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1
PAGING METHOD AND APPARATUS

BACKGROUND

1. Field of Invention

This invention pertains to communications paging, and
particularly to two-way paging method and apparatus.

2. Related Art and Other Considerations

Over the last several decades, pagers have proven to be
important communication devices for contacting remotely
situated personnel. Whereas primitive pagers provided pri-
marily only a tonal and/or vibratory output, more modem
pagers have enhanced output capabilities such as message-
bearing alphanumeric displays.

Paging systems have historically been one-way systems.
That is, the user receives a paging message from a central
terminal but has no way of responding to that message with
the pager. Prior art attempts to provide two-way communi-
cation capabilities for a pager have included efforts to
connect the pager to a telephone (e.g., to a mobile radio
telephone). See, for example, U.S. Pat. No. Re. 33,417 to
Bhagat ct al. (which combines an entire radio pager and
radiotelephone linked through an automatic dialer) and U.S.
Pat. No. 5,117,449 to Metroka, et. al. (which purports to
combine paging and cellular radiotelephone functions in a
single unit).

Some pagers have the capability of providing an acknowl-
edgment or response lo a paging signal. In some such
“ack-back” systems, a user operates a reply input device
(e.g., a toggle switch, pushbutton switch, or keyboard) when
paged. Typically such ack-back systems involve a complex
acknowledgement transmission scheme, involving numer-
ous frequencies or frequency sub-bands. Hand-off of the
pager, as the pager travels between differing geographic
regions or “cells” served by differing central stations,
becomes technically cumbersome when multitudinous fre-
quencies are involved.

SUMMARY

A two-way paging system utilizes four local frequencies
for transmissions between pager units and a central control
station. A first local frequency carries a local clock; a second
local frequency carries communications packets from the
central control station to paging units; a third local fre-
quency carries communication packets from the pager units
to the central control station; and a fourth local frequency
carrics a status or request signal from the paging units to the
central control station. Transmissions on the fourth local
frequency are in accordance with a time divided slot allo-
cation among pager units accessing the central control
station.

For a two-way paging system having a plurality of central
control stations servicing a corresponding plurality of celis,
a total of eight frequencies are utilized within any one cell.
Four of the utilized frequencies are the local frequencies,
(which may differ from cell to cell), and four of the utilized
frequencics are lower power common frequencies or switch-
ing frequencies which are used to switch or hand-off a pager
unit traveling from one cell to another.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features, and advantages
of the invention will be apparent from the following more
particular description of preferred embodiments as illus-
trated in the accompanying drawings in which reference

10

15

35

40

50

60

65

2

characters refer to the same parts throughout the various
views. The drawings are not necessarily to scale, emphasis
instead being placed upon illustrating the principles of the
invention.

FIG. 1 is a schematic view of a central conirol station
included in a paging system of an embodiment of the
invention.

FIG. 2 is a schematic view of a pager unit included in a
paging system for use with the central control station of FIG.
1.

FIG. 3 is a flowchart depicting steps executed by the
central control station of FIG. 1.

FIG. 4 is a fliowchart depicting steps executed by the pager
unit of FIG: 2 when in a transmit mode.

FIG. 51s a flowchart depicting steps executed by the pager
unit of FIG. 2 when in a receive mode.

FIG. 6 is a timing diagram reflecting communications
between the central control station of FIG. 1 and the pager
unit of FIG. 2.

FIG. 7 is a schematic view of a central control station
included in a paging system of a second embodiment of the
invention.

FIG. 8 is a schematic view of a pager unit included in a
paging system for use with the central control station of FIG.
7.

FIG. 9 is a hybrid schematic view and timing diagram for
representing switching operations for the paging system of
the second embodiment of the invention.

FIG. 10 is a flowchart depicting steps executed by the
pager unit of FIG. 8 in connection with a channel switching
operation.

FIG. 11 is a flowchart depicting steps executed by the
central control station of FIG. 7 in connection with a channel
switching operation.

