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Linking of radio paging transmitters is accomplished through the
utilization of TDM transmission on the same channel as that assigned to
the paging service, thus eliminating the necessity of a separate channel
for linkage of the remote transmitting sites to a central originating loca-
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1
'Radio-paging-1ink-system with only one radip channel

FIELD OF THE INVENTION
This invention relates to radio paging systems and more
particularly to a method and apparatus for eliminating the
necessity of separate RF channels for the linking of remote
transmitters in the system to the originating master.

BACKGROUND OF THE INVENTION

As will be appreciated, radio paging consists of a number
of remotely located radio transmitters which are controlled
from a master transmitter at a central originating location to
provide a simultaneous broadcast or simulcast of information
destined to be received by a portable pager usually carried on
the person, with the pager providing either audio or digital
information, or both. The utilization of multiple remote
transmitters is required for reliable transmission in urban
areas where the remote transmitters may be as close as 2 or 3
miles apart to accommodate a'very dense urban environment in
which one is concerned about building penetration. On the
other hand the remote transmitters may be quite distantly
spaced apart, perhaps 30 or 40 miles in rural areas.

One method of linking remote transmitters has involved
telephone land lines between the originating central location
and the remote sites, with simulcast phasing problems being
solved through the utilization of programmed phase delays.
These delays are calculated to accommodate lump delays
associated with switching equipment, as well as delays
associated with transmission over a lengthy cable network.
However, while it is theoretically possible to compensate for
variable phase delay, phasing throughout the network is
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difficult to achieve. Moreover, the expense of leased
telephone lines is oftentimes prohibitive;

The primary method used for linking the central
originating location with remote transmitting sites involves
the utilization of RF link channels, in which the RF link
channel is different from the paging channel utilized in the
transmission of signals from the remote transmitting sites to
the individual pagers. '

Tt should be noted that link frequencies or channels are
allocated between the so-called midband of 72 MHz and a newly
legislated band centering'around 900 MHz. Presently, the
carrier frequencies for pager transmission is in bands varying
between 35 and 931 MHz. In general, two different channels are
used in normal terrestrial radio paging, namely the link
channel and the paging channel. '

The problem with an RF link system is overcrowding in
which there are not enough link channels to satisfy demand for
paging, and the fact that two channels of similar bandwidth are
needed to provide throughput on one channel.

Note that most radio paging apparatus presently licensed
are frequency modulated (FM) and that the width of the radio
1ink channel as assigned by the FCC is typically between 20 to
25 KHz with appropfiate guardbands. This means that the
opportunities for a clear channel link are scarce and becoming
even more scarce with the proliferation of paging services. .
Further, with a proliferation of radio paging services, not
only have the paging channels been spoken for or allocated, it
is also true that link frequencies are no longer available.
Since land line and fiber optic linking systems are
prohibitively expensive or technically difficult, link
frequencies or channels are almost as valuable as paging
frequencies'or channels due to present overcrowding and the
numbers of parties seeking FCC licenses.

In view of the increased usage of radio paging for not
only voice messages but also digital data, the problem is one
of frequency allocation. There is therefore a necessity for a
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system which will not increase the number of channels used

while linking the remote transmitters, all the while-not
disturbing the entire body of technology related to '
simultaneous broadcasting.

The history of simultaneous broadcasting or simulcast has
been one of reducing interference between two adjacent remote
transmitters when both their signals are received by a pager in
an overlapping broadcast area. Traditionally this problem has
been solved by synchronizing the transmission from all remote
stations to provide as close to an in-phase modulation
condition as possible at all locations within the broadcast
area. While FM capture is responsible for a pager locking out
all but the strongest signal, problems exist especially in
dense urban areas, with the problems being particularly severe
with respect to audio transmission in which audio waveforms as
received by the portable pager must be exactly in sync or very
close.

In simultaneous broadcasting, it is not the carrier phase
which is controlled but rather the phase of the modulation. 1In
general, synchronization is accomplished through the
interposition of a delay, typically in microseconds, with the
individual delays at certain overlap points adjusted for
optimal reception by pagers in the intended coverage area
through adjustment of the simulcast delay parameters, given
field data a various overlap points.

Since present simulcasting techniques permit successful
receipt of audio, this also benefits the transmission of data
to alpha-numeric pagers, since data transmission is
significantly less sensitive to phase variation.

