte b e d Lm R mwefnalmmfm 20l08c turfer ane

patterns for frﬁgqﬁnhsﬂafqifqgfs f¥2&5’£é§¥§¥2 té?%er 216.
Subsequently, the terminal can process the messages and
5 +then the paging system can transmit the messages in a
manner. as described for FIG. 2. '

FIG. 21 is a symbolic representation of messages being
processed between the next frame buffer 2008 and the delay
message buffer 2010 by the frame batcher 212, in accordance

10 with the preferred embodiment of the present invention.
Initially, the frame batcher 212 recovers from the active
page file 210 the message information that has a frame
number assignment equal to the number of the next frame
scheduled to be transmitted. This message information is

15 temporarily stored in the next frame buffer 2008 as
illustrated in step 2102. For illustration purposes, each
frame has a predetermined length equivalent to 87 codewords
‘as shown. Further, a single long message "A® 2108 is
temporarily stored in the next frame buffer 2008. Message

20 T"A" 2108 comprises one hundred codewords as shown.
Therefore, the message 2108 is longer than the 87 codeword
capacity of the next frame. In this step the delay message
buffer 2010 is shown empty. The frame batcher 212 -
determines to transmit only a portion of message "A" 2108

25 equivalent to one full frame, or 87 codewords. The
remaining message will be stored in a delay message buffer
2010. This is illustrated in the next step 2104, where the
frame batcher 212 has divided the message 2108 into two
smaller message packets, e.g., "Al* 2110 and "A2" 2112, as

30 shown.

The first message packet "Al* 2110 comprises 87
codewords to f£fill the entire next frame. This includes
three additional codewords as overhead for the address

_codeword, the vector codeword, and the first data codeword

35 which provides additional control information to the

- communication receiver 106. As discussed earlier for FIG.
17, the first data codeword of the message packet "Al" 2110
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After the frane batcher 212 fills the next frane buffernzﬁgﬁcamghTQhEET_'
nmessages and nessage fragnments, at steps 2806 and 2808 '
bat cher 212, at step 2809, noves all messages and nessag@uf?égﬁgﬁ ___________
that are not 20 assigned to the current frame for transmissionn

phase. Further, their nmessage carry- on_v hug S decrenented by one to

i ndicate their delay by one frane transm ssion cycle. In this way, the
frame batcher 212 keeps track of not just frame information but also
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subscriber database 208 and may be included with the

message in the active page file 210.

10 The second portion of the message "A2" 2112 is stored
in the delay message buffer 2010. This message packet 2112
also includes the address codeword, the vector codeword and
the first data codeword. At this point, the frame batcher
212 can take the message packet "Al" 2110 from the next

15 frame buffer 2008 and couple it to the appropriate frame
message buffer 216 to be transmitted in the next frame.
When the next frame is scheduled for transmission, the .
frame batcher 212 recovers message information having the
frame number that matches the number of the next frame for

20 transmission and stores it in the next frame buffer 2008.
This is illustrated in the next step 2106, with the new

message "B" 2112.

Additionally, the frame batcher 212 appendé the second
message packet "A2" 2112 to the next frame buffer 2008 for
25 transmission in the next frame. The frame batcher 212
organizes the first data codeword of the second message

packet "A2" 2112 to include the continue flag

1702 set to

zero, the packet number set to "00" and the signature 1706
set to the same value as was included with the first

30 message packet "Al" 2110. The frame batcher 212 then
couples the message information in the next frame buffer
2008 to the next frame message buffer 2016 for subsequent
processing and transmission. In this way, the terminal 102

_has transmitted the original long message “A"

2108 by

35 transmitting two smaller message packets 2110, 2112, to
fill each transmitted frame as much as possible with
message information, while allowing other message



step 2831, and then if subsequent nessage fragnents are t e

g————fe=Fecer ved |
in a different phase at step 2837, the frane I REpL ACEMENT SHEET

message to the del ay -nessage buffer 2010 at the specified| Date :padsé%m" -

- 52 - bat cher 212 noves, at step 2839, the renaindj{ of the

further sets the nessage carry-on value to 31. .Then, —=fane bat cher
212 can transfer the contents of 5 thegwext frane buffer 2008 to the
frame nessage buffer 216, at steps 2812 and 2814, for encodi ng and
transmtting t comuni cat |

t he franE°he ﬁnggééagﬁﬁhéggtFﬁﬁuyswngggggg P?%Sﬁ%%ﬁgq%%é#g this e
mul tipl e frateanandttett ipl dtphdesighatedeframeimimber on That is, the
longer message 2108 may be slightly delayed for a full
message transmission, while allowing the smaller ongoing
5 messages 2112 to be transmitted in their designated frames.
Notice that in this example the commﬁnicag;on receiver
106 will receive in its designated frame the first message
packet "Al" 2110 which in the first data codewoxrd
identifies itself as a first message packet to the

10 communication receiver 106. The communication receiver 106
then-sequentially searches the address field of subsequént
frames until it detects the second message packet "a2® 2112
whose first data codeword identifies to the communication
receiver 106 that this is the final message packet. . That

15 is, the message has been completely received. If there
were more message packets to be received, then the continue
flag 1702 would remain set to one which would indicate to
the communication receiver 106 to continue searching
subsequent frames for the successive message packets}

20 FIG. 22 is a second example illustrating symbolic
representation of messages being processed by the frame
batcher 212, in accordance with the preferred émbodiﬁént of
the present invention. Initially, the frame batcher 212
recovers the message information having the frame number

25 assignﬁent for the frame number of the next frame to be
transmitted. The frame batcher 212 then couples the
message information to the next frame buffer 2008 as shown
in the first step 2202. _

Here, there are four messages stored in the next frame

30 buffer 2008. The first message "A"® 2208 is 24 codewords

long. The second message "B" 2210 is an additional 16

codewords long bringing the total so far to 40 codewords in

the next frame buffer 2008. The third codeword "C" 2212 is

50 codewords -long and the fourth message "D" 2214 is an

35 additional 60 codewords long. This brings the total
message information requesting to be transmitted in the
next frame to 150 codewords lbng. However, the next frame
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delivering messages and message fragnents to the co 'rIRIEBIIAGHMENTSHEET '
recei vers. FIG 29 is a flow chart illustrating nop

sequence for the comrunication receiver 106 (FIG 8), in 5Daie Sggai%th
the preferred enbodi nent of the present I nvention. Af teFFHe

comuni cation receiver 106 has conser ygd- power during a power
conservation interval 2902, 2904 t he conmuni cation receiver 106

synchroni zes to t rr d_ad fi n frame
2906, and 20 °a§‘eéﬂ”§1¥e§‘al’%u§? g&&?sé‘sf |%e cor?gga%é?%géég%geeach
address in tfﬁi‘ﬂdﬂmmrelﬂamm e derteypyiae) whakt @Fﬁ?ﬂgﬁs wildgBeesses
in the comu é?#erde&%ﬁbersanef fnek R RSkets. successfully

correlates 2 one of the one or nore pr edet er d .addre es in
t he cormunl cat i on Atechigepaigst Athe mqm@mu%ﬂean% o ike £TP
decodes t gz'd: ﬁﬁﬁﬂﬁzﬁﬁ&%ﬁéﬁﬁﬂ@'ﬂ&ﬂ Erahe buffessmbby
correl ate address codewor Then t he conmuni catlon re e|

perfornms errdiox diheediangesty messadsch e dippasst §e %ourth
codewor ds i n giasdms sqpe. 2434 ) GRpldly id 60 BdAeaonds aamgon I'I'heerframe106 can

