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S GMALLI NG SYSTEM Field of. the.Invention 5 This invention relates in
general to a selective call system and in particular to a signalling
protocol for use with a selective call systemhaving a transpitfter and a
plurality of selective call receivers, the sl ective call s Wé@gvi di ng

transm ssions at several diff#rent b|t rates. 10 Background of the
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del ays between the input of selective call nessages to a selective call
term nal and the transm ssion of thgigglsfcthievRiveatibnnessages fromthe
termnal. As_new selective call services are introduced on existing
channel s, th% overcrowdi ng of existing selective call channels is expected
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call system providing transmissions at several different bit rates.
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Background of the Invention

With the increase in the pbpularity of selective call messaging,
channel capacity for selective call systems has become a scarce commodity

15  in major metropolitan areas. This popularity has resulted in long delays
between the inpﬁt of selective call messages to a selective call terminal and
the transmission of the selective call messages from the terminal. As new
selective call services are introduced on existing channels, the
overcrowding of existing: selective call channels is expected to increase.

20  One solution to this problem is to increase the number of channels
allocated to selective call messaging. This solution can only be
implemented by the government regulating authorities who are already
overburdened with requests for more RF channel allocations from other
types of services, for example, land mobile and cellular telephone. Even

25 if new channels are made available by the government, there is no
guarantee that a particularly busy selective call system provider will be
able to obtain a license on the new channel.

Another solution to the overcrowding is to increase the amount of
traffic that can be handled on the existing channels by increasing the baud

30 rate (i.e. the number of bits transmitted per second (bps)) of the
transmitted signal. This solution has been implemented in the United
Kingdom where the bit rate for a selective call signalling protocol
identified as Radio Paging Code No. 1 of the Post Office Code
Standardisation Advisory Group (POCSAG) has been increased from 512

35 Dbps to 1200 bps. Unfortunately, simply introducing new 1200 baud
selective call receivers onto an existing selective call system's channel does
not substantially increase channel capacity unless the older 512 baud units
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types of services, for exanple, land nobile and cellular tel ephone. Even 25
i f new channels are made available by the governnment, there is no guarantee
that a particularly busy selective call systemprovider will be able to
obtain a license on the new channel. Another _solution to the overcrowdi ng
is to increase the amount of traffic that caf be handl ed on the exi sting
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degrades Dy tWopy one half which may result in the loss of six dB or more of paging
10  sensitivity in the fading environment. This loss of sensitivity in the
fading environment is caused by an increase in the number of erroneous
bits received by the selective call receiver due to the fact that the burst
errors at the higher baud rate affect more bits. Most signalling protocols
have error correction algorithms which can reconstruct the information
15 transmitted as long as the number of erroneous bits received is below a
predetermined number. When the erroneous bits received increases
above the predetermined number allowed, the information received
cannot be reliably reconstructed.
The loss in Gaussian noise sensitivity is a cost of increasing the bit
20 rate. The loss in fade protection, however, can be overcome through the
use of bit .interleaving. For instance, in the Golay Sequential Code (GSC),
an alternate selective call signalling protocol to POCSAG, the message
information consists of eight (15,7) BCH code words interleaved to a depth
of eight and transmitted at 600 baud. This provides sixteen bits of burst
25 error protection which is equivalent to 27 msec of fade protection. To
provide the same amount of fade protection at 1200 baud requires the
interleaving depth to be increased to sixteen. However, increasing the
interleave depth generally complicates the selective call receiver decoder
since more memory (RAM) is required for the deinterleaver.
30 Furthermore, if an attempt is made to make the decoder adaptive to a
variety of bit rates while maintaining a constant amount of fade
protection, the deinterleaver must be reconfigured with each change in
the bit rate.
One implementation of signal interleaving at different transmission
35 speeds is disclosed in European Patent Application 88-106961/16, published
as European Patent Office Patent Publication No. 264-205-A (EPA "205).
The system disclosed in EPA '205 accommodates receivers of different bit
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5 to three decibels (dB). Also, increasing the bit rate generally requires
t he decoder in the selective call receiver to run faster resulting in a
dectease in battery life. Finally, for each doubling of the bit rate in a
Rayl ei gh fading environment, the nmaxinumfadge length that can be tolerated
is reduced by one half which may result in the loss of six dB or nore of
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15 Summary of the Invention

Accordingly, it is an object of the present invention to provide a
variable bit rate selective call system in which the interleave depth is
varied in proportion to the baud rate so as to maintain a constant amount

20 of fade protection.

It is a further object of the present invention to provide a selective
call receiver decoder which operates at essentially the same speed and
requires essentially the same amount of memory and other resources at
the high baud rate as the selective call receiver does at the lower baud rate.

25 It is also an object of the present invention to enable the selective call
receiver decoder to operate at a minimum speed defined by the lowest
baud rate thereby providing for battery power efficiency resulting in long
battery life.

In carrying out the above and other objects of the invention in one

30 form, there is provided a method for generating a signal for transmission
in a selective call system by time division multiplexing selective call
messages, each message having a selective call address, where the time
division multiplexing operation is varied in response to the selected baud
rate.

35



interleaving depth to be increased to sixteen. However, increasing the
interl eave depth generally conplicates the selective call receiver decoder
since nore nenory (RAM is required for the deinterleaver. 30 Furthernore,
if an attenpt is made to make the decoder adaptive to a variety of bit
rates while maintaining a constant amount of 4fade protection, the
dei nterl eaver nust be reconfigured with each change in the bit rate. One
i npl enent ati on of signal interlBref Dgsaiptibr bétlnDrawamgni ssi on 35 speeds
i s disclosed in European Patent Application 88-106961/16, published as
Eur opean Patent O fice Patent Publication No. 264-205-A (EPA '205). The
system di sclosed i i I. AL.AQ@)% a&é‘&&ljzrﬁfﬁj. W§S§f§é@i’%ﬁgﬂtﬁ Slgﬂ%ﬁl@gd?ﬁot%ql 3
rates WIdt hout regiendd w&hél;@réf@ﬁedeérﬁbﬁdirﬁéﬂ@?f he Préeab igv@itim.i n the 3! t
rate and 1 s resisti Q_pur.st_errors ev I, the bhit rate 1S, Nncreased.
The EPA - 208 syst erfiCt RdngHiSpiERY O E2e PSR SRPoRmentiol the FP8F  decoder
to run at hi ghdntenheaved signsipaedsdingr tohtlghpresbatithvenities. resul ting in
reduced 5 batter fhi.cl 0 r hia. selective
call receiver's ba%ﬁléf%.lg?ﬁdt]é?k \%ﬁ%{riﬁls&ﬁl%gcé%%lrg%eﬁrr%’to?g%lgétnépg'bep%qleoﬁ%ﬂ? for
i nterl eavi ng arll network system encoder according to the present invention.
FIGs. 4A, 4B, 4C and 4D flowchart the operation of the selective call
10 network system encoder according to the present invention.
'FIG. 5 is a block diagram of a selective call receiver according to the
present invention.
FIG. 6 is a block diagram of a synchronizer/phase selector of the
selective call receiver according to the present invention.
15 FIGs. 7A, 7B, 7C, 7D, 7E and 7F flowchart the operation of the
synchronizer/phase selector according to the present invention.
FIGs. 8A and 8B are timing diagrams of the synchronization
operation of the selective call receiver according to the preferred
embodiment of the present invention.
20 FIGs. 94, 9B and 9C are timing diagrams of the demultiplexing
operation of the selective call receiver according to the preferred

embodiment of the present invention.

Detailed Description of the Invention
25
Referring to FIGs. 1A, 1B and 1C, the signalling protocol of the
preferred embodiment comprises a system of sixty-four rotating frames 20.
Each frame 20 in turn comprises a synchronization (sync) block 25 and
eighteen information blocks 30. The time for the system to cycle, i.e. for
30 the sixty-four frames 20 to be transmitted, is 256 seconds with four seconds
for each frame 20. The information blocks 30 contain addresses and data
and, in some cases, system overhead information. '
Referring to FIG. 1B, the sync block 25 of each frame is sent at a
predetermined baud rate and conveys the baud rate information necessary
35 to decode the eighteen information blocks. The sync block 25 also
comprises synchronization information to allow the selective call receiver
to locate the start of the transmission of the first information block 30 of a
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deinterleaving a signal in a selective call system environment at
successively deeper interleaving depths with successively higher 10
transnission baud rates wherein the battery life in the selective call
receivers is not decreased due to the higher_baud rate of transm ssion and
the loss in paging sensitivity is mninized and the maxi mumtol erabl e fade
| ength are not decreased. 15 . Summary of -the
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di vi si on miPt i phisrmagioneblock ibaudzate. Portion 40 is utilized to acquire glt am{’r}raﬁ\e
synchronization to the signalling protocol base baud rate, which in the
preferred embodiment is 1200 baud. A thirty-two bit pattern 52 of
alternating ones and zeros is utilized for acquiring bit synchronization and
a (32,21) BCH word "A" 54 is utilized for frame synchronization and in
15 addition conveys the baud rate at which the information blocks are
transmitted . An additional sixteen bit one/zero pattern 56 aids bit
synchronization and a (32,21) BCH word "inverted A" 58 is used for
redundancy to provide a second opportunity for frame synchronization
and for determining the baud rate information. In the preferred
20 embodiment, the "A" words can be one of six words indicating at which of
the three possible baud rates the information blocks are transmitted: "Al"
and “inverted A1" indicating 1200 baud, "A2" and "inverted A2"
indicating 2400 baud, and "A3" and "inverted A3" indicating 4800 baud.
Additional code words could be added for additional possible baud rates.
25  Portion 50 is transmitted at the baud rate of the information blocks to
allow for bit and frame synchronization at the information block baud
rate. In like manner to the bit and frame synchronization of portion 40,
partion 50 comprises a plurality of bits 60 and a second plurality of bits 64
for bit synchronization. Two sixteen bit random pattern "C" words, "C"
30 62 and "inverted C" 66, are transmitted to allow frame synchronization at
the information block baud rate. At 1200 baud, the pluralities of bits 60
and 64 comprise eight bits each. At all baud rates, the number of bits
comprising "C" and "inverted C" remains constant at 16 bit each. Thus, as
shown for 2400 baud, the number of bits comprising the bit
35 synchronization portions 60' and 64' are increased to thirty two bits each.
At 4800 baud, the number of bits comprising the bit synchronization
portions 60" and 64" are increased to eighty bits each.
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nmessages, each nmessage having a selective call address, where the tine
division nultiplexing operation is varied in response to the sel ected baud
rate. 35 4 Brief Description of the Drawing FIGs. 1A 1B and 1C are
representations of the signalling protocol utilized in the preferred

enbodi nent of the present invention. 5 6FIG 2 is a diagramof the
preferred enmbodi nent of the phase interleaved signal according to the
present invention. Refe@ing to F16. Bl the itifagnationbladks 30raff therpréferndsbdi ment  of

t he selective t
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FIGs. 7A, 7B, 7160 mdec tarmstdssién ftimewﬂharélghieenapfmatatmm bl‘ocktléO each
require 213 msec of transmission time. The structure of each code word 70
is a 31,21 BCH code word extended to a (32,21) BCH which provides for
error detection and correction and comprises twenty-one information bits
10 75 and ten parity bits 80 calculated by a BCH generator polynomial well
known to those skilled in the art. An eleventh parity bit 85 establishes
even parity on the thirty-one bits. In the preferred embodiment, all
address and data information blocks after the synchronization signal are of
this structure. It should be appreciated that an alternate embodiment may
15 use a different structure code word.

The information array is transmitted by column, thus "interleaving”
the code words 70 contained in the array. Interleaving of the information
block provides sixteen bits or, at 1200 baud, thirteen msec. of burst error
protection (assuming 2 bits of error correction per code word). The

20 interleaved code words is a characteristic of the signalling protocol of the
preferred embodiment described herein but is not essential to the
operation of the present invention.

Referring next to FIG. 2, in the preferred embodiment, the use of four
phases 90a, 90b, 90c, and 90d provides easy accommodation of increased

25 traffic. It is obvious to one skilled in the art that the number of phases
could be increased to accomodate higher transmission baud rates. The
number of phases is the greatest multiple of the base baud rate permitted
by the selective call system. In the preferred embodiment, the highest
baud rate permitted is 4800 baud. Each phase comprises eight code words

30 70. Initially it is expected that the signalling protocol of the present
invention will be used at the base baud rate of 1200 baud which is
compatible with the infrastructure used in many of todays systems. As the
number of subscribers increases the baud rate will be increased in
multiples of two up to at least 4800 baud to accomodate this growth. At

35 1200 baud, the protocol is capable of supporting up to approximately 50,000

" alphanumeric selective call receiver users (calculated from an average
forty character messages and an average 0.15 calls per user hour), while at



synchroni zer/ phase sel ector according to the present invention. FIGs. 8A
and 8B are timng diagrams of the synchronization operation of the
sel%*ctive call receiver according to the preferred embodi ment of the
present invention. 20 FIGs. 9A, 9B and_9C are timng diagrans of the
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10 upgrade without requiring the users to make any changes to their selective

call receivers.