FIG. 12 is a schematic view of a format of a communi-
cations packet utilized with embodiments of the invention.

FIG. 13 is a schematic view illustrating a time divided slot
allocation technique according to the invention.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a central control station 20 according to a
first embodiment of the invention; FIG. 2 shows a paging
unit 22 suitable for use with central control station 20.

As shown in FIG. 1, central control station 20 includes
central computer 30; transmitter 32; receiver 34; and com-
puterized telephone answering system 36. Transmitter 32
transmits, via transmitting antenna 42, two local frequen-
cies, namely frequency f; and frequency f,. Receiver 34 is
connected to receiver antenna 44 for reception of two local
frequencies, namely frequency f; and frequency f,. Com-
puterized telephone answering system 36 is connected to a
bank of telephones 48.

Central computer 30 of central contro} station 20 com-
prises a conventional computer equipped with typical com-
ponents including a CPU 50; /O interface 52; and memory
54. Although shown only generally in FIG. 1, it should be
understood that memory 54 includes a number of unillus-
trated memory devices, including (for example) a hard disk
drive, RAM, and ROM. FIG. 1 shows that memory 54 has
stored therein (among other things) a pager registration file
55 and a pager directory file 56. Pager files 55 and 56 are
typically stored on a hard disk drive of central computer 30,
and upon start-up are loadable into a RAM portion of
memory 54.
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Central computer 30 of central control station 20 further
includes a decoder 57 (connected between receiver 34 and
/O interface 52 for decoding in-coming communications
information from one or more pager units 22), as well as
encoder 58 (connected between IO interface 52 and trans-
mitter 32 for encoding out-going communications informa-
tion).

Central control station 20 also includes a clock unit 59
which generates a local clock signal f;clk (which, in turn, is
used to modulate frequency f,).

As illustrated further herein, CPU 50 of central control
station 20 prepares communications packets for transmis-
sion on frequency f,. As generally illustrated in FIG. 12, the
communications packets are of a predetermined format,
having fields for identification of the central control station,
for identification of the addressed pager unit(s) 22, for an
operation code, for (optionally) alphanumeric information,
and for other conventional packet-type information such as
checksum, error correction, and postamble. The preamble
and postamble are specially chosen patterns which can be
recognized and distinguished from data for the purpose of
determining the beginning and ending of a packet. The
alphanumeric information can be in a customary binary 8-bit
format. The format of FIG. 12 is illustrative only, as such
information as the order of the fields can be varied in other
embodiments.

Central control station 20 communicates with a plurality
of pager units 22,, 22,, . . . 22,. Only one such pager unit,
generically referenced as pager unit 22, is specifically illus-
trated and described herein, it being understood that the
construction and operation of other pager units may be
similar to the one illustration.

As shown in FIG. 2, pager unit 22 includes a pager
receiver antenna 60 which is connected to pager receiver 62.
Pager receiver 62 is, in turn, connected through S/D con-
verter 64 within pager computer 70. Receiver 62 receives the
two local frequencies f, and f,, which frequencies have been
modulated to carry in-coming communications information
(described in more detail below) to pager computer 70. On
a communications output side, pager computer 70 outputs
out-going communications information to pager transmitter
72 via D/S converter 74. Transmitter 72 broadcasts, on pager
antenna 76, the out-going communications information on
the two local frequencies f; and f,.

As also shown in FIG. 2, pager computer 70 includes
pager microprocessor 80 which is connected to each of an
arithmetic processor 82; a memory system 84 (including
both ROM and RAM); and I/O interface 86. I/O interface 86
is connected to a clock unit 87. I/O interface 86 is also
connected to receive in-coming decoded communications
information from an 8-bit decoder 88 and to output out-
going uncoded communications information to an 8-bit
encoder 90. Decoder 88 is connected to receive in-coming
coded communications information from S/D converter 64;
encoder 90 is connected to output out-going coded commu-
nications information to D/S converter 74.

