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DATA COMMUNICATION TERMINAL 
PROVIDING VARIABLE LENGTH 

MESSAGE CARRY-ON 

PI'00501U 

S CROSS REFERENCE TO RELATED COPENDING APPLICATION 

A related, copending application is Patent Application 

Attorney's Docket No. CM00871U, filed concurrently 

herewith, by Schwendeman et al., and assigned to the 

10 assignee hereof, entitled "Data Communication Receiver 

Having Variable Length Message Carry-on• and Patent 

Application Attorney's Docket No. PT00548U, filed 

concurrently herewith, by Kuznicki et al.-, and assigned to 

the assignee hereof, entitled npaging System Using Message 

15 Fragmentation to Redistribute Trafficn. 
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BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION: 

The present invention relates generally to the field 

of data communication receivers, and more particularly to a 

data communication receiver having variable length message 

carry-on. 

25 DESCRIPTION OF THE PRIOR ART: 

There are many data communications systems in 

operation today which provide message distribution to data 

communication receivers, such as pagers. Many of these 

system utilize signaling protocols which utilize time 

30 slots, or transmission frames, to which the pagers are 

assigned, thereby providing a battery saving function 

during the normal course of message transmission. A paging 

terminal was provided in such systems to encode the 

received messages for transmission to the intended pagers 

35 during the assigned tra~smission frames. In signaling 

protocols such as the POCSAG signaling protocol, each time 

slot'}· ·or transmission frame, allowed for the transmission 
' . of only. two code words, either both address code words, an 
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address and a message code word, or two message code words. 

Since the transmission of even a simple telephone nwnber 

required as a minimum two message code words, ·numeric 

message transmissions required on the average one and one-

5 half frames, which periodically resulted in the inability 

to transmit address code words during the assigned 

transmission frames, because the transmission frame was 

filled by message code words associated with address code 

words transmitted in the previous transmission frame. 

10 The above problem was alleviated in some signaling 

protocols.by increasing the number of code words which 

could be transmitted in any transmission frame. However, 

when the number of transmittable code words is selected for 

the transmission frames, such transmission frames often 

15 have to be filled with idle code words when. an insufficient 

number of messages have been received·for transmission 

during any particular transmission frame. Such signaling 

protocols were also limited in the number of data 

communication receivers, or pagers, which could be 

20 assigned, or operated on any given channel, before the 

channel reached its maximum capacity. By increasing the 

transmission speed, additional pagers could be added to the 

system, however at the expense of a significant amount of 

unused channel capacity, until the system again filled up. 

25 There is a need to be able to provide a flexible system 

which enables reconfiguring the amount of information which 

can be transmitted on the channel within the available 

transmission frames in order to maximize message throughput 

on the channel. 

30 

SUMMARY OF THE INVENTION 

In accordance with one aspect of the present invention, 

a data communication terminal for transmitting messages to a 

35 data communication receiver comprises a receiver for 

receiving messages directed to the data communication 

receiver, a device for assigning the received messages into. 

at least one of a plurality of transmission frames 
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corresponding to a transmission frame assigned to the data 

communication receiver for receiving messages, a first memory 

for storing the received messages and identifying the same 

with transmission frame assignment information, a device, 

5 responsive to the transmission frame assignment information, 

for recovering the stored messages and for queueing the same 

into a transmission frame buffer having a predetermined queue 

capacity, a monitor for monitoring the transmission frame 

buffer queue capacity, and expected transmission frame buffer 

10 queue capacities for one or more subsequent transmission 

frames. The monitor also determines when the messages stored 

within the transmission frame buffer exceed the predetermined 

transmission frame queue capacity, and when the expected 

transmission frame buffer queue capacities for the one or 

15 more subsequent_ transmission frames do not exceed the 

predetermined transmission frame queue capacity. A 

designating qevice, responsive to the monitor, designates one 

or more subsequent transmission frames having excess 

transmission frame buffer queue capacity for message 

20 transmission, and generates designating information 

corresponding thereto. A transmitter transmits the messages 

and designating information within the assigned transmission 

frame, and transmits the excess messages within the one or 

more subsequent transmission frames designated by the 

25 designating information. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an electrical block diagram of a data 

transmission system in accordance with. the preferred 

embodiment of the present invention. 

FIG. 2 is an electrical block diagram of a terminal 

for processing and transmitting message information in 

accordance with the preferred embodiment of the present 

3 5 invention. 

FIGS. 3-5 are timing diagrams illustrating the 

transmission format of the signaling protocol utilized in 
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accordance with the preferred embodiment of the present 

invention. 

·FIGS. 6 and 7 are timing diagrams illustrating the 

synchronization signals utilized in accordance with the 

5 preferred embodiment of the present invention. 

FIG. 8 is an electrical block diagram of a data 

communication receiver in accordance with the preferred 

embodiment of the present invention. 

FIG. 9 is an electrical block diagram of a threshold 

10 level extraction circuit utilized in the data communication 

receiver·of FIG. 8. 

15 

FIG. 10 is an electrical block diagram of a 4-level 

decoder utilized in the data communication receiver of FIG. 

8. 

FIG. 11 is an electrical block diagram of a symbol 

synchronizer utilized in the data communication receiver of 

FIG. 8. 

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

binary converter utilized in the data communication 

20 receiver of FIG. 8. 

FIG. 13 is an electrical block diagram of a 

synchronization correlator utilized in the data 

communication receiver of FIG. 8. 

FIG. 14 is an electrical block diagram of a phase 

25 timing generator utilized in the data communication 

receiver of FIG. 8. 

FIG. 15 is a flow chart illustrating the 

synchronization correlation sequence in accordance•with the 

preferred embodiment of the present invention. 

30 FIG. 16 is a timing diagram illustrating the 

organization of the transmission frame utilized in 

accordance with the preferred embodiment of the present 

invention. 

FIG. 17 is a timing diagram illustrating the 

35 construction of a control word utilized in accordance with 

the preferred embodiment of the present invention. 
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FIG. 18 is a memory map illustrating message carry-on 

queueing in accordance with the preferred embodiment of the 

present invention. 

FIG. 19 is an electrical block diagram of a frame 

5 formatter utilized in the terminal of FIG. 2. 

FIGS. 20-22 is an electrical block diagram 

illustrating the operation of the data concentrator/ 

distributor in accordance with the preferred embodiment of 

the present invention. 

10 FIG. 23 is a flow chart illustrating the operation of 

15 

the frame formatter of FIG. 17. 

FIG. 24 is a flow chart illustrating data speed 

selection in accordance with the pref erred embodiment of 

the present invention~ 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 1 is an electrical block diagram of a data 

transmission system 100, such as a paging system, in 

20 accordance with the preferred embodiment of the present 

invention In such a data transmission system 100, messages 

originating either from a phone, as in a system providing 

numeric data transmission, or from a message entry device, 

such as an alphanumeric data terminal, are routed through 

25 the public switched telephone network (PSTN) to a paging 

terminal 102 which processes the numeric or alphanumeric 

message information for transmission by one or more 

transmitters 104 provided within the system. When multiple 

transmitters are utilized, the transmitters 104 preferably 

30 simulcast transmit the message information to data 

communication receivers 106·. Processing of the numeric and 

alphanumeric information by the paging terminal 102, and 

the protocol utilized for the transmission of the messages 

is described below. 

