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Transmitting substantially
simultaneously a first information
signal and a second infarmation
signal, the first information signal
being transmitted in simulcast by a
first set of base transmitters
assigned to a first zone, and the
second information signal being
transmitted in simulcast by a second
set of base transmitters assigned to a
sacond zone

Dynamically reassigning cne or more
of the base transmitters in the first set
of base transmitters assigned to the
first zone to the second set of base
transmitters assigned to the second
zone, thereby creating an updated
first set of bass transmitters and an
updated sscond set of base
transmittars

h 4

Transmitting substantially

" simultaneously a third information
signal and a fourth information signal,
the third information signal being
transmitted in simulcast by the

updated first set of base transmitters, |~

and the fourth information signal
being transmitted in simulcast by the
updated second sset of base
Ltransmittars

2602

2604

2606
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2800
X Send a message to disable the 2802
registration feature é

I

Store the number of probe
signals sent and a number of
messages successfully
delivered

, 2804

pr

Process the stored number of
probe signals and number of
messages succesfully
delivered to avaluate a 2806
likelihood that a probe signal
will be required to be sent by
the network to locate the mobile
transceiver

~

P

Send a message to the mobile
unit to enable the mobile 2808
transceiver's capability to
transmit a registration signal if
the likelihood exceeds a
selected value
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FlG. 28(8)

Send a message to enable the
ragistration feature

2810
S

2812
/

l

Store the number of registration
signals received and a number
of messages succassfully
dslivered

2814
Y

4

Process the stored number of
registration signals and
number of messages
succesfully deliverad to
svaluate a likelihood that a
registration signal will be
received by a base receiver in
the network that will not be
used by the network to
determine a set of base
transmitters tc be operated to
transmit a message to the
mobile transceiver

2816
|/

Send a message to the mobile
unit to disable the mobile
transceiver's capability to
transmit & registration signal if
the likelihood exceeds a
selected value

2018
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1
METHOD AND SYSTEM FOR PROVIDING
MULTICARRIER SIMULCAST
TRANSMISSION

‘This application is a continuation of application Ser. No.
08/760,457, filed Dec. 6, 1996 now abandoned, which is a
Rule 60 ion of prior application Ser. No, 07/973,
918, filed Nowv. 12, 19‘92 now U.S. Pat. No. 5,590,403,

BACKGROUND OF THE INVENTION

A, Field of the Invention

The present invention relates to methods and systems for
providing two-way commupication capability between a
central network and a mobile unit over a relatively large
area, and more particularly to such methods and systems
which allow for rapid cc ion of large and
efficient use of system resources.

B. Description of the Related Art

Conventional two-way portable/mobile wireless messag-
ing systems often provide a variety of services to subscrib-
crs. Conventional messaging systems in particular provide
one-way services using store and forward techniques to
mobile receivers carried by the subscriber. A fundamental
goal of Iwo-way messaging systems is to provide a network
of interconnected transmitiers and receivers which provides
sufficient transmitted signal sT.rcDgih and receive capablllty

2

mately equal, problems can arise because destructive inter-
ference of signals occurs in these overlap areas such as areas
D, E, and F. Destructive interference occurs when the two
signals are equal in magpitude and 180° out of phasc and
completely cancel each other. While there were some
suooesses. rellable de-sngn procedures were not svallablc

g to ly synchronize the carrier fi -
cies ol' all simulcast transmitters docs not overcome the
problem because points (i.e. nodes) at which destructive
summing occurred persisted for long periods of time. At
such points, a mobile receiver can not receive the simulcast
signal.

Deliberately offsetting the carrier frequencies of adjacent
transmitters can ensure that destructive interference does not
persist at one point for an extended period of time. The slight
errors in frequency displayed by high quality reference
oscillators (¢.g., 20 hertz errors in 100 MHz signals or a few
parts in 107) render deliberate offsetting unnecessary.
Further, merely oﬁisellmg the carrier fmqucnmcs could not
guaraniee ptable quality demodulati proper
alignment of the modulating signals in time is also required.

FIG. 2 displays the situalion at, for example, point D in
FIG. 1 when modulating waveforms are synchronized and
includes coverage boundary 202 from a first transmitter and
a second itter coverage boundary 204 from a second

to uniformly cover a geographic region. Some conve
messaging systems provide lhe message 1o the user on a
small viewing screen on the mobile unit.

However, such conventional sysiems often suffer from
problems associated with low system throughput, evidenced
by slow message delivery and message size limitations and
do not provide an acknowledgment feature wherein the
mobile unit transmits an acknowledgment signal to the
system to acknowledge receipt of the message from the
syslem. Generally, system throughput refers o overall com-
munication capability of a system as defined by the total
amount of message data from the system to the mobile units
transferred by the system during a given period of time
divided by the frequency bandwidth necessary to transmit
the message data and may be measured in bits transferred
per Hz, Further, such conventional systems suffer from
technical problems preventing consistent wide area cover-
age and would require extremely wide portions of valuable
frequency bandwidth to achi ble system 1k
put rates.

Simulcast technology in communication systems was
originally developed to extend transmitter coverage beyond
that which could be obtained from a single transmitter. Over
time, however, simulcasting has evolved into a technigue
capable of providing continuous coverage to & large area.

Generally, simulcast technology provides multiple
transmitters, operating on substantially the same frequencies
and transmilting the same information positioned to cover
extended arcas. As shown in FIG. 1, transmitter 100 gener-
ally provides coverage over area A, D, and E, transmitier
102 generally provides coverage over area B, D, and E, and
transmitter 104 generally provides coverage over area C, E,
and F. In some cases, the coverage arca of a first transmitter
may be entirely enclosed within the coverage area of another
transmilter, such as in building interiors and valleys. In areas
where one (and only on¢) transmitlcr dominates (¢.g., arcas
A, B, and C in FIG. 1), simulcast is effective because the
other transmitters do not significantly affect receivers in
those areas.

However, in “overlap” areas D, E, and F shown in FIG. 1,
where the signals from two or mare transmitters are approxi-

Ba

40

60

dj transmiller. An equi-signal boundary 200 exists
where the signals from the first and second transmilters have
approximately equal signal strengths. A more realistic equi-
signal boundary would take into account natural and man-
made topography and propagation conditions, and therefore
would probably not be a straight line.

FIGS. 3 and 4 generally illustrate various signals as they
may occur at or near the equi-signal boundary 200 as shown
in FIG. 2. In particular, FIGS. 3 and 4 illustrate various
aspects of modulation synchronization and how altering
transmission parameters may affect the synchronization. In
general, there are at least three sources which cause the
signals from the first transmitter and the second transmitier
1o be out of synchronization: (1) timing shifts in the delivery
of the modulating waveform to each of the transmitters; (2)
timing shifts internal to each transmitter; and (3) timing
shifts caused by propagation distances and anomalies. From
the perspective of a receiver located in an overlap area, these
three sources of timing shifis combine to produce an overall
timing shifls between the received signals from the first and
second transmilters. In current commercial practice, the
summation of these three components results in time shifis
of about 200 microseconds. The timing shift present in
simulcast systems disadvantageously limits the baud rate at
which information may be transferred. In general, FIGS. 3
and 4 will also illustrate how timing shifts prevents high
baud rate transmissions. ’

A time line representation of a signal 306 from a first
transmitter is shown in FIG. 3(A) and a signal 308 from a
second transmitter is shown in FIG. 3(B), both from the
perspective of a receiver located in an overlap area. Vertical
dashed lines 300 represent baud intervals on the time axis.
As can be seen from FIGS, 3(A) and (B), the signals 306 and
308 are frequency modulated between a high and a low
frequency value and the signals 306 and 308 arc exactly in
phase. As will be appreciated, the timing shift between
signals 306 and 308 must be small when compared to the
baud interval shown in FIGS. 3(A) and (B) since signals 306
and 308 are in synchronization. Of course, as the baud
interval decreases, the timing shifis will likely cause signals
306 and 308 to be put of synchronization.
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FIGS. 3(C), (D), and (E) show the summation of these
two signals 306 and 308 at an equi-signal boundary, such as
boundary 200 in FIG. 2. FIG. 3(C) shows a composile signal
310 indicating that the frequency information remains
unchanged, FIG. 3(D) shows a linear graph 312 of the
relative phase difference caused by a slight carrier frequency
difference between the signals from the first transmitter and
the second transmitter. FIG. 3(E) shows a composite ampli-
tude signal 314. A noise threshold is indicated by the
horizontal dashed line 304 in FIG. 3(E).

Of interest, FIG. 3(E) shows the composile amplitude
signal 314 dipping below the noise threshold 304 at an
anti-phase condition 302 (e.g., when the relative phase angle
is £180°, as shown in FIG. 3(D)). As can be seen from FIG.
3E), thc anti-phase condition 302 caused by the slight phase

shifl between transmilter 1 and transmitier 2 will not cause

any loss of data because the anti-phase condition persists for
only a small portion of the baud interval.

The slight offset of the carrier frequencies between the
first and second transmitters causes a slow drift of the
relative phase of the two signals, as shown in FIG. 3(D).
When the signals are £180° out of phase, the temporary dip
in the amplitude signal may cause the loss of a few bits in
the composite signal, at worst. These errors can be counter-
acted with a conventional error correcting code, such as is
commonly known.

FIG. 4 shows a set of similar signals to those in FIG. 3,
but wherein the signal 402 from the first transmilter is offset
from, or out of synchronization with, the signal 404 from the
second ransmitler by a full baud. In particular, signal 404
lags signal 402 by one baud interval. As previously
discussed, the offsel of signals 402 and 404 may be caused
by various timing shifts in the delivery of both signals 402
and 404 to a receiver in an overlap arca. FIGS. 4(A) and (B)
illustrate the extreme case where the sum of these timing
shifts is equal to the baud interval shown by dashed lines
400. As can be seen in FIG. 4(C), composite signal 406
includes a period of indeterminate frequency which unde-
sirably oovcrs several entire baud intervals and, therefore,

dulation is i ible during those baud
intervals, If the baud interval were increased to minimize the
effect of these timing shifts, data loss would be less likely.
Therefore, il can be seen that the baud rate at which good
data transfer can be accomplished is limited by the timing
shifts between signals delivered to receivers in overlap
areas.

Through these examples, it can be seen that high degrees
of modulation synchronization make il possible to obtain
good data demodulation in a simulcast system. However, the
baud rate limitation of simulcast systems is a significant
drawback and limits system throughput,

An alternative 1o simuleast for wide area coverage is
assignment of orthogonal, non-overlapping subdivisions of
the available system capacily 1o adjacent areas. Subdivisions

20

30
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Second, and more serious, the orthogonal assignment
approach drastically reduces the sysiem throughput capacity
as measured in bits per Hz because anywhere from 3 to 7,
or possibly more, orthogonal msngn-ems are required fo
obtain continuous area coverage in most conventional
orthagonal systems. This waste of capacity is somewhat
recouped if the same information is not needed throughout
the service area because a given piece of information is sent
only 1o those cells where it is needed.

Conventional cellular radio service is a typical example of
an orthogonal system. In cellular, the same frequencies are
reused in spatially separated cells to allow different data to
be transmitted 1o different mobile units. An example of three
cellular arrangements is shown in FIG. 5 where the number
of cells (N) is equal lo 3, 4, and 7. Each cell (ie, A, B, C,

. ) in conventional cellular service usually only includes
a single transmitter and operates in a different frequency or
time division within the communication protocol. As shown
in FIG. 5, cellular service generally locates transmitlers
utilizing the same division {all the “A" transmitters) far
enough apart to reduce the likelihood of interference
between such transmilters. As the number of cells increases,
the likelihood of interference d For ple, with
N=3 as shown by arrangement 500 in FIG. 3, the distance
between the coverage area of “A” cells is about ¥ cell width,
with N=4 in arrangement 502, the distance between the
coverage areas of “A" cells is slightly larger, and with N=7
in arrangement 504 the distance between “A” cells is larger
than the width of one cell.

However, as the number of cells increases, the length of
the individual time intervals per cell decreases for time
division multiplexed systems, thereby decreasing the sys-
tems total information transfer. In frequency division
systems, more cells undesirably increases the frequency
bandwidth required. Therefore, system throughput in bits
per Hz is decreased as the number of cells increases.
Furthermore, cellular systems often require an electronic
“handshake” between system and mobile unit to identify the

ific cell (i.c. t itter) in which the mobile unit is
located to allow capacity reuse.

1. SUMMARY OF THE INVENTION

The systems and methods of the present invention have a
wide variety of objects and advantages. The systems and
methods of the present invention have as a primary object to

a5 ‘ i N .
pmwd: a communication sysiem with wide area coverage

and high message throughput while minimizing frequency
bandwidth usage.

It is an object of the invention to provide a simulcast
communication system with a high data transfer rate which
does not exceed the baud rate limitations of simulcast
transmission.

It is a further object of the present invention to provide a

ication system which provides for superior data

can be made in lime (e.g., broadcasling the infi on
the same frequency in different ume slots to adjacent areas),
or in frequency (e.g., broadeasting the i tion simulta-
neously on different frequencies in adjacent areas). There are
several problems with such orthogonal sysicms, however.
First, onhogonal assignments require tumng the receiver to
the assigned freq or lime ch | for the area in which
the receiver currently resides. In the broadcast services every
traveler has experienced the frustration of finding the correct
chanpel for their favorite programs. Simuleast

60

communication integrity.

Yet another object of the invention is to provide a mobile
transceiver unit which prevenls unnecessary RF
interference, particularly on commercial aircraft. Still
further, it is an object of the invention to provide a zonc
based communication system whn.h may dynum(.llly rede-
fine zone bx to improve ion throughp
Another object of lhe. invention is to provide a zone based

et ication system which can effectively

avoids the need for scanning and re-tuning as the mobile unit
moves between areas. Such scanning and re-tuning also
disadvantageously increases mobile unit power consump-
tion.

65

communicate with both mobile transceiver units located
near the center of cach zone as well as mobile transceiver
units located within the overlap areas between two or more
ZOnes.
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Additional objects and advantages of the invention will be
set forth in part in the description which follows, and in part
will be obvious from the description, or may be learned by
practicing the invention. The objects and advantages of the
invention will be realized and attained by means of the
elements and combinations particularly pointed out in the
appended claims.

To achieve the objects and in accordance with the purpose
of the invention, as embodied and broadly described herein,
the invention is directed to a method for information trans-
mission by a plurality of transmilters to provide broad
communication capability over a region of space, the infor-
malion transmission occurring during at least both a first
time period and a second time period and the plurality of
transmitters being divided into at least a first and second set
of transmitters, the method comprising the steps of (a)
generaling a system information signal which includes a
plurality of blocks of information, (b) transmitting the
system information signal to the plurality of transmitters, (¢)
transmitting by the first and second sets of transmilters a first
block of information in simulcast during the first time
period, (d) transmitting by the first set of Iransmitters a
second block of information during the second time period,
and (¢) transmitting by the second set of transmilters a third
block of information during the second time period.

In another embodiment, the invention is directed to a
multi-carrier simulcast tr ission system for itting
in a desired freq y band a 2 ined in an
information signal, the system comprising a first transmitler
means for transmilting an information signal by generating
a first plurality of carrier signals within the desired fre-
quency band and by modulating the first plurality of carrier
signals to convey the information signal, and a second
transmiller means, spatially separated from the first
transmilter, for transmilting the information signal in simul-
cast with the first transmitler by generating a second plu-
rality of carrier signals at ially the same freq i

5

30

s

6
nication method comprising the steps of (a) transmitting

bstantially simul ly a first inf ion signal and a
second information signal to communicate messages lo the
mobile receivers, the first information signal being trans-
mitted in simulcast by a first set of base transmitters assigned
to a first zone, and the second information signal being
transmitted in simulcast by a second set of base ransmiters
assigned to a second zone, (b) dynamically reassigning one
or more of the base transmitters in the first set of base
transmitters assigned to the first zone to the second set of
base transmilters assigned to the second zone as a function
of the lo be icated in an area, thereby
creating an updated first set of base transmitiers and an
updated second set of base transmitters, and (c) transmilting,
subslantially simultancously a third information signal and a
fourth information signal, the third information signal being
transmitled in simulcast by the updated first set of base
transmitters, and the fourth information signal being trans-
mitted in simuleast by the updated second set of base
{ransmitters (o additional 1o said
mobile receivers.

In another embodiment, the invention is directed to a
mobile transceiver unit for transmilling messages to and
receiving messages from a network comprising input means
for allowing the user to input a user message to the unit,
tr itter means for itting a radio frequency signal
including the user message from the mobile unit to the
network, receiver means for receiving radio frequency sig-
nals having a message from the network, signal detector
means for delecting at least one type of electromagnetic
signal generated external to the mobile unit and the network,
and a circuit, connecting the signal detector means 1o the
transmilter means, for disabling the transmitter means upon
detection of the electromagnetic signal, thereby preventing
unwanted radio frequency Lransmission.

In another embodiment, the invention is directed to a

as the first plurality of carrier signals and by modulating the
second plurality of carrier signals to convey the information
signal.

In another embodiment, the invention is directed to a
¢ ication method impl d in a I con-
trolled communication network for locating a mobile trans-
ceiver within a region of space, the region of space being
divided inlo a plurality of zones with each zone serviced by
al least one base transmitter and at least one base receiver,
the network storing data corresponding to a zone where the
mobile transceiver was last known to be located, the com-
munication method comprising the steps of (a) transmitting
a message signal by a base transmitter servicing a zone
where the mobile transceiver was last known to be located,
(b) transmitting a systemwide probe signal by a plurality of
base transmitters servicing a plurality of zones if the mobile
transceiver does not indicate receipt of the message signal
from the base transmitter, (c) receiving the regional probe
signal by the mobile transceiver, (d) transmitting an
acknowledgment signal by the mobile transceiver in
response to the received regional probe signal, (e) receiving
the acknowledgment signal from the mobile transcciver by
a base receiver, and (f) updating the data to reflect the zone
of the base receiver that received the acknowledgment signal
as the last known location of the mobile transceiver.

In yet another embodiment, the invention is direcled 1o a
method of communicating messages between a plurality of
base transmillers and mobile receivers within & region of
space divided into a plurality of zones with each zone having
al lcast one base transmitter assigned thereto, the commu-

45

55

&0

65

cor ication method for conirolling a mobile transceiver
which may communicate with a communication network
controlled by a computer, the network including a plurality
of base transmitters for transmitling messages from the
network to the mobile transceiver and base receivers for
receiving messages from the mobile transceiver, the mobile

iver being capable of sending a registration signal lo
be received by a base receiver in the network to identify the
mobile transceiver’s location and the plurality of base trans-
mitters in the network being capable of sending a probe
signal to the mobile transceiver to cause the mobile trans-
ceiver to transmit a signal to a base receiver to identify its
location, the method comprising the steps of (2) sending a
message from the network to the mobile transceiver to
disable the mobile transceiver’s capability to transmit a
registration signal, (b) storing the number of probe signals
sent by the network to the mobile transceiver during a first
period of time and the number of messages successfully
delivered to the mobile transceiver by the network during a
second period of time, (¢) processing by the computer the
stored number of probe signals and number of messages
successfully delivered to evaluate a likelihood that a2 probe
signal will be required to be sent by the network to locate the
mobile unit to deliver a and (d) sending a g
to the mobile unil to enable the mobile transceiver's capa-
bility to transmil a registration signal if the calculated
likelihood exceeds a selected value.

Finally, in another emboediment, the invention is directed
1o a communicalion method for controlling a mobile trans-
ceiver which may i with a icati
network controlled by a computer, the network including a
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plurality of base transmitters for transmitting messages to
the mobile transceiver and base receivers for receiving
messages from the mobile transceiver, the mobile trans-
ceiver being capable of sending a registration signal 1o be
received by a base receiver in the network to identify the
mobile transceiver’s location, the network using received
registration signals to determine a set of base transmitiers lo
be operated to transmit a message lo the mobile transceiver,
the method comprising the steps of (a) sending a message
from the network 1o the mobile transceiver to enable the
mobile transceiver’s capability to transmil a registration
signal, (b) storing the number of regisiration signals from the
mobile transceiver to the network during a first period of
time and the mumber of messages successfully delivered to
the mobile lransceiver by the network during a period of
time, () processing the stored number of reg:.stralmn signals
and number of d to evaluate
a likelihood that a n-.g;slrauon slgnal from said mobile unit
will not be used by the network to determine a set of base
i and (d) sending a to the mobile unit to
drsablc the mobile transceiver’s capability: to transmit a
registration signal if the likelihood exceeds a selected value,
It is to be understood that both the foregoing general
description and the following detailed descriplion are exem-
plary and explanatory only and are not restrictive of the
invention, as claimed.

I11. BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of this specification, illustrate several
embodiments of the invention and together with the
description, serve to explain the principles of the invention.

FIG. 1 is a schematic diagram of an arrangement of
simulcast transmiltters;

FIG. 2 is a schematic diagram of uniform smooth earth
propagation;

w
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FIG. 18(A) is a schematic diagram of an analog base
receiver;

FIG. 18(B) is a schematic diagram of a digital base
receiver;

FIG.19is a
store and forward feature;

FIG. 20 is a schemalic diagram of a network operations
center;

FIG, 21 is a schematic diagram of & database structure;

FIG. 22 is a schematic diagram of a traffic database;

FIG. 23 is a schemalic diagram of a service queue;

FIG. 24 is a schematic diagram of a base transmitter
database;

FIG. 25 is a schematic diagram of dynamically changing
zonal assignments;

FIG. 26 is a flow chart of a preferred method of dynami-
cally zonal reassignment;

FIG. 27(A) is a schematic diagram of the ¢ycle protocol;

FIG. 27(B) is a schemalic diagram of the forward batch
interval protocol;

FIG. 27(C) is a schematic diagram of the individual batch
protocol;

FIG. 28(A) is a flow chart of a preferred method to enable
the registration feature of a mobile unit;

FIG. 28(B) is a flow chart of a preferred method to disable
the regisiration feature of a mobile unit;

FIG. 29(A) is a flow chart of a preferred cvaluation
method used to enable the registration feature; and

FIG. 29(B) is a flow chan of a preferred methoed used 1o
disable the registration feature.
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1V. DESCRIPTION OF THE PREFERRED
EMBODIMENTS

will now be made in detail to the presenmt

Refi

FIG. 3 is a sch ic diagy of sy ized i
waveforms,;

FIG. 4 is a schematic diagram of modulated waveforms
offset a full baud;

FIG. § is a schematic diagram of cellular system cover-
age;

FIG. 6 is a ic di
syslem;

FIG. 7 is a flow chart of a preferred method of commu-
nication;

FIG. 8 is a flow chart of a preferred

of a

hod of ding a
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preferred embodiments and exemplary embodiments of the
invention, examples of which are illustrated in the accom-
panying drawings. Wherever possible, the same reference
numbers will be used throughout the drawings to refer to the
same or like parts.

A. Overview of The System Hardware

FIG. 6 shows an overview of the ma_]nr clements of a
preferred ion system g lo the present
mventmn As shown therein, the commumcauon system

regional probe signal;

FIG. 9 is a schematic diagram of a frequency spectrum for
multi-carrier modulation;

FIG. 10 is a schematic diagram of an on/off keying
modulator;

FIG. 11isa
modulator;

FIG. 12 is a schematic diagram of a four carrier quadra-
ture modulator;

FIG. 13 is a schematic diagram of a first embodiment of
& base transmitter;

FIG. 14 is a schematic diagram of a second embodiment
of a base transmiiter;

FIG. 15 is a schematic diagram of a mobile transceiver;

FIG. 16 is a pictorial representation of a mobile trans-
ceiver;

FIG. 17 is a schematic diagram of a mobile receiver;

icdiagram of a f y shift keying

4q

ludes a network operations center 600 which is connected
to a satellite uplink 602 via data path 604. A satellite uplink
is used to provide data to satellite 606. Satellite 606 redirects
the received data lo several satellite downlink stations
including station 608 and station 610. Conventional satellite
technology allows for nominal data l.ransfer rates of 24 M
bits d. Further, con i 2
allows for accurate delivery of data lo stations 608 and 610,
which allows for precise synchronization between the sig-
nals broadcast in simulcast by the stations 608 and 610. It
should be understood thal stations 608 and 610 may option-

so ally receive identical data, or may individually receive

65

different data simultaneously from the satellite 606.
Satellite downlink stations 608 and 610 are connected to
spatially separated base Iransmitters 612 and 614 via data
paths 616 and 618, respectively. Base transmitter 612 is
connected to antenna 620, and base lransmitler 614 is
connected 1o antenna 622. Preferably, the base transmitters
of the present system have a power output capability of
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about 350 watts, which will provide an effective transmitter
coverage arca of several tens of miles. Each zone preferably
includes multiple transmitter stations shown as, for example,
base transmitters 613 and 615 in FIG. 6 as will be evident
from the following discussion.

