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TIME DIVISION MULTIPLEXED SELECTIVE CALL
SIGNALLING SYSTEM

Field of the Invention

This invention relates in general to a selective call system, and in
particular to a signalling protocol for use with a selective call system
having a transmitter and a plurality of selective call receivers, the selective
call system providing transmissions at several different bit rates.

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
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.
One solution to this problém 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
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
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
bps 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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are retired from service and replaced with 1200 baud pagers. In a{ddition,
merely increasing the baud rate, without modifying the code format, has a
number of undesirable effects. For example, for each doubling of the bit
rate, the paging sensitivity in the Gaussian environment degrades by two
to three decibels (dB). Also, increasing the bit rate generally requires the
decoder in the selective call receiver to run faster resulting in a decrease in
battery life. Finally, for each doubling of the bit rate in a Rayleigh fading
environment, the maximum fade length that can be tolerated is reduced
by one half which may result in the loss of six dB or more of paging
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
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
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
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.
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
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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rates without reconfiguring the deinterleaver with each change in the bit
rate and is resistive to burst errors even if the bit rate is increased. The
EPA '205 system, though, requires the selective call receiver decoder to run
at higher operating speeds for higher baud rates resulting in reduced
battery efficiency and shorter battery life for the selective call receiver's
battery. _

Thus, what is needed is a method and apparatus for interleaving and
deinterleaving a signal in a selective call system environment at
successively deeper interleaving depths with successively higher
transmission baud rates wherein the battery life in the selective call
receivers is not decreased due to the higher baud rate of transmission and
the loss in paging sensitivity is minimized and the maximum tolerable
fade length are not decreased.

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
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.

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
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.
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Brief Description of the Drawing

FIGs. 1A, 1B and 1C are representations of the signalling protocol
utilized in the preferred embodiment of the present invention.

FIG. 2 is a diagram of the preferred embodiment of the phase
interleaved signal according to the present invention.

FIG. 3 is a block diagram of the preferred embodiment of the selective
call network system encoder according to the present invention.

FIGs. 4A, 4B, 4C and 4D flowchart the operation of the selective call
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.

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.

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

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
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
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



P

10

15

20

25

30

35

5

frame 20. In the preferred embodiment, the syné block 25 comprises a
coarse bit and frame sync portion 40, a frame information portion 45, and a
fine 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 embodiment, .
for a total of 160 milliseconds (msec) transmission time. The frame
information portion 45 comprises a (32,21) BCH word which identifies and
supplies frame information and other information on the particular
frame 20 (FIG. 1A) in which the sync block 25 appears. The second bit
synchronization portion 50 is used for acquiring synchronization to the
information block baud rate. Portion 40 is utilized to acquire bit and frame
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
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
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.
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"
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
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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Referring to FIG. 1C, the information blocks 30 of the preferred
embodiment used to transmit address and data information comprise an
information array of eight code words 70. The transmission time of the
information block is fixed irrespective of the transmission baud rate.

Since the sync block 25 (FIG. 1B) is transmitted at 1200 baud for a total of
160 msec transmission time, the eighteen information blocks 30 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
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
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
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
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
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
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
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4800 baud this number increases to 200,000 alpii'ahumeric selective call
receiver users. A change in baud rate may require certain aspects of the
systems fixed infrastructure to be upgraded (e.g., higher transmitter power,
more transmitters, more phase buffers (as described below), and higher
baud rate modems). The service provider, though, can anticipate when,
based on his growth rate, to upgrade his system to support these higher
baud rates. It is desirable that the service provider be able to upgrade
without causing any inconvenience to his existing customers. The
selective call receivers described below allow the service provider to
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
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.
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
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
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
and predetermined information, i.e., 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
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supporting multiple bit rates, the multirate protocol is structured to
provide a constant amount of burst error protection in terms of the length
of a burst error. Because the interleaving depth is varied in ratio to the
baud rate, the amount of burst protection provided in terms of time
remains fixed at thirteen msec.