35 FIG. 2 is an electrical block diagram of the paging 

terminal 102 utilized for processing and controlling the 

transmission of the message information in accordance with 

the preferred embodiment of the present invention. Short 
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messages, such as tone-only and numeric messages which can 

be readily entered using a Touch-Tone telephone are coupled 

to the paging terminal 102 through a telephone interface 

202 in a manner well known in the art. Longer messages, 

5 such as alphanumeric messages which require the use of a 

data entry device are coupled to the paging terminal 102 

through a modem 206 using any of a number of well known 

modem transmission protocols. When a call to place a 

message is received, a controller 204 handles the 

10 processing of the message. The controller 204 is 

preferably a microcomputer, such as an MC68000 or 

equivalent, which is.manufactured by Motorola Inc., and 

which runs various pre-programmed routines for controlling 

such terminal operations as voice prompts to direct the 

15 caller to enter the message, or the handshaking protocol to 

enable reception of messages from a data entry device. 

When a call is received, the controller 204 references 

information stored in the subscriber database 208 to 

determine how the message being received is to be 

20 processed. The subscriber data base 208 includes, but is 

not limited to such information as addresses assigned to 

the data communication receiver, message type associated 

with the· address, and information related to the status of 

the data communication receiver, such as active or inactive 

25 for failure to pay the bill. A data entry terminal 240 is 

provided which couples to the controller 204, and which is 

used for such purposes as entry, updating and deleting of 

information stored in the subscriber data base 208, for 

monitoring system performance, and for obtaining such 

30 information as billing information. 

The subscriber database 208·also includes such 

information as to what transmission frame and to what 

transmission phase the data communication receiver is 

assigned, as will be described in further detail below. 

35 The received message is stored in an active page file 210 

which stores the messages in queues according to the 

transmission phase assigned to the data communication 

receiver. In the preferred embodiment of the present 
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invention, four phase queues are provided in the active 

page file 210. The active page file 210 is preferably a 

dual port, first in first out random access memory, 

although it will be appreciated that other random access 

5 memory devices, such as hard disk drives, can be utilized 

as well. Periodically the message information stored in 

each of the phase queues is recovered from the active page 

file 210 under control of controller 204 using timing 

information such as provided by a real time clock 214, or 

10 other suitable timing source. The recovered message 

information from each phase queue is sorted by frame number 

and is then organized by address, message information, and 

any other information required for transmission, and then 

batched into frames based upon message size by frame 

15 batching controller 212. The batched frame information for 

each phase queue is coupled to frame message buffers 216 

which temporarily store the batched frame information until 

a time for further processing and transmission. Frames are 

batched in numeric sequence, so that while a current frame 

20 is being transmitted, the next frame to be transmitted is 

in the frame message buffer 216, and the next frame 

thereafter is being retrieved and batched. At the 

appropriate time, the batched frame information stored in 

the frame message buff er 216 is transferred to the frame 

25 encoder 218, again maintaining the phase queue 

relationship. The frame encoder 218 encodes the address 

and message information into address and message code words 

required for transmrssion, as will be described below. The 

encoded address and message code words are ordered into 

30 blocks and then coupled to a block inte_rleaver 220 which 

interleaves preferabiy eight code words at a time for 

transmission in a manner well known in the art. The 

interleaved code words from each block interleaver 220 are 

then serially transferred to a phase multiplexer 221, which 

35 multiplexes the message information on a bit by bit basis 

into a serial data stream by transmission phase. The 

controller 204 next enables a frame sync generator 222 

which generates the synchronization code which is 
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transmitted at the start of each frame transmission. The 

synchronization code is multiplexed with address and 

message information under the control of controller 204 by 

serial data splicer 224, and generates therefrom a message 

5 stream which is properly formatted for transmission. The 

message stream is next coupled to a transmitter controller 

226, which under the control of controller 204 transmits 

the message stream over a distribution channel 228. The 

distribution channel 228 may be any of a number of well 

10 known distribution channel types, such as wire line, an RF 

or microwave distribution channel, or a satellite 

distribution link. The distributed message stream is 

transferred to one or more transmitter stations 104, 

depending upon the size of the communication system. The 

15 message stream is first transferred into a dual port buffer 

230 which temporarily stores the message stream prior to 

transmission. At an appropriate time detennined by timing 

and control circuit 232, the message stream is recovered 

from the dual port buffer 230 and coupled to the input of 

20 preferably a 4-level FSK modulator 234. The modulated 

message stream is then coupled to the transmitter 236 for 

transmission via antenna 238. 

FIGS. 3, 4 and 5 are timing diagrams illustrating the 

transmission format of the signaling protocol utilized in 

25 accordance with the preferred embodiment of the present 

invention. As shown in FIG. 3, the signaling protocol 

enables message transmission to data cozmnunication 

receivers, such as pagers, assigned to one or more of 128 

frames which are labeled frame 0 through frame 127. It 

30 then will be appreciated that the actual number of frames 

provided within the signaling protocol can be greater or 

less than described above. The greater the number of 

frames utilized, the greater the battery life that may be 

provided to the data conununication receivers operating 

35 within the system. The fewer the number of frames 

utilized, the more often messages can be queued and 

delivered to the data communication receivers assigned to 



9 

any particular frame, thereby reducing the latency, or time 

required to deliver messages. 

As shown in FIG. 4, the frames comprise a 

synchronization code (sync) followed preferably by eleven 

5 blocks of message information which are labeled block 0 

through block 10. As shown in FIG. 5. each block of 

message information comprises preferably eight address, 

control or data code words which are labeled word 0 through 

word 7 for each phase. Consequently, each phase in a frame 

10 allows the transmission of up to eighty-eight address, 

coatrol and data code words. The address, control and data 

code words are preferably 31,21 BCH code words with an 

added thirty-second even parity bit which provides an extra 

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

15 appreciated that other code words, such as a 23,12 Golay 

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

POCSAG signaling protocol which provides address and data 

code words which utilize the first code word bit to define 

the code word type, as either address or data, no such 

20 distinction is provided for the address and data code words 

in the signaling protocol utilized with the preferred 

embodiment of the present invention. Rather, address and 

data code words are defined by their position within the 

individual frames. 

25 FIGS. 6 and 7 are timing diagrams illustrating the 

synchronization code utilized in accordance with the 

preferred embodiment of the present invention. In 

particular, as shown in FIG. 6, the synchronization code 

comprises preferably three parts, a first synchronization 

30 code (sync 1), a frame information cod~ word (frame info) 

and a second synchronization code (sync 2). ·As shown in 

FIG. 7, the first synchronization code comprises first and 

third portions, labeled bit sync 1 and BSl, which are 

alternating 1,0 bit patterns which provides bit 

35 synchronization, and second and fourth portions, labeled 

"A" and its complement "A bar", which provide frame 

synchronization. The second and fourth portions are 

preferably single 32,21 BCH code words which are predefined 
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to provide high code word correlation reliability, and 

which are also used to indicate the data bit rate at which 

addresses and messages are transmitted. The table below 

defines the data bit rates which are used in conjunction 

with the signaling protocol. 