Clock unit 87 is settable by suitable inputs thereto so that
clock unit 87 generates a local clock signal f,clk having a
frequency corresponding to its input. It should be under-
stood that, in other embodiments, the function of clock unit
87 can be performed at least partially by microprocessor 80
using programmed execution.

I/O interface 86 is also connected to supply an on/off
signal on line 92 to pager transmitter 72, as well as to
facilitate input and output with numerous input/output
devices. The input/output devices connected to 1/O interface
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86 include keyboard 93; beeper 94; vibrator 95; and LCD
(alphanumeric) display 96.

Upon manufacture, pager unit 22 is preprogrammed with
an identification serial number (e.g., a 7-digit alphanumeric
pre-assigned ID number) which is stored in memory 84
(ROM). Pager unit 22 is activated (e.g., at the time of
purchase) by inserting a time slot assignment (explained
below) both into a predetermined address in memory 84 of
pager unit 22 and into pager directory file 56 (stored in
memory 54 of central control station 20).

OPERATION OF FIRST EMBODIMENT

Communication between central control station 20 and
pager unit 22 occurs on the four local frequencies, in
particular the frequencies f|, f,, f;, and f, mentioned above.
The first frequency (f,) carries the local clock-aligning
signal from central control station 20 to paging unit 22. The
second frequency (f,) carries a pager command and alpha-
numeric data from central control station 20 to paging unit
22. The third frequency (f;) carries pager status data and
alphanumeric data from paging unit 22 to central control
station 20. The fourth frequency (f,) carries a pager request
signal from paging unit 22 to central control station 20. In
the illustrated embodiment, the frequencies f,—f, are pref-
erably chosen so that f,#f,2{,#f,.

As explained in more detail below and illustrated in FIG.
13, in normal non-cell-switching operation, the pager
request signal on frequency f, is transmitted in a predeter-
mined time slot assigned to paging unit 22. The predeter-
mined time slot on frequency f, is related to the clock-
aligning signal (carried by frequency f;) and assigned
whereby the fourth frequency is utilizable by a plurality of
other paging units. For example, as shown in FIG. 13, a first
time slot on frequency f, is assigned to a pager P1; a second
time slot is assigned to page P2, and so on up to time slot n
assigned to pager Pn. In the illustrated embodiment, the
number of time slots (and accordingly the number of pagers)
may be as many as ten thousand or more.

FIG. 3 shows steps executed by CPU 50 of central control
station 20 in processing communications to and from one or
more paging units. The steps depicted in FIG. 3 are indica-
tive of instructions stored in a ROM portion of memory 54
of central control station 20.

When central control station 20 is started up (step 100), an
initialization process (step 102) is conducted. Included in the
initialization process is activation of transmitter 32 (so that
transmitter 32 can transmit at the two frequencies f, and f,)
and activation of receiver 34 (so that receiver 34 can receive
the two frequencies f; and f,), Moreover, frequency f, is
modulated to carry the local clock-aligning signal generated
by local clock 59. Then, at step 104, the pager registration
file 55 and the pager directory file 56 are loaded from hard
disk into a RAM section of memory 54 (step 104).

After initialization and loading of the files 55 and 56, CPU
50 repetitively executes an instruction loop 106. Loop 106
involves checking to determine (at step 108) whether a
telephone message is being received (via answering system
36 from one of the telephones in bank 48) and checking to
determine (at step 110) whether a pager message is being
received (via transmitter 32 from one of the pager units 22).

As used herein, a message, whether originated from a
telephone or from a pager, may require a plurality of packets
for transmission from a central station 20 to a pager 22 or
vise versa. In the ensuing discussion, transmission and
reception of messages subsumes transmission and reception
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one or more packets. In general, the packetization of mes-
sages will be invisible to the user, meaning that a user enters
a message without regard to the number of packets which
might be required to transmit the message. The message
typically ends with a user-entered message termination
character or message delimiter character. The transmitting
device (either central station 20 or pager 22), allocates the
message to one or more packets having a format similar to
that of FIG. 12, with the last packet in the message bearing
the message termination character. Alternatively, the packets
may be formatted in a manner to indicate the number of
consecutively related packets emanating from 2 transmitter
(e.g., there may be a separate packet field indicating the
continuation number of related packets).