Referring to FIG. 3, a selective call system encoder to support the
disclosed signalling protocol comprises a PBX terminal 150 coupled to a
plurality of phone lines 152 for receiving selective call message
information from message originators. The selective call message
information is transmitted to a selective 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
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
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
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
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
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
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use the two least significant bits of the address to identify a decoding phase.
Alternatively, a prefix or suffix digit associated with each address can be
used. For example, in the preferred embodiment the phase identification
information could be indicated by the two least significant bits of the
selective call receiver address allowing for four possibilities (00, 01, 10, 11)
as the preferred signalling protocol anticipates four possible phases,90a,
90b, 90c and 90d (FIG. 2).

The frame/phase buffer 156 stores the message information in a
manner allowing access by frame and phase. For example, portions of the
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
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
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
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
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
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
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messages transmitted in a manner well known to those skilled in the art.
As the selective call system traffic increases, the frame baud rate selector
159 increases the transmission baud rate. Also, the traffic analyzer 160 can
predict the quantity of traffic in a particular frame and signal the frame
baud rate selector 159 to assign baud rates to individual frames based upon
the information transmitted in the frame.

Table 1 shows to which phase buffers 162a, 162b, 162¢ or 162d the
interleaved code words will be assigned by the pre-processor 157. In one
embodiment, the phase is identified by the two least significant binary bits
of the selective call address of the selective call message.

TABLE 1

| BAUD PHASE

PHASE RATE BUFFER
00 1200 162a
01 1200 162a
10 1200 162a
1 1200 162a
00 2400 162a
01 2400 162a
10 2400 162b
11 2400 162b
00 4800 162a
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
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.

A data stream generator 164 time division multiplexes the
information received from the four phase buffers 162a, 162b, 162c and 162d
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to form a serial data bit stream which is then piovided to the system
transmitters for transmission 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 message storage
operation of the call processor 155. FIGs. 4B and 4C flowchart the
information block construction and phase allocation operation of the pre-
processor 157. FIG. 4D flowcharts the serialization of the signal by the data
stream generator 164.

Referring to FIG. 4A, after system startup 165 the call processing and
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
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
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
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
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
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
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from the frame baud rate selector 159 (FIG. 3) to determine the
transmission baud rate. If the baud rate signal indicates a transmission
speed of 1200 baud 172, the selective call messages assigned to the first,
second, third, and fourth phase of frame N are read from the frame/phase
buffer 156 and combined in a manner determined by the signalling
protocol 173. A first in/first out combination method could be employed
or the combining of the messages could be determined by the selective call
addresses or other information stored in the lookup table 158 (FIG. 3). The
combined selective call messages are stored in the channel one buffer 173.
If storage of the selective call messages in the channel buffer results in a
partial 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.

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
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
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
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.

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
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then divided up into sample phases, the number of which equals the baud
rate divided by the base baud rate, 1200 baud. Each sample phase is then
stored 185 in the first one hundred and ninety two bits of the
corresponding phase buffer 162a, 162b, 162c or 162d. Thus, when the
transmission 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 sample phase of portion
50 (FIG. 1B). The specific sample phase stored in each phase buffer is
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
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
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
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.
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
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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transmitters 195. The phase counter B is compared to a maximum phase
counter to determine if the bits A stored in all applicable phase buffers (as
determined by the transmission baud rate) have been multiplexed 196. If
the phase counter B does not equal the maximum phase counter 196, the
counter B is incremented by one 197 and the bit A of phase buffer 2 is
added to the data stream 195 from the next phase buffer. If the phase
counter B now equals the maximum phase counter 196 indicating that all
phases of bit A have been multiplexed, the bit counter A is compared to
the number of bits stored in the phase buffers to determine if all of the
information blocks stored in all applicable phase buffers have been
multiplexed 198. If the bit counter A does not equal the number of bits
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
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.

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.