Typically, what has been accomplished in the past for RF
linking is to provide a master link transmitter typically at
the highest possible location such as on a mountain or tower or
the like. RF links do not suffer from multipath distortion
mainly because the antennas at both the master link transmitter
and the remote transmitter are fixed with an unobstructed line-
of-sight transmission. Moreover, fixed antennas can be of
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higher gain'or can even be made directional to increase the
signal-to-noise ratio. - As will be appreciated, RF links do not
suffer the same type of phase variability problems as telephone
lines because antenna locations are fixed and the landline
paths are not, due to variable paths through the telephone

network.

SUMMARY OF THE INVENTION '

In order to take advantage of the high gain fixed antenna
system configuration, and in order to alleviate congestion
within the radio paging bands signalling between the
originating central location and the remote sites is
accomplished on the same channel as the radio paging channel in
one embodiment, through time division multiplexing (TDM).

In a preferred embodiment, digital information is
transmitted at a relatively fast rate between the central
originating location and all of the remote sites via direct RF
1ink in which the transmitted information is stored at a local
buffer, with one buffer per remote transmitting location. 1In
addition to the digitél data transmitted via RF link,
synchronizing signals are transmitted after the buffers have
been loaded so as to be able to key the remote transmitters in
a predetermined timed relationship after receipt of a
synchronization pulse or message from the master. Thus, all
remote buffers are readout to the modulation sections of the
transmitters in a relationship timed through the synchronizing

signals.
Each remote transmitting site is provided with a receiver

coupled to the antenna utilized for the radio paging broadcast,
in which the receiver is tuned to the same frequency as that
associated with the paging channel and is shielded from paging
transmission through the use of a switch which protects the
receiver by either disconnecting it from its antenna or by
shorting it. Alternatively, any conventional receiver
protection circuit can be used to shield the receiver during

paging transmission. In a given time slot, for TDM links, a
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synchronizing signal is transmitted to load all of the local

buffers with data. :

It is noted that it is technically feasible to provide
local clocks which are sufficiently stable such that when they
are activated by a sync pulse from the central originating
location, they can maintain phase coherence for a number of
minutes. It will thus be appreciated that clock variation or
jitter will not be significant over a period of between one and
two minutes such that the necessary synchronization for data
transmission and reconstruction or readout can be handled by a
local clock which is stopped and restarted periodically or is
phased through the utilization of the synchronization signals
from the central originating location.

In one embodiment, two-way signalling from the local
station back to the originating location is possible to
indicate a full buffer or some error condition. Moreover, it
is of course possible to provide for single antenna use or a
separate receiver, high gain antenna for the link RF, such that
the signal-to-noise ratio can be increased.

In operation, after the buffers are loaded, with a single
start pulse, each of the buffers is clocked out at the same
rate. Various delays can be built into the system such that
terrestrial travel distance delays can be inserted, which are
those delays which are normal in a simulcast network. Thus,
transit delays and other delays may be accommodated through
fixed delays in the start pulses for the clocking of the
individual buffers.

Specifically, what is provided is an autolink module which
hooks up between the modulator terminals of the individual
remote transmitter and its antenna through a diplexer or
duplexer arrangement. As referred to above, separate antennas
may be utilized, with high gain directional antennas being
preferred to omni-directional antennas to improve signal-to-
noise ratios and thus data rates.

Note that the currently used data rates for radio paging
area the 512 baud and 1200 baud rates. There is also a
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European standard called ERMES which involves a 64 kilobit per
second data rate. It will be appreciated that relatively
standard stable crystal clocks are available for the clocking
out of the buffers at these baud rates such that the clocks
will stay stable for a period of minutes without clock skew
between sites. The usual transmitted format is the so-called
NRZ mark and space format, with the mark happening to
correspond to a negative FM deviation. Thus, at these
relatively low transmission rates, timing in terms of starting
the local clocks is not a problem. However for such systems,
more accurate crystal control is available at increased cost.

As one embodiment, it is of course possible to resync at
any time by inhibiting the readout of the buffer,
reinitializing the clocks, and starting the buffer output after
reinitialization.

It is also possible with respect to data compression that
other data modes than ASCII can be utilized to transmit data
from the central originating location to the remote buffers.
Thus data may be sent out at 9.6 kilobits per second while
still arranging that the paging signal go out at 512 baud over
the paging channel. ' '

It is of course important that one not use too much of the
channel or overhead in order to provide the link function.

Thus if link data rates are increased, one can decrease the
amount of time devoted to the linking operation and thereby
increase the occupied bandwidth. Thus, rather than utilizing
50 percent of a channel for linking operations, as little as 5
percent can be utilized.

