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At step 622, the microcomputer 41% waits for an **acknowledge** (ACK)
response from the microcomputer 420. If a negative **aoknowledge** (NAK)
is received or if there is no response after a predetermined time-out
period, the computer 414 transfers control back.

DETDESC:

DETD(79}

If . . . yet due, the station 210 sounds an alarm, for example a
distinctive series of pulse tones, and sends an appropriate **error**
message to the nurse station 300. If, as set forth above, the patient
station 210 is equipped with a **display** device, the **error** message
may also be **displayed** on the patient station **disp1ay**.

DETDESC:

11



12

DETD(7D)

FIG. 6 is a flow diagram of the RESTART routine of the base unit
computer program for the microcomputer 100 of FIG. 4 for implementing the
invention. The program is entered at block 200 upon power up and
initialization occurs as illustrated at 202. The RAM, clock, ports, and
code plug are tested at 204 and if an error is detected, an **error**
code is **displayed**, as illustrated at 206, after which the system
waits for restart to be initiated by the operator as indicated at 208. If
no error is detected, the routine continues instead to block 210
displaying a start message on the display 98 and proceeds to 212 to test
for the presence of the programmer module. If the programmer module
option exists the program flow proceeds to block 214 and then to the PROM
PROGRAMMER HANDLER routine. If no PROM programmer option exists, then the
routine-proceeds to blocks 216 and 218 to activate the printer to print a
predetermined herald and log on information. The routine then transfers
control to the PSK RECEIVE routine.

DETDESC:
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divided into zonal nssignrnants and broadcast in simulcast
using nu.ilti~ca.1-rior modulation techniques. The system net-
work controls the base tnmsrnilters to txoadcaat i.n simulcast
during both syslemwide and zonal time intervals. The sys-
tem network dynamically alters zone boundaries to masti-
mizc information tl'I.roI.Ighput. The system also uses a mobile
unit which receives Inessagcs from the network and Inns-
mits messages to the network. The mobile unit includes a
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a received message that contains errors.
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FIG? 8

300
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base transmitter servicing a zone
where the mobile transceiver was last

known to be located
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base transmitter ;.
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i
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3 the mobile transceiver T

Transmitting an acknowledgment
signal by the mobile transceiver in

response to the received regional
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from the mobile transceiver by a base 510
receiver
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FIG. /7

Mobile Receiver
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FIG. /9
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FIG‘. 2!
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FIG‘. 23
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FIG‘. 26

Transmitting substantially 2600
simultaneously a first information

signal and a second information

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 2602
second zone

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, thereby creating an updated 2504
first set of base transmitters and an

updated second set of base
transmitters

Transmitting substantially

simultaneously a third information

signal and a fourth information signal,

the third information signal being

transmitted in simulcast by the 2505
updated first set of base transmitters,

and the fourth information signal

being transmitted in simulcast by the |
updated second set of base i

l transmitters 
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Send a message to disable the

registration feature

Store the number of probe

signals sent and a number of

messages successfully
delivered

Process the stored number of

probe signals and number of

messages succesfully

delivered to evaluate a

likelihood that a probe signal

will be required to be sent by
the network to locate the mobile

transceiver

Send a message to the mobile

unit to enable the mobile

transceivers capability to

transmit a registration signal if
the likelihood exceeds a

selected value

41

5,754,946

2802

2304

2306

2308



42

U.S. Patent May 19, 1993 Sheet 29 of 30 5,754,946

F/6'. 28(8)

ESID

Send a message to enable the 23|2
registration feature

Store the number of registration

signals received and a number

of messages successfully
delivered 2314

Process the stored number of

registration signals and

number of messages

succesfully delivered to 2315
evaluate 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 to be operated to

transmit a message to the
mobile transceiver

Send a message to the mobile 2&3
unit to disable the mobile

transceivers capability to

transmit a registration signal if
the likelihood exceeds a

selected value
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1
NATIONWIDE COMMUNICATION svsrrznr

T. CROSS— CE TO R.El..A'.I'ED
APPLICATIONS

This application is a continuation-in-pan of application 5
Ser. No. 0'7/973.918. tiled Nov. I2. 1992. U5. Pat. No.
5.590.403. the oontents of whiclt is hereby incorporated byreference.

II. BACKGROUND OF THE INVENTION
A. Field of the Invention

The present invention relates to methods and systems for
providing two-way communication capability bmveen a
central network and a mobile unit over a relatively latge
area. and more particularly to such methods and systems
which allow for rapid communication of large messages and
ellicient use of system resources.

3. Description of the Related Art Conventional two-way
portabldrncbile wireless messaging systems often provide a
variety of st:-vices to substnwers. 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 two-way messaging sys-
tems is to [xtwide :1 network of intutounected uansmitters
and receivers which provides suficient uansmiued signal
strength and receive capability to uniformly cover a geo-
graphic region. Some oonventional messaging system: pro
videthemessagetodie useronasmallviewing screenolt
the mobile unit.

However. such oonveniional systems; often suffer from
problems associated with low system throughput. evidenced
by slow message delivery and Image size limitations and
do not provide an feature wherein the mobile unit transmits
an acknowlcdgtnent signal to the system to acknowledge
receipt of the message from the system. Generally. system
throughput refers to the overall communication capability of
a system as defined by the total amount of message data
from the system to tltemohile units transferred by the system
dtiringagivenperiodoftilnedividedbythefrequency
bandwidth necessary to transmit the message date and may
be measured in bits transferred per I-la. Further. such con-
ventional systems suffer from technical problems preventing
consistent wide area coverage and would require extremely
wide portions of valuable frequency bandwidth to achieve
acceptable system throughput rates.