Mobile unit 624 is connected to antenna 626 and, in the
preferred embodiment, is a small, portable unit capable of
being carried easily by a user and therefore is similar to
conventional pagers in those aspects. More preferably, the
mobile unit has both receive and transmit capability, with a
nominal transmit power oulpm of about 1 watt.

The ion system i several base receiv-
ers 628, 630, 632, and 634e:ach connected to antennas 636,
638, 640, and 642, respectively. Base receivers 628 and 630
are connected 10 a regional station 644 via data paths 646
and 648, respectively. Base receivers 632 and 634 are
connected to regional station 650 via data paths 652 and 654,
respectively. Base transmitters 612, 614 preferably have a
large transmit power output capability to provide coverage
to the mobile unit in areas to which communication is
typically difficult, such as building interiors, and to extend
the coverage arca of cach transmilter. An appmpmlc num-

Tk

w
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signals on the same fi i
by a receiver located near the dasbad line 660. and possdaly
in an overlap area (not shown), can be achieved. Simulcast
thus may provide uniform transmitter coverage for the
region shown in FIG. 6. However, if base transmilter 612 is
broadcasting a first information signal and base transmitter
614 is broadcasting a different, second information signal on
identical frequencies simultaneously, it will likely be diffi-
cult for a receiver located in the overlap ares to receive
either the first or the second information signal. In this
instance, the overlap area may be referred to as an interfer-
ence area because a receiver in this area would receive a
composite signal, including the first and second information
signal, that would likely be unusable.

The following will be an exemplary discussion of the
various interactions of the elements of the communication
system when delivering a message to mobile unit 624, In
accordance with the invention, a preferred method 700 of
this interaction is shown in

FIG. 7. Network operations center 600 generates a system
information signal of several blocks of information as shown
in step 702, The blocks of information include an clectronic

ber of base receivers should be di the
geographic area 1o reliably receive “the signals from the

mobile unit. Due to the difference in output power between #,

base transmilters and mobile unils, an overall ratio of 10
base receivers to 1 base transmitter may be appropriate, and
the 2 to 1 ratio shown in FIG. 6 is merely shown for ease of
illustration.
Regional station 650 is connecied to the network opera-
ncms cenler 600 via data palh 656 and regional station 644
d to the ions cenler 60( via data
path 658, The data paths 656 and 658 preferably include low
cost phone lines, but may include any convenient and
appropriate data transfer technology. Generally, the commu-
nication system of the present invention roughly divides
various regions of space inlo portions called zones. Each
20ne musi have one or preferahly more base transmitters
igned to it. Zone boundaries are roughly defined by Ihe
transmilter coverage areas of the base 1r i

ge to be delivered to the mobile unit 624.

In step 704, the system information signal is transmitted
to the base transmitters. [n particular the network operations
center 600 provide the system information signal and appro-
priate other data to the satellite uplink 602 via data path 604
for transmission to the satellite 606. The data is then
received and retransmilted by satellite 606 to satellite down-
link stations 608 land 610. The data received by satellite
downlink 608 is provided to base transmilier 612 through
data path 616, and the data received by satellite downlink
610 is provided to base transmitter 614 through data path
618.

At this point, the exemplary communication system
shown in FIG. 6 may transfer the message to the mobile unit
during one of two time intervals. In the first time interval,
both base transmitter 612 and base transmitter 614 transmit
data vla antenna 620 and anlenna 622, respectively, in

to that zone. For example, FIG. 6 shows a dashed 20ne
dividing line 660 roughly dividing a zone 1 from a zone 2.
Zone 1 includes base transmitter 614, base receivers 632 and
634, regional station 650, and mobile unit 624. Zone 2
includes base transmitter 612, base receivers 628 and 630,
and regional station 644, Dashed line 660 only roughly
defines the boundary between zones because precise bound-
aries do not exisl. For example, 1o insure adequate coverage
of the region, as shown in FIG. 1, the range of both
transmitter 614 should al least cover the region above
dashed line 660, and preferably should extend somewhat
below dashed line 660, Similarly, the range of base trans-
mitter 612 should at least cover the region below dashed line
660, and preferably should extend somewhat above dashed
line 660. As can be scen, an overlap of transmitter coverage
may occur in the vicinity of dashed line

Referring back to FIG. 2, it can be seen that boundary 202
and boundary 204 overlap in an area near the equi-signal 200
and between these boundarics which may be termed an
“overlap area.” In FIG. 6, dashed line 660 is drawn near the
may be defined as the equi-signal boundary between base
transmitter 614 and basc transmitter 612. Of course, dashed
line 660 does not represent the overlap area thal may oceur
between base transmitter 614 and base transmitter 612,

As explained in the Background of the lnvention section,
if base transmitters 612 and 614 are broadcasting identical

60
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1o be d by mobile unit 624, which corre-
sponds o step 706 in FIG. 7. This first alternative may be
useful to deliver the message if, for example, the location of
mobile unit 624 in zone 1 or zone 2 is unknown and broad
coverage is desired.

In the second time interval, base transmitter 614 transmits
a block of information including the message data to mobile
unit 624 and base transmitter 612 transmits another block of
informalion, which corresponds to steps 708 and 710 of FIG.
7. This second alternative may be useful if, for example, the
mobile unit 624 is liknown to be located in zone 1 and out
of range of base transmitter 612. Delivery of the message to
mobile unit 624 during the second time interval is advan-
tageous because during message delivery lo the mobile unit
624 by base transmitter 614, base transmitter 612 could be
delivering a different message (o a different mobile unit (not
shown). As can be seen, this second alternative would
increase information throughput and system efficiency.

1f the maobile unit 624 has properly received the message
via antenna 626, then the mobile unit 624 may generate a
return signal Hand broadcast that signal via anlcnna 626.
The return signal may be received by any or several of the
base receivers 628, 630, 632, or 634. For example, the return
signal could be received by base receiver 632 through
antenna 640 if antenna 640 is located closer to the mobile
units than any other antenna 636, 638, or 642. In this case,
the base receiver would receive the return signal and provide
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1t 1o regional station 650 through data path 652. The regional
slation would then provide the return signal to the network
operations center 600 through data path 656 for further
processing as appropriate, It should be understood that a
return signal may include either an autonomous acknowl-
edgment signal which indicates thal the mobile unit accu-
rately received the message or a user generated reply signal.
If the mobile unit 624 does not completely receive the

ge, il can g and broadcast a negative acknowl-

edge signal. The negative acknowledge signals when deliv-

5
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frequencies in adjacent zones, Furthermore, if zonal bound-
aries are selected to be located in arcas where mobile units
are not likely to be located, ie. unpopulated areas, the
likelihood of providing good communication capabilities to
a large percentage of mobile units can be increased.

As can be seen, from a system perspective, il is desirable
to communicate with the mobile unils in the zonal time
interval because information throughput is maximized by
reusing the transmission frequency band in the several
zones. In other words, using the zonal time interval allows
[ ication with a large number of mobile unils in a

ered 10 the network operations center 600, indi that
relr ission of the is Y.

It should be understood that the exemplary system shown
in FIG. 6 includes a modest number of elements for ease of
explanation. It is envisioned that the system of the present
invention include a large number of base transmitters, base
receivers, regional stations, and mobile units with a sub-
stantial number of base transmilters assigned lo each zone
and all basc transmitters assigned to a particular zone
operating in simulcast. Further, it is envisioned that the
present system could advantageously support a large number
of zones to cover a wide geographic arca.

B. Overview of the Zonal Simulcast Concepls

‘The preferred systems and methods of the present inven-
lion variously use simulcast lechniques within individual
zones and over several or all of the zones. As previously
noled, zones are generally defined by the coverage areas of
the one or more base transmitters. The network operations
center 600 assigns cach base transmitter in the syslem to a
zone, For example, in FIG. 6, base transmilter 614 is
assigned to zone 1, and the base transmitter 612 is assigned
1o zone 2 by the network operations center 600. To maximize
information throughput, the systems and methods of the
present invention dynamically control zonal assignments
and the vse of simulcast techniques.

In general, the communication system of the present
invention operates by repeating a communication cycle 1o
achieve desired information transfer, which is more fully
di d infra. The i cycle is divided into a
systemwide time interval and a zonal time interval. In the
systemwide time interval, the base transmiltters from at least
several zones are operated in simulcast to simultaneously
transmit identical information to a large geographic area. It
should be understood that the systemwide time merely two
or more zones.

Broadly speaking, the communication system need not
know the location of a mobile unit to transmit to & during the
systemwide lime interval. Therefore, the systemwide time
interval can be used to send a “probe” signal that requests a
particular mobile unit lo broadeast an acknowledgment
signal to allow the system to determine ils approximale
location by determining which base receiver receives the
acknowledgment signal. Probe signals, thereby, may be used
1o track the locations of mobile unils, or to uncover the
location of “lost” mobile units.

In the zonal time interval, cach base transmitter assigned
to a particular zone transmits identical information in simul-
cast. However, for mobile unils at or pear the interference
areas between adjacent zones, poor communication to those
mobile units is likely during the zonal time interval because
transmitters in adjacenl zones will be simultaneously trans-
mitting different data on the same, or substantially the same,
frequencies. The zonal time interval provides good commu-
nication capability for mobile units not located near the
zonal boundaries and allows the system to “reuse” identical

I
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short amounl of time. Accordingly, communication during
the systemwide time interval should be minimized because
message lransmission during this inerval requires a large
amount of system resources be dedicated to that message.

For mobile units located pear the boundaries between
zones where interference is likely during the zonal time
interval, good communication capability can be achieved for
these units during the systemwide time interval. In the
preferred systems and methods, when a mobile upit fails to
acknowledge a message sent during the zonal time interval
or provides a negative acknowledgement, the network
operations cenler sends a probe signal during a subsequent
systemwide time interval lo determine the location of that
mobile unit. If the location of the mobile unit indicates that
a likely reason for the failure of the mobile unit to receive
the message is caused by inter-zonal interference, the net-
work operations cenler may simply retransmit the message
during the systemwide time interval, In other inslances, the
failure to successfully deliver a message may be simply
caused by the mobile unit being located in a weak signal arca
within a zone. In these instances, the sysiem may refransmit
the message during the zonal time interval using an appro-
priate error correcting code or using a stronger error cor-
recling code.

Alternatively, the network operations center may deter-
mine from the probe signal that the mobile unit is simply
located in a different zone than the zone that the message
was first sent. In this case, the network operations center
preferably causes the message to be retransmitted in the
appropriate zone without again using & portion of the
valuable systemwide lime interval,

In accordance with the invention, a preferred method 800
for sending a probe signal is shown in FIG. 8. In step 802,
a message signal is transmilled by a base transmitter ser-
vicing a zone where the mobile transceiver was lasl known
1o be located. In particular, this may be preferably an attempt
by the network to deliver a message to the mobile trans-
ceiver.

If the mobile transceiver does not indicate receipt of the
message signal from the base transmitter transmitted in step
802, the network assumes Lhal the mobile transceiver has not
received the message and transmits a probe signal by a
plurality of base transmitters servicing a plurality of zones in
siep 804. The mobile transceiver receives the probe signal in
step 806.

Upon receipt of the probe signal by the mobile
transceiver, the mobile transceiver transmits an acknowl-
edgment signal in step 1808. A base receiver receives the
acknowledgment signal from the mobile transceiver in step
810.

Finally the data, such as the last location field 2104 shown
in user database 2100, is updated 1o reflect the zone of the
base receiver, or receivers, that receives the acknowledg-
ment signal as the last known location of the mobile trans-
ceiver in step 812
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C. The Multi-Carrier Medulation Transmission
Format
The base tr of the ¢ ion system, such

a5 base transmitters 612 and 614 shown in FIG. 6, preferably
utilize a multi-carrier modulation format as will now be
described. In general, a multi-carrier modulation formal
envisions the simultaneous transmission of several closely
spaced carrier frequencies within a desired frequency band,
each individually modulated to convey an information sng
nal. The multi-carrier modulation format adv

allows for high data transfer rates by providing good bit mc
!rammlsmon rates while keepmg be]aw the baud rate limi-
tations of simul tr

FIG. 9 shows a frequency repmscnulmn 900 of an eight
carrier modulation format. Carrier frequency 902 is shown
with side bands 904, carrier frequency 906 is shown with
side bands 908, carrier frequency 910 is shown with side
bands 912, carrier frequency 914 is shown with side bands
9186, carrier frequency 918 is shown with side bands 920,
carrier frequency 922 is shown with side bands 924, carrier
frequency 926 is shown with side bands 928, and carrier
frequency 930 is shown with side bands 932.

It should be understood that although this exemplary
figure shows an eight carrier signal modulation format, other
different numbers of carrier frequencies may be idered
for use in the systems and methods of the present invention.

In this exemplary embodiment, the carrier frequencies are
spaced 3 KHz apart within a desired frequency band of 50
KHz. Dashed line skirts 934 and 936 represent minimum
freque ney roll off !cveis. such as may be required by Federal

ication C lations, to prevent overlap
mte.rference into adjacent frequency bands.

Because eight unique data streams may be modulated
onto the respective eight carrier signals in this embodiment,
the data transfer rate of the transmission from the base
transmitters can be greatly increased, while keeping the baud

25

o

35
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The output ftom each of the carrier frequency generators
102, 104, 106, 108, and 110 is applied to a plurality of
respective switches SW1 812, SW2 814, SW3 816, SW4
818, and SWn 820. The output from each switch is provided
to a combiner 1022,

Each of the switches SW1 812, Sw2 814, SW3 816, Swd
818, and SWn 820 opens and closes under the control of a
control logic system (not shown) to effect the MOOK
modulation. The control logic system (not shown) causes the
desired switches to variously iclose and open, thereby con-
veying an n-bit binary word. Each carrier frequency trans-
mits a binary “one” if the respective swilch is closed and a
binary “zero” if the respective switch is

The summer 1022 combines the modulated carrier fre-
quencics to provide a multi-carrier modulated output signal
that conveys an n-bit binary word.

2. Binary Frequency Shift Keying Modulation

An alternative multi-carner modulation scheme including
frequency shift keying (FSK) techniques may be imple-
mented by the modulator shown in FIG. 11. A frequency
shift keying modulator 1100 includes a first frequency
source 1102, a second frequency source 1104, a third fre-
quency source 1106, a fourth frequency source 1108, and an
nth frequency source 1110, The output from cach frequency
source is provided to a respective modulator 1112, 1114,
1116, 1118, and 1120.

A vonirol logic systemn (not shown) provides a frequency
control signal to each modulator to frequency shift modulate
the carrier frequencies. In particular, the control logic system
(not shown) provides frequency control signal 1 10 modu-
lator 1112, frequency control signal 2 to modulator 1114,
frequency control signal 3 to modulator 1116, frequency
signal 4 1o mc 1118, land frequency control signal n
to modulator 1120, In binary frequency shift keying (BFSK),
the respective frequency control signals provide data corre-
sponding to a binary “one” or “zero” which causes the

rate within acceplable ranges for simulcast tr ion. Tt
should also be understood that in accordance with good

modulators to modulate a first or second fre-
quency onto the carrier signal.
A

simulcast praclice, the respective carrier freq
between adjacent base transmitters, such as base transmitter
612 and base transmitter 614 in FIG. 6, should be slightly
offset o prevent sustained nodes or “dead spots™ where
destructive interference between the signals from each trans-
milter provides an unusable composite signal, as was
e:rplalnf.d in the backgmund section of this application. This

quency offsel is y on the order of 10-20 hertz.

As previously dmcussed‘ cach carrier signal may be
individually modulated to convey a data stream. The fol-
lowing will discuss aliernative techniques for modulating a
plurality of carriers in accordance with the systems and
methods of the present, invention.

1. Modulated On/Off Keying
Perhaps the simplest modulation scheme conceptually is
modulated on/off keying (MOOK). FIG. 10 shows a sche-
matic representation of a MOOK modulator 1000. The
MOOK modulator 1000 includes a plurality of carricr fre-
quency gcneratmg devices, such as frequency generator

1 o g freg Y F1, freg y generator 1004
gcncmnng y F2, freq 1006 gener-
almg Eroqucncy F3 quucncy g:nemor 1008 g:ncrauug

y F4, and fr y generator 1010 g
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122 bines the modul
cies to produce an output signal,
3. M’ary Frequency Shift Keying Modulation
A modulstion scheme related 1o binary frequency shift
keying is M'ary frequency shift keying. M'ary frequency
shift keying modulates three or more different frequencies
onto the respective carrier signals. In quaternary frequency
shift keying, for example, two bits of information may be
instantancously conveyed on a single carrier frequency.
Similarly, 8'ary [requency shift keying may instantaneously
convey three bits of information per carrier frequency.
Relerring again o FIG. 11, M'ary frequency shift keying
may be implemented by providing modulators 1112, 1114,
1116, 1118, and 1120 with the capability to modulate M
different frequencies onto the carrier signal. Accordingly, the
various frequency control signals must provide data indi-
cating which of the M fi ies is lo be modulated onto
the carrier signal. For example, in quaternary frequency shift
keying, the frequency control signals must each include two
blls of information to indicate wluch of the four different
] ies are to be modulated cnto the carrier quucncy
Thc summer 1122 combines the modulated carrier fre-

i carrier frequen-

frequency Fn. As shown in FIG. 10, the MOOK r.nodulator
1000 may include any pumber (ie. n) of frequency
generators, but eight carrier frequencies are preferred, as
shown in FIG. 9.

to produce an output signal,
4. Quadrature Amplitude Multi-Carrier Modulation

Yet another alternative modulation technique for a multi-
carrier Lransmission formal is shown in FIG. 12, A quadra-
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ture modulator 1200 includes a first quadrature carrier
generator 1202, a second quadrature carrier generator 1204,
a third quadrature carrier generator 1206, and a fourth
quadrature carrier generator 1208, As is well known, quadra-
ture modulators lin general each produce an in-phase carrier
signal and a quadrature carrier signal that is =90° out of
phase with reference to the in-phase signal. Of course, any
number of quadrature carrier generators could be
envisioned, depending upon data transfer and throughput
needs. FIG. 12 shows four quadrature carrier generations
which effectively correspond 1o eight unique modulator
signals. Therefore, quadrature amplitude multi-carrier
modulation may preferably reduce the width of the fre-
quency band necessary to achieve a desired data transfer
rate.

Each quadrature carrier generator 1202, 1204, 1206, and
1208 receives a control signal from a control logic system
(not shown) which pmvides the data to be modulated onto
the quadrature carrier signals. In a simple m:pIemenlat:un
the quadrature carrier g may
the in-phasc and quadrarun: phase output s)gual.s to convey
two bits of information. The in-phase and quadrature signals
output from cach quadrature carrier gencrators 1202, 1204,
1206, and 1208 arc provided lo a summer 1210 which
combines the signals to produce an output signal.

5. Permutation Freguency Shift Keving (PFSK)

PFSK may be implemented through control logic systems
similar to that used in a MOOK or an M’ary FSK modula-
tion scheme. In PFSK, every baud has a fixed number of
carrier signals present, preferably any 4 of the possible 8. In
a PFSK arrangement, a constant average transmilter power
is advantageously delivered and the receiver only need
decide which 4 carrier frequencies contain the most energy.
In the case of MOOK, the receiver must auempt 1o deter-
mine on a subchannel-by-subchannel basis the presence or
absence of a signal. This aspect of PFSK may simplify
mobile receiver design.

h

s

S
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provides the modulated output signal to a combiner 1316
which combines each of the several modulated carrier
frequencies into a single output signal.

The single signal is then applied to a power amplificr 1318
to amplify this signal to an appropriate level. The power
amplifier 1318 may, for example, produce a nominal output
signal of 350 watls to antenna 1320. In this embodiment,
power amplifier 11318 preferably has y linear char-
acteristics to prevent formation of intermodulation products,
and to insure that these intermodulation products do not
cause signals lo be generated al undesirable frequencies.
Antenna 1320 broadcasts the desired signal from power
amplifier 1318,

FIG. 14 shows a second preferred embodiment of & base
transmitter unit. The second embodiment comprises a base
transmitter 1400 which includes a satellite downlink con-
nected to data input 1402, control logic 1404, and several
modulators 1406, 1408, 1410, 1412, and 1414. Each modu-
lator receives an appropriate control signal from the control
logic 1404, as previously discussed with respect to base
transmitter 1300,

The output from each of modulators 1406, 1408, 1410,
1412, and 1414 in base transmitter 1400 is provided to
respeclive power amplifiers 1416, 1418, 1420, 1422, and
1424 10 provide an appropriate power output level for
transmission, such as 350 walts aggregate.

The output from each of power amplifiers 1416, 1418,
1420, 1422, and 1424 is provided 1o combiner 1426 to
combine the modulated carrier signals into a single output
signal which is provided to antenna 1428 for broadcast.

E. The Mobile Unit

The mobile unit may be & small, portable mobile

iver, such as pi ly in FIG, 16.
R:fcmng now to FIG. 15, the mobile transceiver 1500
shown therein includes a receiver section for receiving
signals from the base transmitlers of the system, and a
transmitter section for transmilting replies, or other

Compared to a binary or M"ary FSK modulati

ges, 10 the base receivers of the system.

a higher number of bits may be delivered per baud with #

PFSK. For example, PFSK may generate signals that inde-
pendent FSK subchannels could never generate, such as all
four carriers being the four highest frequencics, and there-
fore il can be seen that PFSK may advantageously increase
information transfer rates.

D. The Base Transmitter

Each base transmitter um't, such as base transmitter 612 or
614 shown in FIG. 6, receives transmitter control data and
message data transmitted from the satellite 606. FIG. 13
shows a first preferred embodi of & base Ir
1300 in accordance with the present invention, The base
transmitter 1300 receives data from the satellite downlink
connecied to data input 1302 which provides this data 1o a
control logic system 1304 to control the operation of the
basc transmitter unit. The control logic 1304 provides a
control signal to a plurality of modulators 1306, 1308, 1310,
1312, and 1314. Modulator 1306 produces & carrier signal
F1, modulator 1308 praduces a carrier signal F2, modulator
1310 produces a carrier signal F3, modulator 1312 produces
a carrier signal F4, and modulator 1314 produces a carrier
signal Fn.

For example, the control logic may generate appropriate
control signals 1o modulate the carrier signals in a MOOK,
BFSK, M'ary FSK, PFSK, or quadrature amplitude modu-
lation scheme, as previously discussed. Each modulator then
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In particular, the mobile transceiver 1500 includes an
antenna 1502 which is connected to a transmil/receive
swilch 1504 to switch the antenna between the transmit and
receive sections of the mobile transcciver 1500. A receiver
1506 is provided to receive the messages from the base
transmitter. Of course, the recciver must be appropriately
designed Lo receive the multi-carrier signals from the base
transmitlers and must be appropriately designed to demodu-
late the particular modulation sch utilized. For 1
appropriale analog fillers and appropriate demodulators
could be used. In the preferred embodiment, the receiver
performs a transform, such as a fast fourier transform, on the
received signal lo separate the data from the various carriers
in the multi-carrier modulation format.

The receiver 1506 is connected to a display and storage
logic section 1508 to process the received signal. An annun-
ciator 1510 to alert the user that a message has been received
is connected to and controlled by the display and storage
logic 1508. The annunciator 1510 may commonly include a
sound producing device such as a beeper, or a vibrator, or a
Rashing light.

A set of display controls 1512 to control the display of the
mabile transceiver 1500 is connected 1o the display and
storage logic 1508, A display 1514, preferably an LCD
display, is also connected 1 the display and storage logic
1508 to display messages and various other information to
the user.
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Display and storage logic 1508 is connecled io transmit
logic 1518 via connection 1526. Display and slorage logic
1508 may generate an autonomous acknowledge signal
which causes the transmitter 1520 1o broadcast an appropri-
ately modulated RF signal. As previously discussed, it is
desirable for the mobile transceiver to transmit an acknowl-
edge signal if the message was properly received by the
mobile unit, or alternatively to transmit a negative acknowl-
edge signal if the message was only partially received. The
negative acknowledge signal indicates that the network
operations center should rebroadcast the message to the
mobile unit.

“ Preferably, the rebroadcast of the message 1o the mobile
unit should occur with an appropriate error correcting code
which may be decoded by the mobile unit to insure complete
and accurate reception of the message. Of course, error
correcting codes should be used only when necessary
because their use slows data transfer and increases the
complexity of the mobile unit. Other lypes of autonomous
replies may also be useful, for example, to indicate 1o the
network operations center that the user has not viewed the
message even though the mobile unit properly received it,
such as when the mobile transceiver is unattended by the
user.