Central computer 30 can distinguish between receipt of a
telephone message (at step 108) and a pager message (at step
110) by virtue of the fact that I/O interface 52 generates
different type of interrupts to CPU 50 depending on the type
of message received. If it is determined at step 108 that a
telephone message is being received, steps 112, 114, and 116
of FIG. 3 are cxecuted.

In processing a received telephone message, at step 112
central computer 30 extracts out-going communications
information from the predeterminately sequenced tele-
phone-entered data. The telephone-entered data, entered via
a touchpad of a calling one of the telephones in bank 48,
includes by convention an identification (e.g., telephone
number) of the calling telephone; an identification of the
called pager unit (e.g., the 7-digit alphanumeric pre-assigned
ID number); and any character data for transmission fol-
lowed by a termination character. This out-going commu-
nications information is received at central computer 30 in
standard DTMF format.

At step 114, using the ID number of the called pager
(obtaincd at step 112) central computer 30 checks the pager
registration file 55 and directory file 56 to determine whether
the called pager unit is registered with central control station
20. Assuming that the called pager is so registered, at step
114 the central computer 30 also obtains from pager direc-
tory file 56 the slot assignment for the called pager unit.

At step 116, central control station 30 transmits commu-
nications information to the called pager unit. In this regard,
central control station 20 prepares and transmits (on fre-
quency f,) a communications message which includes,
among other things, the ID of the called pager unit and the
character data received from the telephone for transmission
of the pager unit 22. After step 116 is executed, processing
returns to loop 106.

If it is determined at step 110 that a pager message is being
received, cven numbered steps 132-140 of FIG. 3 are
executed (prior to returning to loop 106). As will be seen
hercinafter with respect to FIG. 4, a sending pager unit 22
transmits, in its assigned time slot, a request signal on
frequency I, when the sending pager unit 22 desires to send
a message. As central control station 20 is always monitor-
ing frequency f,, a request signal carried by frequency f,
from any pager unit 22 is noted. With reference to the local
clock 59, at step 132 CPU 50 determines in what time slot
on frequency f, the request signal is detected. Upon detec-
tion of the time slot at step 132, at step 134 CPU 50 consults
the pager directory file 56 to determine the identification
number of the particular pager unit 22 which originated the
request signal.

With the identity of the requesting pager unit 22 now
known, at step 136 central control station 20 authorizes the
requesting pager unit 22 to transmit its message. In particu-
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lar, CPU 50 directs preparation of a communications mes-
sage for transmission on frequency f,. The particular com-
munications packet prepared at step 136 includes an
identification of the requesting pager unit (the addressee of
the packet), as well as an operation code (“op” code) which
commands/authorizes the requesting pager unit 22 to send
its message.

At step 138, central control station 20 receives a commu-
nications message on frequency f; sent from the sending
(e.g., requesting) pager unit 22. The communications mes-
sage prepared and sent by the sending pager unit 22 includes
packets of similar format to that shown in FIG. 12, and
includes an identification of a pager to which the message is
ultimately addressed as well as its own identification. At step
138, CPU 50 checks to ensure that the ultimate addressee
pager unit is registered in pager files 55 and 56. At step 140,
CPU 50 makes any necessary reformatting and/or informa-
tion substitution in the message, and causes the message to
be transmitted on frequency f,, The transmission on fre-
quency f, required by step 140 includes the identification of
the ultimate addressee (e.g., a pager unit 22) as well as an
operation code indicating that the transmission includes a
relayed message from another pager unit.

Steps executed by a pager unit 22 in connection with its
transmission mode are depicted in FIG. 4. Steps executed by
a pager unit 22 in connection with its receive mode are
depicted in FIG. 5. The term “mode” as used herein does not
connote exclusivity at any particular moment, for it should
be remembered that at all times pager unit 22 is receiving
transmissions on frequencies f; and f,.