The four phase information array is serially transmitted by column by
time division multiplexing a number of phases, the number equivalent to
the ratio of the transmission baud rate to the system base baud rate. In the

15 preferred embodiment at the highest baud rate of 4800 baud, the four
phases 90a, 90b, 90c, and 90d are multiplexed in addition to "interleaving"
the code words 70 contained in the array. For example, the first bit 75 of
the first information word 70 of the first phase 90a is transmitted followed
by the first bit 75 of the first information word 70 of the second phase 90b.

720 In like manner the bits in a first column 75 are transmitted. Next, the bits
of the second column 75 are transmitted starting with the second bit of the
first information word 70 of the first phase 90a. All 32 bit columns are
similarly transmitted.

Since the transmission time of an information array is fixed at 213

25 msec. irrespective of the transmission baud rate, the number of code
words contained in an information block is varied in direct ratio to the
baud rate to maintain a fixed transmission time. At 1200 baud the
information array contains eight (32,21) code words as shown in FIG. 1C.
At 2400 baud the array would be composed of sixteen code words; and at

30 4800 baud, 32 code words would be contained in the array as shown in FIG.
2. The paging receiver decoder will determine the information block baud
rate from the "A" words, synchronize to the information block baud rate
during frame synchronization portion 50 of FIG. 1B, and then operate on
only one phase of the multiplexed information based upon the baud rate

35 and predetermined information, ie., the two least significant bits of the
address. In this manner, the signalling protocol permits system expansion
via bit rate increases without requiring a pager recall. In addition to



5 frame 20. In the preferred enbodi nent, the sync bl ock 25 conprises a
coarse bit and franme sync portion 40, a frame information portion 45, and a
firme bit and frame sync portion 50. The sync block is equivalent in time to
192 bits sent at the 1200 baud base baud rate in the preferred enbodi nent,
5 for a total of 160 mlliseconds (nsec) tr8ansmi ssion time. The frame
|nfornation portion 45 conprises a (32,21) BCH word which identi-fies and
suppli es franesiippeit nﬁnnplwlbmtrbws thef ﬁfu‘rﬁfatelprotocbhs stamdtuced &5 frame 20
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10 mformat1on is transmltted to a selectlve call system terminal 154. The

selective call system terminal 154 comprises a call processor 155, a
frame/phase buffer 156 and a pre-processor 157 which together perform
the system terminal operations familiar to one skilled in the art and also
perform the operations necessary to separate the selective call message

15 information into the various phases and to interleave the code words as
described above in reference to FIG. 1C.

The call processor 155 receives the selective call message information,
accesses a lookup table 158 to determine the selective call address, the
assigned phase and the assigned frames for the information, and stores the

20 message information including the address, phase and frame information
in the frame/phase buffer 156. The frames are the sixty four rotating
frames 20 (FIG. 1A) and a phase is one of the four phases 90a, 90b, 90c and
90d. The lookup table 158 stores information on each of the selective call
receivers which receive transmissions from the system terminal. The

25 information stored in the lookup table could be conventional information
regarding whether the receiver receives alphanumeric data, numeric data,
voice transmissions or tone activation codes. Additional information
stored in the lookup table 158 comprises phase identification information
identifying which of the four phases 90a, 90b, 90c and 90d (FIG. 2) the

30 selective call receiver operates and frame identification information
identifying the frame or frames in which selective call messages for the
selective call receiver should be transmitted.

The phase identification information may be data independent of the
selective call addresses of the selective call receiver or may be a subset of

35 the information bits contained in the selective call address. To take full
advantage of the invention, all addresses assigned to a selective call
receiver should have the same decoding phase. It may be convenient to



20 enbodi ment, the "A" words can be one of six words indicating at which
of the three possible baud rates the information blocks are transmtted:
fAH' and "inverted Al1" indicating 1200 baud, "A2" and "inverted A2"

i ndi cati ng 2400 baud, and "A3" and "inverted A3" indicating 4800 baud.
Addi ti onal code words could be added for addtional possible baud rates. 25
Portion 50 is transmtted at the baud rate of the information blocks to
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At 4800 baud, the @hatfeamef phasesbufferptitsstates: the essagg informationt inoh
portions 60" angd,fdr Hwind RSy Hankd 94 pHAs. S FEAERample, Portions of the
10  buffer 156 could be assigned to each frame and, within that portion, a
smaller portion could be assigned to each channel/phase. Alternatively,
the message information could be stored in the buffer 156 in the order it is
received with a portion of the buffer 156 set aside for storing address
information referenced by the frame and channel so that when
15 constructing the frame and channel, the message information can be
addressed and extracted.
The pre-processor 157 then stores the selective call messages of each
phase of the frame in one of four channel buffers. The pre-processor 157
constructs the sync block 25 (FIG. 1B) for each frame and then formats the
20 channels into the interleaved eight code word format described above
(FIG. 1C) for each phase of the frame. The pre-processor 157 begins by
storing a bit pattern representing the sync block at the beginning of all the
phase buffers 162a, 162b, 162c and 162d followed by storing each phase of
the frame in a particular one of the four phase buffers 162a, 162b, 162c and
25 162d. It is obvious to one skilled in the art that if the transmission baud
rate could increase by more than a factor of four, the encoder would
include more than four channel and phase buffers. The number of phase
buffers required is the greatest multiple of the base baud rate permitted by
the selective call system. A baud rate selector 159 provides baud rate
30 information to the selective call system terminal 154 for use by the pre-
processor 157 in constructing the sync block 25 and assigning the channels
to one of the phase buffers 162a, 162b, 162c and 162d. The selective call
system service provider can select a transmission baud rate.
Alternately, the transmission baud rate of a frame can be determined
35 by a signal from a traffic analyzer 160 to the frame baud rate selector 159.
The traffic analyzer analyzes the transmission traffic of the selective call
system by either looking at the quantity of calls received or the quantity of



Referring to FIG 1C, the information bl ocks 30 of the preferred enbodi nent
used to transmt address and data information conprise an information array
of ®eight code words 70. The transmi ssion tine of the information block is
fixed irrespective of the transm ssion baud rate. 5 Since the sync bl ock
25 (FIG 1B) is transmitted at 1200 baud folOa total of 160 nsec

transm ssion tinme, the eighteen information blocks 30 each requi-re 213 nsec
of transm ssi omdssa®es tthAsMitted i aemahneawelldadevives dhase skilled 34 ,thé aitH

d d d (32, 21) BCH .ch e/ f ' d
correct on and ARt vE caflyrsfim e it R s Babl e btEtoRn PTY
bits 80 cal cul a52dndrgasesBlkl trmserission bavdymatni Alsontihe trafficwanalyzembfbcan
skilied In the fdit éfkn&{lﬁeéﬁ?& BRI PphrifAIES AR IR RN On

the thirty-one referre I ment, all acicdi ess and data

i nf or mat i on5 bl baud rate welectpr 133 ke avsign band gatesitg dagividual grames Lasad: ypewyr e.
It should be apps esiorhdidn8ansmiféd §hNAkgrafbodi mrent may 15 use a
different structurg code word, The.infornation r ' ransmh, it by
col urm, thus "int e??@&ai shpwg F%W?'bﬁbp{kﬁg u%ség?ﬁ';%ﬁi@éléfzﬁ%fagbértﬁ y.

| nt er| eavi ng ofnteHeaved cod@words bvitldhe gesigrieddsy thexpreeprasessor db7. dm one00
baud, thirteen eC;. r r; | ' 3oy ; HOr
corr ot on per SHRREUTSP e hSh ( laqeiedthy M 695 164 Bt irk biRiry B
charact eri 30i c obthe pelectivmeall nddress of dheselgetiveealpmessdgead enbodi ment

descri bed herein but is not essential to the operation of the present
I'nventi on.

TABLE 1
| BAUD PHASE
15 PHASE RATE BUFFER
00 1200 162a
01 1200 162a
10 1200 162a
1 1200 162a
20 00 2400 162a
01 2400 162a
10 2400 162b
11 2400 162b
00 4800 162a
25 01 4800 162b
10 4800 162¢c
11 4800 162d

At 1200 baud all of the phases will be assigned to the phase buffer 162a. At

30 2400 baud the phases will be assigned to phase buffer 162a or phase buffer
162b in response to the first bit of the two bit phase identification
information. And at 4800 baud, the phases will be assigned to one of the
four phase buffer 162a, 162b, 162¢ or 162d in response to the two bit phase
identification information.

35 A data stream generator 164 time division multiplexes the
information received from the four phase buffers 162a, 162b, 162c and 162d



Referring next to FIG 2, in the preferred enbodi nent, the use of four
phases 90a, 90b, 90c, and 90d provides easy acconmpdation of increased 25
traffic. It is obvious to one skilled in the art that the nunmber of phases
could be increased to acconpdate higher transm ssion baud rates. The nunber
of phases is the greatest nultiple of the bdde baud rate pernitted by the
selective call system In the preferred enbodi nent, the highest -baud rate
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10 message storage routine determines if a call is received from a selective

call message originator on one of the terminal access phone lines 152 (FIG.
3). If no call is received 166, the routine idles in an idle loop awaiting the
next call. When a call is received 166, the message information is received
by the call processor 155 (FIG. 3). The terminal access phone line on which

15  the call is received or other information provided by the message
originator before the message information is received determines a
particular address of information stored in the lookup table 158 (FIG. 3)
identifying the selective call receiver and how it receives selective call
messages 168. The call processor 155 reads, at the particular address in the

20  lookup table 158, the selective call address of the selective call receiver, the
frame in which the selective call message is to be transmitted, and the
phase to which the selective call message is assigned 169. The selective call
message is next constructed with the selective call address followed by the
message information received 170. The selective call message is then

25 stored in the frame/phase buffer 156 (FIG. 3) in a manner determined by
the frame and phase assigned to the message 171. If the frame/phase
buffer 156 is divided into portions for each phase of each frame, the
selective call message is stored in a portion defined by the assigned phase
and frame after messages previously stored therein. If the frame/phase

30 buffer 156 has an addressing portion as described above, the selective call
message is stored in the message portion of the buffer 156 after the last
message received and the address of the stored selective call message is
stored in the addressing portion at a location assigned to the particular
phase of the particular frame. After storing the selective call message in

35 the buffer 156, processing returns to the idle loop to await the next call 166.

Referring to FIGs. 4B and 4C, in the pre-processor 157 the frame

construction routine for each frame N first examines the baud rate signal



nore transmtters, nore phase buffers (as described bel ow), and higher 5
baud rate nodens). The service provider, though, can anticipate when, based
on his growth rate, to upgrade his systemto support these higher baud
rates. It is desirable that the service provider be able to upgrade without
causing any inconvenience to his existing cddtoners. The selective call
receivers described below allow the service provider to 10 upgrade wi thout
requiring the Jgshsthedrarakdaadyrathsdlgeor 159 (FE.13) deldeterinvinedhe| recei vers.
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the number of ‘iﬁ\qfﬁal message being stored therein, the information is deleted from the

channel buffer and the selective call message will be processed in the next
applicable frame. Idle words are then added to the channel one buffer and
to the channel two, three and four buffers to completely fill the buffers 174.

15 If the baud rate signal indicates a transmission speed of 2400 baud 175,
the selective call messages for phase one and phase two of the frame N are
read and combined and stored in the channel one buffer 176. The selective
call messages for phases three and four of the frame N are read and
combined, and then stored in the channel two buffer 177. The empty

20 portions of the four channel buffers are then filled with idle words 174. In
a like manner, if the baud rate signal indicates that the transmission speed
is 4800 baud 178, the selective call messages for phase one of the frame N
are read and combined and stored in the channel one buffer 179, the
selective call messages for phase two of the frame N are read and

25 combined and stored in the channel two buffer 180, the selective call
messages for phase three of the frame N are read and combined and stored
in the channel three buffer 181, and the selective call messages for phase
four of the frame N are read and combined and stored in the channel four
buffer 182. The empty portions of the four channel buffers are then filled

30 with idle words 174. If the baud rate signal indicates a transmission speed
of other than 1200, 2400 or 4800 baud, a different signalling protocol
construction method is employed for the frame N information and the
frame counter N is incremented 183. Processing then returns to begin

constructing the next frame.