The subject system also addresses the delay situation in
which recipients can oftentimes wait as much as 15 minutes for
a transmission due to a paging backlog at peak hours. For )
example, it will be appreciated that on a 512 Post Office Code
Standard Advisory Group (POCSAG) channel, one can communicate
with at least 50,000 customers on the channel. During peak
usage, a significant portion of these customers require access,
resulting in access delays which are at best annoying. While
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the subject system does not alleviate this problem, it does not

make it significantly worse. By increasing the data
transmission rate over the link to the remote station, the
overhead can be greatly reduced to an amount which does not
significantly impact the available paging air time on the
channel. For example, increasing the link data rate to 9.6kb
results in an overhead of only 5% in a 512 baud paging channel.

In summary the linking of radio paging transmitters is
accomplished on the same channel as that assigned to the paging
service, thus eliminating the necessity of a separate channel
for linkage of the remote transmitting sites to a central
originating location thereby freeing-up additional channels.
For data transmission, real time data is broadcast via a direct
RF link to buffer storage at each of the remote transmitting
sites, with the data being read out to each of the paging
transmitters from the local buffers in a synchronized fashion
under control of sync signals generated at and broadcast from
the central originating location. The data transmission rate
from the central originating location to the remote sites may
be significantly higher than the radio paging data rate such
that the accompanying data compression results in less link
time and correspondingly more message transmission time so that
the overhead associated with linkage can be greatly reduced.
Additionally, analog material such as audio signals may be
converted to digital signals and transmitted to the remote
transmitting sites, with the digitized audio information being
stored in buffers and converted back to audio when the buffer
is read out. Directional antennas may be utilized between the
central originating location and the remote transmitting sites
to improve the signal-to-noise ratio over omni-directional
broadcasting for increase the signal to noise ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the subject invention will be
better understood taken in conjunction with the Detailed
Description and the Drawings of which:
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Figure 1 is a block diagram of the subject system
illustrating a time division multiplex system which provides
link signals on the same frequency as that of the radio paging
transmitters; '

Figure 2A is a timing diagram showing the time slots
allocated for buffer loading and buffer readout for the buffers
at the main centrally-located transmitter and those at the
remote transmitting sites; and

Figure 2B is a code sentence for designating a digital or
analog mode for the data transmitted, also including a sync

pulse usable at the remote sites.
ETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

D

Referring now to Figure 1, a master transmitting facility
10 at a central location includes a transmitter 12 having an
antenna 14, with a modulator 16 coupled to the transmitter.
Transmitter 12 provides an FM signal on a carrier frequency f,;
which is transmitted to remote transmitter sites generally
indicated by reference character 20, each of which broadcasts
data and other paging information via .an omni-directional
antenna 22 as an FM broadcast having a carrier frequency f, as

illustrated.
Paging data is entered via a serial data source 24 coupled

to a data buffer 26 the operation of which is managed by a
controller 28. Data buffer 26 is read out at a predetermined
link rate, in one embodiment a good deal higher than the pager
data rate. Once data buffer 26 has been loaded, the
information therein is readout to modulator 16 at such time as
it is desired to transmit this data to the remote sites. After
the transmission of this data to load the buffers at the remote
sites, a mode signal and a sync pulse or signal are generated
via generator 30, the output of which is applied to the
modulator such that a sync pulse or signal is generated to
enable the readout of this data at all the remote sites; and
such that the type of transmission is specified in terms of
whether the data to be transmitted to a pager is analog or

digital.
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At the remote site, a separate antenna 32 may be provided

" to receive the RF signal from antenna 14. The propagation path

between the two fixed antennas provides for direct line-of-
sight propagation in which high gain antennas may be utilized
for antenna 14 and antenna 32, which antennas may be
directional for increased signal-to-noise ratios and link data
rates that can exceed 9.6 kilobits per second.

The output of antenna 32 is coupled to a receiver 34, the
output of which is coupled to a data buffer 36 such that data
loaded into buffer 26 and transmitted from the master
transmitter is provided to the buffer. As can be seen, a unit
35 is coupled to the transmitter at the remote site to detect
when the paging transmission occurs and protects receiver 34
either by interrupting or shorting its antenna connection, or
by activating protection circuits within the receiver. As
simple T/R switch may be used for this purpose, or more
elaborate conventional protection method may be employed.