B i:t B.a.:t~ nAn Vg,l!J.~ 

1600 bps Al and Al bar 

3200 bps A2 and A2 bar 

6400 bps A3 and A3 bar 

Not defined A4 and A4 bar 

As shown in the table above, three data bit rates are 

predefined for address and message transmission, although 

15 it will be appreciated that more or less data bit rates can 

be predefined as well, depending upon the system 

requirements. A fourth nAn value is also predefined for 

future use. 

The frame information code word is preferably a single 

20 32,21 BCH code word which includes within the data portion 

a predetermined number of bits reserved to identify the 

frame number, such as 7 bits encoded to define frame number 

0 to frame number 127. 

The structure of the second synchronization code is 

25 preferably similar to that of the first synchronization 

code described above. However, unlike the first 

synchronization code which is preferably transmitted at a 

fixed data symbol rate, such as 1600 bps (bits per second), 

30 

35 

the second synchronization code is transmitted at the data 

symbol rate at which the address and messages are to be 

transmitted in any given frame. Consequently, the second 

synchronization code allows the data communication receiver 

to obtain nfine• bit and frame synchronization at the frame 

transmission data bit rate. 

In sununary the signaling protocol utilized with the 

preferred embodiment of the present invention comprises 128 

frames which include a predetermined synchronization code 

followed by eleven data blocks which comprise eight 
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address, control or message code words per phase. The 

synchronization code enables identification of the data 

transmission rate, and insures synchronization by the data 

communication receiver with the data code words transmitted 

5 at the various transmission rates. 

FIG. 8 is an electrical block diagram of the data 

communication receiver 106 in accordance with the preferred 

embodiment of the present invention. The heart of the data 

communication receiver 106 is a controller 816, which is 

10 preferably implemented using an MC68HC05HC11 microcomputer, 

such as manufactured by Motorola, Inc. The microcomputer 

controller, hereinafter call the controller 816, receives 

and processes inputs from a number of peripheral circuits, 

as shown in FIG. 8, and controls the operation and 

15 interaction of the perip~eral circuits using software 

subroutines. The use of a microcomputer controller for 

processing and control functions is well known to one of 

ordinary skill in the art. 

The data communication receiver 106 is capable of 

20 receiving address, control and message information, 

hereafter called ndatan which is modulated using preferably 

2-level and 4-level frequency modulation techniques. The 

transmitted data is intercepted by an antenna 802 which 

couples to the input of a receiver section 804. Receiver 

25 section 804 processes the received data in a manner well 

known in the art, providing at the output an analog 4-level 

recovered data signal, hereafter called a recovered data 

signal. The recovered data signal is coupled to one input 

of a threshold level extraction circuit 808, and to an 

30 input of a 4-level decoder 810. The threshold level 

extraction circuit 808 is best understood by referring to 

FIG. 9, and as shown comprises two clocked level detector 

circuits 902, 904 which have as inputs the recovered data 

signal. Level detector 902 detects the peak signal 

35 amplitude value and provides a high peak threshold signal 

which is proportional to the detected peak signal amplitude 

value, while level detector 904 detects the valley signal 

amplitude value and provides a valley threshold signal 
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which is proportional to the detected valley signal 

amplitude value of the recovered data signal. The level 

detector 902, 904 signal outputs are coupled to terminals 

of resistors 906, 912, respectively. The opposite resistor 

5 terminals 906, 912 provide the high threshold output signal 

(Hi), and the low threshold output signal (Lo), 

respectively. The opposite resistor terminals 906, 912 are 

also coupled to terminals of resistors 908, 910, 

respectively. The opposite resistor 908, 910 terminals are 

10 coupled together to form a resistive divider which provides 

an average threshold output signal (Avg) which is 

proportional to the average value of the recovered data 

signal. Resistors 906, 912 have resistor values preferably 

of lR, while resistors 908, 910 have resistor values 

15 preferably of 2R, realizing threshold output signal values 

of 17%, 50% and 83%, and which are utilized to enable 

decoding the 4-level data signals as will be described 

below. 

When power is initially applied to the receiver 

20 portion, as when the data communication receiver is first 

turned on, a clock rate selector 914 is preset through a 

control input (center sample) to select a 128X clock, i.e. 

a clock having·a frequency equivalent to 128 times the 

slowest data bit rate, which as described above is 1600 

25 bps. The 128X clock is generated by 128X clock generator 

844, as shown in FIG. 8, which is preferably a crystal 

controlled oscillator operating at 204.8 KHz (kilohertz). 

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

input of frequency divider 846 which div.ides the output 

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

Returning to FIG. 9, the 128X clock allows the level 

detectors 902, 904 to asynchronously detect in a very short 

period of time the peak and valley signal amplitude values, 

and to therefore generate the low (Lo), average (Avg) and 

35 high (Hi) threshold output signal values required for 

modulation decoding. After symbol synchronization is 

achieved with the synchronization signal, as will be 

described below, the controller 816 generates a second 
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control signal (Center Sample) to enable selection of a lX 

symbol clock which is generated by synib61 synchronizer 812 

as shown in FIG. 8. 

Returning to.FIG. 8, the 4-level decoder 810 operation 

5 is best understood by referring to FIG. 10. As shown, the 

4-level decoder 810 comprises three voltage comparators 

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

data signal couples to an input of the three comparators 

1010, 1020, 1030. The high threshold output signal (Hi) 

10 couples to the second input of comparator 1010, the average 

threshold output signal (Avg} couples to the second input 

of comparator 1020, and the low threshold output signal 

(Lo} couples to the second input of comparator 1030. The 

outputs of the three comparators 1010, 1020, 1030 couple to· 

15 inputs of symbol decoder 1040. The symbol decoder 1040 

decodes the inputs according to the table provided below. 

Threshold Output 

Hi Avg Lo MSB LSB 

20 RC in < RC in < RC in < 0 0 

RC in < RC in < RC in > 0 1 

RC in < RC in > RCin > 1 1 

RC in > RC in > RCin > 1 0 

25 As shown in the table above, when the recovered data 

30 

signal (RCin) is less than all three threshold values, the 

symbol generated is 00 (MSB = 0, LSB = 0). Thereafter, as 

each of the three threshold values is exceeded, a different 

symbol is generated, as shown in the table above. 

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

to an input of the symbol synchronizer 812 and provides a 

recovered data input .generated by detecting the zero 

crossings in the 4-level recovered data signal. The 

positive level of the recovered data input represents the 

35 two positive deviation excursions of the analog 4-level 

recovered data signal above the average threshold output 

signal, and the negative level represents the two negative 
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deviation excursions of the analog 4-level recovered data 

signal below the average threshold output signal. 