35 After the four channel buffers are filled 174, the sync block 25 (FIG.
1B) for frame N is defined 184 from the frame number N and the baud rate
signal from the frame baud rate selector 159 (FIG. 3). The sync block 25 is



words contained in an information block is varied in direct ratio to the
baud rate to maintain a fixed transmssion time. At 1200 baud the

i nformati on array contains eight (32,21) code words as shown in FIG 1C At
2400 baud the array woul d be conposed of sixteen code words; and at 30
4800 baud, 32 code words woul d be containedlBn the array as shown in FIG
2. The pagi ng receiver decoder will determ ne the information bl-ock baud
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remai ns fixed atorelliihieaeh priae buFlet ésliowed by Féacific samplel petsk of pration
system encoder gOO(Ffép ﬂ%r tTltlehéapeciﬁc sample phase stored in each phase buffer is
10  synchronous to the phase of the messages to follow and a channel/phase
counter A is initialized to one 186.

The first eight (32,21) BCH code words are read from the channel A
buffer 187. The eight code words are interleaved 188 as described above
(FIG. 1C) to form an information block 30 and the interleaved information

15 block is stored in phase buffer A 189, where phase buffer one is the phase
buffer 162a, phase buffer two is the phase buffer 162b, phase buffer three is
the phase buffer 162c, and phase buffer four is the phase buffer 162d (FIG.
3). If all the code words in the channel A buffer have not been read 190,
an additional eight code words are read 187, interleaved 188, and stored in

20 phase buffer A 189. When all the code words in the channel A buffer have
been read 190, the counter A is checked 191 to determine if all the channel
buffers containing non-idle word information have been processed into
the respective phase buffers (i.e., does A equal the maximum A defined as
the transmission baud rate divided by the base baud rate?). If A does not

25 equal the maximum A 191, A is incremented by one 192 and the next
channel is processed and the information contained therein is stored in
the respective phase buffer. When the counter A equals the maximum A
191, the frame counter N is incremented 193 and processing returns to the
beginning of the frame construction routine to construct the next frame.

30 In this manner it can be understood that the channel buffers are not
written into until the necessary information has been read out of the
buffers.

Referring to FIG. 4D, the interleaved information blocks stored in the
phase buffers 162a, 162b, 162c and 162d are multiplexed bit-by-bit to form a

35 serial data stream by the data stream generator 164 (FIG. 3). First, a bit
counter A and a phase counter B are initialized to one 194. For Frame N,
bit A of phase buffer B is added to the data stream sent to the system
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di scl osed signalling protocol conprises a PBX term nal 150 coupled to a
plurality of phone lines 152 for receiving selective call nessage

i nformati on from nmessage originators. The selective call nmessage 10
information is transmtted to a selective call systemterm nal 154. The
selective call systemterm nal 154 conprisesi4a call processor 155, a
frame/ phase buffer 156 and a pre-processor 157 which together performthe
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stored in the phase buffers 198, the counter A is incremented by one and

the phase counter B is reinitialized to one 199. The next bit A from the

phase buffer one is then added to the data stream 195. In this manner, the

15 stream of data will comprise the multiplexed bits.

If the bit counter A equals the number of bits stored in the phase
buffers 198, the frame counter N is incremented 200 and processing
returns to the beginning of the data stream generation routine to serialize
the next frame.

20 As would be obvious to one skilled in the art, synchronization of the
various routines of the selective call system encoder is timed in a manner
such that a frame of data stored in the phase buffer arrays 162a, 162b, 162c
and 162d is multiplexed by the data stream generator 164 before new data is
stored in the buffers.

25 Referring next to FIG. 5, in a selective call receiver according to the
present invention, an antenna 202 receives an RF signal modulated with
selective call address and message information. The signal is
demodulated by receiver/demodulator circuitry 203. The demodulated
signal is provided to a synchronizer/phase selector 204 and a

30 microprocessor 210. The microprocessor 210 controls the operation of the
synchronizer/phase selector 204 with control signals and control
information provided on an eight bit bus 211. Synchronization operations
performed by the synchronizer/phase selector 204 are synchronized to a
clock 212. The control information provided on the eight bit bus 211 is

35 derived in part from predetermined information stored in a code plug 208.
The code plug 208 is a nonvolatile memory for storing option and control
information such as the selective call receiver addresses. In the preferred



i denti fying which of the four phases 90a, 90b, 90c and 90d (FIG 2) the 30
sel ective call receiver operates and frane identification information
identifying the frame or frames in which selective call nessages for the
sel ective call receiver should be transmtted. The phase identification
information may be data independent of the B®lective call addresses of the
sel ective call receiver or may be a subset of 35 the information bits

contained in t&’ﬁgﬁﬂ Reht, the Het%‘i'ﬂﬁﬁ&i; infbRriation ﬂcsbthle tob/ ke gigrdficdrite

i nvention, all resse 0 a selective c i ver should h

the sane decodPitgopHhesee e‘Ftt"en%Ell @@%%@ﬁ‘? F'Rtkfeoc"da “@573)% \tﬁ@"‘et \?vooreastave

Z : ?nl fi ;:ant | bi pﬁed&eﬂdiﬁteadﬂif@?fﬁaﬁim imlgy)tdlfernatidelyptie mgsighed éndependently
ernatively, suffi | oGlat h each address can be

used. For exarTBﬁag‘% %#EFPFZB%PBW&‘%% ﬂrﬁ%ggﬁ%e%td%trﬂggwﬁgse i dentification

i nf or mati or coul d lbefernmlg batlke to FJGt hehewode avendssnghe evesnhfousth sowfofithe 5

sel ective call I
10, 11) as t heﬂ{ﬁﬁgf WO ﬁg%ﬁ%ﬁ &kétﬁ%é;?%{ Eﬁa§e0 UrhP B dir dfta' fFedtiVe, ca‘i’l1

anti ci pates
phases, 90a, 90teceb®s aggarding tp Iiheprﬁent'liﬁge‘i‘?%é’l’ﬁ %%OBLH’IY “E)‘?S‘st fé‘teor es
the nessage i nf&frrﬁﬁase@ that GrFEARR! thaldodei wgrdirfennatiyn farmye Bydefinase. For

exampl e, port] the Spl(-zases and the code word information array in this manner, a

10 constant amount of burst protection with very little increase in decoder
complexity is achieved. Also, the size of the storage requirements and
thereby the size and complexity of the selective call receiver are kept
essentially constant and for all practical purposes the decoder continues to
operate at an effective 1200 baud rate. Thus, the present invention uses

15 the signalling protocol and an adaptive paging decoder to permit system
expansion via bit rate increases without requiring a pager recall.
Furthermore, despite supporting multiple bit rates, the multirate protocol
is structured to keep the RAM and operating speed of the decoder
essentially constant.

20 The microprocessor 210 reconstructs and decodes the individual code
words and applies standard error correction and detection techniques, well
known to those skilled in the art, the decoding is facilitated by
synchronization signals (SYNC SIGNALS) and a sample clock provided
from the synchronizer/phase selector 204. A control apparatus 216 for the

25  microprocessor 210 comprises user selectable controls such as an ON/OFF
control, a selective call message select control, and a selective call message
recall control. The decoded message signals may be provided to an output
device 220 or to a memory device 218 for storage and later output. The
microprocessor 210 also activates alerts 222 in a manner well known to

30 those skilled in the art. For a more detailed description of the structure
and operation of a selective call receiver of the type shown in FIG. 5,
reference is made to U.S. Patent Number 4,518,961, U.S. Patent Number
4,649,538, and U.S. Patent Number 4,755,816, all commonly assigned to the
same assignee as the present invention, and the teachings of which are

35 hereby incorporated by reference.

Referring next to FIG. 6, the synchronizer/phase selector 204 receives
the demodulated signal at the input to an edge detector 230 which detects



10 buffer 156 could be assigned to each frane and, within that portion, a
snmal l er portion could be assigned to each channel/phase. Alternatively, the
nmessage information could be stored in the buffer 156 in the order it is
received with a portion of the buffer 156 set aside for storing address
information referenced by the frame and chadfel so that when 15
constructing the frane and channel, the nessage information can -be
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the next time cycle. The timer 234 normally outputs a pulse every four
clock cycles. A retard signal will alter the timer 234 such that six clock
pulses are required to output a pulse, and an advance signal will alter the
15 timer to produce a pulse every two clock cycles. After adding or deleting
this increment of time, an output from the programmable timer 234 is
used to clear the phase comparator and the timer will operate on its
normal four clock cycle per pulse until the next advance or retard signal is
generated by a new edge detect. The output of the programmable timer
20 234 is a square wave at sixteen times the 1200 baud bit rate. This sixteen
times clock signal is provided to a two times clock timer 238 which _
produces a clock pulse at twice the baud rate, and thence to a divider 240 to
provide a bit clock with clearly defined edges. The bit clock out of divider
240 is routed to the input of the phase comparator 232 to determine if the
25  bit clock is lagging or leading the edge detector 230. The pulse rate of the
two times clock 238 is controlled by four bits of an upper nibble of an eight
bit timer latch 242. The timer latch 242 receives data on the eight bit data -
bus 211 from the microprocessor 210. The data in the eight bit timer latch
is divided into the four bit upper nibble which prbvides data on a four bit
30 data bus to the two times clock 238 and a four bit lower nibble which
provides data on a four bit data bus to a sample clock timer 244. The value
received from the timer latch 242 determines how many positive
transitions of the sixteen times clock signal are required at the input of the
two times clock timer 238 to trigger an output pulse from the timer 238.
35 For example, if the latched value in the upper nibble is four when the two
times clock timer 238 outputs a pulse, the next pulse will be triggered by



to one of the phase buffers 162a, 162b, 162c and 162d. The sel ective cal
system service provider can select a transm ssion baud rate. Alternately,
the*transmni ssion baud rate of a frame can be determined 35 by a signal
froma traffic analyzer 160 to the frame baud rate sel ector 159. The
traffic analyzer analyzes the transmssion tiaffic of the selective call
system by either looking at the quantity of calls received or the quantity
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1 BAUD signal dt84efuired at the input to the sample clock 244 to trigger an output
pulse from the sample clock timer 244 in the manner described above.

10  The output of the sample clock is provided to the microprocessor 210 for
use during decoding of the frame information 45, and the interleaved
information blocks. The sample clock signal allows the microprocessor
210 to decode the demodulated data at 1200 bits per second regardless of
whether the demodulated signal is 1200 baud, 2400 baud or 4800 baud. The

15 sample clock signal is also provided to a sample register 250 of a sync2
correlator 246. The sync2 correlator comprises the sample register 250
which receives the demodulated signal as data and a reference register 248
which receives data from the eight bit data bus 211. The reference register
248 and sample register 250 feed error counting logic 252, the output of

20 which is coupled to one input of a five bit magnitude comparator 254. The
error counting logic 252 compares, on a bit by bit basis, the corresponding
bits of the sample register and the reference register and generates a five bit
error sum ranging from zero to sixteen. A threshold register 256 which
receives input from the eight bit data bus 211 provides the second input to

25 the comparator 254.