Aset of input switches 1516 is provided to allow the uscr
Lo
input a reply 1o a received message, or lo otherwise
generale a message to be transmitted by the mobile trans-
ceiver. The input switches are 1 to it logic
1518 which decodes the signal from the input switches 1516
1o generale an oulpul signal 1o the transmitter 1520, The
transmitter 1520 generates an appropriately modulated RF
signal to be broadcast by antenna 1502.

The mobile transceiver 1500 also preferably includes a
noise detecior 1522. The nuise detector 1522 provides an
autput signal upon sensing through antenna 1502 a threshold
level signal. The noisc detector 1522 provides an output
signal to disable the transmitter 1520 via connection 1524,
and to thereby prevent unwanted transmission by the mobile
unit.

Noise delector 1522 preferably is set to detect electro-
magnetic signals which are generated cxternally to the
communication system and which are indicative of a con-
dition when transmissions by the mobile unit arc undesir-
able. For example, the noise detector 1522 could be
designed to serve a threshold level of noise at 400 Hz. When
the user enters a commercial aircraft, which eommonly uses
400 henz power supply, the receipt of this noise by the noise
detector 1522 would then disable the transmit capability of
the mobile transceiver 1500 during operation of the aircrafl
to prevent any unnecessary or unwanted interference with
the operations of the aircraft by autonomous or intentional
transmissions by the mobile transceiver 1500.

The display and storage logic 1508 of the mobile trans-
ceiver 1500 further preferably includes a timing circuit (not
shown) which may be used 1o turn the receiver section 1506
on or off, as desired. The timing circuit (not shown) advan-
tageously allows the mobile transceiver to “power down™
during periods of time when messages are not anticipated to
be transmitted. For example, in a preferred communication
protocol, the receiver could simply power up at the begin-
ning of each cycle 1o receive data to determine if 2 message
will be transmitted to that mobile transceiver during that
cycle or when information concerning message availability
will be transmitted. [f the mobile transceiver is 1o receive a
message, the timing circuit could power up at the appropri-
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ate time to receive the message, and then power down after
receipt, The timing circuil, therefore, advantageously pro-
longs the battery life of the mabile transceiver 1500. OF
course, it should be understood that the timing circuit could
control the other elements of the mobile transceiver, such as
the display 1514, and the transmit logic 1518.

In an alternate impl ion, the 1506 may
adaptively change its demodulation techniques to accom-
modate various formals. For example, each zone may advan-
tageously use a different modulation format depending on
message traffic levels, and other considerations. In
particular, the receiver may receive a signal indicating the
modulation scheme utilized in a given Zone via a modulation
format message contained in an overhead portion of the data
stream. The demodulation of FSK, M’ary FSK, PFSK, and
MOOK formats all begin with the determination of the
energy levels detected at each of the carrier frequencies, and
thus require identical pr ing of the ived RF energy.
The logie (not shown) in the receiver interprets the meaning
of these measured encigy levels based upon the modulation
scheme selected as indicated by the received modulation
format message. In this manner simpler and more economi-
cal transmitters, with a decreased capacily for information
transfer, can be used in zones that have decreased traffic
Ipads and more expensive, high-throughput transmitters can
be used only in those arcas where they are needed.

A pictorial represenlation of the mobile transceiver is
shown in FIG. 16. The mobile transceiver 1600 shown
therein includes a case 1602, @ pair of display control
buttons 1604, a display 1606, and a set of six reply buttons
1608, 1610, 1612, 1614, 1616, and 1618. As indicated
previously, display 1606 is preferably an LCD display and
a set of display control butions 1604 may be used lo scrbll
text up or down on the display 1606. The message “will you
be home for dinner?” is shown on display 1606.

The set of six reply buttons 1608, 1610, 1612, 1614, 1616,
land 1618 provide a flexible system for user generated
replies to received messages. The display and storage logic
1508 provides information immediately above each button
indicating a possible reply message by the user. In the simple
example shown in FIG. 16, the user may reply “yes,” “no,”
or “7” to the message 620 displayed on the screen 1606. The
transmit logic 1518 gencrales an appropriate signal based
upon which button the user presses. In this simple scenario,
buttons 1614, 1616, and 1618 are unused.

In al pplicati up lo six p reply mes-
sages may be shown on the screen 1606. Of course, other
particularized applications may be envisioned for the reply
feature of the mobile transceiver 1500. For example, if the
user is a stockbroker, the display 1606 could display the
terms “buy,” “sell,” or “hold” above the appropriate buttons.
A variety of other applications may be envisioned.

With the six button reply option provided by mobile
transceiver 1500, a three bil message may be transmitted by
the mobile 1r to the base receivers. The two i
ing states of the three bil message may be used by the
transmit logic 11518 for the autonomous acknowledgment
signal which indicates that the message has been properly
received, and for the autonomous negative acknowledgment
signal which indicates that the message has not been com-
pletely or properly received.

Of course, the mobile transceiver 1500 shown in FIG. 16
could be configured differently to provide more or less reply
buttons, different display control buttons, and different dis-
play formats as desired or needed by the user.

Further, the mobile transceiver 1500 could additionally
include a data output port (not shown) for connection to
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other electronic devices of the user. For example, the mobile
iver could be d through an output porl lo &
laptop or palmtop PC, or could be incorporated therein, The
PC could display the message on its screen, thereby cbvi-
ating the need for the display 1606, and the keyboard could
be used 1o generate any appropriate reply messages from the
user, thereby obviating need for the reply buttons and
allowing free form messages to be sent by the mobile
transceiver. A user selected reply would be transferred to the
mobile transeeiver 1500 from the PC for transmission to the
base receiver.

Alternatively, the mobile transceiver could be connected
lo a voice dala replay device, such as a speaker, thereby
allowing the user to receive messages from a voice mailbox,
for example. Of course, 2 voice data generation device, such
as a microphone, could be connected to the mobile trans-
ceiver 1500 to allow the user to reply to the voice mail
message he has received or lo initiate voice data communi-
cation from the mobile transceiver to the base receivers.
Similarly, fapsimile transmissions could be supported.

An alternate embodiment of the mobile unit includes only
receive capabilities, but does not include any transmit capa-
bilities. FIG. 17 shows a mebile receiver 1700. The various
components of the mobile receiver generally correspond in
functionality to the similar elements shown in FIG. 15. Of
course, the mobile receiver 1700 cannol generate replies,
which includes user initiated replies, an autonomous
acknowledgment signals or negative acknowledgment
signals, because of the lack of transmit capability. Also, the
location of this alternate embodiment cannot be tracked by
the network control center because of the lack 0! transmit
capabllﬂy Generally, b of these bil
receiver 1700 embodiment of the mobile unit is less pref-
erable than the mobile transceiver embodiment 1500,
Further, it should be appreciated that the mobile transceiver
embodiment may include circuitry for generating various
autonomous responses without interaction by the user.

F. The Base Receiver

The base receivers of the present system receive the low
power ouiput signal from the mobile transceiver unit, As is
shown in FIG. 6, mobile receivers are dispersed throughout
the geographic service area. Base receivers need not be
associated with zonal boundaries per se, but will always be
located to service al least one zone, of course. A few base
receivers may exist in the overlap region between zones.

During transmission of the return signal by the mobile
r: iver umil, it is possible that several base receivers
could receive this return signal. [n this instance, the network
operations center 600 preferably selects the data from the
base receiver with the highest received signal strength (ie.
the signal with the lowest probability of errors) to maximize
the likelihood of receiving accurate data, The sugnal slmnglh
approach is preferred and can be satisfactorily i
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form from the carrier frequency and outputs this waveform
in analog format to a regional demodulator 1804 via data
path 1806. Data path 1806 is preferably a 4 KHz analog
telephone channel.

The regional demodulator 1804 receives signals from
several analog receivers included in several base receivers.
Preferably, the regional demodulator 1804 is located in the
regional station, such as regional station 650 shown in FIG.
6. The demodulated signal from the regional demodulator
1804 is then transferred to the regional processing circuitry
1808, and then onto the network operations center 6040.

The analog receiver 1802 could generate identification
data to be transmitted with cach received message so the
network operations center 600 can delermine the source of
each message received. Alternatively, and preferably, dedi-
cated communication paths are used for each base receiver
and therefore, the source of the message can be inferred
from the communication path that is activated.

FIG. 18(B) shows a digital base receiver embodiment
which includes an antenna 1800 attached to an analog
receiver 1802, As in the previously discussed cmbodu'mml.
the analog iver 1802 the modulated waveform
from the carrier signal transmitted by the mobile transceiver
unit. The analog receiver 1802 outputs the modulated wave-
form to a demodulator 1810 included in the base receiver.
The demodulator 1810 produces a digital output signal
corresponding o the data stream transmitied by the mobile
transceiver unit. The demodulator 1810 provides the digital
output signal to the regional processing circuitry 1808 in the
regional station via data path 1812. Data path 1812 may be
any conventional data path which can satisfactorily convey
the digital data from the demodulator 1810 to the regional
processing center 1808, The regional processing circuitry
1808 then passes the data to the network operations center
600.

FIG. 19 shows a digital base receiver including error
correction and store and forward features. An antenna 1900
is connected to an analog receiver 1802 which is connected
to & demodulator 1810, as previously described with refer-
ence to FIG. 18(B). The demodulated digital signal is output
from demodulator 1810 to error correction circuitry 1906

0 which may perform error correction algorithms to insure the

integrity of the return signal received from the mobile
transceiver unit. Of course, the error correction circuitry
should decode and correct data which have been compatibly
encoded by the mobile transceiver,

The error corrected data output from the error correction
circuitry 1906 is provided to a store and forward circuit
1908. The store and forward circuit 1908 stores the received
data to allow it to be t d later at a ient lime
and at a convenient data transmission rate.

For example, in the present system it is likely that the
return signal traffic received by the base receiver will occur
in short bursts at a relatively high data transfer rate.
However, it is also likely that the average data transfer rate
frum the base reccivers is substantially lower than the

ous data transfer rate during traffic bursts. The

if the base receiver locations are carefully selected to insure
adequate signal strength reception from the mobile trans-
ceiver units and to minimize the overlap between base
receiver coverage areas. Allernately, the network operations
center 600 could use “voting” technigues by comparing each
data set from the several base receivers Lo arrive at the most
likely return signal data using conventional voting receiver
technology.

FIG, 18(A) shows a first embediment of an analog base
receiver. Analog receiver 1802 is connected to an antenna
1800. The analog receiver 1802 simply receives the signal
from the antenna 1800 and removes the modulated wave-
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store and forward circuit 1908 may preferably act as a buffer
to allow the return signal data to be communicated from the
store and forward circuit 1908 to the regional processing
circuitry 1808 at a lower (and less expensive) data transfer
rate. Store and forward circuit 1908 is, therefore, preferably
connected (o regional processing circuitry 1808 via data path
1910 which may include a low cost telephone line.

G. The Network Operations Center
1. Overview

The network operations center 600 is shown in schematic
form in FIG. 20. The network operations center 600 includes
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a base receiver input system 2000 which receives data from
the various regional stations throughout the system (¢.g.,
regional stations 644 and 650) via various data paths, such
as data paths 656 and 658 as shown in FIG. 6. The data
received by the base receiver input system 2000 includes
reply data from users with various control data. Base
receiver input sysiem 2000 may include appropriate con-
ventional signal processing equipment. Control data may
include data identifying the base receiver (i.e. location of the
mobile unit) which received the associated reply. Preferably,
the base receiver input section 2000 receives data from the
regional stations via phone lines. However, other appropri-
ate data paths may be considered.

The base receiver input system 2000 then provides Ihe
received data 1o a central computer 2002. The central
computer 2002 may also receive input from a user input
system 2004, For example, the user input system 2004 may
receive data from users via phone lines who may access and
interact with the central computer via voice, DTMF, or
modem transmission and may include appropriate conven-
tional signal processing equipment, A user may interact with
the central computer 2002 1o modify his service, to initiate
or receive messages, or to perform other desirable functions.

Generally, the central computer 2002 processes the data
received from the base receiver input system 2000 and from
the user inpul system 2004 to perform various operations on
the data, ito update various database entries for use by the
central computer 2002, and to generate data for transmission
1o a satellite uplink output system 2006,

1t should be understood that, although FIG. 20 shows the
central computer as existing at a single location in the
network operations center 600, a distributed carnpuhng
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unit assigned to the user has the capability to transmit. The
last 1 ficld 2104 includes data which i the last

known location of the user. The last location field may be
updated when the ceniral computer recognizes thal a new
base receiver has received a return signal from the mobile
unit, thercby indicating the mobile unit has moved since the
last return signal. OFf course, if the mobile unit only includes
a mobile receiver wilhout transmit capability, the last loca-
tion field 2104 cannol be updated and the mobile unit may
be given a default location.

The service arca ficld 2108 includes data corresponding lo
the area in which the user has subscribed to. For example, if
a user desires service in geographic areas less than the total
syslem service area, the central computer could use the data
in the service area field 2108 to cause only sclected base
transmitters to altempt to transmit messages to a mobile unit.

The button format field 2110 includes data indicating the
format of reply buttons the user may access on the mobile
transceiver. Of course, for mobile units with only receive
capabilities, the button format field will not be used.

The message field 2112 includes data representing one or
more messages which are intended for the user. A receive
flag is set when the central computer has reccived data
indicating that the message has been received by the mobile
unit via an acknowledgment signal. If the mobile unil does
nol have transmil capability, the receive flag is set upon
transmission of the message by the appropriale base trans-
mitters. The user database structure may include other fields
for each wser of the communication system of the present
invention s needed to provide various desired services.

b. The Receiver Database

system may be used to perform the y |

Database 2008 of FIG. 20 includes a receiver database

of the central computer 2002. Presently, however, a smglc
Incation for the central computer 2002 is preferred.

Satellite uplink output system 2006 receives data from the
central computer 2002 and provides it to satellite 606, shown
in FIG. 6, for ission to base tr within the
system (¢.2., base transmitters 612 and 614 in FIG. 6).

The central computer 2002 is also connected to a database
system 2008 which stores various data such as message data,
user slatus data, system status data, and message status data,
for example, for use by the central computer 2002 in
processing.

Also, a control access 2010 is provided to allow systems
engineers or programmers to access the central compuler
2002 to obscrve and modify its operations and system
performance.

2. Database Structure

The database 2008 of the network operations center
includes several database structures necessary for the opera-
tion of the system. While a preferred partitioning of these
databases is described below, it should be understood that
other partitionings could be considered, such as moving the
various “user traffic” fields from the traffic statistics database
to the user database.

a. The User Database

For example, the user database structure shown in F1G. 21
includes 2 record for each user of the system who possesses
a mobile unit, The record for user 1 2100 includes various
fiekls, such as an ID number field 2102 which indicates a
unigue number associated with thal particular user. The
transmit capability field 2106 indicates whether the mobile

(not shown) which includes an entry with several associated
fields for each base receiver in the system. A first field for
cach base receiver preferably includes the total oumber of
mobile units which have last communicated with this
receiver. A sccond field for each base receiver preferably
includes a List of base transmitters which may cover all or a
portion of the receiver coverage area of that base receiver.

c. Traffic Statistics Database

Database 2008 of FIG. 20 should also include preferably
a traffic statistics database as shown in FIG. 22 which
includes various fields ining statistics calculated by the
central computer 2002 concerning traffic patterns for the
system. For example, the traffic database 2200 preferably
includes a user field 2202 for data indicating a user of the
network. Several fields are preferably associated with the
user field 2202. Field 2204 includes data representing the
number of probe signals sent by the network to locate the
mobile unit associated with the user ficld 2202. Field 2206
includes data representing the number of registration signals
received by the network from the mobile unil associated
with the user field 2202. Field 2208 includes data represent-
ing the number of messages from the network that have been
successfully delivered to the mobile unit associated with the
user field 2202, Ficld 2210 may be used for other traffic
related data, such as data indicating the average traflic per
cycle, and data indicating a time average (ie. for the last
hour) traffic amount.

Further, the traffic database 2200 could mc]ude fields (not
shown) for data concerning overall system performance and,
in particular, each zone in the network. Such arca specific
traffic data may be useful in optimizing system perf
by allowing intelligent redefinition of zonal boundaries.
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d. The Service Queue

Database 2008 of FIG. 20 also includes a service queue
2300 as shown in FIG. 20, The service queue 2300 includes
a current messages queue and a probe list queue. The current
messages queue includes a system wide list of messages to
be delivered by the system. The current messages queue
includes, for example, a series of 1D number ficlds 2302,
2304, and 2306 with associated data location fields 2308,
2310, and 2312, respectively. The data locati
2310, and 2312 include pointers to the appropriate fields in
the user database structure shown in FIG. 21. The 1D number
fields 2302, 2304, and 2306 include data indicating the ID
number of the user lo which the message is to be delivered.

In operation, the central computer retrieves the ID number
2302 and data location 2308 from the top of the current
messages queuc and reirieves the appropriate data from the
user database 2100 1o process and transmil a message 1o the
user,

The probe list queue includes a ID number fields 2314,
2316, and 2318 and data location ficlds 2320, 2322, and
2324 similar in form to those in the current messages queue.
The probe list queue contains & list of users which the system
has previously attempted unsuccessfully to deliver a mes-
sage lo. In other words, the users listed in the probe list are
considered to be “lost” by the system. The central computer
2002 then initiates a probe routine for the [D number 2314
and data location 2320 located at the lop of the probe list.

After successful execution of the probe routine, the last
location field 2304 in the user database structure 2100 will
have been up 1o provide an last location of the
user from the base receiver that received the mobile unit’s
acknowledgment to the probe signal. After the last location
ficld 2304 has been updated, the message can then be
replaced in the current messages queue for delivery to the
user via the appropriate base transmitiers located near the
mobile unit,

Preferably, the network operations center gives priority to
the delivery of all messages in the current message queue,
and then sends probe signals to the users listed in the probe
list queue after delivery has been attempted for all messages
in the curren! message queue. If the message volume in the
current message queuc remains high for an extended period
of time, the network operations center preferably begins to
periodically send probe signals to the users listed in the
Probe List, even though undelivered messages remain in the
current queue. For , in this i of
persistent filled current messages queue, the nerwork opera-

tion center preferably transmits three probe signals in every .

cycle transmitted.

€. Base Transmitter Assignment List

‘The database 2008 of the network operations center also
includes a base transmitter database 2400 as shown in FIG,
24, The base itter database 2400 includes a zonal
assignment field 2404 for data representing a zone assign-
ment associated with a base transmitter field 2402 in the
system. Also, a field 2406 for data representing the base
receivers in the transmitter coverage arca, and a ficld 2408
Tor other data associated with a base transmilter, are asso-
ciated with base transmitter field 2402. As can be seen in
FIG. 24, each base transmitter in the network has a base
transmitter field and associated fields as described above.

In normal operating conditions of the system with low
amounts of message traffic being transmitted, each base
transmitter will remain assigned o its particular zone.

fields 2308, |
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H , the sy and methods of the present invention
provide for dynamically ch the zonal ts of
various base transmitters to improve information through-
put. These ic zone i pis dynamically
reassign base transmillers to new zones generally based
upon the volume of messages transmitted during the sys-
temwide time interval, and more particularly based upon the
localized volume of messages to mobile units. In general,
dynamic zone allocation may be used to deliver messages lo
mobile units in overlap areas (i.e. “zonal dithering™), or 1o
balance the volume of message traffic between zones.

FIG. 25 is useful o explain these concepts. Various base
transmitters, each designated as an “X,” are dispersed
throughout a region of space shown in FIG. 25. Also, various
base receivers are dispersed throughout this region of space
2500, each being designated by an “R." The normal zonal
boundary for zone 1 in FIG. 25 is shown by solid line 2502.
A normal boundary for zone 2 is represented by solid line
2504 during normal load traffic operation conditions. As can
be seen, base transmiliers 2506, 2508, and 2510 are located
near the zonal boundary of zone 2, and base transmitters
2512, 2514, and 2516 are located near the boundary of zone
1. Base receivers 2518 and 2520 are located in an overlap
arca 2521 between zones 1 and 2. As previously discussed,
mobile units located in this overlap area 2521 ncar base
receivers 2518 and 2520 must be communicated with during
the systemwide time interval because of the interference
created during the zonal time interval by adjacent base
transmitters.

During normal, low 1o moderate volume system
operations, the zonal overlap area 2521, i.e., interference
area, near base receivers 2518 and 2520 will preferably have
a small number of mobile units located therein. Therefore,
communication with these mobile units will not significantly
consume sysiem resources by occasionally communicating
with them during the systemwide time interval.

However, if the traffic volume from the overlap area 2521
near base receivers 2518 and 2520 increases, such as
because additional mobile units enter this overlap area 2521,
the handling of this traffic in the systemwide time interval
can significantly system For 1
communication with a large number of mobile units during
the systemwide lime interval may significantly delay deliv-
ery of messages (o units in this and other regions.

In this i the zonal b ies are changed lo
remove this high traffic region from a zonal overlap area. For
example, system efficiency is restored if the zone 1 boundary
were moved to dashed line 2522 and the zone 2 boundary
were moved Lo dashed line 2524

The central computer 2002 may dynamically accomplish
this zonal redefinition by assigning one or more base trans-
mitters 10 & new zone to reduce systemwide time interval
messages. In the present example shown in FIG. 25, the
ceniral computer updates the base transmilter zonal assign-
ment list 10 reassign base transmitters 2512, 2514, and 2516
to zone 2 while removing these base transmitters from zone
1. In view of this zonal edefinition, the new zone 1 boundary
is shown by dashed line 2522, and the new zone 2 boundary
is shown by dashed line 2524. The high traffic region near
base receivers 2518 and 2520 is now squarely within zone
2 and messages to these units may be efficiently delivered
during subsequent zonal time interval(s).

In accordance with the invention, a preferred method
2600 for accomplishing zonal redefinition is shown in FIG.
26. In accordance with the method, step 2602 provides for
transmitting substantially simultancously a first information
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signal and a second information signal, the first information
signal being transmitted in simulcast by a first set of base
transmitters assigned 1o a first zone, and the second infor-
mation signal being transmitted in simuleast by a second set
of base ransmitters assigned 1o a second zone. For example,
as shown in FIG. 25, the base transmitters in zone 1 defined
by boundary line 2502 could be the first set of base
transmifters, and the base (ransmitters located in zone 2
defined by boundary line 2504 could be the second sei of
base transmitiers.

Step 2604 of the method provides for dynamically reas-
signing one or more of the base transmilters in the first set
of base transmitters assigned 1o the first zone to the second
sl of base iransmitters assigoed 1o the second zone, thereby
creating an updated first set of base transmitiers and an
updated second set of base transmilters. For example, base
transmitters 2512, 2514, and 2516 could be reassigned from
zone 1 1o zone 2. As shown in FIG. 25, new zonal boundaries
would be defined by dashed lines 2512 for zone 1 and 2524
for zone 2.

Step 2606 provides transmilting substantially simulta-
neously a third information signal and a fourth information
signal, the third information signal being transmitted in
simulcast by the updated first set of base ransmitters and the
fourth inf signal being tr itted in simulcast by
the updated second set of base transmitters. For example, as
shown in FIG. 25, the base transmitters assigned to zone 1
defined by dashed line 2522 (i.e. not including base trans-
milters 2512, 2514, and 2516) could transmil during a
subsequent communication cycle a third information signal,
and base transmitters in zonc 2 defined by dashed line 2524
(i.e. including base ransmitiers 2512, 2514, and 2516) could
transmit a fourth information signal during that same sub-
sequent communication cyele,

Further, it is desirable that during the redefinition of the ?

zonal boundaries, it is insured that the new overlap arca
2525 near base receiver 2526 and belween dashed lines 2522
and 2524 is an arca that is not likely 1o produce, or is not
currently producing a high volume of message traffic.
Generally, zonal boundaries should be preferably redefined
to maximize information throughput by minimizing the data
that must be transferred during the systemwide time interval.
A network manager could review the overall traffic patterns
and tendencies to d an opti ition of
zonal boundaries. Of course, the central computer 2002
could also implement an algorithm accessing the traffic
statistics database 2200 to determine optimal zonal bound-
ary redefinition.

In a preferred embodiment in the instance where an entire
region is saturated with mobile units, such as a large
metropolitan area repetilive of base tr
ters may be used to reduce message traffics duringthe
systemwide lime interval. There may exist no appropriate
overlap area, such as overlap area 2528, with a low iraffic
level 1o facilitate a long term reassignment of base traps-
mitters with the resulting redefinition of zonal ¢ aries. In
this case, the preferred embodiment allernates between a
first and second set of zonal boundaries over each commu-
nication cycle and does nol atiempt to deliver messages
during the systemwide time interval.