gglngglr géetg gphaei%(lfeurm 2219 4then mé)vvcgar ét;]ies rn‘;.iensqseagroe]c t%e%%e%eq.%&am(éggg)é@r ds and
buffer 2010. However, the total number of remaining
10 codewords in the next frame buffer 2008 is 90, which is
gfeater than the 87 codewords that can fit in the next |
frame. Thérefore, the frame batchér 212 again searches
through the remaining messages in the next frame buffer
2008 for the longest message. That message is the third
15 message "C" 2212, which is fifty codewords long. The frame -
batcher 212 then moves this message 2212 to the delay
message buffer 2010.
At this point, the total number of codewords remaining
in the next frame buffer 2008 is forty which is less than-
20 the maximum 87 that can be transmitted in the frame. The
frame batcher 212 determines that a portion of each of the
two messages being delayed 2212, 2214, can be transmitted
in the next frame. The frame batcher 212 creates a' first
message packet for message "D" 2214 in the next frame
25 Dbuffer 2008 by combining fhe address codeword, the vector
codeword, the first data codeword and one message data
codeword for the particular message 2214. This first
message packet "D1" 2216 is four codewords long and is
~insexrted into the next fraﬁe buffer 2008 right aftef the
30 second message "B 2210. A second message packet "D2" 2220
for the particular message 2214 remains stored in the delay
message buffer 2010. This second message packet 2220 also
includes an address codeword, a vector codeword, and a
first data codeword. At this point, the next frame buffer -
35 2008 contains forty-four codewords and message "C" 2212 can
be'divided up into two message packets to fill the
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The corresponding first message packet "Cl” 2218
includes forty-three codewords, and the second
corresponding message packet "C2" 2222 includes ten
codewords which remain in the delay message buffer 2010.
This message packet 2222 also includes an address codeword,
a vector codeword, and a first data codeword. Here, the
frame batcher 212 has organized a full frame of message
information in the next frame buffer 2008 which is then
coupled to the next frame message buffer 216 for subsequent
processing and transmission.

.In processing the following frame, the frame batcher
212 recovers a new message "E" 2224 from the active page
file 210 and stores it in the next frame buffer 2008 as _
shown in the third step.2206. This message 2224 includes
twenty-two codewords which in combination with the fifty-
nine codewords from the second message packet "D2" 2220 of

the fourth message "D" 2214, and the second message packet

"C2" 2222 with ten remaining code words of the third
message "C" 2212 would exceed the eighty-seven maximum
codewords per frame. Therefore, the frame batcher 212
searches the next frame buffer 2008 for the 1ar§est’message

stored there, and removes it from the next frame buffer
2008.

This leaves the new message 2224 and the second packet.

2222 of the third message 2212, which totals thirty-two
codewords. Because the frame can accept up to eighty-seven
codewords, the frame batcher 212 then fragments the second
message packet "D2* 2220 into a third and a fourth message
packet as shown in the third step 2206. The third message
packet "D3" 2226 of the fourth message "D" 2214 is
sufficient to fill the eighty-seven codewords of the next

_frame. The remaining message information is organized as a
fourth message packet "D4" 2228 for the fourth message 2214

in the delay message buffer 2010. This fourth message
packet 2228 also includes an address codeword, a vector

=fhe
cannunication receiver 106 can then flag errors I n
t hen be processed accordingly in 35 presentation to a
comuni cati on receiver. For exanple, errors in ne sgg@s é;a §gP EBG
repl aced by a specific _ l___———~—
I = 23 = - character which woul d-be
di spl ayed to the user to indicate an error during receptlon
.The comuni cation receiver 106 checks the continue fla a received
nmessage packzemzinger @f thenewhphrane Bs tﬁ?@‘ﬁhc’l&ttt}ﬁlrﬁfé‘%ncdo tr?é’ val ue



this is a start of a new fragnented nmessage. If it is a ———hewstart—ag—
new tiner is created 2922 which keeps track of t he nﬁpnAaEMENE$Hﬁﬁha\
bet ween recei vi ng nessage packets of a fragmented nessage. Z“ﬁSE.”EBB'S'
then set to 60 10 seconds 2924, for exanple, to prevent newgonnunlcataen i
recei ver 106 fromremaining turned on for greater than 60= :
waiting for a subsequent nmessage packet _of,a_ fragnent ed nessage.

The conmuni cati on receiver 106 saves the S|gnature and 15 the packet

nunber as para ters_for SS9 |n nme 926 and then transfers.
2698t he dat oBRPTORH ARL IR SRR sl
Optional ly, iﬂfmrmathmnthet¢ﬁn 816 ut|||zes t he signature and t he packet

il o natc £ tts BELAET EPXS{Q are S@g&?%%\n%% Tarttfer the

previ ously recelve nmessa packe nessage
menory. Thesenecfxames pmkbhsoﬁrme&ag@oﬁ.nfpxm.’wn fineas ddee menxdr fxX@F@ f or

have beensy cclyEar 20080 She ned EAMEe HElkdie AU AW T Thee 2002
25 sear chi ngfhother procesging tandl transmission { hdthee fiourth pesgagence of
?ReﬁstSIhlggecj fh28Ref 99428 (composed !df [Lv&PNEddRIGIRY) ioF M¥e Furtdld.

message 2214 remains in the delay message buffer 2010 and

may be processed by the frame batcher 212 into the

10 following frame. In this slightly more complicated
example, the general operation of the frame batcher 212 may
be better appreciated.

In a separate aspect of the present invention, each
fragmented message that is stored in the delay message
15 buffer 2010 may be assigned a predetérmined frame selection
pattern. This may be predetermined in the subscriber
database 208 for each of the communication receivers 106.
The predetermined frame selection pattern is a mechanism
that c¢an extend the battery life of the particular
20 communication receiver 106 and can redistribute message
' traffic over underutilized frames in the communication
protocol. _
SPecifically, the communication receiver 106 can be
coordinated with the terminal 102 to receive message
25 packets from a fraémented message by searching in every one
- of N frames after the start of the fragmented transmission.
For example, the communication receiver can expect after
receiving the first message packet of a fragmented message
to only'look at every third frame for subsequent message
30 packets of the fragmented message. In this way, the
commuriication receiver need only turn on its receiver
portion during every third frame while'looking for
successive message packets of the fragmented message. This
_affords the communication receiver 106 the capability to
35 conserve power during the other two frames of that cycle by
not turning on the receiver pertion of the communication
receiver 106 when not necegsary.



indicates either that this is the very last packet in ::::::#F&%ﬁﬁﬁF@ﬁiL
nmessage 2932, 2934, 2936, 2938, or that it is 30 only aREEtBE?% Na ET,f
a short nessage 2932; 2942. 1In either of these cases th EP 1
comuni cation receiver 106 acknow edges recei pt of|l dabowpl-et-e--messa
by generating an alert signal and providing an al eF=2940 to the user
to indi cate that a nmessage has been coggl etely received. 35 Again, the
comuni cation receiver 106 can continue 2902 per form ng ot her

functions or searching_for other ransm t
occurrence of an a'g]gggﬁ%%me batcher 212 can geé etg.ihge ggeal etsex%irggf f}.:ea

selection pattern with the message information recovered
from the active page file 210. This predetermined frame
selection pattern can be stored in the subscriber datapase

5 208 along with the other information for the particular
communication receiver 106. Once the fraﬁe b§§chér 212
determines that a message is to be fragmented into smaller
message packets, the message packets stored in the delay
message buffer 2010 are assigned its respective