In its transmission mode (see FIG. 4), after start-up (step
200) microprocessor 80 of the transmitting pager unit 22
executes a loop 202 wherein user alphanumeric characters
(entered via keyboard 93) are repetitively fetched (at step
204) until an end of message delimiter is detected (at step
206). As entered, the characters fetched at step 204 are
displayed on LCD display 96. Entry of the delimiter char-
acter at step 206 causes microprocessor 80 to exit loop 202.
By convention, the message must include an addressee 1D,
which addressee ID is likely the ID of another one of the
pager units to which the message entered in step 204 is
directed.

After entry of the message awaits entry from keyboard 93
of a transmit command at step 212. Assuming that the
transmit command is entered at step 212, microprocessor 80
preparcs and sends a request signal on frequency f,. As
indicated before, the request signal is transmitted on fre-
quency f, in a time slot assigned to the requesting pager unit
22. 1t should be kept in mind that pager unit 22 is all the
while receiving the local clock-aligning signal on frequency
f,, which enables microprocessor 80 to cause transmission
of the request signal on frequency f, at a time corresponding
to the specific time slot allotted to the particular sending
pager unit 22.

In the above regard, in accordance with time division
techniques, each pager unit 22,-22,, (e.g., pagers P,-P, in
FIG. 13) is assigned a selected one of N number of time slots
on frequency f,.

After transmission of the request signal at step 214, pager
unit 22 awaits receipt of a transmit command from central
control station 20. Preparation and transmission of the
transmit command/authorization from central control station
20 is described with reference to FIG. 3. Upon receipt of the
transmit command/authorization from central control station
20 (step 216), microprocessor 80 prepares (at step 218) a
communications message with one or more packets having
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a format much like that of FIG. 12. The addressee ID and
alphanumeric field of packets of the communications mes-
sage is filled with the message entered in loop 202. At step
220, the sending pager unit 22 broadcasts the communica-
tions packet on frequency f,.

If a transmit command is not entered at step 212, or after
transmission of the message at step 220, microprocessor 80
awaits entry of at least one of several possible special
function keys at step 222. For example, the user may press
a function key which requires storage of the message
(whether yet transmitted or not) [see step 228]. Alterna-
tively, the user may press function keys which facilitate
editing or erasure of the message (see steps 224 and 226,
respectively). To complete the message and begin work on
another message, a special function key for an exit operation
(step 230) must be pressed.

FIG. 5 depicts steps executed by microprocessor 80 of
pager unit 22 when in a receive mode. After start-up (step
302), and as indicated by step 304, pager unit 22 receives
transmissions from central control station 20 on frequency
f,. Once a complete packet is received (determined at step
306), a check is made (at step 308) whether the addressee ID
in the communications packet (see packet format of FIG. 12)
is the ID of the receiving pager unit 22. If the determinations
of either step 306 or 308 are negative, pager unit 22 awaits
either completion of the communications packet (in the case
of step 306) or receipt of another communications packet (in
the case of step 308) by looping back to step 304.

Assuming that the received communications packet is
designated for this particular receiving pager unit 22, at step
310 microprocessor 80 consults the operation code field of
the communications packet (see FIG. 12) to determine if the
operation code indicates that the message includes a com-
mand. If the operation code indicates a command, a com-
mand processing routine (framed by broken lines 312 in
FIG. 5) is executed.

Assuming for the moment that the operation code does
not indicate a command, at step 314 microprocessor 80 of
pager unit 22 stores the alphanumeric field portion of the
communications packet (which at least partially forms the
message) in a RAM portion of memory 84. Since a message
communicated from central processing station 20 may
require several communications packets for completion of
the message (with subsequent communication packets pro-
viding continuations of the message content), microproces-
sor 80 checks at step 316 to ensure that the entire message
has been received. If not, processing continues back at step
304 for reception of a further communications packet.