For example, in FIG. 25 this preferred embodiment would
utilize the zonal boundaries defined by lines 2502 and 2504
during a first zonal lime interval and would not atiempt 1o
deliver messages to mobile units in overlap area 2521 In a
subsequent cycle, this preferred embodiment redefines the
zonal boundaries to dashed lines 2522 and 2524 and delivers
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messages 1o the mobile units in previous overlap area 2521
during the zonal time interval using zone 2 base transmilters.
During this cycle, the network would not attempt to deliver
messages 1o mobile units in overlap arca 2525. In yet a later
cycle, this preferred embodiment would switch back to
zonal boundaries 2502 and 2504 which would allow mes-
sage delivery 1o mobile units in the now previous overlap
area 2525 during the zonal time interval using zone 1 base
transmittcrs. As can be seen, alternating between a first and
second set of zonal boundaries advantageously reduces the
need for communication during the systemwide lime
interval, but slows message delivery somewhal by only
allowing communication 10 mobile units in overlap areas
during zonal time intervals on alternating communication

cycles.
H. The Preferred System Communication Protocol

The system communication prolocol is preferably a lime
division protocol organized within repetilive communica-
tion cycles of preferably 30 seconds in duration.

The blocks of data transmitted by the network are pref-
erably formed by a bit interleaving process to prevent loss of
data during bursts of interference. Bit interleaving may be
cnvisioned as stacking two or more blocks of data (which
read from left to right), and then transmitting a bit stream in
a column-by-column, top-to-bottom sequence. As can be
seen, a burst of interference will likely only cause the loss
of a few bits per word at most, which can be corrected by
error correction techniques, rather than the loss of entire
words, Of course, thc mobile unit must appropriately
deinterleave the data prior to processing.

FIG. 27 generally illustrates a variety of preferred time
intervals which may variously be used for communication
between the system and various scis and subsets of mobile
units. An adaptable schedule for these lime intervals is
preferably generated, and may be revised according to
system demands. The scheduling of the time intervals
advantageously allows a mobile unit 1o “power down”
during inactive time periods when the mobile unit will not
transmit or receive any messages, therchy conscrving bat-
tery power. Similarly, messages or information for delivery
to a subset of the total number of mobile units will prefer-
ably be transmitted during time intervals which minimize
the delivery of those messages or information to unintended
mobile units not included in the subset to further conserve
battery power.

A preferred cycle protocol 2700 is shown in FIG. 27(A).
The cycle protocol 2700 includes a cycle header time
interval 2702, a systemwide forward (FWD) batch time
interval 2704, 2 systemwide response time interval 2706, a
zonal forward (FWD) batch time interval 2708, a zonal
reverse time interval 2710, and a reverse contention time
interval 2712, Other arrangements, such as moving the
systemwide reverse interval nex! to the zonal reverse inter-
val may be considered if transmitter turn on time is signifi-
canl.

The cycle protocol lly schedules time slots for
systemwide and zonal forward channel information transfer
from the network to the mobile units and for systemwide and
zonal reverse channel information transfer from the mabile
transceiver units to the network. Briefly, the cycle header
2702 field includes overhead or “housckeeping”
information, the systemwide forward batch ficld 2704 and
the zonal forward baich field 2708 provide forward com-
munication capabilily through the base transmitters to the
mabile units in a systemwide time interval and a zonal time
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interval, resp ly. The sy ide resp field 2706
and zonal reverse field 2710 provide a return signal period
for the mobile transceivers to respond to messages generated
during the systemwide and zonal forward batch periods
2504 and 2508, respectively. Finally, the reverse contention
2712 field allows the mobile transceiver to initiate access lo
the network.

Each of the ficlds shown, cxcept the cycle header 2702
field, is preferably variable in durauon and may be changed
by the central P on ge traffic
requirements. The beginning of the cycle is synchronized by
the central computer 10 a time standard and preferably
coincides with the start of minute or half minute intervals.
Each mobile unit preferably includes liming circuitry, as
previously described, which allows for the mobile unit 1o
power up at the beginning of each cycle lo receive commu-
nication,

For each cycle, the central computer 2002 calculales the
amount of time required for each field to maximize infor-
mation throughput by the network. For example, for the
cycle protocol 2700 shown in FIG. 27(A), the central
computer will calculate the amount of time nccessary for the
systemwide forward batch field 2704, the systemwide
response interval 2706, the zonal forward interval 2708, the
zonal reverse interval 2710, and Ihe reverse contention
interval 2712. The cycle header 2702 will preferably include
timing offset data which will indicate the timing offset from
the cycle header until the beginning of the systemwide
response interval 2706, the beginning of the zonal forward
interval 2708, the beginning of the zonal reverse interval
2710, and the beginning of the reverse contention interval
2712.

‘The cycle header 2702 starts preferably with an 8 digit
long preamble (not shown) for digit synchronization pur-
poses. The preamble allows for the mobile unit to synchro-
nize ils timing circuitry with the network. For example, the
timing circuitry of the mobile unit could become offsel from
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certain class of mobile units with the classes divided by the
types of service provided, For example, a first batch could be
directed to all mobile transceiver units, and a second batch
could be directed to all mobile r eceiver units, Further, cach
batch may contain several messages, each intended for
different mobile units within the particular class of unit to
which that batch is directed. Generally, FIG. 27(B) shows
the forward batch interval protocol 2750 preferred for both
the systemwide forward interval 2704 and the zonal forward
interval 2708,

The systemwide forward interval 2704 is preferably used
only for sending a probe signal to a mobile transceiver unit
which docs not respond to zonal messages (i.c. a “lost” unit).
However, when necessary, the systemwide forward interval
2704 may be used to deliver messages to mobile units
located in overlap areas. The ID number, or address, of the
lost mobile unit is preferably followed by data indicating a
timing offset which is a lime delay amount until the begin-
ning of the time slot designated for the return signal of that
mobile unit. An allernative implementation, which may be
useful for mobile units that have not responded for a period
of time, could have mobile units that have received a probe
signal respond during the reverse contention interval.

After the end of the broadeast on the systemwide forward
batch time interval 2704, all network base transmitters shut
down until the beginning of the zonal forward baich time
interval 2708.

The forward batch interval protocol 2750 includes a
forward channel headét interval 2714 which includes data to
allnw Ihc timing circuitry of the mobile units to synchronize

Ives with the i data stream. The forward
channel header 2714 also preferably includes data indicating
a timing offsel scheduling a reverse channel lime interval for
each baich, as may be required. Of course, the forward
channel header 2714 for the systemwide forward interval
2704 would indicate a timing offset for reverse channel
i ission during the ide interval 2706,

the network due to ly caused i . The
preamble is followed by a “start of header” string of four
digits and all timing offsets within the cycle are calculated
as a number of predefined intervals beginning from the start
of the last header digit. The start of header string is followed
by an 8 digit string grouped into two words, each of which
is protected againsi errors by encoding it using & forward
error correcting code, preferably a Bose, Chaudhuri, and
Hocquenghem (BCH) code or a Reed Solomon code. These
error correcting codes add additional digits to the informa-
tion digits in a code word, where the additional digits are a
specific function of the information digits, so that if certain
common error events oceur, a decoding step involving all of
the tr 1 digits, both infs ion and additional, can
recover the original information digits. The first code word
will contain a count of the current cycles executed for that
day. The second code word will contain the necessary liming
offsets for the beginning of the time intervals in the cycle
pmtccol 2700. Further informalion regarding error correct-
ing codes may be found in Gallagher, “Information Theory
and Reliable Communication,” Wiley 1968, which is hereby
incorporated by refercnce.

The systemwide forward batch 2704 field generally
includes a zonal header time interval including overhcad
information and a serics of 64 batches. Also, the zonal
forward interval 2710 similarly includes a zonal header time
interval with overhead information and a serics of 64
batches. Each batch is a siring of data containing informa-
tion specifically directed to a single group of mobile units.
Each batch preferably contains information directed to a

45

50

55

60

65

and the forward channel header 2714 for the zonal forward
interval 2708 would indicate a timing offset for reverse
channel transmission during the zonal reverse interval 2710.

The forward channel header 2714 further includes a data
stream 1o the mobile unit listing which of the 64 batches will
follow and the timing offsets indicating when those batches
will be transmitied. Again, this feature advaniageously
allows the mobile unit to “power down” during the system-
wide and zonal forward intervals 2704 and 2708 until the
appropriate time for receiving its batch information, thereby
conserving the battery power of the mobile unit, The remain-
ing fields batch i 2720, batch j 2722, and batch k 2724 are
the individual batches directed 1o the mobile units.

It should be understood that different classes of mobile
units can follow different desirable batch protocols, depend-
ing on the type of service, processing power, battery
capacity, or other factors.

The individual batch protocol 2780 is shown in FIG,
27(C). The batch beader field 2726 is similar to the header
fields discussed above for FIGS. 27(A) and (B). The baich
header 2726 includes a list of particular mobile units to
receive messages within the baich and includes timing
offscts indicating when such messages will be broadcast.
Further, the batch header 2726 includes data indicating a
timing offset scheduling a reverse channel interval in the
system reverse interval, the zonal reverse interval, or the
reverse contention interval, as appropriate. Again, this infor-
mation allows the mobile unit to extend its battery life
because the mobile unit need only power up at the appro-
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priate lime to receive or transmil the appropriate message.
Further, it is preferred that the reverse channel timing offset
data be transmitted using error correction codes 1o insure
accurate receipt thereof by the mobile unit. Accurate receipt
of the reverse channel timing offset data will prevent
uowanted or untimely transmissions by the mobile unit and
insure that a mobile unit may properly transmit 2 negative
acknowledgment signal if it fails to properly receive an
unencoded message.

The individual message interval 2732 includes the indi-
vidual message intended for a particular mobile unit or units.
The duration of each message and number of messages
within a batch may be varied by the network operations
center 600 and is traffic dependent.

Each mobile unit with transmit capability that has
received a message in the immediately previous systemwide
forward interval 2704 or the zonal forward interval 2708
will have an appropriate time slot for transmission scheduled
in the systemwide response interval 2706, or the zonal
reverse interval 2710, respectively. The timing circuit in the
mobile iver unit d ines the assigned time slot for
transmission. For example, if the mobile unit simply intends

30
slotted ALOHA protocol is preferred because of the low
likelibood of data “collisions™ (i.e. 2 or more mobile units
transmitting during the same time slot).

1. Registration of the Mobile Unit

Because the network operations center 600 stores the
location of each mobile unit in the system in the user
database 2100, it is preferred that each mobile transceiver
unit have the capability to “register” with the network
operations center 600 by sending a registration signal to a
base receiver into the network lo update the location dala,

The mobile transceiver unit preferably registers by simply
transmitting its identification number to a base receiver,
which forwards this data and data representing the location
of the base receiver 1o the network operations center 600,

‘The mobile transceiver preferably regi upon ing
zonal boundaries to alert the network operation center that
the mobile transceiver has lefi one 2one and entered another.
For example, the mobile unit could receive information from
the nearest base transmitter identifying which zone that base
transmitter is assigned lo at the beginning of each commu-
aication ¢ycle. Upon receipt of such information from a base

1o transmit a0 acknowledgment signal, which indi that
the mobile upit has properly received the message from the
network, an 8 bit preamble followed by the address of that
mobile unit need only be transmitted and a 3 bit acknowl-
edgment. However, if a more extensive reply from the
mobile unit is required, additional data could be transferred
during this time slot. In particular, long reverse messages
could be scheduled in response to a request from the mobile
unit sent during the contention interval 2712, as discussed
hereafler.

Due to the low power transmit capability of the mobile

.
{rs

transceiver units, there is an increased likelihdod of data 18

transmission errors for reply signals, The extended Golay
code for error protection may be utilized for reverse channel
messages from mobile transceiver units to the nerwork.

The systemwide response interval 2706 and the zonal
reverse interval 2710 provide communication capability
from the mobile transceiver units to the network (i.c. the
reverse channel).

Still further, a preferred embodiment accommodates
mobile terminals with extensive reverse message generation
capabilitics (c.g., a laptop computer connected to a radio
transceiver) by allowing for contention messages that
request extended reverse channel time for the transmission
of a long reverse message. The reverse contention interval
2712 is located after the zonal reverse interval 2710 and
provides for unscheduled messages from the mobile unit 10
the network. For example, the mobile transceiver unit could
send a message 1o the network during the reverse contention
interval 2712 indicating that the user no longer wishes to
receive ges, thereby t service. Also, the user
could transmit a message to the network during the reverse
contention interval 2712 indicating that the user now desires
to reestablish services and begin receiving messages from
the network. Further, a “registration signal,” which is dis-
cussed infra, could be transmitted during the reverse con-
tention interval 2712,

The reverse contention interval preferably utilizes a
so-called “slotted ALOHA" protocol, which allows the
maobile unit to randomly select a predefined time slot within
the contention interval to transmit a message. A mobile
stalion wanting to transmit will first divide the contention
interval into slots, preferably 5.33 ms in length, and then
choose randomly any of them to start transmitting. The
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ir ter Ihat a nearby base (ransmiller is
assigned 10 a new zone, the mobile transceiver then prefer-
ably transmils a registration signal.

The mobile transceiver unit may also transmil a registra-
tion signal in other desirable instances. For example, if the
mobile trapsceiver unit has moved away from the transmitter
coverage areas of the network for a period of time, the
mobile transceiver unit may preferably transmit a registra-
tion signal upon returning to a coverage area. The display
and storage logic 1508 of the mobile transceiver unit pref-
erably recognizes that the unit has left the coverage area of
the network upon failure to receive data from a base trans-
mitter in the network during the cycle header time interval
2702, for example. The mobile unit may leave the coverage
area of a base transmitter of the network when the user takes
the unit out of the country, or enters the basement of a
building, for example.

The mobile unit may also preferably transmit a registra-
tion signal when power is restored to the mobile unit after
having power removed, such as after being rurned off by the
user, Of course, the power may be restored to the unit by
replacing or recharging a dead battery, which may also cause
transmission of a registration signal.

In general, the network must balance the need for frequent
registrations by the mobile transceiver units, and the desir-
able result of accurately knowing the location of each
mabile unit, thereby preventing the need for probe signals,
with the undesirable overhead costs of too frequent
registration, which sacrifices data throughput by utilizing
valuable transmit time.

In the preferred embodiment, the central computer 2002
of the network operations center 600 can achieve desirable
perfi pl ing one or more algorithms to
evaluate the need for registration by a mobile unit, and then
appropriately controlling the registration performance of
that mobile unil. If the central computer determines that
registration of a particular mobile unit is useful, then the
mobile unit preferably should receive a message from the
network to cause the mobile unit to send registration signals
al appropriate times, Conversely, if the central computer
determines that the registration signals from the mobile unit
are loo frequenily not useful, the mabile unit preferably
should receive 2 message from the network to cause the
maobile unit not to transmit registration signals.
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To implement this feature, the mobile transceiver unit
further preferably includes a registration flag (not shown) in
the display and storage logic section 1508. If the registration
flag is set, the display and storage logic section 1508 causes
the mobile transceiver to autonomously send a registration
signal to the network operations center on a desired basis. If
the registration flag is not set, the display and storage logic
section 1508 prevents any registration signals from being
sent.

The registration flag may be set or removed upon com-
mand from the network operalions center by transmission of
an appropriate signal from a base transmitter near the mobile
unit. A variety of algorithms, possibly regarding individual
users or groups of users, can be used to determine whether
or not the registration flag should be set. It should be
appreciated that the present invention provides two distinct
algorithms for implementing these registration concepts
depending upon whether the registration flag is set or not in
the mabile unit (i.e. the state of the mobile unit).

FIG. 28(A) shows a flow chart describing a preferred
method 2800 for i ing the of
the present invention wherein the registration feature of the
mabile unit is disabled. In step 2802, the network sends a
message lo disable the registration feature (ie. set the
registration flag to zero) of the mobile unit to disable the
mobile transceiver's capability to transmit a registration
signal. As can be seen, step 2802 determines the initial state
for the method set forth in FIG. 28(A).

In step 2804, the network stores the number of probe
signals sent to the mobile transceiver during a first period of
time, and the number of messages successfully delivered to
the mobile iransceiver by the network during a second
period of time. Preferably, the first and second time intervals
are identical, The traffic statistics database 2200 of the
database 2008 is preferably used to store the number of
prabe signals and successful messages for cach mobile unit.
As explained bereinafier, these two statistics from the opera-
tion of the network are preferably used to determine whether
registration by the mobile unit is useful.

In step 2806, the stored pumber of probe signals and
number of messages successfully delivered is processed to
evaluate a likelihood that a probe signal will be required to
be set by the network to locate the mobile unit to deliver a

message. The preferred embodiment of the invention pro- i
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probe signal will be necessary to locate the mobile trans-
ceiver is greater than a selected value.

As can be seen, the process of substeps in FIG. 29(A)
balances the frequency of probe signals sent 1o a particular
unit against the number of successfully delivered messages
to that unit. If the system must send a large number of probe
signals, it would be useful to enable the regisiration feature
by setting the registration flag on that mobile unit to enable
the registration feature. In cantrast, if many messages have
been successfully delivered without requiring a probe signal,
it is unnecessary to enable the registration feature by setting
the registration flag.

Instep 2808, a message is sent to the mobile unit to enable
the mobile transceiver's capabilily to transmil a registration
signal if the calculated likelihood in step 2804 exceeds a
selected value. As can be seen, step 2808 preferably sets the
registration flag in the mobile transceiver unit.

FIG. 28(B) shows a flow chart describing a method 2810
for impl ting the pts of the present
invention wherein the :eg:s(rauou feature of the mobile unit
is enabled.

In step 2812, the network sends a message to enable the
registration feature (i.c. set the registration flag to 1) of the
mabile unit to enable the mobile transceiver’s capability to
lransmit a registration signal. As can be scen, step 2812
determines the initial state for the method set forth in FIG.

B).

Instep 2814, the network stores the number of registration
signals reccived by the network during a first period of time,
and the number of messages successfully delivered to the
mabile transceiver by the network during a second period of
time. Preferably, the first and second time intervals are
identical. The traffic statistics database 2200 of the database
2008 is preferably used to store the number of registration
signals and successful messages for each mobile unit. As
explained Thercinafter, these two statistics from the opera.
tion of the network are preferably used to determine whether
the registration by the mobile unit is useful.

In step 2816, the stored number of registration signals and
number of messages successfully delivered is processed 10
evaluale the likelihood that a registration signal will be
received by a base receiver in the network that will not be
used by the network to determine a set of base transmitters
to be operated to transmu a message to the mobile trans-
ceiver. The preferred i of the i I
the stored number of reg:strauon s;gna]& received and aum-

cesses the stored number lof probe signals and
successfully delivered in accordance with the method set
forth in FIG. 2%(A).

To Referring now to FIG, 29(A), therein is shown a series
of subslcps which are preferably performed during the
implementation of the processing step 2804 shown in FIG.
28(A). In particular, steps 2902 and 2904 are event driven
and only proceed to the next step afler an input has been
received by the network. Step 2902 determines if the nel-
work sent a probe signal to a lost mobile transceiver unit and
if a reply to the probe signal was received by a base receiver
in the network. If this event occurs, a countér (not shown) is
incremented by a value P by the central computer 2002,

In step 2904, if a message was successfully delivered to
4 mobile transceiver, preferably including an acknowledg-
menl signal return from the mobile transceiver to the
network, the counter (not shown) in the central computer
2002 is decremented by a value D.

Afier the occurrence of either of the events tested for in
step 2902 or step 2904, the algorithm proceeds to step 2906.
In step 2906, if the counter value is greater than a prede-
termined value J, this indicates that the likelihood that a
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ber of ully d d in accord with
the method set forth in FIG. 29(B).

Referring now to FIG. 29(B), therein is shown a series of
substeps which are preferably performed during the imple-
mentation of the processing step 2814 shown in FIG. 28(B).
In particular, steps 2912 and 2914 are event driven and only
proceed to the next step after an input has been received by
the network. Step 2912 determines if a registration signal
was received by a base receiver in the network. If so, a
counter (not shown) in the central computer 2002 is incre-
mented by a value A. In step 2914, if & message was
successfully delivered to a mobile transceiver, preferably
including an acknowled signal return from the mobile
fransceiver to the syslem the counter (not shown) in the
central computer 2002 is dec d by a value M.

It should be understood that the counter referred to with
regard to steps 2912 and 2914 is different then the counter
referred to with regard to steps 2902 and 2904 since cach
counter only y when the istration feature is
enabled or disabled in the mobile transceiver. However, the
same physical or logical device may be used to implement
bath counters.
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After the occurrence of either events in the step 2912 or
step 2914, the algorithm proceeds 1o step 2916, In step 2916,
the process determines if the counter value is greater than a
predetermined value T. The value of T can be varied to meet
the needs of a particular network. When the counter value
exceeds T, it is indicated that the likelihood that a registra-
tion signal from that mobile unit will not be used by the
network 1o delermine a new set of base transmitters, and
therefore the registration status for that mobile unit needs Lo
be changed 1o disable the registration feature.

In other words, the process in FIG. 29(B) balances the
frequency of registration signals sent by a particular unit
against the number of successfully delivered messages to
that unit. As can be seen, if the mobile unit sends a large
number of registration signals without the system using
these registration signals, it would be useful to have the
registration feature on that mobile unit disabled. In contrast,
if many ges have been fully delivered without
oo many registration signals being sent by the mobile unit,
it is unnecessary for the registration feature 1o be disabled.

In siep 2818, a message is sent to the mobile unit to
disable the mobile transceiver’s capability to transmit a
registration signal if the calculated likelihood in step 2814
exceeds & selecled value. As can be seen, siep 2818 may
preferably remove the registration flag in the mobile trans-
ceiver unit.

Of course, it should be understood that the variables P, D,
and J used in FIG. 29(A), and the variables A, M, and T used

20

in FIG. 29(B) can be adjusted as desired to enhance system

performance, as will be apparent to one of ordinary skill in
the art, The can be impl 1 with so-called

“reflective boundaries™ so that if a counter reaches a mini-
mum value (e.g., zero), it will continuously reset to that
minimum value when further decremented.

It will be apparent 1o those skilled in the art that various
modifications and variations can be made in the systems and
methods of the present invention without departing from the
scope or spirit of the invention,

Other embodiments of the invention will be apparent to
those skilled in the art from consideration of the specifica-
tion and practice of the invention disclosed herein. It is
intended that the specification and examples be considered
as exemplary only, with a truc scope and spirit of the
invention being indicated by the following claims.

‘What is claimed is:

1. A multi-carrier simulcast transmission system for trans-
milting in a desired frequency band at least one message
contained in an information signal, the system comprising:

& first transmitter configured to transmil & first plurality of

carricr signals within the desired frequency band, each
of the first plurality of carrier signals representing a
portion of the information signal substantially not rop-
resenied by others of the first plurality of carrier
signals; and

a second (r iall d from the first

transmitter, conﬁgumd o uansu:n a second plurality of
carricr signals in simulcast with the first plurality of
carrier signals, cach of the sccond p]uramy of ramcr
signals cor g to and rep ing sub

the same information as a respective carrier signal of
the first plurality of carrier signals,

2. The multi-carrier simulcast transmission system of
claim 1, wherein the first transmilter comprises a plurality of
transmilters located in a first area, and the second transmilter
comprises a plurality of transmitters located in a second
area. £

kL)
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3. The multi-carrier simulcast transmission system of
claim 1, wherein the first and second pluralities of carrier
signals are evenly spaced within the desired frequency band.
multi-carrier simulcast transmission system of
claim 3, wherein the first and second pluralities of carricr
signals are spaced appmxlmalely every 3 KHz, and wherein
the desired frequency band is approximately 50 KHz wide.
5. The multi-carrier simulcast transmission system of
claim 1, wherein each of the first and second pluralities of
carrier signals comprise eight carrier signals.
6. The multi-carrier simulcast transmission system of
claim 1, wherein the first and second pluralities of carrier
signals include an identical number of carrier signals, and
wherein each carrier signal in the first plurality corresponds
to and is slightly frequency shifted 10-20 Hz from the
respective carrier signal in the second plurality.
7. The mulli-carrier simulcast transmission system of
claim 1, wherein the first transmitter comprises means for
modulating the first plurality of carrier signals using a
modulation scheme, and the second transmiller comprises
means for modulating the second plurality of carrier signals
using the modulation scheme.
8. The multi-carricr simulcast (ransmission system of
claim 7, wherein the modulation scheme is selected from the
group including: modulated on/off keying, binary frequency
shift keying, M’ary frequency shift keying, and quadrature
amplitude modulation.
9. The multi-carrier simulcast transmission system of
claim 2, further comprising:
a nelwork operations center configured to generate the
information signal, the network operations center
including a receiver for receiving data inpul lo the
network operations center, a database for storing dara,
a central computer connected to the receiver and the
database for processing the input data and the database
data to generate the information signal, and a satellite
uplink ted to the central puter for broadeast-
ing the information signal; and
satellite for receiving the information signal from the
network operations center and for retransmitting the
information signal 1o the first and second transmilters,
wherein each of the first and second transmiiters com-
prises satellite downlink means and base transmitter
means.
10. In a multi-carrier simulcast transmission system, a
method for transmitting in a‘desired frequency band [a] at
Ieast one message contained in an information signal, the
method comprising the steps of:
generating a first plurality of carrier signals within the
desired frequency band, each of the first plurality of
carrier signals representing a portion of the information
signal substantially not represented by others of the first
pluarlity of carrier signals;
generaling a second plurality of carrier signals within the
desired frequency band, each of the second pluzality of
carrier signals corresponding to and rep ing sub-
stantially the samc information as a respective carrier
signal of the first plurality of carrier signals;

transmitting the first plurality of carrier signals from a first
transmitter;

transmitting the second plurality of carrier signals from a

second transmitter in simulcast with transmission of the
first plurality of carrier signals from the first transmit-

ter.