10 predetermihed frame selection pattern which also
corresponds to a parameter configured in the code memory
822 in the communication receiver 106. Therefore, the
paging terminal 102 and the communication receiver 106 are

coordinated to only transmit respective message packets and

A -

15 only receive the respective message packets in every one of
N frames, as indicated by the predétermined frame selection
pattern. For example, the predetermined frame selection
pattern may indicate that only every third frame can be
considered for the particular communication receiver for

20 transmitting message packets of a frégmented nessage.
Hence, the terminal will keep track of the message packets
residing in the delay message buffer 2010 for each
successive frame. '

For each of the message packet in the delayed message

25 buffer 215 the frame batcher 212 may count down the
corresponding predetermined frame selection pattern until
it reaches zero, for example. When the counter reaches
zero for the particular message packet in the delay message
buffer 2010, the frame batcher 212 then attempts to include

30 a-particular message packet in the next frame. If it can

fit the message packet or a portion thereof in the next '

frame then the frame batcher 212 will do so. However, if
traffic is so heavy that not even a portion of the message
packet in the delay message buffer 2010 can be included in

35 . the next frame then the frame batcher 212 will not include
the message packet in the next frame, and in either case on
the count down to zero will reset the counter to the
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1%%8§W9§R°EoglFigEFg HBZ firsgﬁaatg codewan the ., a frame
assignment field 1709, can indicate to the communication

receiver 106 what the current frame selection pattern it is
to follow. The terminal 102, in this variation, can adjust
the frame selection pattern of transmissions and of the
communication receivers 106 to accommodate changes in
communication traffic. So in very heavy traffic
conditions, the frame batcher 212 may instruct the
communication receiver 106 to a long frame selection
pattern. While in a lightly loaded traffic condition, the

- frame batcher 212 may instruct the communication receiver

20

25

30

106 to a short frame selection.pattern. This technique may
allow the terminal 102 to better manage the traffic loads
from frame to frame during varying traffic conditions.
Additionally, it can extend the battery life in the
communication receiver 106 because the communication
receiver 106 does not have to remain on for all subsequent
frames, but only one'in every N frames.

An example is shown in FIG. 23, where a communication
protocol for the communication system 100 may include four
phases 2301 bhaving a frame transmission cycle of three
frames 2303. That is, for each of four phases, three
frames, e.g., numbered 1 to 3, cycle repeatedly in the
communication protocol. A communication receiver 106, in

-this example, is assigned to phase one and to frame one

2302, 2304, 2306, 2308, 2310, 2312, for receiving messages

_from the terminal 102. After receiving a first message

35

packet in frame one 2304, the communication receiver 106
can be assigned to receive subsequent message packets for
the message ;n an alternative frame such as frame two 2314,



the | onger messages may be slightly penalized in tine delay for
receiving the entire fragnented nessage, while allow ng

I EMENT SHEET ||
comuni cation traffic to efficiently flowin the c ot L6§F on c annew
and nore fairly share the avail able channel capaC|ty »
resour ces. Thus, the communication protocol fprodthe di sty buied
comuni cation system di scussed above alloys fragnented 30 nessage
transm ssion. By reducing the | onger nessages into .a sequence of
successi ve smaller _nessa packets th di stributed connunlcailon
system can bettér ﬁéﬁ&vegﬁﬁ ' F&PP#E&e@VaFFFeiVBBSstﬂﬁlFEaBFW RS the

| onger nessagessage. As didbiisded eaxilies,i the terminal 102 can
dynamically assign the frame selection pattérn for the
communication receiver 106, or it can be a predetermined

5 parameter. In this way, frame one is not over crowded with
long messages which are diverted to frame fwoh_gnd the
communication receiver 106 can conserve battery power
during those frames which it is not assigned to receive
messages. ' -

10 FIGs. 24 and 25 illustrate a different aspect of the
present invention, where the message fragments can be
transmitted from the terminal 102 to the communication
receiver 106 over alternative phases in a multiphase
communication protocol. For example, as shown in FIG. 24,

15 the communication receiver 106 can be assigned to receive
messages in frame one of phase one 2402, 2408, 2414. Long
messages can be transmitted in fragments in the frames
located, for example, in phase three. Hence, the .
communication receiver 106 would search for messages ih its

20 assigned frame one 2402 in phase one and when a long
fragmented message would be detected by the first message
fragment being received in frame one 2402 of phase one,
then the communication receiver 106 would shift to phase
three for monitoring to receive subseguent message

25 fragments of the long message in the other frames 2404,
2406, 2410, 2412. The communication receiver 106 would
return to its assigned frame one 2408, 2414, in phase one
during every transmission cycle for receiving other
messages while completing to receive the long fragmented

30 message from phase three. In this way, the communication

system 100 can dedicate a phase, e.g., phase three, for

delivering long messages to the communication receivers.

This.will.free up the other phases, e.g., phase one, for

communicating other normal “personal" messages.

35 In this eXample, the communication receiver 106 can be
assigned to search all frames in phase three other than
frame one.wh;ch it normally searches in phase one. Hence,
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fragnented nmessage 5 conprising one or nore nessage packets, each of the

one or nore nessage packets conprising an address and |["RsSAdE QEP- s
t he nessage data conprising an indication of whether :

packets are to be received for the fragnegged nmessage, the nethod
conprising the steps of: 10 (a) receiving an address of each

ket of e nackets, of-a,f nt nessage;
(b et i ione Treduetted Rerare mn BS Eiitardh dATF L o8’
(c) decodi ng ¢dwseestige ficamesf246Lh 2EGEAMBIIECKBLLAS im phaseotheree0 a
successful cory atlf?ﬂgiﬁéh address Jin
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stccessi vel y EE1E 1 b detion H5dedvis ¥ ro swtap. kol of
t he one or nobacketsaits paskibgned of rame rawes i rpltdsé hend rémmyeced viimgsage,
the fragmgnt ed JBRSA0Scages. |

Alternatively, as shown in FIG. 25, the communication
receiver 106 can be assigned to monitor frames in phase
three in a frame selection pattern 2504, 2508, 2512, 2516.
The terminal 102 can dynamically instruct the communication

10 1receiver 106 to follow a frame selection pattern through
the frame assignment field 1709 in an alternative phase,
e.g., phase three, as indicated in the phase assignment
field 1708. 1In this way, the communication receiver 106
monitors frame one 2502, 2506, 2510, 2514, 2518, in phase

15 one as its default assignment for redeiving normal _
*personal” messages, and then switches to a frame selection
pattern 2504, 2508, 2512, 2516, in phase three for
receiving message fragments of a long transmitted message.
This adds the advantage that the communidation receiver 106

20 can conserve power to extend battery life while receiving
nessages.

FIG. 26 is a flowchart showing an operational sequence
for the terminal 102 in accordance with the preferred
embodiment of the present invention. The terminal 102

25 services 2602 an incoming call, at step 2604, by answering
the telephone and receiving a page request from .a caller or
calling device. Then, at step 2606, the terminal 102
identifies a pager address for a communication receiver as
destination for a message indicated by the page request.