The output of receiver 34 is provided to a mode decode
unit 37 which detects whether the transmission to a pager is to
be analog or digital and to a sync signal detector 38 which
detects the aforementioned sync pulse or signal. Thereupon
detector 38 enables the readout of buffer 36 such that upon
clocking of this buffer, data is provided over line 40 to a
modulator 42 coupled to a paging transmitter 44 connected to
antenna 22. '

In order to accommodate propagation delays between the
master transmitter and the particular remote location to permit
in-phase modulation from all of the remote sites, a delay unit
46 is coupled to the output of sync detection 38 which is
provided with a propagation correction factor 50, or other
delays which are utilized to effectuate the simulcast
transmission.

After delay, the sync pulse is applied to activate clock
52 for the clocking out of data from the data buffer. The
clock rate and thus the data rate for the remote location is in
general at a lower rate than the link data rate. 1In one
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embodiment, the pager rate is as low as 512 band so as to

accommodate standard alphanumeric pagers.

As an optional feature, a buffer full signal may be
detected by an error detection unit 60 which is coupled to
modulator 42 for the generation of a signal to be broadcast
from antenna 22 back to the originating location. This signal
is coupled via an antenna 62 to a receiver 64 which, upon
receipt of a buffer full signal, activates an alarm unit 66 of
any suitable type to inform operators at the originating site
that a buffer full condition exists at one of the remote sites.
Alternatively, any alarm condition at the remote site may be
signalled in this manner.

It will be appreciated that any coding scheme may be
utilized for the transmission of the alarm condition signal
including providing a time within the broadcast cycle for the
transmission of such a signal back to the originating site.
Alternatively, subcarrier techniques may be utilized in this
system. 7

In general, it is desirable to transmit information
between the remote sites and the originating site via
signalling at the pager carrier frequency such that with
appropriate isolation, receivers 34 and 64 can be coupled
respectively to a single antenmna at the respective site. These
connections are illustrated by dotted lines 68 and 70, with
conventional diplexing arrangements being utilized. Thus, if
desired, antennas 32 and 62 can be eliminated from the system.

The benefit of utilizing separate antennas 32 and 62 is
that it is possible to increase the signal-to-noise ratio for
the linking function by virtue of having directional antennas
either at the remote sites or at the master transmitting site
or both. Of course, because of the use of fixed antennas, high
gain omni-directional antennas can also be used which are an
improvement over the small pager-carried antennas and which
provide improved signal-to-noise ratios, even without

directionality.

¢ ]
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It will be appreciated that multiple terrestrial remote.

paging sites are contemplated and is illustrated at 20’. The -
remote site is duplicated as many times as necessary to provide
the required overlapping coverage, with the units at the remote
sites being indicated by the various primed numbers.

It will be appreciated that detector 60 may detect other
conditions than the simple condition of a full buffer.
Unreliable data may be detected by conventional means and a
signal transmitted back to the originating site or location to
indicate any of a variety of problems at a remote site. It is
important to note however that this signalling is done at the
carrier frequency of the remote paging network, with time
allocated for transmission of data, syncing of the readout of
data buffers at remote sites, and receipt of alarm condition
signals transmitted back to the originating site.

It will also be appreciated that not only will the
propagation correction factors be different for each of the
remote sites but other factors relating to in-phase modulation
will be affected by the unique geography and antenna radiation
patterns associated with each of the remote sites. Building in
a delay such that at an arbitrary point within an overlap '
region pager all received modulation will be in-phase is a
somewhat complex subject. As to a propagation correction
factor, since the speed of light is known and the distance
between the transmitting antenna 14 and receiving antenna 32 is
known, propagation correction factors may be readily calculated
and provided by delay unit 46, such that all of the data
buffers in all of the remote sites are clocked starting at a
time delayed by that exact amount which will cause an in-phase
modulation condition in the overlap areas, or at least at
critical points within an overlap area. _

The delays associated with providing an in-phase condition
in overlap broadcast areas is presently accomplished through
testing for in-phase modulation at one or more points within
the overlapping broadcast area. Phase detecting apparatus is
coupled to a receiver and the mobile unit moved about in the
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overlap area, with phase adjustments being made at the
individual remote sites contributing to the overlap. Thus the
phase of the modulation of the reéeived,signals at various
points within the overlap area is adjusted to as ctlose to zero
as possible. '

As can be seen, one technique of providing as close to
perfect in-phase conditions at all points within the overlap
area is provided through sampling signals throughout the area
and making those adjustments which, on average, provide for in-
phase modulation conditions throughout the area. In some
instances, due to the particular topography, building
structures and the like, specific phase adjustments are made
for these local anomalies via a cut and try method, in which
various phase delays are employed and the results monitored.