The operation of the symbol synchronizer 812 is best 

understood by referring to FIG. 11. The 64X clock at 102.4 

5 KHz which is generated by frequency divider 846, is coupled 

to an input of a 32X rate.selector 1120. The 32X rate 

selector 1120 is preferably a divider which provides 

selective division by 1 or 2 to generate a sample clock 

which is thirty-two times the symbol transmission rate. A 

10 control signal (1600/3200) is coupled to a second input of 

the 32X rate selector 1120, and is used to select the 

sample clock rate for symbol transmission rates of 1600 and 

3200 symbols per second. The selected sample clock is 

coupled to an input of 32X data oversampler 1110 which 

15 samples the recovered data signal (MSB) at thirty-two 

samples per symbol. The symbol samples are coupled to an 

input of a data edge detector 1130 which generates an 

output pulse when a symbol edge is detected. The sample . 

clock is also coupled to an input of a divide-by-16/32 

20 circuit 1140 which is utilized to generate lX and 2X symbol 

clocks synchronized to the recovered data signal. The 

divided-by-16/32 circuit 1140 is preferably an up/down 

counter. When the data edge detector 1130 dete_cts a symbol 

edge, a pulse is generated which is gated by AND gate 1150 

25 with the current count of divide-by-16/32 circuit 1140. 

Concurrently, a pulse is generated by the data edge 

detector 1130 which is also coupled to an input of the 

divide-by-16/32 circuit 1140. When the pulse coupled to 

the input of AND gate 1150 arrives before the generation of 

30 a count of thirty-two by the divide-by~16/32 circuit 1140, 

the output generated by AND gate 1150 causes the count of 

divide-by-16/32 circuit 1140 to be advanced by one count in 

response to the pulse which is coupled to the input of 

divide-by-16/32 circuit 1140 from the data edge detector 

35 1130, and when the pulse coupled to the input of AND gate 

1150 arrives after the generation of a count of thirty-two 

by the divide-by-16/32 circuit 1140, the output generated 

by AND gate 1150 causes the count of divide-by-16/32 
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circuit 1140 to be retarded by one count in response to the 

pulse which is coupled to the input of divide-by-16/32 

circuit 1140 from the data edge detector 1130, thereby 

enabling the synchronization of the lX and 2X symbol clocks 

5 with the recovered data signal. The symbol clock rates 

generated are best understood from the table below. 

10 

15 

Input Control Rate Rate 2X lX 

Clock Input Selector Selector Symbo:l:- Symbol 

Divide output Clock Clock 

(Relative) (SPS) Ratio (BPS) (BPS) 

--------------------------------------------------------
64X 

64X 

1600 

3200 

by 2 

by 1 

32X 

64X 

3200 

6400 

1600 

3200 

As shown in the table above, the lX and 2X symbol 

clocks are generated 1600, 3200 and 6400 bits per second 

and are synchronized with the recovered data signal. 

20 The 4-level binary converter 814 is best understood by 

referring to FIG. 12. The lX symbol clock is coupled to a 

first clock input of a clock rate selector 1210. A 2X 

symbol clock also couples to a second clock input of the 

clock rate selector 1210. The symbol output signals (MSB, 

25 LSB) are coupled to inputs of an input data selector 1230. 

A selector signal (2L/4L) is coupled to a selector input of 

the clock rate selector 1210 and the selector input of the 

input data selector 1230, and provides control of the 

conversion of the symbol output signals .as either 2-level 

30 FSK data, or 4-level FSK data. When tbe 2-level FSK data 

conversion (2L) is selected, only the MSB output is 

selected which is coupled to the input of a parallel to 

serial converter 1220. The lX clock input is selected by 

clock rate selector 1210 which results in a single bit 

35 binary data stream to be generated at the output of the 

parallel to serial converter 1220. When the 4-level FSK 

data conversion (4L) is selected, both the LSB and MSB 

outputs are selected which are coupled to the inputs of the 
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parallel to serial converter 1220. The 2X clock input is 

selected by cl6ck rate selector 1210 which results in a 

serial two bit binary data stream to be generated at 2X the 

symbol rate, which is provided at the output of the 

5 parallel to serial converter 1220. 

Returning to FIG. 8, the serial binary data stream 

generated by the 4-level to binary converter 814 is coupled 

to inputs of a synchronization word correlator 818 and a 

demultiplexer 820. The synchronization word correlator is 

10 best understood with reference to FIG. 13. Predetermined 

"A" word synchronization patterns are recovered by the 

controller 816 from a code memory 822 and are coupled to an 

"A" word correlator 1310. When the synchronization pattern 

received matches one of the predetermined "A" word 

15 synchronization patterns within an acceptable margin of 

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

to controller 816. The particular "A" or "A-bar" word 

synchronization pattern correlated provides frame 

synchronization to the start of the frame ID word, and also 

20 defines the da.ta bit rate of the message to follow, as was 

previously described. 

The serial binary data stream is also coupled to an 

input of the frame word decoder 1320 which decodes the 

frame word and provides an indication of the frame number 

25 currently being received by the controller 816. During 

sync acquisition, such as following initial receiver turn­

on, power is supplied to the receiver portion by battery 

saver circuit 848, shown in FIG. 8, which enabled the 

reception of the "A" synchronization word, as described 

30 above, and which continues to be supplied to enable 

processing.of the· remainder of the synchronization code. 

The controller 816 compares the frame number currently 

being received with a list of assigned frame numbers stored 

in code memory 822. Should the currently received frame 

35 number differ from an assigned frame numbers, the 

controller 816 generates a battery saving signal which is 

coupled to an input of battery saver circuit 848, 

suspending the supply of power to the receiver portion. 
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The supply of power will be suspended until the next frame 

assigned to the receiver, at which time a battery saver 

signal is generated by the controller 816 which is coupled 

to the battery saving circuit 848 to enable the supply of 

5 power to the receiver portion to enable reception of the 

assigned frame. 

Returning to the operation of the synchronization 

correlator shown in FIG. 13, a predetermined ncn word 

synchronization pattern is recovered by the controller 816 

10 from a code memory 822 and i~ coupled to a •en word 

correlator 1330. When the synchronization pattern received 

matches the predetermined ncn word synchronization pattern 

with an acceptable margin of error,·a ncn or "C-bar" output 

is generated which is coupled to controller 816. The 

15 particular ncn or "C-bar" synchronization word correlated 

provides "fine• frame synchronization to the start of the 

data portion of the frame. 

Returning to FIG. 8, the start of the actual data 

portion is established by the controller 816 generating a 

2.0 block start signal (Blk Start) which is coupled to inputs 

of a word de-interleaver 824 and a data recovery timing 

circuit 826. The data recovery timing circuit 826 is best 

understood by referring to FIG. 14. A control signal (2L / 

4L) is coupled to an input of clock rate selector 1410 

25 which selects either lX or 2X symbol clock inputs. The 

selected symbol clock is coupled to the input of a phase 

generator 1430 which is preferably a clocked ring counter 

which is clocked to generate four phase output signals (01-

04). A block start signal is also coupled to an input of 

30 the phase generator 1430, and is used to hold the ring 

counter in a predetermined phase until the actual decoding 

of the message information is to begin. When the block 

start signal releases the phase generator 1430, the phase 

generator 1430 begins generating clocked phase signals 

3 5 which are synchronized with the {D.coming message symbols . 

Referring back to FIG. 8, the clocked phase signal 

outputs are coupled to inputs of a phase selector 828. 