The five bit magnitude comparator 256 compares the five bit error
count sum generated by the error counting logic 252 to the two threshold
values stored in the threshold register 256. In the preferred embodiment,
the threshold values are set to allow a detection of the sync2 words with

30 up to two errors. Thus if two or less errors are found then the sync2 word
(i.e., "C" ) has been detected and the SYNC2 output from the comparator
will be pulsed; whereas, if fourteen or more errors are found then the
inverted sync2 word (i.e., "inverted C") has been detected and the inverted
SYNC2 output from the comparator will be pulsed. The four least

35 significant bits of the two threshold values, two (00010) and fourteen
(01110) are stored in the threshold register 256 and the most significant bit
is hardwired to 0. Block sync can be determined from either SYNC2 or
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synchromzer /phase selector 204 starts by initializing the data in the
timer latch 242 (FIG. 6) with an eight to the upper and lower nibbles
300. The value stored in the upper nibble of timer latch 242
10  determines the number of sixteen times clock signal pulses that are
counted before the two times clock 238 generates an output pulse;
while the value stored in the lower nibble similarly controls the
sample clock timer 244. These timers are loaded with the count
numbers on the first clock transition after an enable from the
15 microprocessor, and thereafter, the counters are reloaded on the
falling edges of each output pulse. Bit synchronization is enabled at
302 and the edge detector awaits the first data transition 304. After the
first transition occurs 304, the two times clock timer 238 and the
sample clock timer 244 begin pulsing at the pulse rate determined by
20 the values latched in the eight bit timer latch 242 (FIG. 6). After this
first transition, the eight bit timer latch 242 is next loaded before the
first output pulses of the two times clock timer 238 and the sample
clock timer 244 with a value eight in the upper nibble and a value of
sixteen in the lower nibble 306. This adjustment serves to align the
25 two times clock timer 238 pulses with the center and edge of each bit,
and align the sample clock 244 pulses with the center of each bit.
Referring once again to FIG. 7A, the first thirty-one bit data samples
are collected 308 and a counter SYNC1 SEARCH TIMER which counts
the bit data samples, to be examined before the "A" word search is
30 abandon, is initially set equal to one hundred sixty-one 310. The next
bit data sample is taken and the completed thirty-two bit data word
sample is correlated with the "A" words to determine if an "A" word,
designating the baud rate at which the information block is
transmitted, appears in the transmitted data 312. If the A1 word is
35 detected 314 the information block transmission speed is 1200 baud a
counter DELAY FLAG is set to forty-eight 316. If the inverted Al
word is detected 318, the information block transmission speed is 1200
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to forma serial data bit streamwhich is then provided to the system
transnmitters for transm ssion within the selective call system Referring
to FiGs. 4A, 4B, 4C and 4D, three operations of the encoder are shown. FIG
4A flowcharts the call processing and nmessage storage 5 operation of the
call processor 155. FIGs. 4B and 4C fl owchartyg he i nformation bl ock
construction and phase allocation operation of the pre- processor. 157. FIG
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address of tige salthetthitey-e@blbif agl s#nplel Bee SYNC1 SEARCH TIMER is -
decremented by one 338. The SYNC1 SEARCH TIMER allows for one
hundred ninety two bits (the size of the sync block 25 (FIG. 1B)) to be
examined in a search for one of the thirty-two bit "A" words in the
demodulated data.

15 Until SYNC1 SEARCH TIMER equals zero 340, the
microprocessor continues to take additional data samples 312 and
compares the latest thirty-two bit data word sample to the "A" words.
If an "A" word has not been found and SYNC1 SEARCH TIMER is
decremented to zero 340, processing will await receipt of the next

20 frame in which information could be transmitted for the selective
call receiver 342 and then restart the block synchronization and base
select routine at step 300. :

Once the baud rate has been determined and FLAG DELAY has
been set, the routine must next decode the frame information word

25 and adjust the bit sampling rate to the information block
transmission speed. If DELAY FLAG is not zero 344, the bit samples
are counted and DELAY FLAG is decremented by one for each bit
sampled 346 until DELAY FLAG equals zero 344. When DELAY
FLAG equals zero 344, thirty-one bit data samples are collected 348. If

30 the information block transmission speed is 2400 baud 352, the eight
bit timer latch 242 (FIG. 6) is loaded with an eight in the upper nibble
and a twelve in the lower nibble 354. If the information block
transmission speed is 4800 baud 356, the timer latch 242 is loaded
with an eight in the upper nibble and a ten in the lower nibble 358.

35 The thirty-second sample is collected and the thirty-two bit sample of
the frame information word is decoded 360.



frame in which the selective call nessage is to be transmtted, and the
phase to which the selective call nessage is assigned 169. The sel ective
cal F nmessage is next constructed with the selective call address followed
by the nessage information received 170. The selective call nessage is then
25 stored in the frane/phase buffer 156 (Fbgs 3) in a manner determ ned
by the franme and phase assigned to the nessage 171. If the frane/phase

buffer 156 is divided.nt tJd 0 Qr _ea h f.each frane. the
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After performing the appropriate sync2 search subroutine, the sample
10 clock signal phase is selected and the sample clock is pulsed at the
1200 bits per second baud rate to control the deinterleave and block
decode routines of the microprocessor 372.
Referring to FIG. 7D, the 1200 baud sync2 search subroutine 370 starts
by loading the eight bit timer latch 242 (FIG. 6) with an eight value in the
15 upper nibble and a sixteen value in the lower nibble 374. A counter
SYNC2 SEARCH TIMER is set to forty-eight (the number of bits in the
sync2 bit synchronization portion 50 (FIG. 1B) at 1200 baud) 375 and the
sync2 correlator is enabled 376. When a sample interrupt occurs 377, the
data bits sampled are compared with the "C" words and it is determined
20 whether "C" or "inverted C" have been detected 378.
If "C" or "inverted C" have not been detected 378, and SYNC2
SEARCH TIMER is not equal to zero 379, SYNC2 SEARCH TIMER is
decremented by one 380 and the five bit magnitude comparator 254 (FIG. 6)
awaits the next sample interrupt 377. If "C" or "inverted C" have not been
25 detected 378 and SYNC2 SEARCH TIMER equals zero 379, processing
awaits the next frame of the demodulated signal in which information for
the selective call receiver should appear 381 at which time the bit
synchronization and base select routine is begun again 300.
If one of the "C" words have been detected 378 and the "C" word is
30 "C" 382, processing delays for twenty-four bits 383 until the end of the sync
block 25 (FIG.1B) at which time processing returns 384 to the deinterleave
and block decode step 372, sending a SYNC2 signal from the
synchronizer/phase selector 204 to the microprocessor 210 (FIG. 6). The
sample clock will then produce a sample clock signal controlling the bit
35 sample function of the microprocessor 210 (FIG. 6) in the middle of each
bit of the demodulated signal at 1200 baud. If the "C" word detected 378 is
not "C" 382, i.e., the detected "C" word is "inverted C" which occurs at the
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transm ssion baud rate. If the baud rate signal indicates a transm ssion
speed of 1200 baud 172, the selective call nessages assigned to the first,
second, third, and fourth phase of frane N are read fromthe frane/ phase 5
buffer 156 and conbined in a manner determ ned by the signalling protocol
173. A first in/first out conbination nethodagoul d be enployed or the
conbi ning of the nessages could be determ ned by the selective cal
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buf fer 179, thesync2 correlator is enabled 392. When a sample interrupt occurs 393, the
data bits sampled are compared with the "C" words and it is determined
whether "C" or "inverted C" have been detected 394.
15 If "C" or "inverted C" have not been detected 394, and SYNC2
SEARCH TIMER is not equal to zero 395, SYNC2 SEARCH TIMER is
decremented by one 396 and the five bit magnitude comparator 254 (FIG. 6)
awaits the next sample interrupt 393. If "C" or "inverted C" have not been
detected 394 and SYNC2 SEARCH TIMER equals zero 395, processing
20 awaits the next frame of the demodulated signal in which information for
the selective call receiver should appear 397 at which time the bit
synchronization and base select routine is begun again 300.
If one of the "C" words have been detected 394 and the "C" word is
"C" 398, processing delays for forty-eight bits 399 until the end of the sync
25 block 25 (FIG.1B) and sends a SYNC2 signal from the synchronizer/phase
selector 204 to the microprocessor 210 (FIG. 6). If the "C" word detected 394
is not "C" 398, i.e., the detected "C" word is "inverted C" which occurs at
the end of sync block 25, there is no delay before sending an inverted
SYNC2 signal to the microprocessor. Processing next determines if phase
30 one/two is to be decoded 400. If phase one/two is not to be decoded 400,
processing awaits one sample interrupt 402 before loading the upper nibble
of the sync timer latch 242 (FIG. 6) with a four and the lower nibble with a
sixteen 403. In this manner, the sample clock will produce a sample clock
signal at 1200 baud controlling the bit sample function of the
35 microprocessor 210 (FIG. 6) in the middle of each phase three/four bit of
the demodulated signal. If phase one/two is to be decoded 400, the eight
bit timer latch 242 is loaded with a four in the upper nibble and a sixteen
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sel ective call nessages for phase two of the frame N are read and 25

conbi ned and stored in the channel two buffer 180, the selective cal
mesSages for phase three of the frane N are read and conbi ned and stored in
the channel three buffer 181, and the selective call nessages for phase
four of the frane N are read and conbi ned ang stored in the channel four
buffer 182. The enpty portions of the four channel buffers are then filled
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162¢ or 162d. TgﬁiRéﬁ eﬂNhﬂ? is set to one hundred ninety two (the number of bits in
10  the sync2 bit synchronization portion 50 (FIG. 1B) at 4800 baud) 421 and the
sync2 correlator is enabled 422. When a sample interrupt occurs 423, the
data bits sampled are compared with the "C" words and it is determined
whether "C" or "inverted C" have been detected 424.
If "C" or "inverted C" have not been detected 424, and SYNC2
15 SEARCH TIMER is not equal to zero 425, SYNC2 SEARCH TIMER is
decremented by one 426 and the five bit magnitude comparator 254 (FIG. 6)
awaits the next sample interrupt 423. If "C" or "inverted C" have not been
detected 424 and SYNC2 SEARCH TIMER equals zero 425, processing
awaits the next frame of the demodulated signal in which information for
20  the selective call receiver should appear 427 at which time the bit
synchronization and base select routine is begun again 300.
If one of the "C" words have been detected 424 and the "C" word is
"C" 428, processing delays for ninety-two bits 429 until the end of the sync
- block 25 (FIG.1B) and sends a SYNC2 signal from the synchronizer/phase
25  selector 204 to the microprocessor 210 (FIG. 6). If the "C" word detected 424
is not "C" 398, i.e., the detected "C” word is "inverted C" which occurs at
the end of the sync block 25, there is no delay before sending an inverted
SYNC2 signal to the microprocessor 210. Processing next determines if
phase one is to be decoded 430. If phase one is to be decoded 430, the eight
30  bit timer latch 242 is loaded with a two in the upper nibble and a sixteen in
the lower nibble 438 without a delay, such that the sample clock will
produce a sample clock signal at 1200 baud controlling the bit sample
function of the microprocessor 210 (FIG. 6) in the middle of each phase
one bit. If phase one is not to be decoded 430, and if phase two is to be
35 decoded 431, processing awaits one sample interrupt 432 before loading the
upper nibble of the sync timer latch 242 (FIG. 6) with a two and the lower
nibble with a sixteen 438. In this manner, the sample clock will produce a



5 transm ssion speed is 1200 baud, the sync block is stored in the first
one hundred and ninety two bits of the phase buffer 162a. For higher baud
rates, the first one hundred forty eight bits (portions 40 and 45, FIG 1B)
are stored in each phase buffer followed by a specific sanple phase of
portion 50 (FIG 1B). The specific sanple phgpe stored in each phase buffer
is 10 synchronous to the phase of the nessages to follow and a .
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pha.se one 430, phase two 431, and phase three 433 are not to be decoded, it
is assumed that the selective call receiver decodes on phase four and
processing awaits three sample interrupts 435 before loading the upper
15 nibble of the sync timer latch 242 (FIG. 6) with a two and the lower nibble
with a sixteen 438. In this manner, the sample clock will produce a sample
clock signal at 1200 baud controlling the bit sample function of the
microprocessor 210 (FIG. 6) in the middle of each phase four bit of the
demodulated signal.
20 Referring next to FIGS. 8A and 8B, various signals are depicted during
the transition from the frame information portion 45 to the second bit
synchronization portion 50 of sync block 25 (FIG. 1B). Referring to FIG. 84,
signals depicting the demodulated data 450 received as input to the
microprocessor 210 and the edge detector 230 (FIG. 6) are shown. Similarly
25 timing signals are shown on lines 455, 460, 465, and 470, depicting the
signals at the outputs of the divider 240, the timer 234, the two times clock
timer 238, and the sample clock timer 244 (FIG.6), respectively. The "A"
word of the demodulated data signal indicates an information block
transmission speed of 4800 baud. The transition from frame information
30 portion 45 to second bit synchronization portion 50 is indicated at time
475.