11. The method of claim 10, wherein the first and second
pluralities of carrier signals are evenly spaced within the
desired frequency band.
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12. The method of claim 10, wherein the first and second
pluralities of carrier signals are spaced approximately every
3 KHz, and wherein the desired frequency band is approxi-
malely 50 KHz wide,

13. The method of claim 10, wherein the first and second
pluralities of carrier signals each comprise cight carrier
signals.

14, The method of claim 10, wherein the first and second
pluralities of carrier the first plurality corresponds to and is
slightly frequency shifted 10~20 Hz from the respective
carrier signal in the second plurality.

15. The method of claim 10, wherein at least one of the
first and second pluralities of carrier signals is modulated

ding to a modulati ch from the group
including: modulated on/off keying, binary frequency shift
keying, M'ary frequency shift keying, and quadrature ampli-
tude modulation.

16. The method of claim 10, wherein the step of gener-
ating the first plurality of carrier signals comprises the

5

L
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substep of modulating the first plurality of carrier signals 20

using a modulation scheme.

17. The method of claim 10, wherein the step of gener-
ating a second plurality of carrier signals comprises the
substep of modulating the second plurality of carricr signals
using a modulation scheme.

36

18. The method of claim 10, wherein the step of gener-
ating a second plurality of carrier signals comprises the
substep of generating the second plurality of carrier signals
at frequencies slightly offset from the first plurality of carrier
signals.

19. A multi-carrier simulcast transmission system for
transmitting in a desired frequency band at least one mes-
sage contained in an information signal, the system com-
prising:

means for transmitting a first plurality of carrier signals

within the desired frequency band, cach of the first
plurality of carrier signals representing a portion of the
information signal sub ially not 1 by
others of the first plurality of carrier signals; and

means for transmitting a second plurality of carrier signals
in simulcast with the first plurality of carrier signals,
each of the second plurality of carrier signals corre-
sponding to and representing substantially the same
information as a respective carrier signal of the first
plurality of carrier signals.

L I
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AWTHE UNITED STATES PATENT AND TRADEMARK OFFICE !

3|7)a7

Attorney Docket No. 03680.0083-04000

Art Unit: 2611
Examiner: T. Le

SIR: This is a request for filing a

Continuation under 37 C.F.R. § 1.60 of pending prior application Serial No. 07/973,918
filed November 12, 1992 of Dennis Cameron et al. for A NATIONWIDE
COMMUNICATION SYSTEM.

1l

[XX] Enclosed is a complete copy of the prior application including the oath or
Declaration and drawings, if any, as originally filed. | hereby verify that the
attached papers dre a true copy of prior application Serial No. 07/973,918
as originally filed on November 12, 1992.

2. [ 1 Cancelclaims (At least one original
independent claimmust be retained for filing purposes.)
3. [XX] A Preliminary Amendment is enclosed.
4. [XX] The filing fee is calculated on the basis of the elaims existing in the prior
application as amended at 2 and 3 above.
(2) Number (3) Number (5) Basic Fee
1) o Filed Extra ) Faks $770
Total Claims -18-20= | 0 ~ x$2200 |$0
Independent
Claims 2-3=10 x$78.00 | $0
Multiple Dependent Claim(s) (if applicable) +$250.00 | $0
Total = | $770.00
“Reduction by % for filing by small entity | -
TOTAL FILING FEE = | $770.00
¥

5. [XX] A check in the amount of $770 to cover the filing fee is enclosed.
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6. [XX] The Commissioner is hereby authorized to charge any fees which may be
required including fees due under 37,C.F.R. § 1.1.6 and any other fees
due under 37 C.F.R. § 1.17, or credit any overpayment during the
pendency of this application to deposit.Account No. 06-0916.

i [XX] Amend the specification by inserting before the first line, the sentence:

\ # This is a continuatiop o tion Serial No. 07/973,918, filed
P November 12, 199 'S . Pat, No. 5,590, 403

8. [ 1 New fon-na!ﬂawings are enclosed.

9. [XX] _The prior application is assigned of record to: Destineer Corporation.

10. [ ] Priority of application Serial No. filed on

in (country) is claimed under 35 U.S.C. § 119.

11. [ ] A verified statement cléiming small entity status is [ ] enclosed or [ ]is on
file in the prior application. d

12.  [XX] The power of attorney in the prior application is to at least one of the

following: FINNEGAN, HENDERSON, FARABOW, GARRETT &
DUNNER, L.L.P., Reg. No. 22,540, Douglas B. Henderson, Reg.

No. 20,291; Ford F. Farabow, Jr., Reg. No. 20,630; Arthur S. Garrett,
Reg. No. 20,338; Donald R. Dunner, Reg. No. 19,073; Brian G.
Brunsvold, Reg. No. 22,593; Tipton D. Jennings, IV, Reg. No. 20,645;
Jerry D. Voight, Reg. No. 23,020; Laurence R. Hefter, Reg. No. 20,827,
Kenneth E. Payne, Reg. No. 23,098; Herbert H. Mintz, Reg. No. 26,691;
C. Larry O'Rourke, Reg. No. 26,014; Albert J. Santorelli, Reg. No. 22,610;
Michael C. Elmer, Reg. No. 25,857; Richard H. Smith, Reg. No. 20,609;
Stephen L. Peterson, Reg. No. 26,325; John M. Romary, Reg.

No. 26,331; Bruce C. Zotter, Reg. No. 27,680; Dennis P. O'Reilley, Reg.
No. 27,932; Allen M. Sokal, Reg. No. 26,695; Robert D. Bajefsky, Reg.
No. 25,387; Richard L. Stroup, Reg. No. 28,478, David W. Hill, Reg.

No. 28,220; Thomas L. Irving, Reg. No. 28,619; Charles E. Lipsey, Reg.
No. 28,165; Thomas W. Winland, Reg. No. 27,605; Basil J. Lewris, Reg.
No. 28,818; Martin |. Fuchs, Reg. No. 28,508; E. Robert Yoches, Reg.
No. 30,120; Barry W. Graham, Reg. No. 298,924; Susan Haberman

Griffen, Reg. No. 30,907; Richard B. Racine, Reg. No. 30,415; Thomas H.

Jenkins, Reg. No. 30,857; Robert E. Converse, Jr., Reg. No. 27,432;
Clair X. Mullen, Jr., Reg. No. 20,348; Christopher P. Foley, Reg.

No. 31,354; John C. Paul, Reg. No. 30,413; Roger D. Taylor, Reg.

No. 28,992; David M. Kelly, Reg. No. 30,953; Kenneth J. Meyers, Reg.
No. 25,146; Carol P. Einaudi, Reg. No. 32,220; Walter Y. Boyd, Jr., Reg.
No. 31,738; Steven M. Anzalone, Reg. No. 32,095; Jean B. Fordis, Reg.
No. 32,984; Barbara C. McCurdy, Reg. No. 32,120; James K. Hammond,
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Reg. No. 31,964; Richard V. Burgujian, Reg. No. 31,744; J. Michael
Jakes, Reg. No. 32,824, and Allen M. Lo, Reg. No. 37,059.

13. [XX] The power appears in the original declaration of the prior application.

14, [ 1 Since the power does not appear in the original declaration, a copy of the
power in the prior application is enclosed.

156. [XX] Please address all correspondence to HENDERSON,
FARABOW, GARRETT AND DUNNER, L.L.P., 1300 | Street, N.W.,
Washington, D.C. 20005-3315.

16. [ 1 Récognize as associate attorney

17.  [XX] Also enclosed is a Petition Under 37 C.F.R. § 1.48(b).

PETITION FOR EXTENSION. If any extension of time is necessary for the filing of this

application, including any extension in the parent application, serial no. 07/973,918
filed November 12, 1992, for the purpose of maintaining copendency between the
parent application and this application, and such extension has not otherwise been
requested, such as extension is hereby requested, and the. Commissioner is authorized
to charge necessary fees for such an extension to our Deposit Account No. 06-0916.
A duplicate copy of this paper is enclosed for use in charging the deposit account.

FINNEGAN, HENDERSON, FARABOW,
GARRETT & DUNNER, L.L.P.

oy (LH Ho

Allen M. Lo
Reg. No.: 37,059

Date: December 6, 1996
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

ASSISTANT COMMISSIONER FOR PATENTS
Washington, D.C. 20231
- Attorney Docket No. 03680.0083-04000
Prior Application:
Art Unit: 2611
Examiner: T. Le

SIR: Thisisa request for filing a

Continuation under 37 C.F.R. § 1.60 of pending prior application Serial No. 07/973,918
filed November 12, 1992 of Dennis Cameron et al. for A NATIONWIDE
COMMUNICATION SYSTEM.

1. [XX] Enclosed is a complete copy of the prior application including the oath or
Declaration and drawings, if any, as originally filed. | hereby verify that the
attached papers &re a true copy of prior application Serial No. 07/973,918
as originally filed on November 12, 1992.

2 [ 1 Cancelclaims ___ ' (Atleast one original
independent claimmust be retained for filing purposes.)

3. [XX] A Preliminary Amendment is enclosed.

4. [XX] The ﬁ|in§ fee is calculated on the basis of the claims existing in the prior
application as amended at 2 and 3 above. '

- (1) For (2) g;leﬁber (3)2]:{2:31‘ (4) Rate : (5) Bsa:(siirg Fee
Total Claims 18-20= | 0 x$22.00 | %0
Independent
Claims 2-3= {0 x$78.00 |%0
Multiple Dependent Claim(s) (if applicable) - +$250.00 | $0

Total = | $770.00
Reduction by % for filing by small entity
TOTAL FILING FEE = | $770.00

5, [XX] A checkin the amount of $770 to cover the filing fee is enclosed.
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10.

1.

12.

XX

XX]

The Commissioner is hereby authorized to charge any fees which may be
required including fees due under 37 C.F.R. § 1.1.6 and any other fees
due under 37 C.F.R. § 1.17, or credit any overpayment during the

. pendency of this application to deposit Account No. 06-0916.

Amend the specification by inserting before the first line, the sentence:

-- This is a continuation of application Serial No. 07/973,918, filed
November 12, 1992.--

New formal drawings are enclosed.
The prior application is assigned of record to: Destineer Corporation.

Priority of application Serial No. filed on
in (country) is claimed under 35 U.S.C. § 119.

A verified statement claiming small entity status is [ ] enclosed or [ ] is on
file in the prior application.

The power of attorney in the prior application is to at least one of the
following: FINNEGAN, HENDERSON, FARABOW, GARRETT &
DUNNER, L.L.P., Reg. No. 22,540, Douglas B. Henderson, Reg.

No. 20,291; Ford F. Farabow, Jr., Reg. No. 20,630; Arthur S. Garrett,
Reg. No. 20,338; Donald R. Dunner, Reg. No. 19,073; Brian G.
Brunsvold, Reg. No. 22,593; Tipton D. Jennings, IV, Reg. No. 20,645;
Jerry D. Voight, Reg. No. 23,020; Laurence R. Hefter, Reg. No. 20,827,
Kenneth E. Payne, Reg. No. 23,098, Herbert H. Mintz, Reg. No. 26,691,
C. Larry O'Rourke, Reg. No. 26,014, Albert J. Santorelli, Reg. No. 22,610;
Michael C. Elmer, Reg. No. 25,857, Richard H. Smith, Reg. No. 20,6089;
Stephen L. Peterson, Reg. No. 26,325; John M. Romary, Reg.

No. 26,331; Bruce C. Zotter, Reg. No. 27,680; Dennis P. O'Reilley, Reg.
No. 27,932; Allen M. Sokal, Reg. No. 26,695; Robert D. Bajefsky, Reg.
No. 25,387; Richard L. Stroup, Reg. No. 28,478; David W. Hill, Reg.

No. 28,220; Thomas L. Irving, Reg. No. 28,619; Charles E. Lipsey, Reg.
No. 28,165; Thomas W. Winland, Reg. No. 27,605; Basil J. Lewris, Reg.
No. 28,818; Martin |. Fuchs, Reg. No. 28,508; E. Robert Yoches, Reg.
No. 30,120; Barry W. Graham, Reg. No. 29,924; Susan Haberman
Griffen, Reg. No. 30,907; Richard B. Racine, Reg. No. 30,415; Thomas H.
Jenkins, Reg. No. 30,857; Robert E. Converse, Jr., Reqg. No. 27,432;
Clair X. Mullen, Jr., Reg. No. 20,348; Christopher P. Foley, Reg.

No. 31,354; John C. Paul, Reg. No. 30,413; Roger D. Taylor, Reg.

No. 28,992; David M. Kelly, Reg. No. 30,953; Kenneth J. Meyers, Reg.
No. 25,146; Carol P. Einaudi, Reg. No. 32,220, Walter Y. Boyd, Jr., Reg.
No. 31,738; Steven M. Anzalone, Reg. No. 32,095; Jean B. Fordis, Reg.
No. 32,984, Barbara C. McCurdy, Reg. No. 32,120; James K. Hammond,
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Reg. No. 31,964; Richard V. Burgujian, Reg. No. 31,744, J. Michael
Jakes, Reg. No. 32,824; and Allen M. Lo, Reg. No: 37,059.

13.  [XX] The power appears in the original declaration 6f the prior application.

14. [ ] Since the power does not appear in the original declaration, a copy of the
power in the prior application is enclosed.

16.  [XX] -Please address all correspondence to FINNEGAN, HENDERSON,
FARABOW, GARRETT AND DUNNER, L.L.P., 1300 | Street, NW.,
Washington, D.C. 20005-3315.

16. [ ] Recognize as associate éttornay

17.  [XX] Also enclosed is a Petition Under 37 C.F.R. § 1.48(b).

PETITION FOR EXTENSION, If any extension of time is necessary for the filing of this

application, including any extension in the parent application, serial no. 07/973,818
filed November 12, 1992, for the purpose of maintaining copendency between the
parent application and this application, and such extension has not otherwise been
requested, such as extension is hereby requested, and the Commissioner is authorized
to charge necessary fees for such an extension to our Deposit Account No. 06-0916.
A duplicate copy of this paper is enclosed for use in charging the deposit account.

FINNEGAN, HENDERSON, FARABOW,
GARRETT & DUNNER, L.L.P.

By: &&h’%.ﬁ
Allen M. Lo
Reg. No.: 37,059

Date: December 6, 1996
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oty 2 399, 4o

5 .;providing two-way communication capability between a central
gnetwcrk and a mobile unit over a relatively large area, and more
i particularly to such methods and systems which allow for rapid
:Ecommqnicaticn of large messages and efficient use of system
i resources.
10 i; B. Description Ef the Related Art

;’ Conventional two-way portable/mobile wireless messaging
systems often provide a variety of services to subscribers.
Conventional messaging systems in particular provide one-way
services using store and forward techniques to mobile receivers
15 carried by the subscriber. A fundamental goal of two-way
meséaging systems is to provide a network of interconnected
it transmitters and receivers which provides sufficient transmitted
%isignal strength and receive capability to uniformly cover a
geographic region. Some conventional messaging systems provide
20 | the message to the user on a small viewing screen on the mobile
unit.

However, such conventional systems often suffer from problems
associated with low system throughput, evidenced by slow message
idelivery and message size limitations and do not provide an
25 i acknowledgment feature wherein the mobile unit transmits an

% acknowledgment signal to the system to acknowledge receipt of the

qu;;f;ﬁ;NwNéimessaqe from the system. Generally, system throughput refers to

FARABOW, CARRETT -]
& DUNNER i!
1300 | STAEZET N W o 3 1
VIASMINGTON, OC 20005 .|
1:202 «08-4000 i
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!
" 1 <
1 !lthe-overall communication capability of a system as defined by the

! total amount of message data from the system to the mobile units

! transferred by the system during a given period of time divided by

, the frequency bandwidth necessary to transmit the message data and

5 Emay be measured in bits transferred per Hz. Further, such
, conventional systems suffer from technicél problems preventing
' consistent wide area coverage and would require extremely wide
E;port;ons of valuable frequency bandwidth to achieve acceptable
;isystem throughput rates.

10 E; Simulcast technology in communication systems was originally
'ideveloped to extend trahsﬁitter coverage beyond that which could
fébe obtained from a single transmitter. Over time, however,
;;simulcasting has evolved into a technique capable of providing

continuous coverage to a large area.

15 Ei Generally, simulcast technology provides multiple

’trangmittars, operating on substantially the same fregquencies and

transmitting the same iﬁformation positioned to covef extended

i areas. As shown in Fig. 1, transmitter 100 generally provides

:;cpverage over area A, D, and E, transmitter 102 generally provides
20 !iccverage over area B, D, and E, and transmitter 104 genexally

iiprovides coverage over area C, E, and F. 1In some cases, the

; : ;;coverage area of a first transmitter may be entirely enclosed

!within the coverage area of another transmitter, such as in

building interiors and valleys. 1In areas where one (and only one)

25 i transmitter dominates (e.qg., areas A, B, and C in Fig. 1),

AW OFFICES i i g . N 1]
Hmﬁa&HmDmmNEESLmulcast is effective because the other transmitters do not
H
1

FARABOW, CARRETT

8 LIRRIER ‘i significantly affect receivers in those areas.
1300 | STREET, M W, " {

WASHINGTON, DC 20005 l
1-202-408-4000

30 ' i § o

Erstuica Bl
it o
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However, in "overlap" areas D, E, and F shown in Fig. 1,
{{ where the signals from two or more transmitters are approximately
?;equal, problems can. arise because destructive interference of
;%signals occurs in these overlap areas such as areas D, E, and F.
5 'fDestructive interference occurs when the two signals are eqgual in
E;magnitude and 180° out of phase and completely cancel each other.
;;while there were some successes, reliable design procedures were
i not qlvailable.
i Attempting to precisely synchronize the carrier frequencies
10 ffof all simulcast transmitters does not overcome the problem
J;because points (i.e. nodes) at which destructive summing occurred
persisted for long periods of time. At such points, a mobile
fireceiver can not receive the simulcast signal.
I Deliberately offsetting the carrier frequencies of adjacent
15 i, transmitters can ensure that destructive interference does not
;;persist at one point for an extended period of time. The slight
géerrors in frequency displayed by high guality reference

' oscillators (e.g., 20 hertz errors in 100 MHz signals or a few

parts in 197]'rander deliberate offsetting unnecessary. Further,
merely offsetting the carrier frequencies could not guarantee

acceptable guality demodulation because proper alignment of the

modulating signals in time is also required.

Fig. 2 displays the situation at, for example, point D in

Fig. 1 when modulating waveforms are synchronized and includes

25 ;! coverage boundary 202 from a first transmitter and a second

Law QFFICES i
FINMEGAN, HEMDERSON |
FaRABOW, CARRETT ! * x
”iaﬂz? i, transmitter. An equi-signal boundary 200 exists where the-signals
t TN W i ) ’
WASHINOTON, OC 20008 |
1:202 408-4000 £

30 o ( /-3-

transmitter coverage boundary 204 from a second édjacent
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& DUNNER
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WASHINGTON, OC 20703
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30

from the first and second transmitters have approximately equal
signal strengths. A more realistic equi-signal boundary would

take into account natural and man-made topography and propagation’

I conditions, and therefore would probably not be a straight line.

Figs. 3 and 4 generally illustrate various signals as they

may occur at or near the equi-signal boundary 200 as shown in

Fig. 2. In particular, Figs. 3 and 4 illustrate various aspects
of modulation synchronization and how altering transmission
parameters may affect the synchronization. 1In general, there are
at least three sources which cause the signals from the first
transmitter and the second transmitter to be out of
synchronization: (1) timing shifts in the deliverylof the
modulating wavefbrm to each of the transmitters; (2) timing shifts
internal to each transmitter; and (3) timing shifts caused by
propagation distances and anomalies. From the pers?ective of a
receiver located in an overlap area, these three sources of timing
shifts combine to produce an overall timing shifts between the
received signals from the first and second transmitters. In
current commercial practice, the summation of these three '
components results in time shifts of about 200 microseconds. The
timing shift present in simulcast systeﬁs disadvantageously limits
the baud rate at which information may be transferred. 1In
general, Figs. 3 and 4 will also illustrate how timing shifts
érevents high baud rate transmissions.

A time line representation of a signal 306 from a first
transmitter is shown in Fig. 3(A) and a signal 308 from a second

transmitter is shown in Fig. 3(B), both from the perspective of a

N '—-—_4 3
4
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1 || receiver located in an overlap area. Vertical dashed lines 300

: represent baud intervals on the time axis. As can be seen from
géFigs. 3(A) and (B), the signals 306 and 308 are frequency
?;modulated between a high and a low frequency value and the signals

5 i5306 and 308 are exactly in phase. As will be appreciated, the
;;timing shift between signals 306 and 308 must be small when

fcompared to the baud interval shown in Figs. 3(A) and (B) since

:fsignals 306 and 308 are in synchronization. Of course, as the

i baud interval decreases, the timing shifts will likely cause

10 ignals 306 and 308 to be out of synchronization.

Figs. 3(C), (D), and (E) show the summation of these two
?-signals 306 and 308 at an equi-signal boundary, such as boundary

1200 in Fig. 2. Fig. 3(C) shows a composite signal 310 indicating

"that the freguency information remains unchanged, Fig. 3(D) shows

15 i'a linear graph 312 of the relative phase difference caused by a
. slight carrier frequency difference between the signals from the

| first transmitter and the second,transmitter. Fig. 3(E) shows a
g;composite amplitude signal 314. A noise threshold is indicated by
i

! the horizontal dashed line 304 in Fig. 3(E).

20 i; Of interest, Fig. 3(E) shows the composite amplitude signal
i

fi314 dipping below the noise threshold 304 at an anti-phase

;;condition 302 (e.g., when the relative phase angle is + 180°, as

I
i

iishown in Fig. 3(D)). As can be seen from Fig. 3(E), the
i

|,anti-phase condition 302 caused by the slight phase shift between

25 iitransmitter 1 and transmitter 2 will not cause any loss of data
fanto tewoeRson | Decause the anti-phase condition persists for only a small portion
FARABOW, CARRETT 1} :
S DINNER {of the baud interval.

1200 | STREET, & W 1
wASHINGTON, DC 20008 |
1:202-408 <000 ti

30 i / L= 5 =
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|
i
1]
il
Ii The slight offset of the carrier fregquencies between the

i first and second transmitters causes a slow drift of the relative
;;phase of the two signals, as shown in Fig. 3(D). When the signals
??are + 180° out of phase, the temporary dip in the amplitude

5 ;?signal may cause the loss of a few bits in the composite signal,

iat worst. These errors can be counteracted with a conventional
rror correcting code, such as is commonly known.

i ‘Fig. 4 shows a set of similar signals to those in Fig. 3, but
i

i
i
il

10 . or out of synchronization with, the signal 404 from the second

wherein the signal 402 from the first transmitter is offset from,

i| transmitter by a full baud. In particular, signal 404 lags signal

53402 by one baud interval. As previously discussed, the offset of
i :
:Isignals 402 and 404 may be caused by various timing shifts in the

|| delivery of both signals 402 and 404 to a receiver in an overlap

15 %Earea. Figs. 4(A) and (B) illustrate the extreme case where the
i 4

|| sum of these timing shifts is equal to the baud interval shown by

iEdashed lines 400. As can be seen in Fig. 4(C), composite signal

406 includes a period of indeterminate frequency which undesirably

|
covers several entire baud intervals and, therefore, successful

20 |demodulation is impossible during those baud intervals. If the

baud interval were increased to minimize the effect of these

timing shifts, data loss would be less likely. Therefore, it can
!