During operation, the controller 816 recovers from the code 
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memory 822, the transmission phase number to which the data 

communication receiver is assigned. The phase number is 

transferred to the phase select output (0 Select) of the 

controller 816 and is coupled to an input of phase selector 

5 828. A phase clock, corresponding to the transmission 

phase assigned, is provided at the output of the phase 

selector 828 and is coupled to clock inputs of the 

demultiplexer 820, block de-interleaver 824, and address 

and data decoders 830 and 832, respectively. The 

10 demultiplexer 820 is used to select the binary bits 

associated with the assigned transmission phase which are 

then coupled to the input of block de-interleaver 824, and 

clocked into the de-interleaver array on each corresponding 

phase clock. The de-interleaver array is an 8x32 bit array 

15 which de-interleaves eight interleaved address, control or 

message code words, corresponding to one transmission 

block. The de-interleaved address code words are coupled 

to. the input of address correlator 830. The controller 816 

recovers the address patterns assigned to the data 

20 communication receiver,. and couples the patterns to a 

second input of the address correlator. When any of the 

de-interleaved address code words matches any of the 

address patterns assigned to the data communication 

receiver within an acceptable margin of error, the message 

25 infonnation associated.with the address is then decoded by 

the data decoder 832 and stored in a message memory 850 in 

a manner well known to one of ordinary skill in the art. 

Following the storage of the message infonnation, a 

sensibie alert signal is generated by the controller 816. 

30 The sensible alert signal is preferably an audible alert 

signal, although it will be appreciated that other sensible 

alert signals, such as tactile alert signals, and visual 

alert signals can be generated as well. The audible alert 

signal is coupled by the controller.816 to an alert driver 

35 834 which is used to drive an audible alerting device, such 

as a speaker or a transducer 836. The user can override 

the alert signal generation through the use of user input 

controls 838 in a manner well known in the art. 
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Following the detection of an address associated with 

the data communication receiver, the message information is 

coupled to the input of data decoder 832 which decodes the 

encoded message information into preferably a BCD or ASCII 

5 format suitable for storage and subsequent display. The 

stored message information can be recalled by the user 

using the user input controls 838 whereupon the controller 

816 recovers the message information from memory, and 

provides the message informatio~ to a display driver 840 

10 for presentation on a display 842, such as an LCD displ-ay. 

FIG. 15 is a flow chart describing the operation of 

the data communication receiver in accordance with the 

preferred embodiment of the present invention. At step 

1502, when the data communication receiver is turned on, 

15 the controller operation is initialized, at step 1504. 

Power is periodically applied to the receiver portion to 

enable receiving information present on the assigned RF 

channel. When data is not detected on the channel in a 

predetermined time period, battery saver operation is 

20 resumed, at step 1508. When data is detected on the 

channel, at step 1506, the synchronization word correlator 

begins searching for bit synchronization at step 1510. 

When bit synchronization is obtained, at step 1510, the "A" 

word correlation begins at step 1512. When the non-

25 complemented "A" word is detected, at step 1514, the 

message transmission rate is identified as described above, 

at step 1516, and because frame synchronization is 

obtained, the time (Tl) to the start of the frame 

identification code word is identified, at step 1518. When 

30 the non-complemented "A" word is not d~tected, at step 

1514, indicating the non-?omplemented nAn word may have 

been corrupted by a burst error during transmission, a 

detennination is made whether the ~omplemented "An bar" is 

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

35 detected at step 1512, indicating ·.that the "A-bar" word may 

also have been corrupted by a burst error during 

transmission, battery saver operation is again resumed, at 

step 1508. When the nA-bar" word is detected, at step 
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1520, the message transmission rate is identified as 

described above, at step 1522, and because frame 

synchronization is obtained, the time (T2) to the start of 

the frame identification code word is identified, at step 

5 1524. At the appropriate time, decoding of the frame 

identification word occurs, at step 1526. When the frame 

ID detected is not one assigned to the data communication 

receiver, at step 1528, battery saving is resumed, at step 

1508, and remains so until the next assigned frame is to be 

10 received. When the decoded frame ID corresponds to an 

assigned frame ID, at step 1528, the message reception rate 

is set, at step 1530. An attempt to bit synchronize at the 

message transmission rate is nex~ made at step 1532. When 

bit synchronization is obtained, at step 1533, the ncn word 

15 correlation begins at step 1534. When the non-complemented 

•en word is detected, at step 1536, frame synchronization 

is obtained, and the time (T3) to the start of the message 

information is identified, at step 1538. 

When the non-complemented ncn word is not detected, at 

20 step 1536, indicating the non-complemented ncn word may 

have been corrupted by a burst error during transmission, a 

determination is made whether the complement "C barn is 

detected, at step 1540. When the "C bar" word is not 

detected at step 1540, indicating that the "C-bar" word may 

25 also have been corrupted by a burst error during 

transmission, battery saver operation is again resumed, at 

step 1508. When the "C-bar" word is detected, at step 

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

to the start of the message information is identified, at 

30 step 1542. At the appropriate time, message decoding can 

begin at step 1544. 

In summary, by providing multiple synchronization code 

words which are spaced in time, the reliability of 

synchronizing with synchronization information which is 

35 subject to burst error corruption ·is greatly enhanced. The 

use of a predetermined synchronization code word as the 

first synchronization code word, and a second predetermined 

synchronization code word which is the complement of the 
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first predetermined synchronization code word, allows 

accurate frame synchronization on either the first or the 

second predetermined synchronization code word. By 

encoding the synchronization code words, additional 

5 info;rmation, such as the transmission data rate can be 

provided, thereby enabling the transmission of message 

information at several data bit rates. By using a second 

coded synchronization word pair, "fine" frame 

synchronization at the actual message transmission rate can 

10 be achieved, and again due to spacing in time of the 

synchronization code words, the reliability of 

synchronizing at a different data bit rate with 

synchronization information which is subject to burst error 

corruption is greatly enhanced, thereby improving the 

15 reliability of the data communication receiver to receive 

and present messages to the receiver user. 

FIG. 16 is a timing diagram illustrating the 

organization of the transmission frame utilized in 

accordance with the preferred embodiment of the present 

20 invention. As previously described for FIG. 4 and shown 

again in FIG. 16, the transmission frame comprises a 

synchronization code word 1600 followed by eleven data 

blocks labeled Block 0 - Block 10. Address, control and 

message code words are distributed within the eleven data 

25 blocks in a prede~ermined order. The first code word, 

located in Block O, is always a block information code word 

1602 and includes such information as the beginning 

locations of an address field 1604 and a vector field 1606, 

leaving eighty-seven code words available for the 

30 transmission of address, vector and da~a code words. By 

knowing the beginning· location of the address field 1604 

and the vector field 1606, the controller is able to 

calculate how many address code words must be decoded per 

frame in order to determine when a message is present 

35 within the frame. Consequently, the address field 1604 

includes one or more address code words corresponding to 

messages located within a data field 1608. Only address 

code words specifying numeric and alphanumeric messages 
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have corresponding messages located within the data field 

1608. Tone only messages, because no message portion is 

attached, would not have a corresponding message located 

within the data field 1608. For those address code words 

5 which do have corresponding messages, the vector field 1606 

includes control words, or vectors, which define the 

starting location of messages located within the data field 

1608, and there is a one to one correspondence between the 

address code words located within the address field 1604 

10 and the vectors located within the vector field 1606. 