30 In the subscriber database 208, the terminal 102 can access
all the pager parameters associated with the identified
pager address, at step 2608. The controller 204, at step
2610, can determine if the requested page is for a valid

__subscriber.. If not, the terminal 102 can terminate the

35 call, at step 2612, such as by providing a termination
message to the caller and then disconnecting the telephone
line. If the pager request is to ‘a valid subscriber, at




20 being conpletely reconstructed after detection in the EpﬂkEEMEM*SHEET 1
message data of one of the one or nore nessage packe S0 |r@w:ggpom
that no nore nessage packets are to be received for hg‘gragngmpgdi ________
message. 25 2. The nethod of claim 1, wherein the Age da = :
each of the one or nore nessage packets conprises a . signature

I dentifying each of the one or nore nessagg - packets as bei ng associ at ed
with the fragnented nessage, the nethod further conprising the steps

of cach of ¢ ESEN0ID: mEbERnEbeL tErABRd: 108 cpcprORBE  EofTE idErage, 017
idgntifying hhefae@?gfguboandfthemgstoreothahmesasgev abreteps26y6. packet s;
o more message pAHtoehindd S L HREHAI2CIR, R 28p2770026] YRBiTeRIE
t he fragnment ethempeodgeoilddori deddvieringe the megsgagt ipetheir
5 communication receiver. For example, if a POCSAG (Post
Office Code Standardization Advisory Group} protocol is
selected by the page request then the controller 204, at
step 2620, stores the message and the associated parameters
in the POCSAG active page file. If the selected protocol
10 is GSC (Golay Sequential Coding) then the controllgr 204,
at step 2624, stores the message and the associated pager
parameters in the GSC active page file. Alternatively, at
step 2626, if the selected protocol is a time slot protocol
(TSP) then the controller 204, at step 2630, identifies the
15 assigned frame, the assigned phase, and other transmission
- parameters for the requested page and, at step 2632, stores
the message with the associated parameters for the
requested page in the TSP active page file by assigned
phase.' That is, in this protocol, messages are stored in
20 the active page file 210 organized by their assigned phase.
As shown in FIG. 27, the paging terminal 102 can
follow an operational sequence for transmitting the message
to the communication receiver according to the éreferred
embodiment of the present invention. Specifically, the
25 frame batcher 212 follows the routine, at step 2701, for
transferring messages from the active page file 210 to the
frame message buffer 216 for transmitting messages in the
next frame. .
At every frame transmission cycle, at step 2702, the
30 frame batcher 212 begins to sort messages to build the next
frame buffer 2008 with the messages for transmitting into
the next frame. The frame batcher 212, at step 2706, gets
all the messages in the active page file 210 that are
assigned to the next frame, and transfers them to the next
35 frame buffer 2008, ‘as discussed earlier. Further, at step
2708, the frame batcher 212 gets all the messages in the
delay message buffer 2010 and transfers them to the next




- 56 - 3. The nethod of claim1, further conprising-the step of. .
(g) monitoring frames in a tine slot comunication pr mggqhutmgNmmmeﬁai

predeterm ned frame sel ection pattern for receiving the one ggpm
nmessage packets of the 5 fragmented nessage during at | e g ofTT.h

nmoni t or ed franmes. 4. The met hod of claim 3, ft

the step of: (h) nmonitoring frangg in a tine slot comunication 10
protocol follow ng a predeternined frane sel ection pattern in an

assi gned phasgJpl by f/'z%af ¢ ML JPBIIPERINR a11 RRCKEESsRGeLN®
fragnent ed nessage durin eas

for ransmis51on in the next frame are located in the next

frame buffer 2008. The frame batcher 212 can then decide

~which messages or portion of messages will be transmitted
5 in the next frame, as discussed below.

Next, the frame batcher 2012, at step 27;ghsets_the
next frame counter initially to zero, also as discussed
earlier. If all the code words for transmission fit in the
next frame, at step 2712, the frame batcher 212 then

10 transfers, at step 2714, the messages in the next frame
buffer 2008 to the frame message buffer 216 for encoding
the messages and then transmitting them to the
communication receivers. If, on the other hand, all the
messages for_tranSmission in the next frame exceed the

15 * capacity of the next frame, at step 2712, then the frame
batcher 212 determines what messages, or portions of
messages, will be transmitted in the next frame.

The frame batcher 212 determines, at step 2716,
whether there are any long messages or long message

20 fragments in the next frame buffer 2008 for transmission in
the next frame. In this example, messages or message
fragments that are greater than 10 codewords are considered
to be long and are candidates for message fragméntation.

_ This criteria defines shoft messages to include all numeric

25 and alpha messages with less than 21 characters in the’
messages.

If there are no long messages then the frame batcher
212 sets, at step 2718, the next frame ¢arry on value to 3.
The frame batcher 212 then selects the longest message in

30 the next frame buffer having a message carry-on value not
equal to zero and then transfers the message to the delay
message buffer 2010 and sets the message carry-on value to
2, at step 2720. Next, the frame batcher 212 verifies, at

_step 2722, whether the capacity of the next frame is still

35 exceeded by the number of codewords in the next frame
buffer 2008. As long as it is exceeded, the frame batcher
212 continues to move the longest message from the next




the nonitored franes in the assigned phase. 15 5. The nmethod of claim

1, wherein the nessage data of each of the one or noife n : ts-
conprises an i ndi cati on of nmessage packet sequence i RER hEHBET
nmessage, the nethod further conprising the step of: - (i)2 dgEqu&Dg _

a start of a new fragnmented message by 20 detecting in {H#®¥ecoded nessay
data of a nessage packet of the one_ojqNDre nessage packets of —the

f ragnent ed nmessage an indication of a ?irst nmessage packet in the
nmessage packet sequence of the fragnented nmessage. The net hod of
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message fragments in the next frame buffer 2008 and the
frame batcher 212 can then transfer, at steps 2712 and
2714, the contents of the next frame buffer 2008 to the
frame message buffer 216 for transmitting the next frame.
10 On the other hand, if the next frame counter 2012 does not
| equal zero, at step 2724, then the frame batcher 212
retrieves the last message fragment, at step 2726.
Subseguently, the frame.batcher 212 constructs a last
message fragment to f£fill the. remainder of the frame, at
15 step 2727, which is equivaient to the maximum capacity of
the frame, e.g., 87 words, less the number of words already
stored in the next frame buffer 2008. Finally, the frame
batcher 212 adds the message fragment, at step 2731, to the
next frame buffer 2008, and then moves the remainder of the
20 message, at step 2733, to the delay message buffer 2010 and
resets the message carry-on value to a maximum delay, e.g.,
31. Subsequent;y, the frame batcher 212, at steps 2712 and
2714, transfers the messages from the next frame buffer
2008 to the frame message buffer 216 for encoding the
25 messages and transmitting them to the communication
receivers. o

If the frame batcher 212 determines, at step 2716,
that there are long messages in the next frame buffer 2008
which are overflowing the capacity of the next frame then
30 the frame batcher 212 moves the newest message, at step
2728, to a temporary buffer, and, at step 2730, determines
whether the remaining words in the next frame buffer 2008
are within the capacity of the next frame, at step 2730.
_If the capacity of the next frame is met, at step 2730, the
35 frame batcher 212 increments the next frame counter, at
step 2732, and then constructs, at step 2727, a last
message fragyent to fill the remainder of the frame.
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fragment to the next frame buffer 2008, at step 2731, and

then moves the remainder of the message, at'step 2733, to

the delay message buffer 2010 and resets the message carry-

5 on value to 31. Subsequently, the frame batcher 212 at

steps 2712, and 2714, transfers the contents of the next

frame buffer 2008 to the frame message buffer 2i6 for

encoding and transmitting the messages in the next frame.