!be seen that the baud rate at which good data transfer can be
i ;

iaccoﬁplished is limited by the timing shifts between signals

25 !delivered to receivers in overldp areas.

]
AW OFFICCS i |
FINNECAN, HENDERSON l|
Farapow, CARRETT
& DUNNER r
D [ STREET, & W
\-1 INOTON, DC 2000%
1:202 408 4000
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i
i
i
!; Through these examples, it can be seen that high degrees of
| -
I

modulation synchronization make it possible to obtain good data
?idemodulation in a simulcast system. However, the baud rate
filimitation of simulcast systems is a significant drawback and
5 limits system throughput.
I An alternative to simulcast for wide area coverage is
ifassignment of orthogonal, non-overlapping subdivisions of the
" available system capacity to adjacent areas. Subdivisions can be
;%made in time (e.g., broadcasting the information on the same
10 . frequency in different time slots to adjacent areas), or in
;;frequency (e.g., broadcasting the information simultaneously on
fidifferent frequencies.in adjacent areas). There are several
;fproblems with such orthogonal systems, however. First, orthogonal
.assignments require tuning the receiver to the assigned frequency
15 :.or time channel for the area in which the receiver currently
resides. In the broadcast services every traveler has experienced
:ithe frustration of finding the correct channel for their favorite
;.programs. Simulcast Dperation avoids the need for scanning and
?Ere—tuning as the mobile unit moves between areas. Such scanning
20 ) g:and re-tuning also disadvantageously increases mobile unit power

iconsumption.
i
i

il
H

i'drastically reduces the system throughput capacity as measured in

Second, and more serious, the orthogonal assignment approach

iibits per Hz because anywhere from 3 to 7, or possibly ﬁore,

25 ;joxthogonal assignments are required to obtain continuous area
- { ; .
nEem Hevoerson || COVE@TAge in most conventional orthogonal systems. This waste of
FaraBOw, CARRETT : .
3mﬁbfi? . ' capacity is somewhat recouped if the same information is not
L} STRIET. & i
wASHINGTEN, DC 20008 |1 ’
1°202'408:4000 i

30 (.r' -7 =
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il

I oy
1 | needed throughout the service area because a given piece of

information is sent only to those cells where it is needed.
Conventional cellular radio service is a typical example of

i';an orthogonal system. In cellular, the same frequencies are

5 reused in spatially separated cells to allow different data to be
:transmitted to different mobile units. An example of three
';cellular arrangements is shown in Fig. 5 where the number of cells
ig(N) i's equal to 3, 4, and 7. Eath cell (i.e., A, ﬁ, €, -« =) dn
Eiconventional cellular service usually only includes a single

10 ‘. transmitter and operates in a different freqdency or time division
2;within the communication protocol. As shown in Fig. 5, cellular
| service generally locates transmitters utilizing the same division
_i(all the "A" trahsmitters] far enough apart to reduce the
-jlikelihood of interference between such transmitters. As the

15 .?number of cells increases, the likelihood of interference
;Edecreases. For example, with N=3 as shown by arrangement 500 in
:%Fig. 3, the distance between the coverage area of "A" cells is

L:about % cell width, with N=4 in arrangement 502, the distance

%Ebetween the coverage areas of "A" cells is slightly larger, and

20 é;with N=7 in arrangement 504 the distance between "A" cells is
églarger than the width of one cell.
j: However, as the number of cells increases, the length of the
?:individual time intervals per cell decreases for time division

ﬁmultiplexed systems, thereby decreasing the systems total
i :

25 linformation transfer. In frequency division systems, more cells
1}
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weernets  ilindesirably increases the freguency bandwidth required.

herefore, system throughput in bits per Hz is decreased as the -
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1 . number of cells increases. Furthermore, cellular systems often
! require an electronic "handshake" between system and mobile unit
., to identify the specific cell (i.e. transmitter) in which the
::mobile unit is 1océted to allow capacity reuse. .
5 ?II. S Y OF THE INVENTION
The systems and methods of the present invention have a wi&e
Evariety of objects and advantages¥ The systems and methods of the
;. present invention have as a primary object to provide a
! communication system with wide area coverage and high message
10 s:throughput while minimizing frequency bandwidth usage.
3? It is an object of the invention to provide a simulcast
' communication system with a high data transfer rate which does not
‘i exceed the baud rate limitations of simulcast traﬁsmission.
It is a further object of the presen£ invention to provide a
15 é:communication system which provides for superior data
+ communication infegrity.
Yet another object of the i;vention is to provide a mobile
:%transceivei unit which prevents unnecessary RF interference,
;;particularly on commercial aircraft. ?
20 it Still further, it is an object of the invention to provide a
zone based communication system which may dynamically redefine
Egzone boundaries to improve information throughput.
}? Another object of the invention is to provide a zone based
iésimulcast communication system which can effectively communicate
25 i;with both mobile transceiver units located near the center of each
il

Frxgoan, Henptrson || ZONE s well as mobile transceiver units located within the

FARABOW, CARRETT |

6 DwNER i gverlap areas between two or more zones.
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Additional cobjects and advantages of the invention will be

set forth in part in the description which follows, and in part

;;Will be obvious from the description, or may be learned by
! practicing the invention. The objects and advantages of the
iinvention will be realized and attained by means of the elements
;and combinations particularly pointed out in the appended claims.
To achieve the objects and in accordance with the purpose of
_Ethe invention, as embodied and broadly described herein, the
;invention is directed to a method for information transmission by
o a plurality of transmitters to provide broad communication

. capability over a region of space, the information transmission N

occurring during at least both a first time period and a second
time period and the plurality of transmitters being divided into

., at least a first and second set of transmitters, the method
;:comprising the steps of (a) generating a system information signal
;Ewhich includes a plurality of blocks of information,

(b) transmitting the system information signal to the plurality of

! transmitters, (c) transmitting by the first and second sets of

;:transmitters a first block of information in simulcast during the
:Efirst time period, (d) transmitting by the first set of

kftransmitters a second block of information during the second time
|period, and (e) transmitting by the second set of transmitters a
B! =

?gthird block of information during the second time period.

In another embodiment, thelinvention is directed to a

%%multi—carrier simulcast transmission system for transmitting in a
izdesired frequency band a message contained in an information
;ésignal, the system comprising a first transmitter means for

” }{'-10-
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1
! transmitting an information signal by generating a first plurality

,:cf carrier signals within the desired frequency band and by
:modulating the first plurality of carrier signals to convey the
-Einformation signal, and a second transmitter means, spatially

5 separated from the first transmitter, for transmitting the
~ information signal in simulcast with the first transmitter by
Eigenerating a second plurality of carrier signals at substantially
.Lthe same frequencies as the first plurality of carrier signals and
E%by modulating the second plurality of carrier signals to convey

10 3@the information signal.
H In another embodiment, the invention is directed to a
?;communication method implemented in a computer controlled
f;cammunicaticn network for locating a mobile transceiver within a
z;region of space, the region of space being divided into a

15 ';plurality of zones with each zone serviced by at least one base
: transmi;ter and at least one base receiver, Fhe network storing
':data corresponding to a zone where the mobile transceiver was last
;;knawn to be located, the communication method comprising the steps
iEof (a) transmitting a message signal by a base transmitter

20 :Lservicing a zone where the mobile transceiver was last known to be

lccated, (b) transm;tt;ng a systemwide probe signal by a plurality

of base transmitters servicing a plurality of zones if the mobile

i
transceiver does not indicate receipt of the message signal from

fthe base transmltte:, (c) receiving the regional probe signal by

25 ,the mobile transce;vez, (d) transmitting an acknowledgment signal

FPEL
FINNEGAN, HENDERSON
FARABOW, CARRETT |

& DUNNER probe 5ignal (e) receiving the acknowledgment signal from the

1300 [ STRELT. M W.
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i y the mobile transceiver in response to the received regional
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1 { mobile transceiver by a base receiver, and (f) updating the data
:ito reflect the zone of the base receiver that received the
lacknowledgment s;gnal as the last known location of the mobile
r_transce;ver.

5 - In yet another embodiment, the invention is directed to a
:imethod of communicating messages between a plurality of base
:Etransmitters and mobile receiveré within a region of space divided
Eiinto a plﬁrality of zones with each zone having at least one base
':transmltter assigned thereto, the communication method comprising

10 iithe steps of (a) transmitting substantially simultanecusly a first

Jlnformatlon signal and a second information signal to communicate
jmessages to the mobile receivers, the first information signal
HbEing transmitted in simulcast by a first set of base transmitters
Eassigned to a first zone, and the second information signal being
15 :transmitted in simulcast by a second set of base transmitters
iassigned to a second zone, (b) dynamically reassigning one or more
?of the base transmitters in the first set of base transmitters
%assigned to the first zone to the second set of base transmitters

‘assigned to the second zone as a function of the messages to be

20 ﬂcommunicated in an area, thereby creating an updated first set of
f} !

ase transmitters and an updated second set of base transmitters,
nd (c) transmitting substantially simultaneously a third
égnformation signal and a fourth information signal, the third
Hinformation signal being transmitted in simulcast by the updated

25 fLrst set of base transmitters, and the fourth information signal

it
FA oo be:ng transmltted in simulcast by the updated second set of base
FARABOW, CARRETT .
& DUNNER i
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1 %Etransmitters to communicate additional messages to said mobile
j;receivers.
‘ In another embodiment, the invention is directed to a mobile
. transceiver unit for transmitting messages to and receiving

5 messages from a network comprising input means for allowing the
. user to input a user message to the unit, transmitter means for
::transmitting a radio frequency signal including the user message
jffrom the mobile unit to the network, receiver means for receiving
g?radio frequency signals having a message from the network, signal

10 i?detector means for detecting at least one type of electromagnetic
';signal generated external to the mobile unit and the network, and
é?a circuit, connecting the signal detector means to the transmitter
iémeans, for disabling the transmitter means upon detection of the
j;electromagnetic signal, thereby preventing unwanted radio

15 Efrequency transmission.
: In another embodiment, the invention is directed to a
it 1
E;-communication method for controlling a mobile transceiver which
éémay communicate with a communication network controlled by a
:écomputer, the network including a plurality of base transmitters

20 - ??for transmitting messages from the network tb the mobile
Vgtransceiver and base receivers for receiving messages from the

'{mobile transceiver, the mobile transceiver béing capable of

ending a registration signal to be received by a base receiver in

jithe network to identify the mobile transceiver’s location and the

25 !fplurality of base transmitters in the network being capable of
Snzea, Henoenson || S€Nding a probe signal to the mobile transceiver to cause the

© FARABOW, CARRETT ||
8 Duinien ‘mobile transceiver to transmit a signal to a base receiver to
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identify its location, the method comprising the steps of
il (a) sending a message from the network to the mobile transceiver
;Ito disable the mobile transceiver’s capability to transmit a
firegistration signal, (b) storing the number of probe signals sent
;by the network to the mobile transceiver during a first period of
time and the number of messages successfully delivered to the
timabile transceiver by the network during a second period of time,
:é(c) processing by the computer the stored number of probe signals
'iand number of messages successfully delivered to evaluate a
" likelihood that a probe signal will be required to be sent by the
’:network to locate the mobile unii to deliver a message, and
ig(d) sending a message to the mobile unif to enable the mobile
| transceiver's capability to transmit a registration signal if the
‘jcalculated likelihood exceeds a selected value.
; Finally, in another embodiment,. the invention is directed to
-fa communication method for controlling a mobile transceiver which
.may communicate with a communication network controlled by a
;écomputer, the network including a plurality of base transmitters
i:for transmitting messages to the mobile transceiver and base
iéreceivers for receiving messages from the mobile transceiver, the
iimobile transceiver being capable of sending.a registration signal
ééto be received by a base receiver in the network to identify the

!I

fémobile transceiver’s location, the network using received

it

Eiregistration signals to determine a set of base transmitters to be
':operated to transmit a.message to the mobile transceiver, the
Eimethod comprising the steps of (a) sending a message from the

‘ network to the mobile transceiver to enable the mobile

waSHNGTON, OC 20008 ¢

1°202 4084000
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transceiver’s capability to transmit a registration signal,

i (b) storing the number of registration signals from the mobile

| transceiver to the network during a first period of time and the

EEnumber of messages successfully delivered to the mobile

' transceiver by the network during a period of time, (c) processing

;! the stored number of registration signals and number of messages

" successfully delivered to evaluate a likelihood that a

10

15

20 i
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registration signal from said mobile unit will not be used by the

network to determine a set of base transmitters, and (d) sending a

| message to the mobile unit to disable the mobile transceiver's
icapability to transmit a registration signal if the likelihood

{ exceeds a selected value.

It is to be understood that both the.foregoing general
description and the following detailed description are exemplary
and explanatory only and are not restrictive of the invention, as
claimed. l

III. BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and
constitute a part of this specification, illustrate several

embodiments of the invention and together with the description,

. serve to j:iigin the principles of the invention.

Fig. is a schematic diagram of an drrangement of simulcast
| transmitters; g .
Fig. is A schematic diagram of uniform smooth earth
propagation

Fig.”3 is a schematic diagram of synchronized modulated

i waveforms;
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1 : Fii;,i,is’ﬁfschematic diagram of modulated waveforms oifset a
i
|
it full baud; .

‘hematic diagram of cellular system coverage;

Fig

10
; chematic diagram of an on/off keying modulator;
? of a frequency shift keying
é» Fig schepatic diagram of a four carrier quadrature
15 égmodulator;
J ic diagram of a first embodiment of a
%ibase transmitt
ﬁ i tic diagram of a second embodiment of a
%Ebase .
20 = i% ematic diagram of a mobile transceiver;
; a éictorial representation of a mobile
iitrans
i Fig. 17 matic diagram of a mobile receiver;
; Fig T ige “schematic diagram of an analog base receiver;
25 :E Fif ’Héﬁhematic diagram of a digital base receiver;
Hmﬁ;;?;§;MON§: Fi schematic diagram of a base receiver with a
FARABOW, CARRETT i

& DUNNER ]
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'IV. DESCRIPTION QOF THE PREFERRED EMBODIMENTS
Reference will now be made jin detail to the present preferred
- embodiments and exemplary embodiments of the invention, examples
Eof which are illus£rated in the accompanying drawings. Wherever
5 possible, the same reference numbers will be used throughout the
:drawings to refer to the same or like parts.
A. Overview of The System Hardware
Fig. 6 shows an overview of the major elements of a preferred
"communication system according to the present invention. As shown
10 :?therein, the communication system includes a network operations
:center 600 which is connected to a satellite uplink 602 via data
{;path 604. A satellite uplink is used to provide data to satellite
‘:606. Satellite 606 redirects the received data to sevéral

L!satellite downlink stations including station 608 and station 610.

15 Conventional satellite technology allows for nominal data transfer

. rates of 24 M bits/second. Further, conventional satellite
'ftechnology allows for accﬁrate delivery of. data to stations 608
:;and 610, which allows for precise synchronization between the
i?signals broadcast in simulcast by the stations 608 and 610. It

20 ! should be understood that stations 608 and 610 may optionally
4l

. receive identical data, or may individually receive different data

,:simultaneously from the satellite 606.

Satellite downlink stations 608 and 610 are connected to
, spatially separated base transmitters 612 and 614 via data paths

25 ffGlG and 618, respectively. Base transmitter 612 is connected to

1
Law @FRICES i

;mﬂmn¢Hmnaxmgéantenna.620, and base transmitter 614 is connected to antenna 622.
FARABOW, GARRETT | : ) _
8 DUNNER. . Preferably, the base transmitters of the present system have a
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power output capabiiity of about 350 watts, which will provide an
effective transmitter coverage area of several tens of miles.
AithwmmTTnﬂr1ﬂﬂaﬂ+44h4&gT‘fT“eucé?zone preferably includes
multiple transmitter statiogz;es will be evident from the
following discussion.

Mobile unit 624 is connected to anteﬁna 626 and, in the
preferred embodiment, is a small, portable unit capable of being
carried easily by a user and therefore is similar to conventional
pagers in those aspects. More preferably, the mobile unit has
both receive and transmit capability, with a nominal transmit
power output of abdut 1 watt.

The communication system includes several base receivers 628,
630, 638,

632, and 634 each connected to antennas 636, 640, and

642, respectively. Base receivers 628 and 630 are ﬁonnected to a
regional station 644 via data paths 646 and 648, respectively.
Base receivers 632 and 634 are connected to regional station 650
via data paths 652 and 654, respectiveiy. Base transmi£ters 612,
614 preferably have a large transmit power output capability to
provide coverage to the mobile unit in areas to which
communication is typically difficult, such as building interiors,
and to extend the coverage area of each transmitter. Aq
appropriate number of base receivers should be dispersed
throughout the geographic area to reliably receive the signals
from the mobile unit. Due to the difference in output power

between base transmitters and mobile units, an overall ratio of 10

base receivers to 1 base transmitter may be appropriate, and the 2

poif T

f‘-.J.
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to 1 ratio shown in Fig. 6 is merely shown for ease of
illustration.

Regional station 650 is connected to the network operations
center 600 via data path 656 and regional station 644 is connected?
to the network operations center 600 via data path 658. The data
paths 656 and 658 preferably include low cost phone lines, but may
include any convenient and appropriate data transfer technology. -

Generally, the communication system of the present invention
roughly divides various regions of space into portions called
zones. Each zone must have one or preferably more base
transmitters assigned to it. Zone boundaries are roughly defined
by the transmitter coverage areas of the base transmitters
For example, Fig. 6 shows a dashed

assigned to that zone. zone

dividing line 660 roughly dividing a zone 1 from a zone 2. Zone 1
includes base transmitter 51{, base receivers 632 and 634,
regional station 650, and mobile unit 624. Zone 2 includes base
transmitter 612, base receivers 628 and 630, and regional station
644. Dashed line 660 only roughly defines the boundary between
zones because precise boundaries' do not exist. For example, to
insure adequate coverage of the region, as shown in Fig. 1, the
range of béth transmitter €614 should at least cover the region
above dashed line 660, and preferably should extend somewhat below
dashed line 660. Similarly, the range of base transmitter 612
should at least cover the region below dashed line 660, and
preferably should extend somewhat above dashed line 660. As can
be seen, an overlap of transmitter coverage may occur in the

vicinity of dashed line 660.

& 90 w
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Referring back to Fig. 2, it can be seen that boundary 202
and boundary 204 overlap in an area near the equi-signal 200 and

between these boundaries which may be termed an "overlap area."

In Fig. 6, dashed line 660 is drawn near the may be defined as the:

equi-signal boundary between base transmitter 614 and base
transmitter 612. Of course, dashed line 660 does not represent
the overlap area that may occur between base transmitter 614 and
base transmitter 612.

As explained in the Background of the Invention section, L

base transmitters 612 and 614 are broadcasting identical signals

on the same frequencies in simulcast, good reception by a receiver

located near the dashed line 660, and possibly in an overlap area
(not shown), can be achieved. Simulcast thus may provide uniform

transmitter coverage for the reginn shown in Fig. 6. However, if
base transmitter 612 is broadcasting a first information signal
and base transmitter 614 is broadcasting a different, second
information signal on identical frequencies simultaneously, it
gill likely be difficult for a receiver located in the overlap
area to receive either the first or the second information signal.
In this instance, the overlap area maf be referred to as an
interference area because a receiver in this area would receive a
composite signal, including the first and second information
signal, that would likely be unusable.

The following will be an exemplary discussion of the various
interactions of the elements of the communication system when

)
delivering a message to mobile unit 624. In accordance with the

invention, a breferred method 700 of this interaction is shown in
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Fig. 7. Network operations center 600 gené:ates a system
information signal of several blocks of information as shown in
step 702. The blocks of information include an electronic message
to be delivered to the mobile unit 624.

In step 704, the system information signal is transmitted to
the base transmitters. In particular the network operations
center 600 provide the system information signal and appropriate
other data to the satellite uplink 602 via data path 604 for
transmission to the satellite 606. The data is then received and
retrahsmitted by satellite 606 to satellite downlink stations 608
and 610. The data received by satellite downlink 608 is provided
to base transmitter 612 through data path 616, and the data
received by satellite downlink 610 is provided to base transmitter
614 through data path 618.

At this point, the exemplary commﬁnication system shown in
Fig. 6 may transfer the message to the mobile unit during one of
two time intervals. In the first time interval, both base
transmitter 612 and base transmitter 614 transmit data via antenna
6520 and antenna 622, respectively, in simulcast to be received by
mobile unit 624, which corresponds to step 706 in Fig. 7. This
first alternative may be useful to deliver the message if, for
example, the location of mobile unit 624 in zone 1 or.zone 2 is
unknéwn and broad coverage is desired.

In the second time interval, base transmitter 614 transmits a.
block of information including the message data to mobile unit 624
and base transmitter 612 transmits another block of information,
which corresponds to steps 708 and 710 of Fig. 7. This second

ol 1
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alternative may be useful if, for example, the mobile unit 624 is
known to be located in zone 1 and out of range of base transmitter
612. Delivery of the message to mobile unit 624 during the second
time intefval is advéntageous because during message delivery to
the mobile unit 624 by base transmitter 614, base transmitter 612
could be delivering a different message to a different mobile unit
(not shown). As can be seen, this second alternative would

increase information throughput and system efficiency.

If the mobile unit 624 has properly received the message via

i

1

i
i

antenna 626, then the mobile unit 624 may generate a return signal.

and broadcast that signal via ﬁnténna 626." The return signal may
be received by any or several of the base receivers 628, 630, 632,
or 634. For example, the return signal could be received by base
receiver 632 through antenna 640 if antenna 640 is located closer

to the mobile units than any other antenna 636, 638, or 642. 1In

this case, the base receiver would receive the return signal and

provide it to regional station 650 through data path 652. The
regional station would then_provide the return signal to the
network operations center 600 through data path 656 for further
processing as appropriate. It should be understood that a return
signal may include either an auténomous acknowledgment signal
which indicates that the mobile unit accurately received the
message or a user generated reply signal.

If the mobile unit 624 does not completely receive the
message, it Ean genefate and broadcast a negative acknowledge

signal. The negative acknowledge signals when delivered to the

Page 00096



1 network operations center 600, indicates that retransmission of ;
the message is necessary.

It should be understood that the exemplary system shown in
Fig. 6 includes a modest number of elements for ease of
5 | explanation. It is envisioned that the system of the present
invention include a large number of base transmitters, base
receivers, regional stations, and mobile units with a substantial
number of base transmitters assigned to each zone and all base
transmitters assigned to a particular zone operating in simulcast.
10 Further, it is envisioned that the present system could E
advantageously support a large number of zones to cover a wide
geographic area.

B. Overview of the Zonal Simulcast Concepts

The preferred systems and methods of the present invention
15 variously use simulcast techniques within individual zones and
over several or all of the zones. As previously noted, zones are
generally defined by the coverage areas of the one or more base
transmitters. The network operations center 600 assigns each base
transmitter in the system to a zone. For example, in Fig. 6, base,
20 transmitter 614 is assigned to zone 1, and the base transmitter .
612 is assigned to zone 2 by the network operations center 600.
To maximize information throughput, the systems and methods of the-
present invention dynamically control zonal assignments and the
use of simulcast techniques.
25 In general, the communication system of the present invention

LAW CFFICES 2 2 : :
cnezons, Hevoenson || OPET@tEs by repeating a communication cycle to achieve desired

FARABOW, CARRETT . . - .
& DUNNER information transfer, which is more fully discussed infra. The
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i
i
i
i

communication cycle is divided into a systemwide time interval and

i

a zonal time interval. In the systemwide time interval, the base
transmitters from at least several zones are operated in simulcast?
to simultaneously transmit identical information to a lazge
geographic area. It should be understood that the 5ystemwidé_timef
merely two Or more zones. ;

Broadly speaking, the communication system need not know the
location of a mobile unit to transmit to it during the systemwide
time interval. Therefore, the systemwide time interval can be :
used to send a "probe" signal that regquests a particular mobile
unit to broadcast an acknowledgment signal to allow the'system to
determine its approximate location by determining which base
receiver receives the acknowledgment signal. Probe signals,
thereby, may be used to track the locations of mobile units, or to
uncover the location of "lost” mobile units.