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
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
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
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embodiment, the predetermined information is the two least significant
bits of the selective call address stored in the code plug 208. The |
predetermined information may, alternatively, be assigned independently
of the address by using extra bits in the code plug 208.

Referring back to FIG. 2, the code words in the every fourth row of the
thirty-two word array constitute one phase. The decoder of a selective call
receiver according to the present invention operates on only one of the
four phases that constitute the code word information array. By defining
the phases and the code word information array in this manner, a
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
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.

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
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
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
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
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the presence of rising and falling edges in the demodulated signal. The
operation of edge detector 230 is controlled by signals from the clock
oscillator 212 and a reset enable signal, one of the control signals provided
to the synchronizer/phase selector 204 from the microprocessor 210. The
output from edge detector 230 is provided to a phase comparator 232
which is utilized in a first order phase lock loop to compare the detected
edge with the regenerated bit clock provided by the phase lock loop to
determine whether the bit clock is leading or lagging the edge detected.
The phase comparator 232 provides an advance or retard signal to a
programmable timer 234. The programmable timer 234 in response to the
advance or retard signal, adds or deletes a small increment of time from
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
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
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
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
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.
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
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the timer 238 upon the input of the fourth positive transition of the
sixteen times clock signal.

The sixteen times clock signal is also provided as an input to the
sample clock timer 244. The sample clock timer 244 receives four bits from
the lower nibble of the eight bit timer latch 242 which controls the sample
clock 244 pulse rate. The value received from the timer latch 242
determines how many positive transitions of the sixteen times clock
signal are required at the input to the sample clock 244 to trigger an output
pulse from the sample clock timer 244 in the manner described above.

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
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
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
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
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
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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inverted SYNC2. The reference register 248 comprises two eight bit
registers wherein data is separately latched by two latch enable signals

from the microprocessor 210. The thresholds are latched in the threshold

register 256 by a third control signal from the microprocessor 210.
Referring next to FIGS. 7A, 7B, 7C, 7D, 7E, and 7F, a flow chart of
the block synchronization and phase select routine of the
synchronizer/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
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
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
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
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
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
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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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 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
block transmission speed is 2400 baud and DELAY FLAG is set to
forty-eight or zero, 324 or 328, respectively. Similarly, detection of the
A3 word 330 or the inverted A3 word 334 determines that the baud
rate is 4800 baud and DELAY FLAG is set equal to forty-eight or zero,
332 or 336, respectively. If none of the "A" words have been detected
in the thirty-two bit data sample, the 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.

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
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
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
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.
The thirty-second sample is collected and the thirty-two bit sample of
the frame information word is decoded 360.
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In the preferred embodiment of the present invention three
information block baud rates are possible. If the information block
transmission speed is 2400 baud 362 the 2400 baud sync2 search
subroutine 364 is performed (FIG. 7E). If the information block
transmission speed is determined to be 4800 baud 366, the 4800 baud
sync2 search subroutine is performed 368 (FIG. 7F). Otherwise the
information block transmission speed is assumed to be 1200 baud and
the 1200 baud sync2 search subroutine 370 is performed (FIG. 7D).

After performing the appropriate sync2 search subroutine, the sample
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
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
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
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
"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
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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end of sync block 25, there is no delay before returning 384 to the block
synchronization and phase select routine at the deinterleave and block
decode at 372, sending an inverted SYNC2 signal to the microprocessor at
which point the microprocessor will begin sampling the bits of the
demodulated signal, deinterleaving the sampled bits, and decoding the
information block in a manner well known to those skilled in the art.

Referring next to FIG. 7E, the 2400 baud sync2 search subroutine 364
starts by loading the eight bit timer latch 242 (FIG. 6) with a four value in
the upper nibble and an eight value in the lower nibble 390. A counter
SYNC2 SEARCH TIMER is set to ninety-six (the number of bits in the
sync2 bit synchronization portion 50 (FIG. 1B) at 2400 baud) 391 and the
sync2 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.