FIG. 17 is a timing diagram illustrating the block 

information control word 1602 utilized in accordance with 

the preferred embodiment of the present invention. Two 

bits define a carry-on flag 1710 and represent the nwnber 

15 of carry-on frames which are provided for message 

transmission. The nwober of transmission frames into which 

carry-on is extended is defined by the carry-on flag 1710 

as follows: 

20 

:/ 

25 

Ca.:t:x::~ - Qll :Ela.g: Frame Numb~i: 

00 current Frame Only 

01 Thru Frame N + 1 

10 Thru Frame N + 2 

11 Thru Frame N + 3 

The function of the carry-on flag transmitted within 

the block information word will be described in the 

description to follow. 

FIG. 18 is a memory map illustrating message carry-on 

30 in accordance with the preferred embodiment of the present 

invention. Normally the paging terminal restricts messages 

which are received over the public switched telephone 

network (PSTN) to a single transmission frame, which for 

purposes of example is labeled frame Nin FIG. 18. Frame N 

35 represents the current transmission frame being processed 

for message transmission by the controller. As described 

above, the message data is encoded into eighty-eight code 

words for transmission during the current transmission 
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frame, of which at least one code word is reserved for the 

block information code word. It will be appreciated, 

however1 that for any given period of time, the number of 

messages received by the terminal for transmission, and the 

5 length of the messages, can result in a number of code 

words ·representing messages received for transmission to 

exceed the transmission frame queue capacity as illustrated 

by ann amount represented for purposes of example by excess 

messages 1802 which extend beyond the transmission frame 

10 boundary. Excess messages are defined herein as a complete 

message with corresponding address, not as a continuation 

of a single message. When the number of messages received 

exceeds the frame transmission queue capacity, message 

carry-on into subsequent transmission frames and message 

15 transmission rate changes can be used to increase the 

number of messages delivered1 as will be described below. 

With message carry-on, the excess messages 1802, are 

transmitted in one or more of the three subsequent 

transmission frames, which for purposes of example are 

20 labeled N+l, N+2 and N+3. The selection of which 

transmission frame is utilized is based on determining 

which of the three subsequent transmission frames has, in 

one instance, excess transmission frame queue capacity, and 

in another instance, is one of displacing messages in 

25 subsequent transmission frames to allow current messages to 

be transmitted with the shortest time queue possible, as 

will be described below. 

FIG. 19 is an electrical block diagram of the frame 

formatter 212 utilized in the controller. of FIG. 2. As 

30 described above, messages which are received are stored in 

the active page file 210. The active page file 210 is 

preferably a dual-port, first-in, first out random access 

memory which is further delineated by message transmission 

phase, and which stores the messages in the order in which 

35 the messages were received according to the message 

transmission phase assigned to the data communication 

receiver. It will be appreciated that other memory types, 
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such as hard disk drives can be utilized as well for 

implementing the active page file 210. 

Periodically, such as once each transmission frame 

interval, a controller 1902 having outputs 1904 

5 sequentially accesses the messages stored in the message 

storage areas representing the message transmission phases 

of the active page file 210. The recovered messages are 

coupled to inputs of a frame decoder 1906 which identifies 

those messages which are to be transmitted during the 

10 current tr~nsmission frame, and those messages which will 

be transmitted during one or more subsequent transmission 

frames, which as described above are the three subsequent 

transmission frames. When a message is detected within any 

of the message transmission phases and which are to be 

15 transmitted during the current transmission frame, or 

during one of the three subsequent transmission frames, the 

frame decoder 1906 generates a message detection signal 

which is coupled to the'c~ntroller 1902. The controller 

1902 then analyzes the corresponding message to determine 

20 the nUmber of code words which will be required f9r message 

transmission. Depending on the transmission frame assigned 

to the recovered messages, the controller 1902 couples 

calculated message code word counts to a group of frame 

counters 1908 which maintain a total count of the message 

25 code word requirements for the current frame (N), and the 

three subsequent frames (N+l, N+2 and N+3). The message 

for the current transmission frame is also stored in a 

current transmission frame buffer 1910, while messages for 

the three subsequent transmission frames are returned in 

30 the order in which the messages were received to the active 

page file 210, thereby maintaining message queue order. 

When the code word count maintained by the frame counter 

1908 for the current frame (N) exceeds a predetermined 

transmission frame queue capacity, which as described above 

35 equals eight-seven code words, the ex_cess messages which 

are detected as the active page file 210 is read out are 

stored in a carry-on buffer 1912. The excess messages 

stored in carry-on buffer 1912 will be transmitted in one 
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or more of the three subsequent transmission frames, as 

will be described below. 

After all messages for the current transmission frame 

have been recovered, the messages stored in the current 

5 frame buffer 1910 are coupled to inputs of a data 

concentrator 1914 which processes the messages stored in 

the four message storage areas corresponding to 

transmission phase depending upon the message transmission 

speed. The concentrated messages are then coupled to 

10 inputs· of a data distributor 1916 which then distributes 

the concentrated messages to the frame message buffer 216, 

again according -to the transmission speed. Thereafter, 

message processing for transmission is as described for 

FIG. 2. 

15 FIGS. 20-22 are electrical block diagrams illustrating 

the operation of the data concentrator/distributor in 

accordance with the preferred embodiment of the present 

invention. The data concentrator 1914 is preferably a 

programmable four line to one, two or four line de-

20 multiplex~r, the operation of which is controlled by the 

controller 1902. The data distributor 1916 is preferably a 

programmable one, two or four line to four line 

multiplexer, the operation of which is also controlled by 

the controller 1902. The operations of both the data 

25 concentrator 1914 and the data distributor 1916 are readily 

implemented as software routines using a microcomputer. 

When the message data is to be transmitted at 1600 

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

within the four transmission phase regions of the current 

30 frame buffer is typically eighty-seven.or less code words 

without message carry-on, and typically less than 1. 5X to 

2X times eighty-seven code words with message carry-on. 

However, a speed change to the next transmission speed is 

preferable when the current frame transmission queue 

35 exceeds two times eighty-seven code words with message 

carry-on. As shown in FIG. 20, the contents of the four 

transmission phases are combined to a single serial output 

using the data concentrator 1914, and then redistributed to 
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two of the four frame message buffer transmission phases (l 

and 3). The second two frame message buffer transmission 

phases (2 and 4) axe coupled to a logic zero by the data 

distributor 1916 which is then loaded into the frame 

5 message buffer. The frame message buffer contents is 

further processed for transmission as described in FIG. 2 

above, and applied to the input of the 4-level FSK 

modulator at the transmitter, which, because of the logic 

zero input provided to frame message buffer transmission 

10· phases 2 and 4, results in 2-level FSK modulation of the 

message to be generated at 1600 bps, which also corresponds 

to a symbol rate of 1600 symbols per second. 

When the message data is to be transmitted at 3200 

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

15 within the four transmiss~on phase regions of the current 

frame buffer described above, is typ~cally twice eighty­

seven or less code words without message carry-on and 

typical less than three to four times eighty-seven code 

words with me~sage carry-on. However, again a speed change 

20 to the next transmission speed is preferable when the 

current frame transmission queue exceeds four times eighty­

seven code words with message carry-on. As shown in FIG. 