Referring to FIG. 8B, similar signals are shown representing data
received with an information block transmission speed of 2400 baud. As
can be seen at the left hand side of FIGS. 8A and 8B, the upper nibble of

35 timer latch 242 is loaded with eight causing the signal from the two times
clock 238 shown on line 465 to be pulsed once for every eight pulses of the
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the respective phase buffer. Wen the counter A equals the maxi num A 191,
the frame counter Nis increnmented 193 and processing returns to the

begi hning of the frame construction routine to construct the next frame. 30
In this manner it can be understood that the channel buffers are not
witten into until the necessary information fyps been read out of the
buffers. Referring to FIG 4D, the interl eaved inforrration bl ocks. stored in
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sync2 portion, steps 354 and 358 (FIG. 7C), the timer latch is loaded with
10 new values which adjust the sample clock pulse rate during the transition
from the frame information 45 into the sync 2 portion 50 of the sync block
signal. At 2400 baud (FIG.8B), the sample clock waits twelve pulses of the
sixteen times clock signal 460 before pulsing the first time in the sync2 "
block 470'. These values are loaded at step 354 (FIG. 7C). At step 390 of the
15 2400 baud sync2 search subroutine (FIG. 7E) the timer latch 242 (FIG.6) is
reloaded with a four in the upper nibble and an eight in the lower nibble.
As seen on lines 465' and 470", the two times clock and the sample clock
pulse together for the first pulse in the sync2 synchronization signal after
time 475. Thereafter, the two times clock pulses twice for every pulse of
20  the sample clock. In a like manner, on lines 465 and 470 when the sync2
block is transmitted at 4800 baud, the upper and lower nibbles of timer
latch 242 (FIG. 6) are loaded at step 420 (FIG. 7F) with two and four,
respectively. Similar to the 2400 baud signal, the two times clock on line
465 pulses twice for every pulse of the sample clock shown on line 470 and
25 in synchronization therewith. It can also be seen that each pulse of the
sample clock on line 470 samples the center of each bit of the demodulated
data on line 450, which in the first bit of the sync2 portion of the sync block
25 (FIG.1B) comprises alternating ones and zeros.
Referring next to FIGS. 9A, 9B, and 9C, the demodulated data signal
30 on line 450, the data clock on line 455, the two times clock on line 465, and
sample clock signals are depicted for information block information baud
rates of 4800 baud, 2400 baud, and 1200 baud, respectively at the time of
transition from the sync block 25 to the first information block 30 (FIG. 1A)
480. Referring first to FIG. 9A, in the 4800 baud sync2 search subroutine at
35 step 438 (FIG. 7F) the timer latch upper nibble maintains a value of two
while the lower nibble is loaded with a value of sixteen. The value of
- sixteen provided to the sample clock timer 244 (FIG. 6) allows the sample



phases of bit A have been multiplexed, the bit counter Ais conpared to the
nunber of bits stored in the phase buffers to determine if all of the 10

i nformation bl ocks stored in all applicable phase buffers have been

mul tiplexed 198. If the bit counter A does not equal the nunber of bits
stored in the phase buffers 198, the counter 28 is increnented by one and
the phase counter Bis reinitialized to one 199. The next bit A fromthe
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as shown on line 482 a phase two selective call receiver will have a sample
clock pulsing as shown on line 484, a phase three selective call receiver
will operate as shown on line 486, and a phase four selective call receiver
will have the sample clock signal for controlling the operation of the

15 microprocessor 210 as shown on line 488. In this manner, a
microprocessor decodes one data bit of every four data bits transmitted at
4800 baud, allowing the microprocessor to decode at 1200 baud.

In like manner, at 2400 baud a sixteen value is selectively loaded
depending upon the phase of the selective call receiver. For phase one

20  and two selective call receivers, the sample clock signal will operate as
shown at line 490 and for phase three and phase four selective call
receivers the sample clock receiver will operate as shown on line 492.

This will allow the microprocessor 210 to decode at 1200 baud though the
data is received at 2400 baud:

25 At information block transmission speeds of 1200 baud, the sample
clock signal for all four phases will operate as shown on line 494 (FIG. 9C).
New values will not be loaded into the eight bit timer latch 242 (FIG. 6) as
an information block transmission speed 1200 baud is equivalent to the
sync block transmission speed of 1200 baud.

30 The sample pulse scheme for the four phases is assigned so that if the
selective call receiver makes an error in correctly decoding the "A" word
designating the baud rate, the receiver will assume the highest speed. In
the preferred embodiment, the selective call receiver will assume a 4800
information block baud rate. In so doing, the selective call receiver would

35 still decode properly with the sample clock signals occurring within the
proper bit, though not necessarily in the middle of the bit.
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30 mcroprocessor 210. The mcroprocessor 210 controls the operation of
t he synchroni zer/ phase selector 204 with control signals and control

i nf ormation provided on an eight bit bus 211. Synchroni zation_operations
performed by the synchroni zer/phase sel ector 204 are synchronized to a

clock 212. The control information provided og the eight mmﬂm n '
derived in part frompredeterm ned information stored in n m’a
The code plug 208 is a nonvol atile menmory~f g\t ori ng option ‘and c®nttol*

i nformati on such as the selective call recei'ver addresses. In the preferred
15 enbodi nent, the predetermned information is the two | east significant

bits of the selectiye [nal elodfifecsal] Sst6fdaimethde 60 $Rnbtatihg?ABintéNeaved
predet erm ned infor tl?n n;g‘g .alterﬁ)atlvelg, be assi %geed |ndfe endent |y of
the address by G Kk FRASERSSOn AF pikaudytRed Spmprisgse tae step of tRaeafivisign
back to FI G 52, mubkipdledagwophsality bfiselestivey calb méshagesvhaxfing lselective iyt wo
word array constj . ; . 4 r I ver
according to théadtg?ées%g%{% %ll&rigrg‘ﬂﬁ P})e-rg&@%g?g?@gﬁlggg% I?/feégzeg&o%ecfaﬂgh%‘%sagg*%hases
that constit ut e determingd bysaid seleetivecalbaddresags. By defining the phases and
the code word information array in this manner, a 10 constant anount of

bur st tecti ith lLitfle | i n decod
urst protection w E ﬁ\%r%etl{oc{ ote C'lar}?r{ ?%gﬁege?n saei(c::lom%'itiplexing of said plurality

10  of selective call messages is determined by said baud rate.

3. The method of Claim 2 wherein said step of time division
multiplexing comprises the steps of: -
storing each of said selective call messages as a plurality of message
15 bits in one of a predetermined number of phase queues, the one of said
predetermined number of phase queues determined by said selective call
addresses and the predetermined number determined by said baud rate;
and ' '
generating said interleaved signal comprising a bit stream, by serially
20 inserting each of said plurality of message bits from each of said
predetermined number of phase queues in a sequence starting with a first
of said message bits stored in a first of said predetermined number of
phase queues and thereafter sequentially inserting message bits in a
wraparound manner such that after inserting a first of said message bits
25 stored in a last of said predetermined number of phase queues, next
inserting a second of said message bits stored in said first of said
predetermined number of phase queues.

4. In a selective call system, a method for generating an interleaved
30 signal for transmission comprising the step of time division multiplexing
a plurality of selective call messages having a message traffic density, said
multiplexing of said plurality of selective call messages determined by said
message traffic density. |

35 5. The method of Claim 4 wherein said interleaved signal has a baud
rate, said baud rate determined by said message traffic density.



conplexity is achieved. Al so, the size of the storage rew
thereby the size and conplexity of the selective call receiver are kept -
essehtially constant and for all practical purposes the '

to operate at an effective 1200 baud rate. Thus, the prﬂmmmm“mmmmﬂies
15 the signalling protocol and an adaptive pzgi ng decodes tco per i tssystem
expansion via bit rate increases without requiring a pager recall, '
Furthernore, despiteg s L-3Gs Db t L 0l P Lhe s ' col
s structured o kedh Fhe SpREfide Bl rbdifer hdvib pedloRid HaleisSoflad
essential |y consthgrewithpa methodigg ‘%F@ﬁimﬁr %éé@%\’e oalh messagRs eontainedang

ot ect i on 1 echni S e & o e ot oo bt decodi ng-
etection techni ques, . wel nawn .t o those skilled i e.ar e .de n
s faci|1tated HFBIISTGS SH QHOSngHR o Ceimatarhb i Hrststdipfd dottok
provi ded fr o t hendsyaidhraowl ra¢e./ phase sel ector 204. A control apparatus 216
for the 25 mcroprocessor 210 conprises user selectable controls such as
an ONOFF control, a selective call nessage select control, and a selective
cal | message recal | 7 ohhe srethodofdelaincb eingenid jigfaamatienycarappises/a ded to

an out put devi ce,ig2flif of! FEM theded) 6F déitedldving QbAY5ise8 ¢h f
output. The m c‘rap é s%oéh%fg,%al soeactiv tes ZI e‘?sgzggin a gl%gn rovvell

;
known to 30 t hdi&eoding prg of saidpluzality gfphases said gre 9 tynfirheses
the structurl@ andetenaired ionsaitl predeteeniined datd 4nd saidibaerd mite.t he type shown
in FIG 5, reference is made to U. S. Patent Nunber 4,518,961, U.S. Patent
Nunber

8. A selective call system for transmitting a selective call message
having an address at a first baud rate comprising:
a transmitter comprising;:

15 multiplexing means for generating an interleaved signal
having a plurality of phases by time division multiplexing said selective
call message into one of said plurality of phases in response to said
address; and

transmitting means for transmitting said interleaved
20 signal at said first baud rate; and
a plurality of selective call receivers having selective call
addresses, each of said plurality of selective call receivers comprising:
receiver means for receiving said interleaved signal;
storage means for storing predetermined information;
25 and
decoding means for decoding one of said plurality of
phases of said interleaved signal at a second baud rate said one of said
plurality of phases determined by predetermined information.

30 9. The selective call system of Claim 8 wherein said multiplexing
means generates said interleaved signal in response to said address and
said first baud rate, and wherein said interleaved signal further comprises
a baud rate signal indicative of said first baud rate; and wherein said
decoding means of said plurality of selective call receivers decodes said

35 one of said plurality of phases in response to said predetermined
information and said baud rate signal.



4,649,538, and U.S. Patent Nunber 4,755,816, all comonly assighed—to- the
sane assignee as the present invention, and the teachings of which ar
hereby incorporated by reference. Referring next to FI ““ !“Mml ulj‘
synchroni zer/ phase sel ector 204 receives the denodul atm“

i nput to an edge detector 230 which detects 28 16 the pt esence Of ri si ng
and falling edges in the denodul ated signal. The operatlon of edge detector
230 is controll ed by C

enabl e signal, one 011‘09 ﬁte?gl‘g‘?)lﬁ{:{l QI}PE%&FfSh %fr g\%qiél %‘%}%IF%#&IBQHIIRII;@)%&%
synchroni zer/phamagélcémmls@m fromthe m croprocessor 210. The 5 output
from edge detector 230 i Sa(ghﬁxh Efe@ﬁ@ &Qﬁnﬁrsaicpphﬁﬁﬁty/\@fgﬁaéé

utilized in a first or hase re the detéct edge w th
the regenerat ed BHEUES IQE Rt F&ﬁ/?‘éféblo %esr oop to determ ne

whet her thezgjzt clock is (g mmahgermmmggne@afm @igﬂndﬁngdhadhmﬁh@f sdidse
conpar at or I’ | vance et b] e
timer 234, The Eﬁ?‘dﬁﬁ@%ﬁ iy 3 f ettt BHERRe 41 Prettrpe O PORRS

signal, adds or @etldsess; amdl | increment of time fromthe next time cycle.

The timer 234 normal |y OL&PHéléct?orPkHe%ﬁ %Pg&mérﬁﬂﬁé%hﬂi?hntéﬂééwﬁeﬁ si@nhFb@r d
signal wll alter the tinmer 234 such | otk
time division multiplexing sa1 phases.

10
11. The selective call system of Claim 10 wherein said queue
determining means is a lookup table comprising phase queue
identification means for each of said selective call addresses.
15 12. The selective call system of Claim 10 wherein said bit selection

means comprises bit stream generating means for serially inserting a
message bit from each of said plurality of phase queues in a sequence
starting with a first of said message bits stored in a first of said plurality of
phase queues and thereafter sequentially inserting message bits in a

20 wraparound manner such that after inserting a first of said message bits
stored in a last of said plurality of phase queues, next inserting a second of
said message bits stored in a first of said plurality of phase queues.

13. A selective call receiver comprising:
25 receiver means for receiving a signal having a baud rate and a
plurality of phases;
memory means for storing predetermined information; and
phase selection means for decoding one of said plurality of
phases of said signal, said one of said plurality of phases determined by
30 said predetermined information and said baud rate.