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
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
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
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
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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in the lower nibble 403 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/two bit at 1200 baud. The processing then returns 404 to the block
synchronization and phase select routine at step 372.

Referring to FIG. 7F, the 4800 baud sync2 search subroutine 368 starts
by loading the eight bit timer latch 242 (FIG. 6) with a two value in the
upper nibble and an four value in the lower nibble 420. A counter SYNC2
SEARCH TIMER is set to one hundred ninety two (the number of bits in
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
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
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
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
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
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
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sample clock signal at 1200 baud (controlling the bit sample function of the
microprocessor 210 (FIG. 6)) in the middle of each phase two bit of the
demodulated signal. In other words, the microprocessor 210 is able to
process the data at a constant rate using the same algorithm independent
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
sample interrupts 434 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 sample clock signal at 1200
baud controlling the bit sample function of the microprocessor 210 (FIG. 6)
in the middle of each phase three bit of the demodulated signal. Finally, if
phase 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
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.

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
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
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
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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sixteen times clock signal 460. Similarly, the lower nibble of timer latch
242 is loaded with sixteen such that the sample clock timer 244 pulses the
sample clock signal shown on line 470 at the rate of sixteen pulses of the
sixteen times clock signal 460 to one pulse of the sample clock 470. The
timer latch 242 (FIG.6) is loaded at step 306 (FIG. 7A) with the upper and
lower nibble values of eight and sixteen, respectively, irregardless of the
transmission baud rate of the sync2 portion which begins at time 475.

When the "A" words have been read defining the baud rate of the
sync2 portion, steps 354 and 358 (FIG. 7C), the timer latch is loaded with
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
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
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
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
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
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
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clock timer to provide a sample clock signal to the microprocessor 210 to
sample once for every four bits of data received at 4800 baud and in the
middle of each fourth bit, corresponding to one phase of the date received
at 4800 baud. The sixteen value is not loaded into the lower nibble of the
timer latch 242 until a number of samples have been taken as determined
by the predetermined information provided to the microprocessor 210
from the code plug 208 which determines the phase on which the selective
call receiver operates. The microprocessor converts the predetermined
information to provide the various signals on the register data bus 211.
Thus, for a phase one selective call receiver, the sample clock will operate
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
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
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:

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.

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
still decode properly with the sample clock signals occurring within the
proper bit, though not necessarily in the middle of the bit.



10

15

20

25

30

35

A

CLAIMS

1. In a selective call system, a method for generating an interleaved
signal for transmission at a baud rate comprising the step of time division
multiplexing a plurality of selective call messages having selective call
addresses, said multiplexing of said plurality of selective call messages
determined by said selective call addresses.

2. The method of Claim 1 wherein said multiplexing of said plurality
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
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
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
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
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. |

5. The method of Claim 4 wherein said interleaved signal has a baud
rate, said baud rate determined by said message traffic density.
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6. In a selective call receiver having predetermined data associated
therewith, a method for decoding a selective call message contained
within information transmitted at a baud rate comprising the step of
deinterleaving said information as determined by said predetermined data
and said baud rate.

7. The method of Claim 6 wherein said information comprises a
plurality of phases and the step of deinterleaving comprises the step of
decoding one of said plurality of phases, said one of said plurality of phases
determined by said predetermined data and said baud rate.

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

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
one of said plurality of phases in response to said predetermined
information and said baud rate signal.
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10. The selective call system of Claim 9 wherein said multiplexing

means comprises:

a plurality of phase queues, each of said plurality of phase
queues for storing each of said plurality of phases;

queue determining means for determining in which of said
plurality of phase queues to store said selective call message in response to
said address; and

bit selection means for generating said interleaved signal by
time division multiplexing said phases.

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.

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
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:
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
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.



T
15. The selective call receiver of Claim 13, further comprising
decoding means for decoding baud rate information from said signal and
wherein said phase selection means decodes said one of said plurality of

phases of said signal, said one of said plurality of phases determined by
said baud rate information and said predetermined information.