21, the contents of the four transmission phases (1 and 2, 

and 3 and 4) are combined to two serial outputs (2 and 3) 

25 using the data concentrator 1914, and then redistributed to 

the four frame message buffer transmission phases (1 and 3, 

and 2 and 4 respectively) by data distributor 1916. The 

frame message buffer contents is further processed for 

transmission as described in FIG. 2 abov.e, and applied to 

30 the input of the 4-level FSK modulator.at the transmitter, 

which results in 4-l~vel FSK modulation to be generated at 

3200 bps, which also corresponds to a symbol rate of 1600 

symbols per second. 

When the message data is to be transmitted at 6400 

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

within the four transmission phase regions of the current 

frame buffer described above, is typically four times 

eighty-seven or less code words without message carry-on 
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and typically less than six to eight times eighty-seven 

code words with message carry-on, although message carry-on 

to sixteen times eighty-seven code words is possible by 

forcing a carry-on in all three subsequent transmission 

5 frames. As shown in FIG. 22, the contents of the four 

transmission phases are coupled directly through the data 

concentrator 1914 and the data distributor 1916 to the 

frame message buffer. The frame message buffer contents is 

further processed for transmission as described in FIG. 2 

· 10 above, and applied to the input of the 4-level FSK 

modulator at the transmitter, which results in 4-level FSK 

modulation to be generated at 6400 bps which corresponds to 

a symbol rate of 3200 symbols per second. 

In summary, the frame formatter is utilized to sort 

15 the messages stored within the active page file, shown in 

FIG. 2, preparing the.messages for transmission. By 

monitoring the number of code words for which transmission 

is required in the current transmission frame, and the 

three subsequent transmission frames, the frame formatter 

20 determines when message carry-on is desirable, and which of 

the three subsequent transmission frames will be used to 

provide message carry-on. The frame formatter also. formats 

the message data to enable transmission at three selected 

transmission speeds using preferably a 4-level FSK 

25 modulator, thereby providing increased message processing 

capacity using message ca:rry-on and speed changes to be 

describ~d below, as the number of messages being received 

by the system increases. 

FIG. 23 is a flow chart illustrating the operation of 

30 the frame formatter of FIG. 19. At the beginning of each 

trans~ission frame process~ng cycle, the controller within 

the frame formatter initializes the frame counters to 

counts of eighty-seven, at step 2302. During the message 

transmission, the actual number of code words transmitted 

35 is eighty-eight which includes at least one block 

information word followed by the eighty-seven message code 

words comprising address, control and message information. 

When the controller determines that it is time to transmit, 
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at step 2304, the contents of the active page file is 

recovered, at step 2306. As the messages are recovered, 

the frame information bundled with the correspo.nding 

messages is decoded, at step 2308. When the frame 

information does not belong to the current transmission 

frame being processed, at step 2310, the controller checks 

whether the frame information belongs to one of the three 

subsequent transmission frames, at step 2312. When the 

frame information indicates the messages do not belong to 

10 the three subsequent transmission frames, recovery of the 

messages from the active page file continues, at step 2306. 

When the frame information indicates the messages belong to 

the three subsequent transmission frames, at step 2312, the 

message type and length are identified, at step 2314. The 

15 number of code words required for transmission is next 

calculated, at step, 2316, for each message type, using the 

table shown below. 

20 

25 

M~sssg~ I~~~ ~og~ :WQ;rds ~~;u1i~d fQ;r T;r~nsmissiQn 

Tone-only 1 address code word (cw) 

Numeric (7 digit) 2 address/vector cw plus 1.4 data CW 

Numeric (10 digit) 2 address/vector cw plus 2 data CW 

Alphanumeric 2 address/vector cw plus 1 data cw/3 

characters 

The table above is based on 21 data bits being 

available for message transmission in the modified 32,21 

BCH code word with numeric characters requiring four data 

bits and alphanumeric characters requiring seven data bits 

30 for message transmission. The frame q1,1.eue capacity 

remaining FC(M, where M is 1 - 3) for the three subsequent 

transmission frames is next calculated by decrementing the 

frame counters by the number of co~e words required per 

message, at step 2218 following the code word requirement 

35 calculation for each message identified to belong to one of 

the three subsequent transmission frames. When the 

transmission frame queue capacity is equal to zero (FC(M) 

0), at step 2320, the corresponding subsequent transmission 



.. 

29 

frame queue is full, and is not generally suitable in 

message carry-on, except as will be described below. 

When the frame information belongs to the current 

transmission frame, at step 2310, the message type and 

5 length are identified, at step 2324. The number of code 

words required for message transmission is next calculated, 

at step 2326, for each message type using the table 

described above. The transmission frame queue capacity 

remaining FC(O) for the current transmission frame is next 

10 calculated, at step 2328 following the code word 

requirement calculation for each message. When the current 

transmission frame queue capacity is not equal to zero 

(FC(O) > 0), at step 2330, and the contents of the active 

page file memory has been ful1y recovered, the controller 

15 sets the message carry~on flag transmitted in the block 

information code word to noon, at step 2332, indicating 

that no message carry-on is required for the current 

transmission frame. After the block information control 

word is updated by the controller, the current transmission 

20 frame buff er contents is then transferred to the frame 

message buffer for processing as described in FIG. 2 above. 

When the current transmission frame queue is full, at 

step 2330~ any further message requirements are stored in 

the carry-on buffer, at step 2336. When the contents of 

25 the active page file memory has been fully recovered, the 

absolute value of the contents of the current frame counter 

is determined, which indicates the actual number of code 

words which are required to be placed into one or more 

subsequent transmission frames using message carry-on when 

30 the code word count.is negative. In one embodiment of the 

present invention, the number of code words which 

correspond to complete messages including address, control 

and message information, which is to be moved from the 

current transmission frame is then compared to the number 

35 of available code word positions within the subsequent 

three frames, at step 2338. When a sufficient number of 

code word positions are available in the first, second or 

third subsequent transmission frame or a combination 
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thereof to accommodate the number of messages to be moved 

from the current frame, the controller sets the carry-on 

flag in the block info:rmation code word, to "01", "10" or 

"11" respectively, thereby identifying whether the carry-on 

5 information is located within the first, second or third 

subsequent frame or combination thereof, at step 2342. 

When the number of code words required to be carried­

on exceeds the number of excess code words available in the 

three subsequent transmission frames, at step 2338, the 

10 carry-on message~ are preferably placed at the head of the 

transmission frame queue for the third subsequent 

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

controller to "11", at step 2344, indicating the carry-on 

information is located in at least the third subsequent 

15 transmission frame, at step 2346. It will be appreciated, 

that by placing the current transmission frame excess code 

wo.rds at the head of the frame transmission queue for the 

third subsequent transmission frame, the requirement for 

carry-on within the third subsequent transmission frame is 

20 generally insured when messages requirements for that 

transmission frame are evaluated as the current 

transmission frame. In the alternative, the excess 

messages can be transmitted in part in any excess code word 

positions .available in the subsequent three transmission 

25 frames, leaving the balance for the next transmission frame 

cycle, or can replace the messages in any one of the three 

"subsequent transmission frames, such as by "bumping" the 

messages in the first subsequent transmission frame, and 

then using message carry-on for each of the subsequent 

30 · transmission frames until a transmissio.n frame becomes 

available to absorb the excess message count without the 

requirement for a message carry-on. 