14. The selective call receiver of Claim 13 wherein said
predetermined information comprises a portion of selective call address
information.



pul ses are required to output a pulse, and an advance signal wll alter.the
15 tinmer to produce a pul se every two clock cycles. After-adding or
deleting this increnent of tine, an output fromthe pro m 34
is used to clear the phase conparator and the tinmer wljl M “&‘\“‘
normal four clock cycle per pulse until the R20xt advanc tamd 8i ghal

is generated by a new edge detect. The output of the programmable tinmer 20
234 is a square wave at sixteen tinmes the 1200 baud bit rate. This sixteen

ti mes cl ock signal ed to two, ti clo 238 whi ch
produces a cl ock puilg'epléle stexﬁc@é(et ‘P?&ﬁ’ﬁfefg’?z:l 35 hgﬁeer B BIG der 240
to provide a bi tdeeb hiehhs ednededomﬂgibauddaedgffermihen lfrdmcslan:i:ls'l goial and

di vi der 240|sr term ne
1 the 25 bit CTBCED) éaléﬁase 4BiskiBh thoh AR SRR Bf 855@3% Sl s
rate of the dwo ptlmmofﬁa;dls@é, gagd oontqf@aideplmhtyo@ﬁplbaaes deferavineh bar

ni bbl e of an ei t i ves data
on the eight bi '(Eg Q?a?%ﬁ%lfgg%gnfb?rhg{rlr?ﬁ%édmgéggo%ﬂregg{eesrgg%\@%i%ﬁr'lr'ﬁlgﬁglét ain the
eight bit timer latch is divided into the four bit upper nibble which

provi des data on a four bit 30 data bus to the two tinmes clock 238 and a
four bit |ower nibble which provides data on a four bit data bus to a
sanple clock timer 244. The value received fromthe tiner |atch 242

determ nes how many positive transitions of the sixteen tines clock signal
are required at the input of the two tines clock timer 238 to trigger an
output pulse fromthe tinmer 238. 35 For exanple, if the latched value in

t he upper nibble-is four when the two



o

times clock timer 238 outputs a pulse, the next pulse will be triggered by
17 the timer 238 upon the input of the fourth positive transition of the
sixteen tinmes clock signal. The sixteen tinmes clock signal is also provided
as an input to the sanple clock tinmer 244. The sanple clock timer 244
receives four bits from5 the |ower nibble of3ghe eight bit timer latch 242
whi ch controls the sanple clock 244 pulse rate. The val ue received fromthe
timer latch 242 determ nes how many positive transitions of the sixteen
times clock signal are required at the jn h clo 244 to
trigger an output pul se f%m[ﬁkv%m @@Mﬁ%&gg&kﬁdﬁf nner
descri bed above. 10 The output of tIESNANRINGCSYSREMS provided to the

m croprocessor 210 for use during decoding of the frane information 45, and
the interleaved information bl ocks. The sanple clock signal allows the

m croprocessd® 210 to decode the defbstmhcitoddheddisclasureé200 bits per second
regardl ess of whether the denodul ated signal is 1200 baud, 2400 baud or
4800 baud. The 15 sanple clock signal is also provided to a sanple

regi ster 250 of a syh@EBrRAERg PIPACOI L) comprising 2 plyraliyaldnterisayedehasese
sanpl e register Rga, 988, 90c bA6SI0dS s HrafsAatRI Gieesf £ phitalityest Biaidrass the

reference regist S{ur%ﬁl%' of baud rates being multiples of a base baud rate. The signalling
10 protocol (70) allows a selective call receiver (FIG. 5) to decode at an
operating baud rate equivalent to the base baud rate irrespective of the
transmission baud rate by decoding only a portion (90a, 90b, 90¢ or 90d) of
the transmitted signal, the portion decoded (90a, 90b, 90c or 90d)
determined by the baud rate and the address of the selective call receiver.
15
(FIG. 2 accompanies this abstract)



whi ch receives data fromthe eight bit data bus 211. The reference register
248 and sanple register 250 feed error counting logic 252, the output of 20
whi<ch is coupled to one input of a five bit magnitude conparator 254. The
error counting |logic 252 conpares, on a bit by bit basis, the correspondi ng
bits of the sanple register and the reference regi ster and generates a five
bit error sumranging fromzero to sixteen. A threshold register. 256 which
receives input fromthe eight bit data busl/Z31 provi des the second input to
25 the conparator 254. The five bit magnitude conparator 256 conpares the
five bit error count sumgenerated by the error counting logic 252 to the
two threshold values stored in the threshold register 256. In the preferred
enbodi ment, the threshold valjugs are set to allow a detection of the sync2
words with 30 up to tw e Thus if two or less errors are found then

the sync2 word (i.e., "L’ been det . YNC2 out put fromthe
conparator w |l be pul $¢d; eas, if fqurteen qr rmrf errors are found

then the inverted sync2\ won .e., "inverted C' éd_{ﬁ een detected and the
inverted SYNC2 output fr conpar at of w be sed. The four |east 35

significant bits of the t shol d vajues,\tw} £@0JL0) and fourteen

-

(01110) are stored in the tilwephold regipter 2 anggthe nost significant
bit is hardwired to 0. &l OCE@, nc can b determ'reu'i’rpm ei t her SYNC2 or
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18 inverted SYNC2. The reference register 248 conprises two eight bit

regi sters wherein data is separately |latched by two | atch enabl e signals
fromthe mcroprocessor 210. The thresholds are latched in the threshold
regi ster 256 by a third control signal fromthe mcroprocessor 210. 5
Referring next to FIGS. 7A, 7B, 7C, 7D, 7E, and 7F, a flow chart of the

bl ock synchroni zati on and phase sel ect routine of the synchroni zer/ phase
sel ector 204 starts by initializing the dd23 in the tiner latch 242 (FI G

6) with an eight to the upper and | ower nibbles 300. The value stored in

t he upper nibble of tinmer latch 242 10 determ nes the nunber of sixteen
times clock signal pulses that are counted before the two tines clock 238
generates an output pulse; while the value stored in the | ower nibble
simlarly controls the sanple clock tinmer 244. %hese tiners are ko@aded with
the count nunbers on the first clock transitionjafter an enable yomthe 15
m croprocessor, and th exg the courtéers are _ on the"
edges of each out put Bi{ s gigronization isle

edge detector awaity the {first rarnjsition 3 the firs

transition occurs 304, tHe two tileS cldck tirmgr/2 the sa@

timer 244 begin pulfsing dt theg puEsE==s e det éPm\ne 0 the va

| atched in the eigh i< ti melP \afF===32 (FI G 6)> hi.s— —
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first transition, the eight bit timer latch 242 is next | oaded before the
first output pulses of the two tines clock tinmer 238 and the sanple clock
tiner 244 with a value eight in the upper nibble and a value of sixteen in
the | ower nibble 306. This adjustnment serves to align the 25 two tines
clock timer 238 pulses with the center and edge of each bit, and align the
sanpl e clock 244 pulses wth the center of each bit. Referring once again
to FIG 7A the first thirty-one bit datahéagples are collected 308 and a
counter SYNCL SEARCH Tl MER whi ch counts t it data sanples, to be

exam ned before the "A" word search is 30 abandon, is initially set equa
to one hundred sixty-one 310. The next bit data sanple is taken and the
conpleted thirty-two bit data word sanple is correlated with the "A" words
to determine if an "A" word, designating the baud rate at which the

i nformation block is transmtted, appears in the transmtted data 312. If
the AL word is 35 detected 314 the information block transm ssion speed
is 1200 baud a cQunter DELAY FLAGis set to forty-eight 316. If the
inverted Al wordwi s detected 318, the information bl ock transm ssion speed
s 1200 19 batyd a counter DELAY FLAGis set to forty-eight 316. If the

' oo
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Al word is detected 318, the information block transm ssion speed is 1200
baud and DELAY FLAG is set to zero 320. Likewise, if the A2.word or the
inverted A2 word is detected, 322 or 326, the information 5 bl ock

transm ssion speed is 2400 baud and DELAY FLAG is set to forty-eight or
zero, 324 or 328, respectively. Simlarly,; detection of the A3 word 330 or
the inverted A3 word 334 determ nes that the baud rate is 4800 baud and
DELAY FLAG is set equal to forty-eight or zero, 332 or 336, respectively.

I f none of the "A" words have been detected‘ﬁg in the thirty-two bit data
sanpl e, the SYNCL SEARCH Tl MER i s decrenente gy one 338. The SYNCl1 SEARCH
TIMER al |l ows for one hundred ninety two bits (the size of the sync bl ock 25
(FIG 1B)) to be exanmned in a search for one of the thirty-two bit "A"
words in the denodul ated data. 15 Until SYNC1 SEARCH TI MER equal s zero
340, the m croprgcessor continues to take additional data sanples 312 and
conpares the U@st thirty-two b|t data word sanple to the "A" words. If an

"A" word has mot aW MaTSTaTa ARCH MR- {04 Zed O
340, proceSS|n§\a_%f.iu£it ?%? dektl 201§ 1 Aii ) x|
i nformati on coul tir basth bhe kalbdiivieichlll | rlogali Welr ?#Z_imb
then restart the bI®EK _Eung bhdelselebtl Fdidilng bit &ilod Boo.
Once the baud xate hpg el LﬁiF DERAY Ih
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been set, the routine nust next decode the frane information word 25 and
adjust the bit sanpling rate to the information bl ock transm ssion speed.

| f <DELAY FLAG is not zero 344, the bit sanples are counted and DELAY FLAG
is decrenmented by one for each bit sanpled 346 until DELAY FLAG equal s zero
344. \When DELAY FLAG equals zero 344, thirty-one bit data sanples are
collected 348. If 30 the information block transm ssion speed i-s 2400 baud
352, the eight bit tinmer |atch 242 (FI%.-S) is loaded with an eight in the
upper nibble and a twelve in the | ower A? ble 354. If the information bl ock
‘transm ssion speed is 4800 baud 356, the tiggg |atch 242 is | oaded wth an
eight in the upper nibble and a ten in thesBMwer nibble 358. 35 The
thirty-second sanple is collected and theut ty-two bit sanple of the
frame informati on word is decoded 360. Sab:In the preferred enbodi nent of
the present invention three information b baud rates are possible. If
the information bl ock transm ssion speed | 00 baud 362 the 2400 baud
sync2 search subroutine 364 is perforned 7E). If the information
block 5 transm ssion speed is detepy ud 366, the 4800
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sync2 search subroutine is perfornmed 368 (FIG 7F). Qherw se the

I nformati on bl ock transm ssion speed is assuned to be 1200 -baud and the
1200 baud sync2 search subroutine 370 is performed (FIG 7D). After
perform ng the appropriate sync2 search subroutine, the sanple 10 cl ock
signal phase is selected and the sanple clock is pulsed at the 1200 bits
per second baud rate to control the deinterlngg and bl ock decode routines
of the m croprocessor 37 ‘ the 1200 baud sync2 search
subroutine 370 starts b quﬂgpgw¢stengnp b t tlner latch 242 (FIG 6)
with an eight value in tRN ind a sixteen value in the

| ower nibble 374. A gy SEARCH TINER s set to forty elght (the

1200 baud) 375 and the sync2 corre]ator is enabled 376. Mhen

I nterrupt occurs 377, the data bitk sanpled are conpared wthithe "C'| words
and it is determned 20 whethe mver.{qzd C' have been detectped
378. If "C'" or "inverted C' e ed 378, and SYNC2 SEARCH
TIMER i s not equal to zerLe”379, SYNC2 SEA‘a TIMER i s decrenented by pne
380 and the five bit conltud or 254 |G 6) awaits |the nex}
sanpl e interrupt s ﬁA@m)éAEL ™ot bbBéh 25| detected 378

and SYNC2 SEARCH %g%;ﬁgg?@? gvwal ts the next frane of
: tlne bit

t he denodul at ed si gna he sel ective call regeiver
shoul d appear 381 at whi

YES

/‘167

RECEIVE MESSAGE INFORMATION

168
/.