If after moving the newest message to a temporary

10 Dbuffer, at step 2728, the contents of the next frame buffer
2008 still exceeds the maximum capacity of the next frame,
at step 2730, then the frame batcher 212 verifies, at step
2734, 1f the newest message is a contlnued nessage
fragment. If it is not a continued message fragment, then

15 this will be the first message fragment of a fragmented
message and the frame batcher 212, at step 2736, increments.
the next frame counter, and then constructs, at step 2738,
a minimum four word message fragment for representing the
first message fragment of a fragmented message. Next, the

20 frame batcher 212 adds the message ffagment to the next
frame buffer 2008, at step 2731, and then moves the
remainder of the message, at step 2733, to the delay
message buffer 2010 and resets the_mpssage-carrj-on-value
to 31. ) . i

25 " The frame batcher 212, at step 2734, determines that
the message is a continued message fragment then it checks
the message carry-on value, at ste§ 2740, to determine if
it has reached zero. A message carry-on value of zero
indicates that the message fragment has been delayed a

30 maximum amount of time and deserves a high priority for

transmission to the communication receiver. Hence, if the

message fragments carry-on value is edual to zero, at step

2740, then a message fragment will be transmitted to the

communication receiver, at steps 2736, 2738, 2731, 2733,

35 2712, and 2714. If the message fragment has a message
carry-on value that is greater than zero, at step 2740, the .
frame batcheg 212 can move the fragment to the delay
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frame message buffer 216, at steps 2712 and 2714. 1In this

way, the frame batcher 212 operates to transmit as many

messages or message fragments as can fit in the next frame.
FIG. 28 illustrates a slightly modified operational

10 sequence for the frame batcher 212 with respect to the
operational sequence shown in FIG. 27. Here, the frame
batcher can aséign alternative phases and select frame
patterns for fragmehted messages being transmitted to
communication receivers. The main differences are

15 discussed below.

' After the frame batcher 212 fills the next frame
buffer 2008 with the messages and message fragments, at
steps 2806 and 2808, the frame batcher 212, at step 2809,
moves all messages and message fragments fhat are not

20 assigned to the current frame for transmission in this
phase. Further, their message carry-on value is
decremented by one to indicate their-delay by one frame

transmission cycle. In this way, the frame batcher 212
keeps track of not just. frame information but also phase

25_ information for determining which messages or message
fragments can be transmitted in the current frame. Another
difference occurs when transmitting the very first message
fragment, at step 2829, where the frame batcher 212 must
determine, at step 2835, the frame pattern and the phase

30 for delivering subsequent message fragments to the
communication receiver.

Once the frame batcher 212 assigns the frame pattern
and the phase to the fragmented message in its first
_fragment, at step 2835, the frame batcher 212 can add the
35. first message fragment to the next frame buffer 2008, at
step 2831, and then if subsequent message fragments are to
be received ;n'a different phase at step 2837, the frame



frames nonitored following the frame selection pattern in

phase. ;0. A connunicatipn systenlfor.transnitting rﬁgﬁ@mgmmENTSHEET
nmessages to distributed selective call receivers, each il frag t§EP
nmessage conprising one or nore nessage packets, 35 each gfggbeﬁgg_"[;ﬁﬁﬁg
nmessage packets conprising an -address and nessage datay=t

data conprising an I ndi cation of whet hgf J1ore nessage packets are to be
received for the fragnmented nessage,

- 58 - batcher 212 moves, at step 2839, the remainder of the
ﬁessage to the delay messagé buffer 2010 at the specified
phase and further sets the message-carry-on value to 31.
Then, the frame batcher 212 can transfer the contents of

5 the next frame buffer 2008 to the frame message buffer 216,
at steps 2812 and 2814, for encoding and éranggitting the
messages to the communication receivers. 1In this way, the
frame batcher 212 can distribute message fragments over
multiple frames and multiple phases in the communication

10 protocol to efficiently utilize the available channel in
the delivering messages and méssage fragments to the
communication receivers. _
FIG. 29 is a flow chart illustrating an operational
sequence for the communication receiver 106 (FIG. 8), in
15 accordancé with the preferred embodiment of the present
jnvention. After the communication receiver 106 has
consexrved power duting a power conservation interval 2902,
2904, the communication receiver 106 synchronizes to the
current frame and address field within the frame 2906, and
20 searches through the address field correlating 2908 each
address in the address field with one or more predetermined
addresses in the communication receiver 106. If an address
successfully correlates 2908 with one of the oné oxr more
predetermined addressés in the communication receiver 106
25 then the communication receiver 106 decodes the vector
codeword 2910 corresponding to the successfully correlated
address codeword. Then the communication receiver 106
performs error correction 2912 on each of the one or more
data codewords in the message. Optionally, the
30 communication receiver 106 can calculate a checksum 2914
over the range of decodes data codewords and compared to a
transmitted checksum value 2916 to determine a transmission
error. The communication receiver 106 can then flag errors
_in messages which can then be processed accordingly in
35 presentation to a user of the communication receiver. For
example, errors in messages can be replaced by a specific
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this is a start of a new fragmented message. -If it is a
new start, a new timer is created 2922 which keeps track of
the maximum allowed time between receiving message packets
of a fragmented message. The timer is then set to 60
10 seconds 2924, for example, to prevent the communication
" receiver 106 from remaining turned on for greater than 60
seconds while waiting for a subsequent message packet of a
fragmented nessage.
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The communication receiver 106 saves the signature and

15 +the packet number as parameters for the message in- memory

| 2926 and then transfers 2928 the data portion of the
message to message memory 850. Optionally, The
controller 816 utilizes the signature and the packet number
to match 2930 the received message packet with any

20 previously received message packets that are stored in the
message memory. These message packets_ are stored in the
message memory 850 for reconstructing the fragmented
message when all the message fragments have beeﬁ received.
The communication receiver 106 then continues 2902-'

25 searching for other transmitted messages at the next
occurrence of an assigned frame 2904.

If the continue flag is not set 2918, then this
indicates either that this is the very last packet in a
fragmented message 2932, 2934, 2936, 2938, or that it is

30 only a message packet of a short message 2932, 2942. 1In
either of these cases the communication receiver 106
acknowledges receipt of a complete message by generating an
alert signal and providing an alert 2940 to the user to

_indicate that a message has been completely received.

35 Again, the communication receiver 106 can continuée 2902
performing other functions or searching for other
transmitted messages at the next occurrence of an assigned
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Optionally, the communication receiver 106 may, after
detecting reception of a first message packet, at step
2920, switch to monitoring a predetermined pattern of
subsequent frames, or an alternative assigned phase, or
both, at step 2904, for receiving subsequent message
packets transmitted over the communication channel for the
fragmented message having its first message packet detected
at step 2920. This aspect of the communication protocol
and the operation of the communication receiver 106 has
been discdgsed above. The advantages of this alternative
operation of the communication system, such as conserving
power and extending battery life at the communication
receiver 106, have also been discussed above.

The longer messages can be transmitted in smaller
message packets thereby allowing more even distribution of
communication traffic, and preventing very long messages
from frustrating the required traffic flow of other
potentially more important messages, such as emergency
messages. Hence, the communication receiver 106 receiving
the longer messages may be slightly penalized iﬁ time delay
for receiving the entire fragmented message, while allowing
the other communication traffic to efficiently flow in the
communication channel and more fairly share the available
channel capacity and available resources.

Thus, the communication protocol for the distributed’
communication system discussed above allows fragmented
message transmission. By reducing the longer messages into
a sequence of successive smaller message packets the
distributed communication system can better handle the
varying traffic loads while allowing the longer messages.