As an alternative method, automatic phase adjustment for
overlap areas within the broadcast regions of adjacent remote
sites is accomplished through one of many algorithms or
routines such as those referred to in Glenayre Electronics Ltd.
of Quincy Illinois Operator’s Manual QPN 9150069400 which
describes their simulcom/simulcast system. Regardless of the
method used for determining the appropriate delay for each
site, the appropriate delay, whether developed conventionally
or otherwise is implemented by the delay unit for each remote
site.

The subject system may also be utilized in the
transmission of audio data or any other analog data, through
the utilization of an analog source, usually audio, here
illustrated by reference character 72, the output of which is
applied via an analog-to-digital converter 74 to serial data
source 24. Thus, analog data is converted to digital data,
which is stored in buffer 26 and is read-out under the control
of controller 28 in a multiplexed fashion such that the audio
can be faithfully reproduced after having been stored in data
buffer 36 at the remote site.

For audio transmission, analog source 72 instructs
generator 30 to provide a signal indicating the presence of

(7]

3]
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audio data to be transmitted to a remote site, even though the
transmission to the remote site is via a digital data stream
representing the audio material. It will be appreciated that
the presence of digital data is detected at the remote site by
detector 37 which enables a digital-to-analog converter 76 that
is coupled through a low pass filter 77 to modulator 42. Thus
when data is shifted out of buffer 36, it is converted into
audio data by converter 76 and is used to modulate transmitter
44 with reconstructed audio. At this time the digital output
of buffer 36 is inhibited from being applied to modulator 42
via switch 79 controlled by the enable pulse from mode detector
37. Note that low pass filter 77 is utilized to reduce digital
noise and artifacts created by the digital to analog
conversion.

In general, for alphanumeric pagers which also include an
audio or analog function, the presence of analog data is
indicated through providing any type of distinctive signal to
modulator 16 which provides an analog alert signal, again at
the paging system’s carrier frequency. This signal is detected
as an output of receiver 34 by detector .37 which provides an
enable pulse to digital to analog converter 76 and to switch
79. This enable signal may also be utilized to provide a
different clock rate to buffer 36 or to provide in general that .
buffer 36 is clocked at a rate suitable for analog material,
eg. at a rate commensurate with conventional digital-to-analog
conversion.

Note that the sync signal may either be the leading or
trailing edge of a pulse, or may be the detection of a
preselected code or sentence, or portion thereof, which upon
detection constitutes the sync signal. It will be appreciated
that timing associated with the decoding process may be made
constant or uniform such that propagation delays can be
appropriately set or maintained.

The sync pulse or other signalling may also be
accomplished conventionally through the qtilization of pulses
of increased magnitude and of opposite polarity or direction
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such that remote sites can be alerted to both their timing

needs and the need for conversion from an alphanumeric paging
to analog paging. 7

Referring now to Figure 2A, in one embodiment for the time
division multiplexing associated with Figure 1, the upper graph
shows that for the buffer at theroriginating site, serial data
"in" occupies a predetermined time slot, whereas serial data
"out"” occupies a further time slot. The time slots are
allocated in such a way that maximum benefit is achieved
through higher data rates which are available due to the point-
to-point transmission of data from the master transmitter to
the remote site. Additionally if analog data is contemplated,
a signal indicative of mode is illustrated as being generated
either before or after serial data has been transmitted to the

buffers at the remote sites. The transmission of this data can

be at any practical rate which permits the data-loading
operation to take up a minimal amount of time allocated for
transmission of data to pagers. Referring now to Figure 2B, it
can be seen that the mode and sync signals can be part of a
code or fixed format sentence which both specifies mode and
sync. As to the code, the mode portion of the sentence can be
in any fixed format, with the code being generated and
transmitted from the master transmitted and received at all
sites by any conventional code recognition circuit configured
to detect the particular mode code. The mode code can
designate any of a variety of transmission modes such as data,
voice, or any other specialized transmission which might
require reconfiguration of all remote sites. Thus, in addition
to distinguishing between audio and data, the mode sentence can
specify transmission rates different from those normally used
in order to accommodate specialized transmissions.

With respect to the sync signal, this may be the next
allocated portion of the fixed format sentence in which sync
may be achieved either on the rising or falling edge of the

pulse at this position in the sentence.

o
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Note that mode detecting.ggieuits can of themselves
produce a eync signal upon decoding of the mode, with timing
delays easily established to permit setting of the propagation
delays.