ADDRESS STORED INFORMATION IN THE
LOOKUP TABLE AS DETERMINED BY THE
TERMINAL ACCESS PHONE LINE

/-1 69
READ THE SELECTIVE CALL ADDRESS, THE
ASSIGNED FRAME, AND THE ASSIGNED PHASE

L

CONSTRUCT THE SELECTIVE CALL MESSAGE
IN THE FORMAT: SELECTIVE CALL ADDRESS
FOLLOWED BY MESSAGE INFORMATION

STORE THE SELECTIVE CALL MESSAGE IN
THE FRAME/CHANNEL BUFFER AS
DETERMINED BY THE ASSIGNED FRAME
AND THE ASSIGNED PHASE

FIG. 4A




synchroni zati on and base select routine is begun again 300. If one of the
"C' words have been detected 378 and the "C' word is 30 "C' 382,
proecessi ng delays for twenty-four bits 383 until the end of the sync bl ock
25 (FIG 1B) at which tine processing returns 384 to the deinterl eave and

bl ock decode step 372, sending a SYNC2 signal fromthe synchronizer/phase
sel ector 204 to the mcroprocessor 210 (F128. 6). The sanple clock will then
produce a sanple clock signal controlling the bit 35 sanple function of
the m croprocessor 210 (FIG ¥ﬁ$ﬁ Hiy=0} t he

denodul ated signal at 1200 ba FRF d@@é&ﬁu@g@@%@me 8is not "C
382, i.e., the—detected ¢C word cH I ch occurs_g4, the 21
end of sync bj ock 25, thgre isqhs delay before returnlng 384/to the bl ock
synchroni zatipn and phggessefect routif
decode at 372, sendi q
whi ch point the mnj V\Wé beONEsERNVIE\g/RHKSEbTV\@ ¢RANE 5
de][mdul at ed E KE@IBAUIR RATEY | 208V i g e NW%ITHF{EE ANDOFRieiB tN/RHABEE
i nformation ocR '

Referring next to € 2400 bal ANgwyuzaEeamnhAmmbmomﬁjm@FBEH starts
by | oadi ng the ei ght D er latch 242 (FIG 6) with a four value

at

175 f”a

READ AND COMBINE FRAME N/PHASE
YES | ONE AND FRAME N/PHASE TWO

SELECTIVE CALL MESSAGES AND
STORE IN CHANNEL ONE BUFFER

DOES
BAUD RATE/1200
=27

177 -
NO K READ AND COMBINE FRAME N/PHASE
' THREE AND FRAME N/PHASE FOUR
SELECTIVE CALL MESSAGES AND
STORE IN CHANNEL TWO BUFFER

y

178 READ AND COMBINE FRAME N/PHASE §79
ONE SELECTIVE CALL MESSAGES AND
STORE IN CHANNEL ONE BUFFER

DOES YES

BAUD RATE/1200
= 47?

READ AND COMBINE FRAME N/PHASE
TWO SELECTIVE CALL MESSAGES AND
STORE IN CHANNEL TWO BUFFER

183 READ AND COMBINE FRAME N/PHASE
, /- THREE SELECTIVE CALL MESSAGES AND
PERFORM DIFFERENT STORE IN CHANNEL THREE BUFFER

PROTOCOL
CONSTRUCTION

N=N+1

READ AND COMBINE FRAME N/PHASE
FOUR SELECTIVE CALL MESSAGES AND
STORE IN CHANNEL FOUR BUFFER




t he upper nibble and an eight value in the | ower nibble 390. A counter 10
SYNC2 SEARCH TIMER is set to ninety-six (the nunber of bits in the sync2
bi t= synchroni zation portion 50 (FIG 1B) at 2400 baud) 391 and the sync2
correlator is enabled 392. Wien a sanple interrupt occurs 393, the data
bits sanpled are conpared with the "C' words and it is determ ned whet her
"C'" or "inverted C' have been detected 394., 15 If "C'" or "inverted C'
have not been detected 394, and SYNC2 S TIMER is not equal to zero
395, SYNC2 SEARCH TI MER is de€regented by one 396 and the five bit
magnitude conpar at or 254 (Fl % awaits the next sanple interrupt 393. If
“C'" or "inverted C' have not g detected 394and SYNC2 SEARCH TI MER |
equal s zero 395, proce55| ng 20y awaits the Mext frame of the denodul ated
signal in whic , gl | receiver should appear

397 at which t rreFtutugEtA(ngHmNElmg@FFEmmd bgse sel ect routine |s begun
again 300. If n@,giAche( BQAM’BWG IDQEEWWDSde ected 394 and the "C' word

is "C' 398, prpcessing delays f forty-eight bts 399 until the end of the
sync 25 bl ock™2Z2 ' gnal fromthe

synchroni zer/ phase sel ector 20 to the mcropqg@essor 210 (FIG 6). If the
"C' word detectedf39 , he detected "C' word is
"inverted C' whic D&'&NESF%W@ SM&C&L@ ock 25, there is no del ay
bef ore sending an' e m croprocessor. Processing

next determ nes |f phase 30 oye/two is to be dﬁgpded 400. If phase one/two
IS not to be deqoged—486
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processing awaits one sanple interrupt 402 before | oading the upper nibble
of the sync tiner latch 242 (FIG 6) with a four and the lower nibble with
a sixteen 403. In this manner, the sanple clock will produce a sanple clock
signal at 1200 baud controlling the bit sanple function of the 35

m croprocessor 210 (FIG 6) in the mddle gg each phase three/four bit of
the denodul ated signal. If phase one/tmo 5&0 be decoded 400, t-he eight
bit timer latch 242 is loaded with a four in the upper nibble and a sixteen
22 in the | owe M.thout a delay quch that the sanple clock will
produce a sa olling the bit sanple-
function of t t he m ddl e of each phase
one/two bit at .... eturns 404 to the block 5
synchroni zat} : routlne at step 372. Referring to FIG 7F,
t he 4800 ba
timer latch R42 (FIG 6) ue in the upper nibble and an four
value in the | ower nibblef428.=A cpyhter SYNC2 SEARCH TIMER is set to one
hundred ninety two (the ngnbBr=9¢f Pits in 10 the sync2 bit synchronization
portion 50 (FIG 1B) at 4800 baud)®421 and the sync2 correlator is enabl ed
422. \When a jsanple interrupt dccurs 423, the

IN FRAME N SEND BIT A OF PHASE
BUFFERB

197
/.

DOES B =
BAUD RATE/12007

DOES A = THE NUMBER
OF BITS STORED IN
PHASE BUFFER B?

200
-

N=N+1
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data bits sanpled are conpared with the "C'" words and it is determ ned

whet her "C' or "inverted C' have been detected 424. If "C'" or "inverted C'
havé not been detected 424, and SYNC2 15 SEARCH TIMER is not equal to zero
425, SYNC2 SEARCH TIMER is decrenented by one 426 and the five bit
magnitude conparator 254 (FIG 6) awaits the next sanple interrupt 423. If
"C'" or "inverted C' have not been detected 424 and SYNC2 SEARCH TI MER

equal s zero 425, processing awaits the next me of the denodul ated signal
in which information for 20 the selectivel é’é—? recei ver shoul d appear 427
at which time the bit synchroni zation and base select routine is begun
again 300. If one of the "C' words have been detected 424 and the "C' word
is "C' 428, processing delays for ninety-two bits 429 until the end of the
sync bl ock 25 (FIG 1B) and sends a SYNC2 signal fromthe syncBiénizer/ phase
25 selector 204 to the mcroprocessor 210 (FIG 6). If the "C' wory

detected 424 is not "C' 398, i.e., the detected "C'" word is o -
whi ch occurs at _+f892end of the sync bl ock 25, there i.s no del ayC@é\rER@L
sending an invgrted SYNC2 signal to the microprocessor 210. Pr APESARATLSe

determ nes | ase one is to be decoded 430. If phase, @?e | Sr——
430, the eig 30 bit timer latch 242 is |loaded with a i

ni bbl e and a ¥i xteen in the | ower nibble 438 w thout a dela
sanple clock W Il produce a sanple clock signal at 1200 bag
the bit sanplp function of the m croprocessor 210 (FIG 6) }i

each phase /203

RECEIVER/
DEMODULATOR

/ 2.10

RX DATA

204

\ SYNCHRONIZER/} CONTROL
PHASE SIGNALS
SELECTOR
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PROCESSOR

SAMPLE

MEMORY ,ALERTS I
DEVICE

218
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one bit. If phase one is not to be decoded 430, and if phase two is to be
35 decoded 431, processing awaits one sanple interrupt 432 before | oading
t he” upper nibble of the sync tinmer latch 242 (FIG 6) with a tw and the

| ower nibble with a sixteen 438. In this manner, the sanple clock wll
produce a 23 sanpl e clock signal at 1200 baud (controlling the bit
sanple function of the m croprocessor 210 (FIG 6)) in the m ddl-e of each
phase two bit of the denodul ated signal. |Inigtd3er words, the m croprocessor
210 is able to process the data at a constant rate using the sanme al gorithm
i ndependent 5 of the channel baud rate. |If phase one 430 and phase two 431
are not to be decoded, and if phase three is to be decoded 433, processing
awaits two sanple jnterrupts 434 before | oading the upper nibble of the
sync timer latch 242 (FIG 6) with a two an ower— ni-bbl e- a — —
sixteen 438. In th{s manner, the sanfA’€| "d[ﬂr‘ prﬁduce a sgg$u5b4ﬂ ock
signal at 1200 10 | baud controlllng the | € ction of the

m cr oprocessor 210 (FIG 6) g %@éh ke three bit of the
denodul at ed signal’_FlnéTIy, et wo 431, and phase
e selective cal

three 433 are not }lo je—ee
recei ver decoddTAp pHase EE&I and processi ng favai ’t‘s hree sanpl e

interrupts 43B>befs |06E CR?

PROGRAMMABLE
TIMER

236
DIVIDE SIXTEEN TIMES
BY TWO CLOCK SIGNAL

SAMPLE
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DIVIDE TWO TIMES
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240 |

EIGHT BIT TIMER LATCH
DATA

LE
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15 nibble of the sync tinmer latch 242 (FIG 6) with a two and the | ower

ni bble with a sixteen 438. In this manner, the sanple clock will produce a
sanpl e cl ock signal at 1200 baud controlling the bit sanple function of the
m croprocessor 210 (FIG 6) in the mddle of each phase four bit of the
denodul ated signal. 20 Referring next to FIGS. 8A and 8B, various
signals are depicted during the transition fromthe frame i nformation
portion 45 to the second bit synchroni zati og2@gtion 50 of sync bl ock 25
(FIG 1B). Referring to FIG 8A, signals depicting the denodul ated data 450
received as input to the mcroprocessor 210 and the edge detectaor, 230 (FIG
6) are shown. Simlarly 25 timng signals are shown on I|i neifn‘%o 460,

465, and 470, depicting the signals at the out putngfDAJ@g di iider_240 _the

timer 234, e—tywor—ti®res—cto Tet—238—a1c IS pold/©Oi ner 244
(FIG 6), I‘ESP_EQLI vel w_The ' A V\QI‘(LOf t;_he denodu] at ed data 4 gnal
I ndi O ck transm ssion speed df 4800 badd. The

don BYNDTW 45 t eggecond bi

i ndi cates an ‘ B S
transition fia! SﬂMPLﬁfo
synchr oni zaft L ) (REGISTEBO

| s @

e p'3; ] dLATORE45 Referring t aifcROSB.
simlar sign e STOW epresentl ng data rece'Wed wi th an |§ﬁé§§%gb
bl ock transﬂSS| on Fpgeg 822400 bg@54As can bd seen at the |'e o5
of FIGS. 8A|png UDPTeer ni b u. 2 ils | oaded with
ei ght causin l %N}N@W@s to
be pulsed opre [ ng ARATOR l’LSYNC TWO | DETECT

l -
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24 sixteen tinmes clock signal 460. Simlarly, the |lower nibble of tiner

| atch 242 is | oaded with six{een such that the sanple clock tiner 244
pul’ses the sanple clock signal shown on line 470 at the rate of sixteen
pul ses of the sixteen times clock signal 460 to one pul se of the sanple
clock 470. The 5 tinmer latch 242 (FIG6) is |oaded at step 306 (FIG 7A)
with the upper and | ower nibble val ues of ggﬂ; and si xteen, respectively,
irregardl ess of the transm ssion baud rate the sync2 portion which

begins at tinme 475. Wen the " {ng the baud
rate of the sync2 portion, stdps BSACEnNISTBEHRORIZAQIONhetimer latch is
| oaded with 10 new val ues whi|cAN®dj RHASEtheSERERITe ROUGKENEUlfse rate during
the transition fromthe frame f-0.d5 into the.Syng portion 50 of
t he sync bl ock signal. At 2400 baud (FIG.BB) Lhe sanple clock wait 6 | ve
pul ses of the %yxﬁﬁﬁh tlne ctock—signat—466-bef ore pul sing the fir&t me
I n the sync2 ht'eek—4+6— ese—vettes—ane | oaded at step 354 (FIG 7C). At

step 390 of tHedARD zgl\pﬂcbamean_zA};gp{r h qubroutine (FI 7E) the tiner
| atch 242 (FI (16) |gppgﬁo fapMetbga fodr it the Wé ni bpl e and an ei ght

in the | ower rlbblq_k Wﬁ FBm't iges 45 end 40— —the two—tiTmes——tj ock
and the sanpl d cl ock pul se fogether for e |firstt QOLEECTn FDRSIyrER

synchroni zati on S|gnasl artgr DATA SAMPLES
%y
ENABLE BIT SYNC-I y 310
SYNC 1 SEARCH
%y TIMER=161
WAIT FOR FIRST 312 ‘ -
POTSITIVE DATA /4 Y
RANSITION TAKE A DATA SAMPLE
306 AND CORRELATE WITH
Y s "A" WORDS
LOAD SYNC TIMER LATCH ,
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LOWER NIBBLE=16 (C ’
l I