Upon reception of an entire communications message, at
step 318 microprocessor 80 determines whether pager unit
22 is in a beep mode or a vibrate mode. In this regard, there
are numerous ways of setting paging unit 22 to the desired
mode, either by a specially dedicated switch on paging unit
22 or by data entry using keyboard 93. If pager unit 22 is in
a beep mode, microprocessor 80 outputs a signal which
causes I/O interface 86 to issue a further signal to activate
beeper 94 (step 320). Alternatively, if pager unit 22 is in a
vibrate mode, microprocessor 80 outputs a signal which
causes /O interface 86 to issue a further signal to activate
vibrator 95 (step 322).

At step 324, microprocessor 80 directs I/O interface 86 to
send the alphanumeric message data to LCD display 96, so
that the received message can be viewed by the user.

After notification to the user (either via beeper 94 and/or
vibrator 95), and display (on LCD 96) of the received
alphanumeric data, microprocessor 80 returns to step 304 to
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check whether further communications packets are being
received. '

The command processing routine (framed by broken lines
312 in FIG. 5) first determines (step 330) which particular
operation is being commanded. This determination is based
on the content of the operation code, which is different for
different command types. If the operation code indicates an
error shut-down, execution jumps to an error shut-down
sub-routine which begins at step 340. If the operation code
indicates a time slot change, execution jumps to a change
time slot sub-routine which begins at step 350. If the
operation code requires transmitter shut-down, execution
jumps to a transmitter shut-down subroutine which begins at
step 360. If the operation code requires transmitter re-
enablement, execution jumps to a transmitter re-enable
sub-routine which begins at step 370. If the operation code
requires clock re-set, execution jumps to a clock re-set
sub-routine which begins at step 380.

In connection with the error shut down sub-routine, at step
342 microprocessor 80 obtains an indication of error type
from the communications packet. The error type is stored in
memory 84 (step 344) and then displayed on LCD display 96
(step 346). Then microprocessor 80 issues a command (at
step 348) to shut down pager unit 22, which shut-down
occurs at step 349. '

In connection with the time slot changing sub-routine, at
step 352 microprocessor 80 extracts, from the received
communications packet, information indicative of the new
time slot assigned to the receiving pager unit 22. The new
time slot is entered (at step 354) into memory 84 and
thereafter utilized (until further change)in connection with
transmission of request signals on frequency f, (see, for
example, step 214 of FIG. 4).

The time slot changing sub-routine may also include other
operations, if desired, including (for example) eliminating
unused time slots (thereby increasing scanning rate); diag-
nosing and trouble shooting; and avoiding interruption of
service from malfunctioning or ill-functioning equipment.

In connection with the transmitter shut down sub-routine,
at step 362 microprocessor 80 directs I/O interface 86 to
issue an OFF command to transmitter 72. In connection with
the transmitter re-enable sub-routine, at step 372 micropro-
cessor 80 directs I/0 interface 86 to issue an ON command
to transmitter 72.

In connection with the clock re-set sub-routine, at step
382 microprocessor 80 directs that clock 59 of pager unit 22
be set.

After execution of steps 354, 362, 372, or 382, execution
continues back to step 304 for processing of potential further
communications packets. Thus, unless an error shut-down is
noted, each entry of the command processing routine
(framed by broken lines 312 in FIG. 5) is followed by a loop
back to step 304.

FIG. 6 is a timing diagram showing the frequencies f,—f,
and integration of the steps depicted in FIGS. 3-5, particu-
larly in the context of a request by a sending pager unit P1
for sending a message to a sendee pager unit P2. As
employed in FIG. 6, “computer” refers to central control
station 20. It should be understood that the sending pager
unit P1 and the sendee pager unit P2 operate in both the
transmission mode as depicted in FIG. 4 and in the receiver
mode as depicted in FIG. 5. In general, FIG. 6 shows
transmission of a message from pager unit P1 (via central
control station 20) to pager unit P2; transmission of a
confirmation message from pager unit P2 (via central control
station 20) to pager unit P1; and transmission of a message