Referring now back to Figure 2A and to the middle graph,
it can be seen that it is possible to take care of propagation
and simulcast delays, at least at a gross level, by delaying
the input to the buffers at the remote site in terms of
shifting data to provide a variable amount of dead space in the
serial data stream ahead of actual data,such that when the data
is clocked out, this no-data period, here indicated by arrows
90, will result in at least a gross correction. However, it is
preferable to load the buffers independent of propagation and
simulcast delays, with the output of the buffer being delayed
as illustrated in Figure 1 and here at the bottom graph by that
amount of time which is appropriate to the individual remote
site.

Since at the very least, remote sites will be at varying
distances from the main transmitting site, it is easier to
program propagation and simulcast delays by delaying the output
of each individual data buffer by a predetermined amount, as
opposed to programming in a variable amount of dead space for
the information carried for each buffer. However, in certain
instances this delay will be fixed and can be uniform, assuming
relatively uniform distances between the main transmitting site
and the remote sites.

It will be appreciated that this latter technique may be
defeated through the utilization of so-called fill in systems
in which dead areas within building such as factories, shopping
centers, hospitals, and the like are filled in through the
utilization of a low to medium power transmitter with a unity
gain roof top antenna. Here, the problem of overlapping
coverage is less severe due to the inability of radiation from
remote sites to penetrate deep within the building. However
there will be overlapped areas towards the outside of the
building, with its problem being reasonably well solved through
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the adgustment of the power to the fill in coverage transmitter

such that FM capture occurs within the building but not beyond.
Also leak out antenna cables are useful in this fill in

coverage application.
It will of course be appreciated that for fill in coverage

transmitters, they may be provided with their own specialized
propagation correction factor and delay factor such that if the
output of the buffer is delayed through delaying of the
clocking thereof as illustrated in Flgure 1, even £ill in
transmitters can be approprlately'controlled by the subject
system.

Having above indicated a preferred embodiment of the
present invention, it will occur to those skilled in the art
that modifications and alternatives can be practiced within the
spirit of the invention. It is accordingly intended to define
the scope of the invention only as indicated in the following

claims.

R
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CLAIMS

1. In a radio paging service system, apparatus for the linking
of the central originating location transmitter with a remote
site having a transmitter including a modulator and an antenna
for broadcasting digital messages to a remote pager within the
broadcast coverage area for said remote site on a carrier
frequency within a predetermined band, comprising:

means at said central originating location for
transmitting data to said remote site on the same frequency as
that of said carrier; and

means at said remote site and tuned to said carrier
frequency for receiving said data, storing said data, and
reading out said stored data to said modulator in a
predetermined timed sequence, such that data transmission to
said remote site from said central originating location can be
stored and retransmitted from the transmitter at said remote
site without resort to RF signalling between said central
originating location and said remote site on a separate link
channel removed in frequency from said carrier frequency.

2. The apparatus of claim 1 wherein the rate that data is
transmitted from said central originating location to said
remote site is different from the rate that data is read out
out to said modulator, such that the data link rate can be made
much highér than the rate at which data is transmitted to a
pager from the transmitter at said remote site.

3. The apparatus of claim 1 wherein said receiving means is
coupled to the antenna at said remote site.

4. The apparatus of claim 1 wherein said receiving site
includes a separate receiving antenna and wherein said
receiving means is coupled to said separate receiving antenna,
whereby said separate receiving antenna can be made directional
for increase signal-to-noise ratios, while the transmitting
antenna at said remote site can be made omni-directional.
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5. The aﬁparatus of claim 1 wherein said system includes a
plurality of remote sites within the broadcast range of said
central originating location for extending the broadcast
coverage, wherein said means at said central originating
location includes means for transmitting a sync signal to all
of said remote sites, and wherein each of said remote sites
includes means responsive to the receipt of said sync signal
for reading out the étoring means thereat to a respective

modulator.

6. The apparatus of claim 6 wherein each of said remote sites
includes means for delaying a received sync pulse by an amount
which provides for optimal in-phase conditions of the
modulation of said carrier based on the differing propagation
delays between said central originating location and said

remote sites.

7. The apparatus of claim 1 and further including error
detector means at said remote site for detecting a
predetermined error condition at said remote site and for
generating an alarm condition signal responsive thereto, means
for coupling said alarm condition signal to said modulator for
transmitting an alarm signal back to said central originating
location on the same frequency as said carrier frequency, and
means at said central originating location for receiving said
alarm signal and for indicating the presence of same.

8. The apparatus of claim 7 wherein said storing means
includes a buffer and wherein said error detector means detects
a buffer full condition and generates said alarm condition

signal responsive thereto.