What is claimed is:
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sel ective recei ver includes ed franme assignnent and a
predet ernmined frame selection pattern, and the at |east one sel ective
call receiver further conprising: - dfame sel ection means responsive
to the predeterm ned 10 frame assignnent .-for selecting an assigned frame in
t he time slot conmmunication protocolsﬁggnﬁgnitoring t he assi gned
frame for receiving the transmtted nessages I ncl udi ng the one or nore
nessage packets of the fragnmented essage, and 15 the frane
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5 comprising one .or more message packets, each of the one or
more message packets comprising an address and message
data, the message data comprising an indication of whether
more message packets are to be received for the fragmented
message, the method comprising the steps of:

10 (a) receiving an address of each message packet of
one or more message packets of a fragmented message;
(B) correlatiﬁg the address to one or more
‘predetermined addresses;
(c) decoding the message data of each message packet
15 1in response to a successful correlation of the address in
step (b); and
(d) successively storing the decoded message data of
. each message packet of the one or more message packets to
reconstruct the fragmented méssage, the fragmented message
20 Dbeing completely reconstructed after detection in the
decoded message data of one of the one or more message
packets an indication that no more messége packets are to
be received for the fiagmented message.

25 2. The method of claim'l, wherein the message data of
each of the one or more message packets comprises a
signature identifying each of the one or more message
packets as'being associated with the fragmented message,
the method further comprising the steps of:

30 (e) detecting the signature in the decoded message
data of each of the one or more message packets of the
fragmented message to identifying the association of each
of the one or more message packets; and

(f) storing the decoded message data of each of the

35 -one or more message packets associated by the signature for
reconstructing the fragmented message identified by the
signature.
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for receiving the one or more message packets of the

5 fragmented message during at least one of the monitored
frames.

4. The method of claim 3, further comprising the step of:
{h) monitoring frames in a time slot communication
10 protocol following a predetermined frame selection pattern
in an assigned phase for receiving the one’or more message
packets of the fragmented message during at least one of
the monitored frames in the assigned phase.

15 -5. The method of claim 1, wherein the message data of -
each of the one or more message packets comprises an
indication of messagé packet sequence in the fragmented
message, the method further comprising the step of:

(i) detecting a start of a new fragmented message by

20 detecting in the decoded message data of a message packet
of the one or more méssage packets of the fragmented
mess&ée an indication of a first message packet in the
message packet sequence of the fragmented message.

25 6. The method of claim 5, wherein the fragmented message
comprises a plurality of message packets capable of being
transmitted over a communication channel in a plurality of
frames in a communication protocol, the method after step
(i) further comprising the steps of:

30 (j) detecting in the message data of the first
message packet a frame selection pattern for selecting
frames in the communication protocol following the frame
selection pattern; and

_ (k) monitoring at least one subsequent frame

35 following the frame selection pattern for receiving one or
more subsequent message packets of the plurality of message
packets compoging the fragmented message.
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8. The method of claim 5, wherein éhe fragmented message
comprises a plurality of message packets capabhle of being
transmitted over a communication channel in a plurality of
frames in a plurality of phases in a communication
10 protocol, the method after step (i) further comprising the
. steps of: '

(m) detecting in the meséage'data of the first
message packet a frame selection pattern for selecting
frames in the communication protocol following the frame

15 selection pattern; '

- (n) detecting in the messagg-data of the first
message packet a phﬁse assignment for selecting the frames
following the frame selection pattern in an assigned phase;
and | _

20 (o) monitoring at least one subsequent framé _
' following the frame selection pattern in the assigned phase
for receiving the one or more subsequent message packets of

the plurality of message packets composing the fragmented

message.
25

9. The method of claim 8, further comprising the step of:
(p) receiving the one or more subsequent message
packets transmitted in at least one of the subsequent

frames monitored following the frame selection pattern in
30 the assigned phase.

10. A communication system for transmitting fragmented
messages to distributed selective call receivers, each
fragmented message comprising one or more message packets,
35 each of the one or more message pacﬁets comprising an
-address and message data, the message data comprising an
indication of whether more message packets are to be
received for fhe fragmented message, '
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for receiving the one or more message packets of the
fragmented message, the at least one selective call
10 receiver comprising: ' _
_ a code plug memory for storing one or more
predeteimined addresses;

a message memory for storing the message

data of one or more message packets of a fragmented
15 message; | '

a receiver for receiving transmitted
messages including the one or more message packets of the
fragmented message;

an address correlator coupled to the

20 receiver and the code plug memory for correlating the
-address of each of the one or more message packets to the
one or more predetermined addresses, and for providing an
indication of a successful correlation of the address to
one of the one or more predetermined addresses; and

25 a data decoder coupled to the receiver and
the address correlator for decoding the message data of
each of the one or more message packets in response to the
indication of a successful correlation of the address
thereof, and for coupling the message data to the message

30 memory, the message data of each of the one or more message
packets being successively stored in the message memory for
reconstructing the fragmented message, the fragmented
message being completely received after detection in the

_message data of one of the one or more message packets an

35 indication that no more message packets are to be received

for the fragmented message.
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receiver to message packets of a fragmented message can be transmitted
over a communication channel in a plurality of frames in a
time slot communication protocol, and wherein the code plug
5 memory of the at least one selective call selective
receiver includes a predetermined frame assignment and a
predetermined frame selection pattern, and the at least one
selective call receiver further comprising:

frame selection means responsive to the predetermined

10 frame assignment for selecting an assigned frame in the
time slot communication protocol for monitoring the
assigned frame for receiving the transmitted messages
including the one or more message packets of the fragmented
message, and

15 the frame selection means being'alternatively
responsive to the predetermined frame seléction pattern
after receiving a first message packet of a plurality of
message packets of a fragmented message for selecting
frames in the time slot communication protocol foilowing

20 the predetermined frame selection pattern for monitoring
the selected frames for receiving at least one message
packet of the plurality of message packets transmitted in
at least one of the selected frames. )

25 12. The communication system of claim 11, wherein the
frame selection means follows the predetermined frame
selection pattern after receiving the first message packet
of a plurality of message packets of the fragmented message
for selecting all subsequent frames in the time slot .

30 communication protocol for monitoring all subsequent frames
for receiving at least one message packet of the plurality
of message packets transmitted in at least one of the
subsequent frames.
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subsequent frames in the time slot communication protocol
for a predetermined time interval for receiving at least
one message packet of the plurality of message packets

10 transmitted in at least one of the subsequent frames within
the predetermined time interval.

14. The communication system of claim 10, wherein the
message packets of a fragmented message can be transmitted

15 over a communication channel in a plurality of frames in a
commﬁnication protocol,

the controller further comprising:
a frame batcher for preparing a fragmented
message comprising a plurality of message packets for

20 transmission to the at least one selective call receiver, a
first message packet of the plurallty of message packets
including a frame selection pattern for instructlng the at-
least one selective call receiver to select frames in the
communication protocol following the frame selection

25 pattern for monitoring the selected frames for receiving at
least one subsequent message packet of the plurality of .
message packets composing the fragmented message; and

the at least one selective call ieceiver further
comprising:

30 a frame selection means responsive to the frame
selection pattern in the first message packet for selecting
frames in the communication protocol following the frame
selection patﬁern for monitoring the selected frames for

_TYeceiving at least one subsequent message packet of the

35 plurality of message packets composing the fragmented
message.



nore nmessage packets are to be recei.ved for the fragnented, nessage, the

sel ective call receiver corpi imml T

- 62 - a ‘nessage nenory fortst®rihg % he nessage a@geof Qng SEP 19%-
or nore nessage packets of a fragnmented nessage;
receiving transmtted nessages |ncludéfg the one or nore nessage

packets of the fragnented 5 nmessage;
to the receiver and the _
15. The communication system of claim 10, wherein the

message packets of a fragmented message can be transmitted
over a communication channel in a plurality of frames in a
plurality of phases in a communication protocol,

5 the communication system further comprising:

a frame batcher for preparing a fragmented
nessage comprising a plurality of message packets for
transmission to the at least one selective call receiver, a
first message packet of the plurality of message packets

10 including a frame selection pattern and a phase assignment
for instructing the at least one selective call receiver to
select frames in the communication protocol following the '
frame selection pattern in the phase assigned by the phase
assignment for monitoring the selected frames for receiving

15 at least one subsequent message packet of the plurality of
message packets composing the fragmenﬁed message; and

the at least one selectlve call receiver further
comprising:

an address correl ator coupl ed

a frame selection means responsive to the frame
20 selection pattern and the phase.assignment in the first
message packet for selecting frames in the communication
protocol following the frame selection pattern in the phase
assigned by the phase assignment for monitoring the’
selected frames for receiving at least one subsequent
25 message packet of the plurality of message packets
composing the fragmented message.