FIG. 24 is a flow chart illustrating data speed 

selection in accordance with the preferred embodiment of 

35 the present invention. At step 2402, the transmission 

speed is initialized, for purposes of example, to 1600 bits 

per second {bps), although it will be appreciated that the 

actual transmission speed could be initialized to 3200 or 
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6400 bit per second (bps} as well. At the next 

transmission queue time, at step 2404, the current 

transmission frame queue cap.acity is evaluated as described 

above, at step 2406. When the current transmission frame 

5 queue capacity is, for example, less than two times eighty­

seven code words, at step 2406, the messages from each 

transmission phase are concentrated, at step 2408, and 

redistributed to transmission phases 1 and 3, at step 2410, 

as described for FIG. 20 above, and transferred to the 

10 frame message buffer, at step 2412, resulting in 2-level 

FSK modulation being generated at a data rate of 1600 

symbols per second when th~ messages are transmitted. 

When the current transmission frame queue is, for 

example, greater than t~o times eighty-seven code words and 

15 less than four times eighty-seven code words, at step 2414, 

and message carry-on. is not invoked, the message code words 

are concentrated by transmission phase, at step 2416, and 

then redistributed by transmission phase, at step 2418, as 

described for FIG. 21 above, and transferred to the frame 

20 message buffer, at step 2412, resulting in 4-level FSK 

modulation being gener~ted at a data rate of 3200 bits per 

second which corresponds to 1600 symbols per second when 

the messages are transmitted. 

When the current transmission frame queue is, for 

25 example, greater than four times eighty-seven code words 

and less than eight times eighty-seven code words, at step 

2420, and message carry-on is not invoked, the message code 

words are concentrated by transmission phase, at step 2424, 

and then redistributed by transmission phase, at step 2426, 

30 as described for FIG. 22 above, and transferred to the 

frame message buffer, at step 2312, resulting in 4-level 

FSK modulation being generated at a data rate of 6400 bits 

per second which corresponds to 3200 symbols per second 

when the messages are transmitted.· 

35 When the current transmission frame queue is, for 

example, greater than eight times eighty-seven code words, 

at step 2420, message carry-on is reviewed, at step 2422, 
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in an attempt to transmit all messages in the transmission 

frame queue during the current transmission frame cycle. 

While carry-on considerations are not considered while 

speed change decisions were described in FIG. 24, it is 

5 clear that when messages can be delivered in most 

transmission frames, at a given transmission speed, message 

carry-on can be used effectively to balance those 

transmission frames which have a greater number of messages 

to be transmitted than•can be effectively handled within 

10 the transmission frame at an increased transmission speed. 

When frame transmis.sion queue :requirements increase 

generally throughout the active page file due to an 

increased number of messages being received for all 
' 

transmission frames, the use of transmission speed changes 

15 are effective in incFeasing the level of traffic that can 

be handled on the channel. By balancing the use of 

transmission frame cariy-bn and speed changing, a true 

variable speed signaling format is provided which allows 

flexible system growth beginning at a relatively low 

20 message transmission speed and progressing to a relatively 

high message transmission speed. While an increased nwnber 

of data communication receivers can be added, and while 

message transmission speed is increased by transmitting 

multiple messages essentially in parallel, as described 

25 above, the actual decoding speed requirement for the data 

communication receivers remains constant for the 

transmission protocol as described the message speed 

increases, also as described abqve. 

A data communication receiver, in normal operation, 

30 decodes address information present in the transmission 

frame assigned, and when an address is detected which 

corresponds to the data communication receiver, will also 

decode the message information corresponding thereto. 

However, when so indicated by the.message carry-on flag 

35 transmitted within the block information code word, the 

data communication receiver will also decode address 

information present in one or more of up to three 

subsequent transmission frames, and when an address is 
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detected within the assigned transmission frame or within 

one of the three subsequent transmission frames, as 

indicated by the received message carry-on flag, and which 

is assigned to the data coimnunication receiver, will also 

5 decode the message information corresponding thereto, 

thereby ensuring message delivery in the shortest period of 

time. 

We claim: 
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Claims 

1. A data comrnupication terminal for transmitting messages 

to a plurality of data communication receivers, the data 

5 communication terminal having an input for receiving messages 

and assigning the same into a plurality of transmission 

frames which are assigned for transmission to the plurality 

·10 

' data communication receivers, said data communication 

terminal comprising: 

first memory means for storing the received messages; 

timing means for generating periodic timing signals; 

means responsive to the periodic timing signals, for 

recovering the stored messages and queueing the same into a 
. . 

second memory means having a predetermined transmission frame 

15 queue capacity; 

means ~or monitoring the transmission frame queue 

capacity of said second memory means, and expected 

transmission frame queue capacities for one or more 

subsequent transmission frames, 

20 said monitoring means determining when the messages 

25 

stored within said second memory means will exceed the 

predetermined transmission frame queue capacity, and for 

storing the excess messages in a third memory means; 

means, responsive to said monitoring means, for 

generating designating information designating one ~more 

the subsequent transmission frames during which the· excess 

messages stored are to be transmitted; and 

means for transmitting the messages and designating 

information stored in said second memory means within the 

of 

30 assigned transmission fra.rne, and for tr"cinsrnitting the excess 

messages stored in said third memory means within the one or 

more of the subsequent transmission frames designated by the 

designating information . 
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2. The data communication terminal according to claim 1, 

wherein said means for recovering and queueing comprises: 

controller means for controlling the recovery of the 

stored messages.during the assigned transmission frame; 

5 decoding means for decoding the transmission frame 

assignment information t~ enable queueing the messages for 

the assigne~ transmission frame. 

3. The data.communication terminal according to claim 2, 

10 wherein the data communication receivers are assigned to one 

of a plurality of message transmission phases, and said first 

memory means comprises a plurality of message storage areas 

corresponding to the message transmission phases,. wherein the 

messages are stored in the message storage area corresponding 

15 to the assigned message transmission phase. 

io 

4. The data. communication terminal according to claim 2, 

wherein said first memory means is a dual-port first-in, 

first-out random access memory. 

5. The data communication terminal according to claim 2, 

wherein said monitoring means comprises: 

first means, coupled to said controller means, for 

counting the messages recovered for the assigned transmission 

25 frame; and 

second means, coupled to said controller means, for 

counting the messages recovered for the one or more 

subsequent transmission frames. 

30 6. The data communication terminal according to claim 5, 
. / 

wherein said first and second means for counting generate 

counts repres~ntative of the received message length. 
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7. The data communication terminal according to claim 6, 

wherein said controller means further comprises means for 

detecting when the first and secon4 counts generated by said 

first and .second counting means exceed a count corresponding 

5 to ~he predetermined transmission frame queue capacity. 

8. The data communication terminal according to claim 1 

wherein the.· messages stored in said third memory means are 

transmitted in one or more subsequent transmission frames 

10 . having unused queue capacity .. 

9. The data communication terminal according to claim 1 

wherein ~he messages stored in said third memory means are 

transmitted in a selected one of the subseq~ent transmission 

15 frame~. 

20 

10. The data communication terminal according to claim 1 

wherein said second memory means is a partition of said first 

memory means. 

11. The data communication· terminal according to claim 1 

wherein said third memory means is a partition of said second 

memory means. 
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