9. The apparatus of claim 1 wherein said paging system
includes the capability of transmitting both analog and digital
data to a pager from a remote site, wherein said central

73

&
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originating location includes a source of analog material,

means for converting said analog material to a digital format,
and means for modulating the transmitter at said central
originating location with said digitally formatted material,
and wherein said storing means at said remote site stores the
digitally converted analog material received at said remote
site and further including means for reading out said storing
means at a rate commensurate with converting the data
representing said analog material to analog form, means for
converting said read out data to an analog signal and means for
coupling said analog signal to the modulator at said remote

site.

10. The apparatus of claim 9 and further including means at
said central originating location for transmitting a mode
signal at said carrier frequency indicative of the presence of - -
said audio material, and means at said remote site responsive
to the receipt thereat of said mode signal for reconfiguring
said remote site to process data from said central originating
location such that the data stored at said remote site is
converted into said analog signal so that an analog signal may
be sent to a pager instead of digital data.



WO 93/05586 1/2 PCT/US92/07552

&
P
5
—>
N
S S

]
]
1]
]
]
]
]
]
| 1
5 !
N <_J :
| ' [ MODE I
{[ALARM 2 l ' pecooe [¢ R MOD 1«
[] ! >
i 16 > ===\
A 30\ ! e L
E MOD = : ENABLE Y (38 ERROR /.76
) y l MODE & | DET.
H
| READOUT SYNC. SIGNAL |« SYNC. <60 K Gap| D/A H
. AT GENERATOR | | DET. 79 |
! UNKRATE| 26 } 36
' < . ' by ENABLE
| ! .
e e : > sureR AV
E % | = r— foour ©
: T l DELAY |—» PAGER DATA
1 l el » CLK. RATE
t | SERAL |24 ! F c
! | DATA : : 32
' | SOURCE : PROPAGATION >1
' ! CORRECTION ~ » -
. | ! FACTOR, 50 . ® sar. 22 .
A — : 5 6_8_1_??fy 44
i ‘ f74 : 201 ! /J
1 A/D ! \ 32' 3 »” TX
1 —
i | [
! % ey l il )
! 72 : i | .
? ANALOG 1 i | MODE L] px I v I
i SOURCE ' ['] DECODE > <
' ! & A
e e e ) 77~ LPF
, 4| ENABLE V - ERROR JE
f38 DET. /-76
SYNC. <60' i
DET. (swp D/A
3¢ |79 \
> DAIA ENABLE
BUFFER
46 X 40
™\ £y
> DELAY F»| clk | 52
Fig. 1 1
PROPAGATION
CORRECTION

FACTOR, 50°



WO 93/05586 2/2 ' PCT/US92/07552
. TIMING DIAGRAM
SERIAL DATA TX OUT
MARK) SERIALDATAIN 5 7pUT AT HIGH RATE
MODE | SYNC.
SELECT SIGNAL
SPACE SIGNAL
0~ 1 > +
TX BUFFER (ORIGINATING LOCATION) :
INPUT AT ' 5
ANY RATE ; ;
_ i |
| OUTPUTAT
| PAGING RATE .
PROPAGATION | :
AND > |
SIMULCAST  + | 90 i
DELAY i ,
: E > 4
RX BUFFER (REMOTE SITE) :
i
:
T i
1
! AT PAGING RATE
<
90"
>+
TX (PAGING SIGNAL) Flg . 2 /—\
MODE SELECT SYNC.
r - —
Rx ~ ~ —
MODE DETECT

Fig. 2B



€

INTERNATIONAL SEARCH REPORT
1at. ') 1 ‘.- 13, .‘l N°

"

{. CLASSIFICATION OF SUBJECT MATTER (it several classifteall Yy is apoly, Indi
A ding to { ional Patent Clacsificatian (IPC) or to both National Clagsification and IPC

pc>. H04 B 7/14,H 04 L 25/50

(. FIELDS SEARCHED

Minimum Documentation Searched 7
Clasctification Symbals

Classification System |

5

H 04 B 1/00,H 04 B 7/00,H 04 L. 1/00,H 04 L 25/00,
H 04 Q 7/00,H 04 Q 9/00

Documentation Searched other thaa Minimum Documentation
to the Extent that such Documaents are included in the Fields Searched ¢

IPC i
|

til. DOCUMENTS CONSIDERED TO BE RELEVANT?*
Category * | Citation of Document, ¥ with indication, where appropeiate, of the relevant o 2 Relevant to Claim No. ¥
X WO, Al, 86/06 571 . 1

(PACS) 06 November 1986

(06.11.86),

A see abstract; claims 1-4,8, .2
11; page 7, line 17-37. 6

A Us, A, 4 709 401 1
(AKERBERG) 24 November 1987
(24.11.87),

see abstract; claims.