16. A selective call receiver capable of'receivihg a
transmitted fragmented message, the fragmented message

30 comprising one or more message packets, each of the one or
more message packets comprising an address and message
data, the message data comprising an indication of whether
more message packets are to be received for the fragmented

_message, the selective call receiver comprising:

35 a code plug memory for storing one or more

predetermined addresses;



code plug nmenory for correl atj 1€ of each of the one or nore .
nessage packets to the one or“'ﬁlﬁ"iﬂﬂlﬂ@ﬁ!ﬂrm ned addr egs g for
provi ding an indication of 10 *a suQc rrelation of”tﬁéPH§ﬂ¥@§§T§HEET
one of the one or nore predeternined addresses; and ! . 204 BEP1996
decoder coupled to the receiver and the address correl at,',d"r.te._f;b'r'"d'eCUdi.'rrq"

the nmessage data of each of the one -0g,NDre nmessage packet s Tn response
to the indication of a 15 Successful correlation of the address thereof,
and for coupling the nessage data to the nessage nenor t he '
message data of edtMPeFsagR MO m@m&iﬁg\?ﬁ?ge &aﬁ'gi Ry ome
successi vel y ¢¢ aicatk neddagepasigtsery fragmentedemessageact i ng t he
fragnent ed nessag

e, the fra nted 20.__.nes [ I l.y. received
after detection irf tfRFeIveRAQL reaeyving %s&q‘%gcéﬂr%sgb%%re nmessage
packets an indlngiiost ithre torse o0 mrnree meaERgge peakiedsss ofr theofyagmenseded
for the f.%agmentsed Jressage. 25 17. The selective call receiver of claim
16, wherePn tH&29 ‘message packets of a fragnented nessage can be
transnitted ovan addxess rterrelatahsannled to fhe peceiver angnddein a

time slot corggyi GHiL hdlAP Y r @ielating the address of each of the

one or more message packets to the one or more
predetermined addresses, and for providing an indication of

10 a successful correlation of the address to one of the one
or more predetermined addresses; and

a data decoder coupled to the receiver and the address

correlator for decoding the message data of each of the one
or more message packets in response to the indication of a

‘15 successful correlation of the address thereof, and for
cbupling the message data to the message memory, the
message data of each of the one or more message packets
being successively stored in the message memory for
reconstructing the fragmented message, the fragmented

20 message being completely received after detection in the
message data of one of the one or more message packets an
indication that no more message packets are to bg received
for the fragmented message.

25 17. The selectivé call receiver of claim 16, wherein the
message packets of a fragmented message can be transmitted
over a communication channel in a plurality of frames in a
time slot communication protocol, and '

wherein the code plug memory includes a predetermined

30 frame assignment and a predetermined frame selection
pattern, and the selective call receiver further
comprising:

. frame selection means coupled to the code plug memory
and reéponsive to the predetermined frame assignment for

35 ~selecting an assigned frame in the time slot communication
protocol for monitoring the assiQned frame for receiving

the one or more message packets of the fragmented message,
and o



wherein the code plug nenory |nclu; " determ ned 30 frane assignnent

and a predeterm ned frane selectio m ﬂ {m ,ﬂ und t he selrl‘ '

recei ver further conpri si ng: " I, | ection :egi Y—@SE‘E{E@'J SHEET
to the code plug nenory and - responswe to thé predeternijp d erergEP]gm
assignnment for 35 selecting an assigned frame in the tine sl e S N
conmuni cati on protocol for nonitoringgghe assigned frame for receiving
the one or nore nmessage packets of the fragnented nessage, and

- 63 -

the ffame selection means being alternatively

responsive to the predetermined frame selection pattern
after receiving a first message packet of a plurality of
message packets of a fra§mented message for selecting

5 frames in the time slot communication protocol following
the predetermined frame selection pattern for monitoring
the selected frames for receiving at least one message
packet of the plurality of message'packets transmitted in
at least one of the selected frames.

10 _
18. The selective call receiver of claim 17, wherein the
frame selection means follows the predetermined frame
selection pattern after receiving the first message packet
of a plurality of message packets of the fragmented meséage

15 for selecting all subsequent frames in the time slot
communication protocol for monitoring all subsequent frames
for receiving at least one message packet of the plurality
of message packets transmitted in at least one of the
subsequent frames.

20
19. The selective call receiver of claim 16, wherein the
message data of each of the one or more message packets
cbmprises an indication of message packet sequence in. the
fragmented message, and wherein the data decoder detects a

25 start of a new fragmented message after detecting in the
message data of a message packet of the one or more message
packets of the fragmented message an indication of a first
message packet in the message packet sequence of the
fragmented message. :

30



the franme sel ecti on neans being alternatlvely N responsi ve [‘u tihe

et o e T g o

selecting 5 frames in the tine slot cdmfnikat¥ orf prot ocol fog ----------------------- |

the predeternined frane selection pattern for nonitoring fne sel ected
frames for receiving at | east one nessage _packet of the plurality of
nmessage packets transmtted in at Ieas? one of the selected frames. 10

18. The selective call receiver of claim17, mhereln the - &gg
sel ection meark? 1 ol TRASFIREHI I F hiTrepIfem®t cladm d6yi Uﬁe et t er
recei vi ng t he rniegsstgersizstag o asot of thef cmeplou:r aiolrbymefssagespgekpaskefs of

he f i@ th '
Slot O ommih e iy Hedid e o WIEALERE 1HRHET cyink (€abh™
for receivingoff theasinemer rmgteqm:}eetpaﬁkdﬁsea[sl tht pssociatedewitbe
packets transmlid &g, g[}ne%té&f}éés% fa&d‘%gxer\ﬂ;%“ ti-i%q 'd%% heafRey 20

19. The selectiVe ca recelver nessage data
of each of theletwmcts the signataye paclkdis message data of each of the

one or more message packets and couples the message data to
the message memory for reconstructing the fragmented
message identified by the signature.