314

/ 316

BAUD RATE=1200
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HAS
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320
/ 318
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HAS
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time 475. Thereafter, the two tinmes clock pulses twice for every pul se of
20 the sanple clock. In a like manner, on |lines 465 and 470 when the sync2
block is transmtted at 4800 baud, the upper and | ower nibbles of tiner

|l atch 242 (FIG 6) are |oaded at step 420 (FIG 7F) with two and four,
respectively. Simlar to the 2400 baud signal, the two tines clock on |ine
465 pul ses twi ce for every pul se of thelggmmle cl ock shown on li-ne 470 and
25 in synchronizgtion therewith. It can also be seen I“. each pul se of

ne 470 sanples the center of eaf of the
denodul at ed dat a ne 450, which in the first bit e sync2 portion
of the sync bl ock™®® (FI G 1B) conprises alternating oneg and zeros.
Referring next to FIGS. 9A 9B, and 9C, the 4pnodulated dat a ?b%nal 30 on
|l i ne 450, the datajclock on Iine 455, theg t times 0CcKNQ e 465, and

sanpl e clock signajs are for |nf rqgg(y1. ock i nfdwgati on baud
rates of 4800 baud ‘ll g5 RS "ABT BEEN

Re ti nme of
transition fromthg 30 (FIG
1A) 480. Referring f|r . e 4800 bawd sync earch
subroutine at 35 ptep 438 (FIG. 7F) the timer latch Usge® \hbbl e maintains
a value of two whije the |ower nibble is | oaded with a vatoe—of—si xt een.
The val ue of sixtepn provided to the sanple clock tiner 244 (FlIg 6) allows

t he sanpl e 326

328

HAS
"INVERTED A2"
BEEN DETECTED?

- BAUD RATE = 2400 YES
DELAY FLAG = ZERO BITS

NO

332

BAUD RATE = 4800 [YES
~*—]DELAY FLAG = 48 BITS

330

HAS "A3" BEEN
DETECTED?

NO

334
/~336

HAS
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DELAY FLAG = ZERO BITS
342
AWAIT NEXT
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Y

— 338

SYNC1 SEARCH TIMER =
SYNC1 SEARCH TIMER - 1

AT NEXT
SAMPLE INTERRUPT YES DOES SYNC1
DELAY FLAG = SEARCH TIMER =
DELAY FLAG - 1 0?2

FIG. 7B
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25 clock timer to provide a sanple clock signal to the m croprocessor 210
to sanple once for every four bits of data received at 4800 baud and in the
m ddl e of each fourth bit, corresponding to one phase of the date received
at 4800 baud. The sixteen value is not |oaded into the |ower nibble of the
5 tinmer latch 242 until a nunber of sanples have been taken as determ ned
by the predeterm ned inforpgation provided tgszg}?e m cr oprocessor 210 from

t he code plug 208 which dftger iy nes the phas whi ch the sel ective call
recei ver operates. The m &opgocessor converts the predeterm ned

I nformation to provide the Yarious signals Qgthe regi ster data bus 211. 10
Thus, for a phase one sel ec ive call recerv the sanple clock wll
operate as shom ‘ mogsel ective call receiver will have
a sanpl e cl ock] pul QOIQ_EGTsthMT DATAl ne 484, a phase three selective call
receiver will pperate asAMmBLBESON |ine 486, and a phase four selective call
receiver wll h k sign#l for controlling the operation of
the 15 m croprocessor U s shown on Tine 488, this manner, a

m croprocessor decodes one Xata hitggaf every fd@ur data bits transmtted at
4800 baud, allow ng thg cropwgcessor to decofle at 1200 baud.

manner, at 2400 baye”ans Q1S ‘?E ect v'e‘pﬁqgéﬂ&ﬂ- rQJ"uon

t he phase of thes§ C ' 6
selective call rece™wgrs, th g0 ® clock si gpal at

356 358
r -
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receivers the sanple clock receiver will operate as shown on line 492. This
will allow the mcroprocessor 210 to decode at 1200 baud though the data is
recei ved at 2400 baud. 25 At information block transm ssion speeds of
1200 baud, the. sample clock signal for all four phases will operate as
shown on line 494 (FIG 9C). New values will not be | oaded into the eight
bit timer latch 242 (FIG 6) as an inforg%t#.gn bl ock transm ssi on speed
1200 baud is equivalent to the sync bl oc 1/ nsm ssi on speed of 1200 baud.

30 The sanpl e pul se schene for the four phases is assigned so that if
t he selective cal%%ecei ver makes an error -in correctly decoding the "A"
wor d desi gnat i AAg baud rate, the receiver will assune the hi ghest speed.

In the preferr ' del ective call receiver will assume a 4800
i nformation Igg%%qm%b%mgs doi ng, the selective call receiver would
35 still dedQeRiaRs Wlla sanpl e cl ock signals occurring wthin

t he proper b(izt37ghough in.the mddle of the bit 26
CLAIMS 1. | f—a—setectve—ca y m a nethod for generating an

i nterl eaved |Jdi@QABRISYNEC TiMEBWAIGH N Rt a baud ragg conprising the sfep of
time divisiqgn UPPER NIBBLE = 8 i 381 AWAIT NEXT

LOWER NIBBLE = 16 " 1APPLICABLE FRAME

ENABLE SYNC2

CORRELATOR DOES

SYNC2 SEARCH TIMER

WAIT FOR SAMPLE
INTERRUPT

7~ 380 .
SYNC2 SEARCH TIMER=
SYNC2 SEARCH TIMER - 1

378

HAS
“C" OR "INVERTED C"

BEEN DETECTED?

HAS
"C" BEEN
DETECTED?

DELAY FOR A COUNT
OF TWENTY FOUR BITS

384

' RETURN ' FIG. 7D




5 multiplexing a plurality of selective call nmessages having sel ective

call addresses, said nultiplexing of said plurality of selective cal

nmessages determ ned by said selective call addresses. 2. The method of

Claiml1l wherein said nultiplexing of said plurality 10 of selective call

nmessages i s determ ned by said baud rate. 3. The nethod of Claim2 wherein

said step of tine division nmultiplexin rises the steps of: .storing
J7280

each of sai df seigecBAVD SENC TRFSAYSS a lurality of nessage 15 bits in
ghdse queues, the one of said

Ew : “det ernined by said selective call

preddt ermi ned nupbef determ ned by said baud rate an

generating jshOAD SY&NC THVER SATCH Jcofprising a
f nessage bits [f r omrAWSRIT NEXTai d

-
<

IO
o

n a sequene‘\%?lalQABlgEﬁRAME i rst]| of
ol said preddgdasd e # phasg
gueues and ~ quent iall y i ngerting gage bitsAin*a w aparoungd
manner suc figst of I d nmessage Wi 25 stored

in a | ast
second of sd
nunber of phase_q

ill U]LIII A
Rt TSRS el of phase queues, ngxXt 1nserting a
o, N|said firggse e adet er m ned
Sefective cal l syst s a met howf or

generating an InENA@LaE@#ch DOES
CORRELATOR SYNC2 SEARCH TIMER

=07?

~— 393

WAIT FOR SAMPLE
INTERRUPT

396 ~

SYNC2 SEARCH TIMER=
394 SYNC2 SEARCH TIMER - 1

HAS
"C" OR "INVERTED C"
BEEN DETECTED?

NO

398 399
HAS
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400 402
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g

403
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30 sighal for transm ssion conprising the step of tinme division
multiplexing a plurality of selective call nmessages having a nmessage
traffic density, said nmultiplexing of said plurality of selective cal

nmessages determ ned by said nessage traffic density. 35 5. The met hod
of Claim4 wherein said interleaved signal Ps a baud rate, said baud rate
det er mi ned by sai -- i ty18/23 In a selective call
recei ver having pr %ﬁ@f@% PUBRALTINE g 60 at ed thereW| th, a nethod for
decodi ng a sel ecti e4é~03_ ssage contained within information transnifted
at a baud rate cofp s ep—ef— dej nterl eavi ng sai d |nfornat|on S
det er ni ned by sai fLBARFING T g |5 | and sl baud rate. e net hod
of Cl aim 6 wherei ' risescﬁb and the
step of deinterl el it of de Iurality
of phases, said one of sai dyplurati4€y of| phases 1 y said
predeter m ned daf e, o RS 8. A selective cal llyggstem for
transmtting a splective caF nessage ing an address atf a first baud
rate conprising: a transmtger coqulé% :
mul ti pl exi ng neans f g—gerelating t rleaved si gpa

ENABLE SYNC2

CORRELATOR SYNC2 SEARCH TIMER

=0?
/-423

WAIT FOR SAMPLE
INTERRUPT

SYNC2 SEARCH TIMER=
SYNC2 SEARCH TIMER - 1

HAS :
"C" OR "INVERTED C"
BEEN DETECTED?

y- 429
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DELAY FOR A COUNT
OF 92 BITS :

433
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IS
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WAIT FOR TWO
SAMPLE INTERRUPTS

I WAIT FOR THREE NO
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having a plurality of phases by tinme division nmultiplexing said selective
cal] nessage into one of said plurality of phases in response to said
address; and transmitting neans for transmitting said interleaved 20

signal at said first baud rate; and a plurality of selective call receivers
havi ng sel ective call addresses, each of said plurality of selective cal
receivers conprising: receiver neans for receiving said interleaved signal
storage neans for storing predeterm ned ﬂﬁ&%?nation; 25 and decodi ng neans
for decoding one of -said plurality of phases of said interleaved signal at
a second baud rate sai %one of%ai d pl @al ity @ phas% determ ned by
predeterm ned informatrbon. 30 < 9. fHhe selective #all systemof Caim8
wherein said nultiplgxl%g means' generaﬂes sai d li nterl daved signal in

response to said addregs and said fir baud rate, anq wherein said

i nterl eaved signal furtlher qonpri ses baud ratle signgdl indicative of said
first baud rate; and whierein sgdid de ing rfeans off said plurality of

sel ective call receiverls decodqs sai 35 ogrrejof ™ plurality of phases
in response to said fpredet erpmrred i nfrogmat | iInd sai 4§ baud rate signal

BS2 4800 BAUD
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10. The selective call systemof Caim9 wherein said nultiplexing neans
conprises: a plurality of phase queues, each of said plurality of phase
quelies for storing each of said plurality of phases; 5 gueue
determ ning neans for determning in which of said plurality of phase
gueues to store said selective call nessage in response to said address;
and bit selection neans for generating sangh4 nterleaved signal by tine

di vision multiplexing said phases. 10 11. e selective call system of
Claim 10 wherein said gueue determ ning nmeans ks a | @okup table conprising
phase queue identificagﬁon mealid for eBh of s d segéctive call addresses.
15 12. The selecffve caIFfsystenﬁbf Cl ai ™10 wgerein said bit

sel ection neans conpri ses bit s&rean1g=neratin nmeang for serially
inserting a nessage fpit from each of E3id pduLality qf phase queues in a
sequence starting wifth a firjst of saif_nessage|bits qtored in a first of
said plurality of phase queues and thetreafter dequentjially inserting
nmessage bits in a 2 wr aparound manRer such tlhat aflter inserting a first
of said nessage bitg stored Tnja | ast—df saifd plurfalrtty of phase queues,
next inserting a sedond of said nessdug bit ored—n a first of said
plurality of phase dqueues.

|_ ©

BS2 4800 BAUD

g

FIG. 8B
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13. A selective call receiver conprising: 25 recei ver neans for
receiving a signal having a baud rate and a plurality of phases; nenory
meahs for storing predetermined information; and phase sel ection nmeans for
decodi ng one of said plurality of phases of said signal, said one of said
plurality of phases determ ned by 30 said predeterm ned information and
said baud rate. 14. The selective call r%ﬁﬁi er of Caim1l3 wherein said
predeterm ned i nformati on conprises a poftion of selective call address

i nformati on. 15. SThe §§Iectiv3)call recg&ver of Clain1%%, further
conpri si ng decodi ngcxreans) f or deewndi ng baueb rat e igf or mat i ggn fron1ghid
signal and wherein Jaid ase seﬁéction medns decoles saidTbne of I d
plurality of phases of said signal, said one of said plurality of phases
determ ned by said Baud qate i nfgrmati on angd sai d predet er m ned

i nformati on.
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