In the zonal time interval, each base transmitter assigned to
a particular zone transmits identical information in simulcast.
However, for mobile units at or near the interference areas
between adjacent zones, poor communication to those mobile units
is likely during the zonal time interval because transmitters in
adjacent zones will be simultaneously transmitfing different data
on the same, or substantially the same, frequencies. The zonal
time interval provides good communication capability for mobile
units not located near the zonal boundaries and allows the system

to “reuse" identical frequencies in adjacent zones. Furthermore,

'if zonal boundaries are selected to be located in areas where

mobile units are not likely to be located, i.e. unpopulated areas,

=26 &

;
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the likelihood of providing good, communication capabilities to a

large percentage of mobile units can be increased.

As can be seen, from a system perspective, it is desirable to;
communicate with the mobile units in the zonal time interval
because information throughput is maximized by reusing the
transmission fregquency band in the several zones. In other words,
using the zonal time interval allows communication with a large
number of mobile units in a short amount of time. Accordingly,
communication during the systemwide time interval should be
minimized because message transmission during this interval
requires a large amount of system resources be dedicated to that
message.

For mobile units located near the boundaries between zones
where interference is likely during the zonal time interval, good
communication capability can be achieved for these units during
the systemwide time interval. In the preferred systems and
methods, when a mobile unit fails to acknowledge a message sent
during the zonal £ime interval or provides a negative
acknowledgment, the network operations center sends a probe signal
during a subsequent systemwide time interval to determine the
location of that mobile unit. If the location of the mobile unit
indicates that a likely reason for the failure of the mobile unit
to receive the message is caused by inter-zonal intexrference, the
network operations center may simply retransmit the message du:ing
the systemwide time interval. In other instances, the failure to
successfully deliver a message may be simply caused by the mobile

unit being located in a weak signal area.within a zone. In these
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1 instances, the system may retransmit the massage'during the zonal
time interval using an appropriate error correcting code or using
a stronger error correcting code.

Alternatively, the network operations center may detérmine
5 from the probe signal that the mobile unit is simply located in a
different zone than the zone that the message was first sent. 1In
this case, the network operations center preferably causes the
message to be retransmitted in the appropriaﬁe,zone without again
using a portion of the valuable systemwide time interval.

10 In accordance with the invention, a préferred method B00 for
sending a probe signal is shown in Fig. 8. 1In step B02, a message
signal is transmitted by a base transmitter servicing a zone where
the mobile‘transceiver was last known to be located. In .
particular, this may be‘prefexably an attempt by the network to

15 deliver a message to the mobile transceiver.

If the mobile transcéiver does not indicate receipt of the
message signal from the base transmitter transmitted in step 802,
the network assumes that the mobile transceiver has not received
the message and transmits a probe signal by a plurality of base
20 - transmitters servicing a plurality of zones in step 804. The
mobile transceiver receives the probe signal in step 806.

Upon receipt of the probe signal by the mobile transceiver,
the mobile transceiver transmits an acknowledgment signal in step
808. A base receiver receives the acknowledgment signal from the

25 mobile transceiver in step 810.
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Finally, the data, such as fhe last l;cation field 2104 showni
in user database 2100, is updated to reflect the zone of the base i
receiver, or receivers, that receives the acknowledgment signal asg
the last known location OF the mobile trans;aiver in step 812.

C. The Multi-Carrier Modulation T;ansmiss;on Format

The base transmitters of the communication system, such as
base transmitters 612 and 614 shown in Fig. 6, preferably utilize
a multi-carrier modulation format as will now be described. In
general, a multi-carrier modulation format enviéions the
simultaneous transmission of several closely spaced carrier
frequencies within a desired frequency band, each individuallf
modulated to convey an information signal. The multi-carrier
modulation format advantageocusly allows for high data transfer
rates by providing good bit rate transmission rates while keeping
below the baud rate limitations of simulcast transmission
techniques.

Fig. 9 shows a frequency reﬁresentation 900 of an eight
carrier modulation format. Carrier frequency 902 is shown with
side bands 904, carrier frequency 906 is shown with side bands
904, carrier frequency 910 is shown with side bands 912, carrier
frequency 914 is shown with side bands 916, carrier frequency 918
is shown with side bands 920, carrier frequency 922 is shown with

side bands 924, carrier frequency 926 is shown with side bands

928, and carrier frequency 930 is shown with side bands 932.
' .
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i
1 l It should be understood that although this exemplary figure
i shows an eight carrier signal modulation format, other different
: numbers of carrier frequencies may be considered for use in the
systems and methods of the present invention.
5 ; In this exemplary embodiment, the carrier frequencies are
spaced 3 KHz apart within a desired frequency band of 50 KHz.
Dashed line skirts 934 and 936 represent minimum frequency roll
i off levels, such as may be required by Federal Communication
Commission regulations, to prevent overlap interference into
10 é adjacent frequency bands.
Because eight unigue data streams may be modulated onto the
i respective eight carrier signals in this embodiment, the data
transfer rate of the transmission from the base transmitters can
be greatly.increasgd, while keeping the baud rate within
15 ‘i acceptable ranges for simulcast transmission. It should also be
understood that in accordance with good simulcast practice, the
respective carrier frequencies between adjacent base transmitters,
such as base transmitter 612 and base transmitter 614 in Fig. 6,
should be slightly offset to prevent sustained nodes or "dead
20 s spdts" where destructive interference between the signals from
each transmitter provides an unusable composite signal, as was
explained in the background section of this application. This
frequency offset is preferably on the order of 10-20 hertz.
As previously discussed, each carrier signal may be
25
caw arrces i
Makaow, caraeTt ||

1
:
P
& DUNNER i
1200 [ STREET. M W ‘|

i| individually modulated to convey a data stream. The following
|

will discuss alternative techniques for modulating a plurality of
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carriers in accordance with the systems and methods of the present;
!
invention.

1% Modulated On/Off Keving

Perhaps the simplest modulation scheme conceptually is
modulated on/off keying (MOOK). Fig. 10 shows a schematic
representation of a MOOK modulator 1000. The MOOK modulator 1000
includes a plurality of carrier frequency generating devices, suchE
as frequency generator 1002 generating frequency Fl, frequency

genefator 1004 generating frequency F2, frequency generator 1006

generating frequency F3, frequency generator 1008 generating

frequency F4, and frequency generator 1010 generating frequency

Fn. As shown in Fig. 10, the MOOK modulator 1000 may include any

number (i.e. n) of frequency generators, but eight carrier
frequencies are preferred, as shown in Fig. 9:

The output from each of the carrier frequency generators 102,
104, 106, 108, and 110 is applied to a plurality of respective
switches SW1 812, SW2 B14, SW3 816, SW4 818, and SWn 820. The
output from each switch is provided to a combiner 1022.

Each of the switches SWl 812, SW2 814, SW3 816, Sw4 818, and
SWn 820 opens and closes under the control of a control logic
system (not shown) to effect the MOOK modulation. The control
loéic system (not shown) causes the desired switches to variously
close and open, thereby conveying an n-bit binary word. Each
carrier frequency transmits a binary “"one" if the respective

switch is closed and a binary "zero" if the respective switch is

open.

- 30 -
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The summer 1022 combines the modulated carrier frequencies tog
provide a multi-carrier modulated output signal that conveys an
n-bit binary word.

2 Binary Frequency Shift Keving Modulation

An alternative multi-carrier modulation scheme including
frequency shift keying (FSK) techniques may be implemented by the
modulator shown in Fig. 11. A frequency shift keying modulator
1100 .includes a first frequency source 1102, a second frequency
source 1104, a third frequency source 1106, a fourth frequency
source 1108, and an nth freguency source 1110. The output from
each frequency source is provided to a respective modulator 1112,
1114, 1116, 1118, and 1120.

A control logic system (not shown) provides a frequency
control signal to each modulator to frequency shift modulate the
carrier frequencies. In particular, the control logic system (not:
shown) provides fregquency control signal 1 to modulator 1112, .
frequency control signal 2 to modulator 1114, freguency control
signal 3 to modulétor 1116, frequency signal 4 to modulator 1118,
and freguency control éignal n to modulator 1120. In binary
frequency shift keying (BFSK), the respective frequency control
signals provide data corresponding to a binary "one" or "zero"
which causes the respective modulators to modulate a first or
second frequency onto the carrier signal.

A summer 1122 combines the modulated carrier freguencies to

produce an output signal.
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3. M'ary Frequency Shift Keying Modulation

A modulation scheme related to binary frequency shift keying
is M'ary frequency shift keying. M'ary frequency shift keying
modulates three or more different frequencies onto the respective

carrier signals. In quaternary frequency shift keying, for

i example, two bits of information may be instantaneously conveyed

on a single carrier frequency. Similarly, 8'ary fregquency shift
keyiﬁg may instantaneously convey three bitsrof information per
carrier frequency.

- Referring again to Fig. 11, M'ary frequency shift keying may
be implemented by providing modulators 1112, 1114, 1116, 1118, and
1120 with the capability to modulate M different frequencies onto
the carrier signal. Accordingly, the various freguehcy control
signals must provide data indicating which of the M frequencies is
to be modulated onto the carrier signal. For example; in
quaternary frequency shift keyiﬁg, the freguency control signals

must each include two bits of information to indicate which of the

four different frequencies are to be modulated onto the carrier

ifrequency.

The summer 1122 combines the modulated carrier frequencies to
produce an output signal.

Quadrature Amplitude Multi-Carrier Modulation

Yet another alternative modulation technigque for a

4.
multi-carrier transmission format is shown in Fig. 12. A
quadrature modulator 1200 includes a first gquadrature carrier
generator 1202, a second quadrature carrier generator 1204, a
third quadratﬁre carrier generator 1206, and a fourth quadrature

= 32 -
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carrier generator 1208. As is well known, guadrature modulaters
in general each produce an in-phase carrier signal and a
quadrature carrier signal that is +/- 90° out of phase with
reference to the in-phase sigﬁal. Of course, any number of
quadrature carrier generators could be envisioned, depending upon
data transfer and throughput needs. Fig. 12 shows four quadrature
carrier generations which effectively correspond to eight unique
modulator signals. Therefore, guadrature amplitude multi-carrier
modulation may preferably reduce the width of the frequency band
necessary to achieve a des;red data transfer rate.

Each quadrature carrier generator 1202, 1204, 1206, and 1208
receives a control signal from a control logic system (not:shown)
which provides the data to be modulated onto the guadrature
carrier éignals. In a simple implementation, the guadrature
carrier generators may amplitude modulate the in-phase and
guadrature phase output signals to convey two bits of information.
The in-phase and quadrature signals output from each guadrature
carrier generators 1202, 1204, 1206, and 1208 are provided to a
summer 1210 which combines the sigﬁals to produce an output
signal.

5. Permutation Frequency Shift Keving (PFSK)

PFSK may be implemented thréugh control logic systems similar
to that used in a MOOK or an M’ary FSK modulation scheme. In
PFSK, every baud has a fixed number of carrier signals present,
preferably any 4 of the possible 8. 1In a PFSK arrangement, a
constant average transmitter power is advantageously delivered and
the receiver bnly.need decide which 4 carrier frequencies contain
= f‘ 33 -
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the most energy. 1In the case of MODK, the receiver must attempt
to determine on a subchannel-by-subchannel basis the presence or
absence of a signal. This aspect of PFSK may simplify mobile
receiver design. .

Compared to a binary or M'ary FSK modulation schemes, a
higher number of bits may be delivered per baud with PFSK. For
example, PFSK may generate signals that independent FSK
subchannels could never generate, such as all four carriers being
the four highest frequencies, and therefore it can be seen that
PFSK may advantageously increase information transfer rates.

D. The Base Transmitter

' Each base transmitter unit, such as base transmitter 612 or
614 shown in Fig. 6, receives transmitter control data and message'
data transmitted from the satellite 606. Fig. 13 shows a first
preferred embodiment of a base transmitter 1300 in accordance with
the present invention. The base transmitter 1300 receives data
from the satellite downlink connected to data input 1302 which
provides this data to a control logic system 1304 to control the
operation of the base transmitter unit. The control logic 1304
provides a control signal to a plurality of modulators 1306, 1308,
1310, 1312, and 1314. Modulator 1306 produces a carrier signal
Fl, modulator 1308 produces a carrier signal F2, modulator 1310
produ&es a carrier signal F3, modulator 1312 produces a carrier
signal F4, and modulator 1314 produces a carrier signal Fn.

For example, the control logic may generate appropriate

control signals to modulate the carrier signals in a MOOK, BFSK,

M'ary FSK, PFSK, or quadrature amplitude modulation scheme, as
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previously discussed. Each modulator then provides the modulated |
output signal to a comiiner 1316 which combines each of the
several modulated carrier frequencies into a single output signal.

The single signal is then applied to a power amplifier 1318
to amplify this signal to an appropriate level. The power
amplifier 1318 may, for example, produce a nominal output signal
of 350 watts to antenna 1320. In this embodiment, power amplifier
1318 preferably has extremely linear characteristics to prevent
formation of intermodulation products, and to insure that these
intermodulation products do not cause signals to be generated at
undesirable frequencies. Antenna 1320 broadcasts the desired
signal from power amplifier 1318.

Fig. 14 shows a second preferred embodiment of a base
transmitter unit. The second embodiment comprises a base
transmitter 1400 which includes a satellite downlink connected to
data input 1402, contfol logic 1404, and several modulators 1406,
1408, 1410, 1412, and 1414. Each modulator receives an
appropriate control signal from the control logic 1404, as
previously discussed with réspect to base transmitter 1300.

The output from each of modulators 1406, 1408, 1410, 1412,
and 1414 in base transmitter 1400 is provided to respective power
amplifiers 1416, 1418, 1420, 1422, and 1424 to provide an
appropriate power output level for transmission, such as 350 watts

aggregate.

L\{’fh 35 —
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The output from each of power amplifiers 1416, 1418, 1420,

1422, and 1424 is provided to combiner 1426 to combine the
modulated carrier signals into a single output signal which is
provided to antenna 1428 for broadcast.

E. The Mobile Unit

The mobile unit may be a small, portable mobile transceiver,
such as pictorially represented in Fig. 16. Referring now to
Fig. 15, the mobile transceiver 1500 shown therein includes a
receiver section for receiving signals from the base transmitters
of the system, and a transmitter section for transmitting replies,
or other messages, to the base receivers of the system.

In particular, the mobile transceiver 1500 includes an
antenna 1502 which is connected to a transmit/receive switch 1504
to switch the antenna between thF transmit and receive sections of
the mobile transceiver 1500. A receiver 1506 is provided to
receive the messages from the base transmitter. Of course, the
receiver must be appropriately designed to receive the
multi-carrier signals from the base transmitters and must pe
appropriately designed to demodulate the particular modulation
scheme utilized. For exaﬁple, appropriate analog filters and
appropriate demodulators could be used. In the preferred
embodiment, the receiver performs a transform, such as a fast
fourier transform, on the received signai to separate the data
from the various carriers in the multi-carrier modulation format.

The receiver 1506 is connected to a display and storage logic -
section 1508 tc process the received signal.

An annunciator 1510

to alert the user that a message has been received is connected to
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1 and controlled by the display and storage logic 1508. The i
annunciator 1510 may commonly include a sound producing device
such as a beeper, or a vibrator,'or a flashing light.

A set of display controls 1512 to control the display of the

5 mobile transceiver 1500 is connected to the display and storage

logic 1508.. A display 1514, preferably an LCD display, is also
connected to the display and storage logic 1508 to display
messages and various other information to the user.

Display and storage logic 1508 is connected to transmit-logici
10 1518 Qia connection 1526. Display and storage logic 1508 may
generate an autonomous acknowledge signal which causes the
transmitter 1520 to broadcast an appropriately modulated RF
signal. As previously discussed, it is desirable for the mobile
transceiver to transmit an acknowledge signal if the message was
15 properly received by the mobile unit, or-alternatively to transmit
a negative acknowledge signal if the message was only partially
received. The negative acknowledge signal indicates that the
network operations center should rebroadcast the message to the
mobile unit.
20 Preferably, the rebroadcast of the message to the mobile unit:

- |{should occur with an appropriate error correcting code which may

be decoded by the mobile unit to insure complete and accurate
reception of the message. Of course, error correcting codes
should be used only when necessafy because their use slows data

25 transfer and increases the complexity of the mobile unit. Other

Law orrices
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viewed the message even though the mobile unit properly received

1
i

it, such as when the mobile transceiver is unattended by the user.f

A set of input switches 1516 is provided to allow the user to%
input a reply to a received message, or to otherwise generate a :
message to be transmitted by the mobile transceiver. The input
switches are connected to transmit logic 1518 which decodes the
signal from the input switches 1516 to generate an output signal
to the transmitter 1520. The transmitter 1520 generates an :
appropriately modulated RF signal to be broadcast by antenna 1502.

The mobile transceiver 1500 also preferably includes a noise
detector 1522, The noise detector 1522 provides an output signal
upon sensing through antenna_1502 a threshold level signal. The
noise detector 1522 provides an output signal to disable the
transmitter 1520 via connection 1524, and to thereby prevent
unwanted transmission by the mobile unit.

Noise detector 1522 preferably is set to detect
electromagnetic signals which are generated externally to the
communication system and which are indicative of a condition when
transmissions by the mobile unit are undesirable. For example,
the noise detector 1522 could be designed to serve a threshold
level of noise at 400 Hz. When the user enters a commercial
aircraft, which commonly uses 400 hertz power supply, the receipt
of this noise by the noise detector 1522 would then disable the
transmit capability of the mobile transceiver 1500 during
operation of the aircraft to prevent any unnecessary or unwanted

interference with the operations of the aircraft by autonomous or

intentional transmissions by the mobile transceiver 1500.
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will be transmitted.

The display and storage logic 1508 of the mobile transceiver

1500 further preferably includes a timing circuit (not shown)

l|which may be used to turn the receiver section 1506 on or off, as

desired. The timing circuit (not shown) advantageously allows the
mobile transceiver to "power down" during periods of time when
messages are not anticipated to be transmitted. For example, in a
preferred communication protocol: the receiver could simply power
up at the beginning of each cycle to receive data to determine if
a message will be transmitted to that mobile transceiver during
that cycle or when information concerning message availability

If the mobile transceiver is to receive a
message, the timing circuit could power up at the appropriate time
to receive the message, and then power down after réceipf. The
timing circuit, therefore, advantageously prolongs the battery
life of the mobile transceiver 1500. Of course, it should be
understood that the timing circuit could control the other
elements of the mobile transceiver, such as the display 1514, and
the transmit logic 1518.

In an alternate iﬁplementation, the receiver 1506 may
adaptively change its demodulation techniques to accommodate
various formats. For example, each zone may advantageously use a
different modulation format depending on message traffic levels,
and other considerations. In particular, the receiver ﬁay receive
a sigﬁal indicating the modulation scheme utilized in a given zone
via a modulation format message contained in an overhead portion
of the data stream. The ‘demodulation of FSK, M’'ary FSK, PFSK, and

MOOK formats all begin with the determination of the energy levels

& 39 =
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1 detected at each of the carrier frequencies, and thus require
identical processing of the received RF energy. The logic (not
shown) in the receiver interprets the meaning of these measured
energy levels based upon the modulation scheme selected as
5 indicated by the received modulation format message. 1In this
manner simpler and more economical traﬁsmitters, with a decreased
capacity for information transfer, can be used in zones that have
decreased traffic loads and more expensive, hiéh-th:oughput
transmitters can be used only in those areas where they are
10 needed.

A pictorial representation of the mobile transceiver is shown
in Fig. 16. The mobile transceiver 1600 shown therein includes a
case 1602, a pair of display control buttons 1604, a display 1606,
and a set of six reply buttons 1608, 1610, 1612, 1614, 1616, and
15 1618. As indicated previously, display 1606 is preferably an LCD
&isplay and a set of display control buttons 1604 may be used to
scroll text up or down on the display 1606. The message "will you
be home for dinner?" is shown on display 1606.

The set of six reply buttons 1608, 1610, 1612, 1614, 1616,
20 - and 1618 provide a flexible system for user generated replies to
received messages. The display and storage logic 1508 provides
information immediately above each button indicating a possible
reply message by the user. In the simple example shown in
Fig. 16, the user may reply "yes," "no," or "?" to the message
25 1620 displayed on the screen 1606. The transmit loéic 1518

LAw OFricEs
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presses. In this simple scenario, buttons 1614, 1616, and 1618
are unused.

In alternate applications, up to six possible reply messages
may be shown on the screen 1606. Of course, other particularized
applications may be envisioned for the reply feature of the mobile.
transceiver 1500. For example, if the user is a stockbroker, the
display 1606 could display the terms "buy," "sell," or "hold"
above the appropriate buttons. A variety of other applications
may be envisioned.

With the six button reply option provided by mobile
transceiver 1500, a three bit message may be transmitted by the
mobile transceiver to the base receivers. The two remaining
states of the three bit message may be used by the transmit logic
1518 for the autonomous acknowledgment signal which indicates that-
the message has been properly received, and for the autonomous
negative acknowledgment signal which indicates that the message
has not been completely or properly received.

Of course, -the mobile transceiver 1500 shown in Fig. 16 could
be configured differently to provide more or less reply buttons,
different display cantrol buttons, and different display formats
as desired or needed by the user.

Further, the mobile transceliver 1500 could additionally
include a data output port (not shown) for connection to other
electronic devices of the user. For example, the mobile
transceiver could be connected through an output port to a laptop
or palmtop PC, or could be incorporated therein. The PC could

display the message on its screen, thereby obviating the need for

_.'
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the display 1606, and the keyboard could be used to generate any |
appropriaﬁe reply messages from the user, thereby obviating need
for the réply buttons and allowing free form messages to be sent
by the mobile transceiver. A user selected reply would be
transferred to the mobile transceiver 1500 from the PC for
transmission to the base receiver.

Alternatively, the mobile transceiver could be connected to ai
voice data replay device, such as a speaker, thereby allowing the f
user to receive messages from a voice mailbox, for example. Of
course, a voice data generation device, such as a microphone,
could be connected to the mobile transceiver 1500 to allow the
user to reply to the voice mail message he has received or to
initiate voice data communication from the mobile transceiver to
the base receivers. Similarly, facsimile transmissions could be
supported.

An alternate embodiment of the mobile unit includes only
receive capabilities, but does not include any transmit
capabilities. Fig. 17 shows a mobile receiver 1700. The various
components of the mobile receiver gener#lly correspond in

functionality to the similar elements shown in Fig. 15. Of

course, the mobile receiver 1700 Eannot generate replies, which
includes user initiated replies, an autonomous acknowledgment
signals or negative acknowledgment signals, because of the lack of
transmit capability. Also, the location of this alternate
embodiment cannot be tracked by the network control center because
of the lack of transmit capability. Generally, because of these
reasons, the mobile receiver 1700 embodiment of the mobile unit is

T
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‘service at least one zone, of course.

less preferable than the mobile transceiver embodiment 1500.
Further, it should be appreciated that the mobile transceiver
embodiment may include circuitry for generating various autonomous
responses without interaction by the user.

F. The Base Receiver y

The base receivers of the present system receive the low
power output signal from the mobile transceiver unit. As is shown
in Fig. 6, mobile receivers are dispersed throughout the
geographic service area. Base receivers need not be associated
with zonal boundaries per se, but will always be located to
A few base receivers may
exist in the overlap region between zones.

During transﬁission of the return signal by the mobile
transceiver unit, it is possible that several base receivers could
receive this return signal. 1In this instance, the network
operations center 600 preferably selects the data from the base
receiver with the highest received signal strength (i.e. the
signal with the lowest probability of errors) to maximize the
likelihood of receiving accurate data. The signal strength
approach is preferred and can be satisfactorily implemented if the
base receiver locations are carefully selected to insure adequate
signal strength reception from the mobile transceiver units and to
minimize the overlap between base receiver coverage areas.

Alternately, the network operations center 600 could use "voting"

techniques by comparing each data set from the several base

receivers to arrive at the most likely return signal data using

conventional voting receiver technology.
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1 Fig. 18(A) shows a first embodiment of an analog base |
receiver. Analog receiver 1802 is connected to an antenna 1800.
The analog receiver 1802 simply receives the signal from the

antenna 1800 and removes the modulated waveform from the carrier

5 frequency and outputs this waveform in analog format to a regionalj
demodulator 1804 via data path 1806. Data path 1806 is preferably:
a 4 KHz analog telephone channel.

‘The regional demodulator 1804 receives signals from several
analog receivers included in several base receivers. Preferably,
10 the regionai demodulator 1804 is located in the regional station,
such as regional station 650 shown in Fig. 6. The demodulated
signal from the regional demodulator 1804 is then transferred to
the regional processing circuitvy 1808, and then onto the network
operations center 600.