10
21. <The selective call receiver of claim 16, wherein the
message data of each of the one or more message packets of
the fragmented message comprises a first portion and a
second portion, and wherein the first portion includes the

15 indication of whether more message packets are to be
received for the fragmented message, the data decoder
'coupling the second portion of the message data of each of
the one or more message packets to the message memory for
successively storing the méssage data of the fragmented

20 message while the indication in the first portion of the
nessage data of each of the one or more message packets
indicates that more message packets are to be received for
the fragmented message, and the data decoder coﬁplihg the
second portion of the message data of a final message

25 packet of the one or more message packets constituting a
completely received fragménted message after detection in
the first portion of the message data of the final message
packet an indication that no more message packets are to be

- received for the fragmented message.
30



conprises an indication of nessage packet sequence in the

message, and wherein the data decoder Hmm“ﬂﬂu'mﬂﬁlﬂ” of l
fragnented nessage after detecting in at a oﬂ

E'ﬁégﬁc"w‘%m SHEET |
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nmes e
packet of .the one or nore nessage packets of' t fie fragnenveﬁ sgggesgﬁlmﬂﬁ ]
I ndication of a first nmessage packet in the nessage packet sequence of
t he fragnent ed nessage. 30 - - 65 ~-- -
64 - 20. The selective call receiver of claim 16, wherein the

ressage data’gf eagh ol HIE e YuyrRdli53895eP AT 18] wheretn the

10

15

20

message data of each of the one or more message packets of
the fragmented message is organized in one or more data
code words, each data code word comprising a message data
portion,

and wherein the selective call receiver further
comprises an error corrector coﬁpled to the receiver, the

address correlator, and the data decoder for correcting up

to a predetermined number of bit errors in each of the one

or more data code words of a received message packet of the

one or more message packets of the fragmented message in
response to the indication of a successful correlation of
the address of the received message packet, and for
providing an indication of a successful or failed
correction of each of the 6ne or more data code words, the
data decoder being responsive to the indication of a
successful correction of each of the one or more data code
words of the received message packet for decoding the
message data portion of each of the cofrected one Or more
data code words and coupling the message data portion to
the message memory for successively storing the message
data of the received message packet in the message memory

for reconstructing the fragmented message in the message
memory.



a fragnmented nessage conprises a signature identifying each | —the—one

or nore nessage packets as being associated with 5 the frag 'rfﬁf“s'ﬂ.ﬁrmm‘;h.—_ET ;,

and wherein the data decoder detects the-signature in thg messzge dgga

of each of the one or nore nessage packets and couples t

to t he nessage nenory for reconstructing the fragnented ““??E—%Tag\,
identified by the signature. 10 21. The seelective call receiver -of
claim 16, wherein the nmessage data of each of the one or nore nessage
packet s of the. fragnented nessage conprises a first porti on and a
second portion, and wherein the fi rstEgrportl on includes the i ndi cation

of whether nore nessage paci®&t¥CFETEY HEING MEF@E%?\}?@&GFWT’}THQNW%QNEM ed
nessage, the data decoder coupl i NnBERIRTRIBUDRAIRAGFLE on of the nessage
data of each of the one or nore nmessage packets to the nessage nenory
for successi vel.ly storing the nessage data of the fragnented 20 nessage
while the indicatidon in the first portion of the nessage data of each
of the one or nore nessage packets i ndifPSEERCS hat nore nessage packets
are to be received for - the fragnented nessage, and the_data decoder
coupling the second portion of the nmessage data of a final nessage
' A selective call receiver (106) receives one or
10 more message packets of a transmitted fragmented
message, where each of the one or more message packets
includes an address (1605) and message data (1610), and
the message data (1610) includes an indication (1702) of
whether more message packets are to be received for the
15 fragmented message. The selective call receiver (106)
. receives an address of each message packet, and then
cofrelates (2908) the address to one or more
predetermined addresses. After a successful correlation
(2908), the selective call receiver (106) decodes the .
20 message data (1610) of each message packet, and ;hen
successively stores (2928,2936,2942) the decoded message
data (1610) to reconstruct the fragmented message. The - -
selective call receiver (106} determines that the
fragmented message is completely reconstructed after
- 25 aetéction (2918) in the decoded message data (1610) an
indication (1702) that no more message packets are to be
received for the fragmented message.
FIG. 8 accompanies this abstract.
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25 packet of: the one or nore nmessage packets constituting a ﬁ
recei ved fragnmented nessage after detection in the first i n of t

message data of the final nessage packet an indication that no m)re
nmessage packets are to be recei ved for be fragrrent ed nessage. 3

0
meggage dat a2(2)f Zgghsceil‘ e"t:'t'h'év 3’6‘\’1 ﬁgr% ?\’/‘f‘%sa acﬁfe%‘g Oeri'Q?£§ &nt UEep of:
fragment ed message is or gdh) zePdeivaRe e ﬁ&Fe°Hd‘l‘°&.‘e subsegRE Wit S 298ach
data code word conpr igickgts tasmjetddtiin at pesast @me of the subsequent

frames monitored following the frame selection pattern.
5 .

8. The method of claim 5, wherein the fragmented message
comprises a plurality of message packets capable of being
transmitted over a communication chapnel in a plurality of
frames in a plurality of phases in a communication

10 protocol, the method after step (i) further comprising the
steps of:

(m) detecting in the message data of the first
message packet a frame selection pattern for selecting
frames in the comﬁunication protocol following the frame

15 selection pattern; '

(n) detecting in the message data of the first
message packet a phase assignment for selecting the frames

following the frame selection pattern in an assigned phase;

and -

20 (o) monitoring at least one subsequent frame
following the frame selection pattern in_thé assigned phase
for receiving the one or more subsequent message packets of
the plurality of message packets composing the fragmented

message.
25

9. The method of claim 8, further comprising the step of:
(p) receiving the one or more subsequent message
packets transmitted in at least one of the subsequent
frames monitored following the frame selection pattern in
30 the assigned phase.

10. A communication system for transmitting fragmented
messages to distributed selective call receivers, each
fragmented ﬁeSsage comprising one or more message packets,

35 each of the one or more message packets comprising an
address and message data,

* [ L M s *
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and wherein the selective call receiver further conprises an error
corrector coupled to the receiver, the address correlator, and the data
decoder for correcting up to a predeterm ned nunber of bit errors in
each of the one 10 or nore data code words0f a received nessage packet of

t he one or nore nessage packets of the frﬁ;rrent ed nmessage in
response to the indicati ofhfconmupicatdon FYSHTT SORPFHHIIF t he address

of the received nessage packeta captiré¢b¥er forppxeMidiing 2t PRIMTE PSASYTIC a
successful or fail edggékgg [AChi frafifent@ahn@dsddee one or nore data code

words, the data decoder being e%gépoq{p&gn;&g@ L;Q&;Ll%ﬁ%&rh@ a

successful correction of-each Of e one or nore data L acqcf
recei ved nessage éacl?@?tmlﬁeéeﬂl?@%ttmgrﬁ?sgﬁé %Pﬁrﬁdﬁssg‘ﬁ H2eac
of the corrected one ofr antrgmdted atessegee @t ds and coupling the nessage

data portion to t he rfessageﬁ-_ TREBE YoddlseldeEEES icatl resledveng t he message
data of the received nessa ack nth S Yxets dfPkh
reconstructing the frgTSnﬁe ikt sgéleeong ?hggﬁe%sgﬂﬂy& B €

nenory.
fragmented message, the at least one selective call
10 receiver comprising:

a code plug memory for storing one or more
predetermined addresses;

a message memory for storing the message
‘data of one or more message packets of a fragmented

15 message;

a receiver for receiving transmitted
messages including the one or more méssage packets of the
fragmented message; :

- an address correlator coupled to the
20 receiver and the code plug memory for correlating the
address of éach of the one or more message packets to the
one or more predetermined addreéses, and for providing an
indication of a successful correlation of the address to
one of the one or more predetermined addresses; and
25 a data decoder coupled to the receiver and
the address correlator for decoding the message data of
each of the one or more message packets in response to the
indication of a successful correlation of the address
thereof, and for coupling the message data to the message
30 memory. the message data of each of the one or more message
packets being successively stored in the message memory for
reconstructing the fragmented message, the fragmented
message being completely received after detection in the
_message data of one of the one or more message packets an
35 indication that no more message packets are to be received

for the fragmented message.
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