A GB, A, 2 131 253 7
(MOTOROLA) 13 June 1984
(13.06.84),

see abstract; claims.

A DE, A, 1 919 215

(GE) 08 January 1970
(08.01.70).

“T= {ater document published after the international filing date
or priority date and not in conflict with the application but

* Spacial categories of cited documents: 1¢
cited to understand the princiole or theory underiylng the

i state of the art which is not

PCT/US 92/07552

“0" document refersing to an oraf disclosure, use, echibition or
other means

=P document published prior {0 the international filing date but
(ater than the prionty date clsimed

“A" d .“-x‘"‘.-
contidered o be of pacticular relevance tavention

“E” ealier d ¢ but published on ar after the lntemational X" d t of particular relevance; the claimed invention
filing date cannot be considered novel or cannct te considered to

“L* document which may throw doubts oa priocity cleim(s) or invaive an inventive step
which is cited to establish the publication date of aaother = d o relevance; the eclaimed lavention
citation or ather spacial reason (ec specified) cannot be considered to Involve an inventive atep when the

documaent is combined with one or more other such docu-
ments, such combination being obvious {0 & pereson skilled

in the art.
=" document membaec of the same pateat femily

(V. CERTIFICATION

tional Search

Oate of the Actual C tetlan of the {

Date of Malling of this International Seacch Report
Ay 40 Y
15 Jan 583

28 December 1992
intemationa! Searching Authority Signature of Authorized Officer
EUROPEAN PATENT OFFICE BLASL e.h.

Form PCTASA210 (second sheel) (January 1945}




ANNEXE

au ra,port de recherche inter-
national relatif & la desande de brevet

international n*

ANNE X

to the International Search
Report to the International Patent

fpplication No.
PCT/US 92/07552 SAE 64871

This @nnex lists the patent family La présente anneve indique 1es

meshers relating ta the patent documents penbres de la famille de brevets
relatifs aux documents de brevets cités

dans le rapport de recherche inter-
national visée ci-gessus. Les reseigne=
pents fournis sont domnés & titre indica-
tif et n’engagent pas la responsibilité

aMNHANG

zun internationalen Recherchen-
bericht iber die internationale
Patentanzeldung Nr.

In diesen Anhang sind die Mitglieder
der Patentfamilien der ia chenge-
nannten internationalen Recherchenbericht cited in the above-nentioned inter-
angefihrten Patentdokunente angegeben.  national search report. The Office is
Digse Angaben dienen nur zur Unter- in no way liable for these particulars

richtung und erfolgen ohne Gewdhr. which are given merely for the purpose

of information. j
de 1’Office. 3
In Recherchenbericht Datua der Mitglied{er) der Datum der
angefilhrtes Patentdokusent Vergffentlichung Patentfamilie Verdffentlichung
Patent docusent cited Publication - Patent family Publication
in search report date neaber (s) date
Document de brevet cité Date de Membre(s) de la Date de
dans le rapport de recherche publication © famille de brevets publication
WO Al B606571 06—-11-86 AU Al S8123/86 ig-11-86
: AU BZ2 594057 01=-03-90
EP Al 259315 16-03-88
GR AL B510808 05-06~83
JP T2 62502651 0g-10-87
NO A 863227 22-12-86
us A 4887266 12-12-89
us A 4709401 24-11-87 AT E 26571 15-05-87
Ca Al 1202467 01-04-856
DE CO 33709356 21-05-87
EF Al 1134648 18-07-84
EFP Bl 113648 15-04~-87
FI A0 834302 08-12-83
FI A 834502 10-06-84
FI B 71543 10-10-86
FI C 71543 19-01-87
JP AZ 59111917 28-06-84
NO A 834519 12-06—-84
‘8E A0 8207054 09-12-82
SE A B207054 10-06-84
SE B 434304 J0-07-84
SE C 34504 ne-11-84
us A 4559220 17-12-85
GB A 2131257 keine — none - rien
DE A 1919215 08-01-70 DE B2 1919213 12-01-78
DE CT 1919215 13-05-82
GB A 1257308 15-12-71
IE B 23059 06-03~-74
NL A 6905761 21-10-49
us A 3603882 07—-09-71




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