15 The analog reéeiver 1802 could generate identification data
to be transmitted with each received message so the network
operations center 600 can determine the source of each message
received. Alternatively, and preferably, dedicated communication

o paths are used for each base receiver and therefore, the source of
20 the message can be inferred from the communication path that is
activated.

Fig. 18(B) shows a digital base receiver embodiment which
includes an antenna 1800 attached to an analog receiver 1802. As
in the previously discussed embodiment, the analog receiver 1802
25 removes the modulated waveform from the carrier signal transmitted

LAw orricEs
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receiver. The demodulator 1810 produces a digital output signal

corresponding to the data stream transmitted by the mobile

‘ltransceiver unit. The demodulator 1810 provides the digital
output signal to the regional processing circuitry 1808 in the
fregional station via data path 1812. Data path 1812 may be any
:éconventional data path which can satisfactorily convey the digital
idata from the demodulator 1810 to the regional processing center
1808. The regional processing circuitry 1808 then passes the data
.ito the network operations center 600.

Fig. 19 shows a digital base receiver including error

correction and store and forward features. An antenna 1900 is

connected to an analog receiver 1802 which is connected to a

demodulator 1810, as previously described with reference to

i Fig. 18(B). The demodulated digital signal is output from

;idemodulator 1810 to error correction circuitry 1906 which may
o
;gperform error correction algorithms to insure the integrity of the.

il return signal received from the mobile transceiver unit. Of

i

!!course, the error correction circuitry should decode and correct
!
g!data which have been compatibly encoded by the mobile transceiver.
il

: The error corrected data output from the error correction
i circuitry 1906 is provided to a store and forward circuit 1908.
{iThe store and forward circuit 1908 stores the received data to
allow it to be transmitted later at a convenient time and at a
| convenient data transmission rate.

For example, inithe present system it is likely that the

i return signal traffic received by the base receiver will occur in

lishort bursts at a relatively high data transfer rate. However, it

—~

g

T—
‘
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is also likeély that the average data transfer rate from the base
receivers is substantially lower than the instantaneous data
transfer rate during traffic bursts. The store and forward
circuit 1908 may preferably act as a buffer to allow the return
signal data to be &ommunicated from the store and forward circuit

1908 to the regional processing circuitry 1808 at a lower (and

i less expensive) data transfer rate. Store and forward circuit

1908 is, therefore, preferably connected to regional processing
circuitry 1808 via data path 1910 which may include a low cost
telephone line.

G. The Network Operations Center

;5 Overview

The network operations center 600 is shown in schematic form
in Fig. 20. The network operations center 600 includes a base
receiver input system 2000 which receives data from the various
regional stations throughout the system (e.g., regional stations
644 and 650) via various data paths, such as data paths 656 and
6§58 as shown in Fig. 6. The data received by the base receiver
input system 2000 includes reply data from users with various
control data. Base receiver input system 2000 may include
appropriate conventional signal processing equipment. Control
data may include data idéntifying the base receiver (i.e. location

of the mobile unit) which received the associated reply.

Preferably, the base receiver input section 2000 receives data

\from the regional stations via phone lines. However, other

appropriate data paths may be considered.
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The base receiver input system 2000 then provides the
received data to a central computer 2002. The central computer
2002 may also receive input from a user input system 2004. For
example, the user input system 2004 may receive data from users
via phone lines who may access a%d interact with the central
computer via voice, DIMF, or modem transmission and may include
appropriate conventional signal processing equipment. A user may
interact with the central computer 2002 to modify his service, to
initiate or receive messages, or to perform other desirable
functions.

Génerully, the central computer 2002 processes the data
received from the base receiver input system 2000 and from the
user input system 2004 to perform various operations on the data,
to update various database entries for use by the central computer
2002, and to generate data for transmission to a satellite uplink
output system 2006.

It should be understood that, although Fig. 20 shows the
central computer as existing at a single location in the network
operations center 600, a distributed computing system may be used
to perform the necessary functionality of the central computer
2002. Presently, however, a single location for the central
computer 2002 is preferred.

Satellite uplink output system 2006 receives data from the

i central computer 2002 and provides it to satellite 606, shown in

Fig. 6, for transmission to base transmitters within the system

(e.g., base transmitters 612 and 614 in Fig. 6).
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The central computer 2002 is also connected to a database

system 2008 which stores various data such as message data, user

| status data, system status data, and message status data, for

|
?example, for use by the central computer 2002 in processing.

Also, a control access 2010 is provided to allow systems
;:engineers or programmers to access the central computer 2002 to
ijobserve and modify its operations and system performance.

2. Database Structﬁre

The database 2008 of the network operations center includes
several database structures necessary for the operation of the
system. While a preferred partitioning of these databases is
described below, it should be unherstood that other partitionings
could be considered, such as moving the various “"user traffic"
fields from the traffic statistics database to the user database.
} a. The User Database
_ For example, the user database structure shown in Fig. 21
!includes a record for each user of the sfstam who possesses a
!mcbile unit. The record for user 1 2100 includes various fields,
such as an ID number field 2102 which indicates a unique number
associated with that particular user. The transmit capability

field 2106 indicates whether the mobile unit assigned to the user

has the capability to transmit. The last location field 2104

includes data which indicates the last known location of the user.

The last location field may be updated when the central computer
recognizes that a new base receiver has received a return signal

from the mobile unit, thereby indicating the mobile unit has moved

since the last return signal. Of course, if the mcbile unit only
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includes a mobile receiver without transmit capability, the last

i
I
5 location field 2104 cannot be updated and the mobile unit may be

}‘given a default location.

3} The service area field 2108 includes data corresponding to
5 1Ethe area in which the user has subscribed to. For example, if a

‘‘user desires service in geographic areas less than the total

' system service area, the central computer could use the data in
i the service area field 2108 to cause only selected base
transmitters to attempt to transmit messages to a mobile unit.

10 The button format field 2110 includes data indicating the

format of reply buttons the user may access on the mobile
transceiver. Of course, for mobile units with only receive
capabilities, the button format field will not be used.

The message field 2112 includes data representing one or more

15 ii messages which are intended for the user. A receive flag is set

{: when the central computer has received data indicating that the

I message has been received by the mobile unit via an acknowledgment
il signal. If the mobile unit does not have transmit capability, the

receive flag is set upon transmission of the message by the

20 jﬁappropriate base transmitters. The user database structure may
include other fields for each user of the communication system of
the present invention as needed to provide various desired
services.

b. The Receiver Database

25 H Database 2008 of Fig. 20 includes a receiver database (not

LAW DFFICES i
FiINNECAN, HENDERSON i
FARABOW, CARRETT | .

5 DUNNER !! spach base receiver in the system. A first field for each base

shown) which includes an entry with several associated fields for

i
1300 ¢ STRIET MW
WASHINGTOM, OC 20008 i
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i
i
|
i
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1 receiver preferably includes the total number of mobile units

which have last communicated with this receiver. A second field

for each base receiver preferably includes a list of base

transmitters which may cover all or a portion of the receiver
5 .| coverage area of that base receiver.

i c. Traffic sfatistics Database

: Database 2008 of Fig. 20 should also include preferably a
traffic statistics database as shown in Fig. 22 which includes
various fields containing statistics calculated by the central
10 .| computer 2002 concerning traffic patterns for the system. For

i example, the traffic database 2200 preferably includes a user

i
]
jifields are preferably associated with the user field 2202. Field

field 2202 for data indicating a user of the network. Several

-52204 includes data representing the number of probe signals sent

15

5;by the network to locate the mobile unit associated with the user

|
‘' field 2202. Field 2206 includes data representing the number of

registration signals received by the network from the mobile unit

i
il
ilassociated with the user field 2202. Field 2208 includes data

i representing the number of messages from the network that have
20 i been succéssfully delivered to the mobile unit associated with the
! user field 2202. Field 2210 may be used for other traffic related
E'_data, such as data indicating the average traffic per cycle, and
data indicating a time average (i.e. for the last hour) traffic

amount.

25 Further, the traffic database 2200 could include fields (not
Law arricEn
FiNNEGAN. HENDERSON |
FARABOW, CARRETT |
1ni2ff“- | particular, each zone in the network. Such area specific traffic

1 TRELT. MoW, 1
WASHINGTON, 52 20008 |
1-202 208 2000 !

30 % : r:/- 50 -
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shown) for data concerning overall system performance and, in
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data may be useful in optimizing system performance by allowing

intelligent redefinition of zonal boundaries.
'

d. The Service Queue

Database 2008 of Fig. 20 also includes a service queue 2300

f?as shown in Fig. 20. The service gueue 2300 includes a current
?lmessages gueue and a probe list queue. The current messages gqueue
é includes a system wide list of messages tc be delivered by the

é system. The current messages queue includes, for example, a

series of ID number fields 2302, 23d4, and 2306 with associated

i data location fields 2308, 2310, and 2312, respectively. The data.
location fields 2308, 2310, and 2312 include pointers to the

appropriate fields in the user database structure shown in

Fig. 21. The ID number fields 2302, 2304, and 2306 include data
| indicating the ID number of the user to which the message is to be

iidelivered.

_ In operation, the central computer retrieves the ID number
§i2302 and data location 2308 from the top of the current messages
Eéqueue and retrieves the appropriate data from the user database
!52100 to process and transmit a message to the user.

E The probe list gueue includes a ID number fields 2314, 2316,
5 and 2318 and data location fields 2320, 2322, and 2324 similar in
éiform to those in the current messages queue. The probe list gqueue
% contains a list of users which the system has previously attempted
éunsuccessfully to deliver a message to. In other words, the users

éilisted in the probe list are considered to be "lost" By the

system. The central computer 2002 then initiates a probe routine

~™ % 51 =
4 ¢

LN
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for the ID number 2314 and data location 2320 located at the top
of the_pfobe list.

After successful execution of the probe routine, the last
location field 2304 in the user database structure 2100 will have
been updated to provide an accurate last location of the user from
the base receivér that received the mobile unit’s acknowledgment
to the probe signal. After the last location fiéld 2304 has been
updated, the message can then be replaced in the current messages
queue for delivery to the user via the appropriate base
transmitters located near the moiile unit.

Preferably, the network operations center gives priority to
the delivery of all messages in the current message gqueue, and
then sends probe signals to the users listed in the probe list
queue after delivery has been attempted for all messages in the
current message queue. If the messagb-volume in the current
message queue remains high for an extended period of time, the
network operations center preferably begins to periodically send
probe signals to the users listed in the Probe List, even though
undelivered messages remain in the current messages gqueue. For
example, in this instance of persistent filled current messages
gueue, the network operation center preferably transmits three
prdbe signals in every cycle transmitted.

e. Base Transmitter Assignment List

The database 2008 of the network operations center also

!lincludes a base transmitter database 2400 as shown in Fig. 24.

The base transmitter database 2400 includes a zonal assignment

field 2404 for data representing a zone assignment associated with

P
. e

~,
]
.
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a base transmitter field 2402 in the system. Also, a field 2406
for data representing the base receivers in the transmitter

. coverage area, and a field 2408 for other data associated with a
' base transmitter, are associated with base transmitter field 2402.
5 .;AS can be seen in Fig. 24, each base transmitter in the network

: has a base transmitter field and associated fields as described

above.

In normal operating conditions of the system with low amounts

of message traffic being transmitted, each base transmitter will

10 remain assigned to its particular zone. However, the systems and

i methods of the present invention provide for dynamically changing
the zonal assignments of various base transmitters to improve
information throughput. These dynamic zone allocation concepts

dynamically reassign base transmitters to new zones generally

15 !l based upon the volume of messages transmitted during the
i systemwide time interval, and more particularly based upon the
localized volume of messages to mobile units. In general, dynamic

zone allocation may be used to deliver messages to mobile units in

loverlap areas (i.e. "zonal dithering"), or to balance the volume
20 o of message traffic between zonesi

Fig. 25 is useful to explain these concepts. Various base
transmitters, each designated as an "X," are dispersed throughout

a region of space shown in Fig. 25. Also, various base receivers

are dispersed throughout this region of space 2500, each being

25

Freen Hivoeson 1 Fig. 25 is shown by solid line 2502. A normal boundary for zone 2

FarABOW, GARRETT | -
m;fﬁﬁ? {iis represented by solid line 2504 during normal load traffic
[} N W

WASHINGTON, DE 20005 o
1202 403 4000

30 : : N\ 83 -
i \j l

designated by an "R." The normal zonal boundary for zone 1 in
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operation conditions. As can be seen, base transmitters 2506,

2508, and 2510 are located near the zonal boundary of zone 2, and

E,base transmitters 2512, 2514, and 2516 are located near the

boundary of zone 1. Base receivers 2518 and 2520 are located in
!an overlap area 2521 between zones 1 and 2. As previously
discussed, mobile units located in this overlap area 2521 near
base receivers 2518 and 2520 must be communicated with during the
j!systemwide time interval because of the interference created
iiduring the zonal time interval by adjacent base transmitters.

E During normal, low to moderate volume system operations, the

:izonal overlap area 2521, i.e., interference area, near base

E receivers 2518 and 2520 will preferably have a small number of
1
i
i
i

mobile units located therein. Therefore, communication with these
i .
1

mobile units will not significantly consume system resources by
gioccésicnally communicating with them dﬁring the systemwide time
élinterval.

} However, if the traffic volume from the overlap area 2521
near base receivers 2518 and 2520 increases, such as because
additional mobile unips-enter this overlap area 2521, the handling
of this traffic in the systemwide time interval can significantly
||consume system resources. For example, communication with a large
number of mobile units during the systemwide time interval may
significantly delay delivery of messages to units in this and

other regions.

In this instance, the zonal boundaries are changed to remove

this high traffic region from a zonal overlap area. For example,

system efficiency is restored if the zone 1 boundary were moved to

_ J\. K,” 54 -
i g
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i dashed' line 2522 and the zone 2 boundary were moved to dashed line

2524.
; - The central computer 2002 may dynamically accomplish this
zonal redefinition by assigning one or more base transmitters to a
5 .inew zone to reduce systemwide time interval messages. In the
present example shown in Fig. 25, the central computer updates the
base transmitter zonal assignment list to reassign base
transmitters 2512, 2514, and 2516 to zone 2 while removing these

base transmitters from zone 1. In view of this zonal

10 redefinition, the new zone 1 boundary is shown by dashed line

2522, and the new zone 2 boundary is shown by dashed line 2524.
{| The high traffic region near base receivers 2518 and 2520 is now

squarely within zone 2 and messages to these units may be

efficiently delivered during subsequént zonal time interval(s).
15 In accordance with the invention, a preferred method 2600 for

accomplishing zonal redefinition is shown in Fig. 26. In

! accordance with the method, step 2602 provides for transmitting

substantially simultaneously a first information signal and a

second information signal, the first information signal being

20 transmitted in simulcast by a first set of base transmitters

assigned to a first zone, and the second information signal being
|| transmitted in simulcast by a second set of base transmitters

assigned to a second zone. For example, as shown in Fig. 25, the
base transmitters in zone 1 defined by boundary line 2502 could be

25 the first set of base transmitters, and the base transmitters

LAW OFFCES
FINNECAN, HENDERSON
FARABOW, CARRETT i
& DUNNER second set of base transmitters.
1300 | STAZET, M W
WASHINOGTON, OC 20008
1-202 408 -4000

located in zone 2 defined by boundary line 2504 could be the
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Step 2604 of the method provides for dynamically reassigning

1 |
one or more of the base transmitters in the first set of base

| transmitters assigned to the first zone to the second set of base
i
i

|
|
|

{ transmitters aséighed to the second zone, thereby creating an
5 | updated first set of base transmitters and an updated second set
ii of base transmitters. For example, base transmitters 2512, 2514,
‘| and 2516 could be reassigned from zone 1 to zone 2. As shown in
Fig. 25, new zonal boundaries would be defined by dashed lines
2512 for zone 1 and 2524 for zone 2.

10 Step 2606 provides transmitting substantially simultaneously
a third information signal and a 'fourth information signal, the
third information signal being transmitted in simulcast by the

updated first set of base transmitters and the fourth information

signal being transmitted in simulcast by the updated second set of

15 i base transmitters. For example, as shown in Fig. 25, the base

transmitters assigned to zone 1 defined by dashed line 2522 (i.e.
not including base transmitters 2512, 2514, and.2516) could
transmit during a subsequent communication cycle a third
information signal, and base transmitters in zone 2 defined by
20 = dashed line 2524 (i.e. including base transmitters 2512, 2514, and
2516) could transmit a fourth information signal during that same
subsequent communication cycle.

Further, it is desirable that during the redefinition of the
i zonal boundaries, it is insured that the new overlap area 2525
25 | near base receiver 2526 and between dashed lines 2522 and 2524 is

Law oFricge

Fiecan, Hevpepsoy || @D area that is not likely to produce, or is not currently
FARABOW, CARRETT i
& DUNNER producing a high volume of message traffic. Generally, zonal
1300 [ STALET N, W -
WaASHINGTON. OC 20008
1302 408 4900

30 ' f 56 -
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|
|

i ! boundaries should be preferably redefined to maximize information
! throughput by minimizing the data that must be transferred during
% the systemwide %ime interval. A network manager could review the
? overall traffic patterns and tendencies to determine an optimum
: :

5 ' redefinition of zonal boundaries. Of course, the central computer

2002 could also implement an algorithm accessing the traffic

: stat%stics database 2200 to determine optimal zonal boundary

% redefinition.

| In a preferred embodiment in the instance where an entire

10 region is saturated with mobile units, such as a large
metropolitan area repetitive reassignments of base transmitters
may be used to reduce message traffics during the systemwide time
il interval. There may exist no appropriate overlap area, such as
overlap area 2525, with a low traffic level to facilitate a long
15 term reassignment of base transmitters with the resulting
redefinition of zonal boundaries. 1In this case, the preferred

embodiment alternates between a first and second set of zonal

boundaries over each communication cycle and does not attempt to
deliver messages during the systemwide time interval.

20 For example, in Fig. 25 this preferred embodiment would

utilize the zonal boundaries defined by lines 2502 and 2504 during
a first zonal time interval and would not attempt to deliver
messages to mobile units in overlap area 2521. In a subsequent
cycle, this preferred embodiment redefines the zonal boundaries to

25 i dashed lines 2522 and 2524 and delivers messages to the mobile

LAW QFFICLS
FINNECAN, HENDERSON |
FARABOW, CARRETT |
=Mi22ﬁ? iiusing zone 2 base transmitters. During this cycle, the network
: o
WASMINGTON, OC 20005
1-202 408 2000

units in previous overlap area 2521 during the zonal time interval
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would not attempt to deliver messages to mobile units in overlap

|larea 2525. 1In yet a later cycle, this preferred embodiment would
i;switch back to zonal boundaries 2502 and 2504 which would allow
|

5!message delivery to mobile units in the now previous overlap area
i1 '

2525 during the zonal time interval using zone 1 base

:*
itransmitters. As can be seen, alternating between a first and

ssecond set of zonal boundaries advantageously reduces the need for
1

{jcommunication during the systemwide time interval, but slows
*,

units in overlap areas during zonal time intervals on alternating

| communication cycles.

H. The Preferred System Communication Protocol

The system communication protocol is preferably a time

irdivision protocol organized within repetitive communication cycles

of preferably 30 seconds in duration.

The blocks of data transmitted by the network are preferably
formed by a bit interleaving process to prevent loss of data
liduring bursts of interference. Bit interleaving may be envisioned

as stacking two or more blocks of data (which read from left to

jjright), and then transmitting a bit stream in a column-by-column,
! top-to-bottom sequence. As can be seen, a burst of interference
Hwill likely only cause the loss of a few bits per word at most,

E which can be corrected by error correction technigues, rather than

? the loss of entire words. Of course, the mobile unit must

igappropriately deinterleave the data prior to processing.

1

w

[as]
1

message delivery somewhat by oniyﬁallowing communication to mobile

»
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‘I the system and various sets and subsets of mobile units.

generated, and may be revised accdrding to system demands.

Fig. 27 generally illustrates a variety of preferred time

{ intervals which may variously be'used for communication between

An

| adaptable schedule for these time intervals is preferably

The
scheduling of the time intervals advantageously allows a mobile
unit to "power down" during inactive time periods when the mobile
unit will not transmit or receive any messages, thereby conserving
battery power. Similarly, messages or information for delivery to
a subset of the total number of mobile units will preferably be
transmitted during time intervals which minimize the delivery of
those messages or information to unintended mobile units not
included in the subset to further conserve battery power.

A preferred cycle protocol 2700 is shown in Figure 27(A).
.

The cycle protocol 2700 includes a cycle header time interval

'_2702, a systemwide forward (FWD) batch time interval 2704, a

i
isystemwide response time interval 2706, a zonal forward (FWD)

batch time interval 2708, a zonal reverse time interval 2710, and
a reverse contention time interval 2?12: Other arrangementé, such
as moving the systemwide reverse intervél next to the zonal
reverse interval may be considered if transmitter turn on tiﬁe is
significant.

The cycle protocol generally schedules time slots for
systemwide and zonal forward channel information transfer from the
network to the mobile units and for systemwide and zonal reverse
channel information transfer from the mobile transceiver units to

the network. " Briefly, the cycle header 2702 field includes

-
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overhead or "housekeeping" information, the systemwide forward

iIbatch field 2704 and the zonal forward batch field 2708 provide

| forward communication capability through the base transmitters to

{i the mobile units in a systemwide time interval and a zonal time

5 ;;interval, respectively. The systemwide response field 2706 and
‘i zonal reverse field 2710 provide a return signal period for the
fémobile transceivers to respond to messages generated during the
:jsystemwide and zonal forward batch periods 2504 and 2508,
?;respectively. Finally, the reverse contention 2712 field allows

10 ‘ﬁthe mobile transceiver to initiate access to the network.
jj Bach of the fields shown, except the cycle header 2702 field,

;iis preferably variable in duration, and may be changed by the
éicentral computer 2002, dépending on message traffic requirements.
EiThe beginning of the cycle is synchronized by the central computer

15 ;éto a time standard and preferably coincides with the start of
;éminute or half minute intervals. Each mobile unit preferably
;zincludes timing circuitry, as previously described, which allows

?;for the mobile unit to power up at the beginning of each cycle to

H

‘i receive communication.

20 < %E For each cycle, the central computer 2002 calculates the
I . _
‘i amount of time required for each field to maximize information
£l

iithroughput by the network. For example, for the cycle protocol
)
' 2700 shown in Fig. 27(A), the central computer will calculate the

;éamount of time necessary for the systemwide forward batch field

25 :§2?04, the systemwide response interval 2706, the zonal forward

AW OFFICES
FINNECAN, HENDERSON ©
FarABOW, CARRETT i
ngfiﬁ ‘i contention interval 2712. The cycle header 2702 will preferably
00 ¢ sTALET MW |
wASMINOTOM DC 20005 |

1:202 40B-4000 &)
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;interval 2708, the zonal reverse interval 2710, and the reverse
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I
1 ||include timing c¢ffset data which will indicate the timing offset
I

élfrom the cycle header until the beginning of the systemwide
i

iresponse interval 2706, the beginning of the zonal forward
i!iﬁterval 2708, the beginning of the zonal reverse interval 2710,
i

5 ;%and the beginning of the reverse contention intexvai 2712.
.E The cycle header 2702 starts preferably with an 8 digit long
Ekpreamble {(not shown) for digit synchronization purposes. The

.| preamble allows for the mobile unit to synchronize its timing
% circuitry with the network. For example, the timing circuitry of

10 i

i
|
1
1
i
i
|
I
i
i

fthe mobile unit could become offset from the network due to

Eccmmonly caused inaccuracies. The preamble is followed by a

"start of header" string of four digits and all timing offsets

Ewithin the cycle are calculated as a number of predefined
;iintervals beginning from the start of the last header digit. The
15 g start of header string is followed by an 8 digit string grouped
é;into two words, each of which is protected against errors by
;éenccding it using a forward error correcting code, preferably a
Bose, Chaudhuri, and Hocquenghem (BCH) code or a Reed Solomon
code. These error correcting codes add additional digits te the
20 ° liinformation digits in a code word, where the additional digits are
a specific function of the information digits, so that if certain

common error events occur, a decoding step involving all of the

il transmitted digits, both information and additional, can recover

1

{the coriginal information digits. The first code word will contain

25 jia count of the current cycles executed for that day. The second

i
LAaw QFFICES i : 3 3 s
Entoan. Henperson || €0de@ word will contain the necessary timing offsets for the

FARABOW, GARRETT | i )
& DUNNER ;ibeginning of the time intervals in the cycle protocol 2700.
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