Simulcast technology in communication systems was
ceiginally developed to extend transmitter coverage beyond
that which could be obtained lroma. single transmitter. Over
time. howevu. simulcasling has evolved into a technique
capable of providing continuous oovaage to a large area.

Generally. simulcast technology provides multiple
Innstnitters. operating on substantially the same frequencies
and transmitting the same information positioned to oova
extended areas. As shown in FIG. 1. transmitter‘ 10. gener-
ally provides coverage over area A. D. and E. transrnioer
I02 genaally provides ooverage ova area B. D. and E, and
trattsrnitter 10-! generally provides coverage over area C. E.
and F. In some cases. the coverage area of a firs! transmitter
may be entirely enclosed within lite coverage area of another
transmilla. such as in btlilding interiors lutdvalleys. In areas
where one (and only one) trnnstnltter dominates (e.g.. areas
A. B. and C in FIG. I). simulcast is efiective because the
other transmitters do not significantly‘ affect reoeivtrs in
those areas.

However. in “overlap” areas D. E. andF shown inFlt}. 1.
wherclhe signalsfrumtwoormore l1'anstni'tlersarea.[:proxi-

2
mately equal. problems can arise because destructive inter-
ference of signals occtns in these overlap areas such as areas
D. E. and F. Destructive interference occurs when the two

signals are equal in magnitude and 180“ out of phase and
completely cancel each other. While there were sortie
successes. reliable design procedures were not available.

Attempting to precisely synchronize the carrier Erequen~
ties of all simulcast transmitters does not overcome the

problem because points (i.e. nodes) at which destructive
"5 summing ooctttred persisted for long periods of tirne. At

such points. a mobile receiver can not receive the siomlcast
signal.

Deliberately ofiselting the earria frequencies of adjnoent
transmihers 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 (e.g.. 20 hertzerrors in 100 M11: signals or a few
parts in 10") render deliberate 013.’.-setting unnecessary.
Further. merely olisetting the carrier frequencies could not

33 guarantee acceptable quality denzlodulation because propel’
alignment of the modulating signals in little is also re({I.li.l’ed.

FIG. 2 displays the sitttaliou at. for example. point D in
FIG. 1 when modulating wavefmns are synchronized and
includes coverage boundary 202 from a first transmlna and
a second transmitter coverage boundary 204 from a second
adjacent n-ansrnilter. An cqtti-signal boundary 20! exists
where the signals from the first and second transmitters have
approximately equal signal soengtte. Arnore realistic equi-
signal boundary would talne into account natural and man-
made topography and propagation conditions. and the-efore
would probably not be a straight line.

FIGS. 3 and at generally illustrate various signals as they
may ooeuratoruearthe equi-signalbonndzuyzottes shown

35 in FIG. 2. In particular. FIGS. 3 and -1 illustrate various
aspects of modulation synchronization and how altering
transmission parameters may atlect the synchronization. In
general. there are at least three sotn-oes which cause the
signals from the first transmitter and the second transmitter

49 to be out of synchronization: (1) tinting shifts in the delivery
of the modulating waveform to each of the trastnittcrs: (2)
timing sltifts internal to each transmitter: and (3) timing
shifts cansedby propagation distances and anomalies. From
the perspedive of arerxiver located in an overlap area. these

45 three sources oftiming shifts combine to prodntx an overall
tithing shifts between the received signals Erom me first and
second transmitters. In current commercial practice. the
summation of these three components results in time shifts
of about 200 rnleroseconds. The 11'.m.i.ng shift present in

50 simulcast systems disarlvanlagoottsly limits the baud rate at
which information may be transferred. In generaL FIGS. 3
and It will also illustrate how timing shifts prevents highbaud rate transmissions.

A1:itnellnercprcsentationofasignal30oEromafirst
ss transmitter is shown in FIG. 3(A) and a signal 308 iron: 5.

second transmitter is shown in FIG. 3(3). both from the
perspective ofa receiver located in an overlap area. Vertical
dashed lines 300 represent baud intervals on the time axis.
As can be seen fron1FIGS. 30%.) and (B). the signals306 and

so 308 are frequency modulated between a high and a low
frequency value and the signals 306 and 388 are exarrly in
phase. As will be appreciated. the timing shifi between
sign.a.1s396and3I8n:uslbe small whencomparedtolhe
baud interval shown in FIGS. 3(A) and (13) since signals 306

6sand308ateinsynebroni.&on.Ot’eourse.astl1ebaud
interval decreases. the li.rni.ng shifts will likely cause signals
306 and 308 to be out of synchronization.

44
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FIGS. 3(C}. (D). and (E) Show the summation of these

two signals 306 and 3-3 at In equi-signal bu-udaty. such as
boundary 200 in FIG. 1 FIG. 3(C) shows a composite signal
310 indicating that the frequency information remains
unchanged. FIG. 303) shows a linear graph 312- of the
relative phase dilferenoe caused by a slight catrierlirequenqr
dilference between the signals from the firs! transrnitter and
the second transmitter. FIG. 30!) shows a cornposite ampli-
tude signal 314. A noise threshold is indicated by the
horizontal dashed line 304 in FIG. 3(E).

Of interest. FIG. 3CE) shows the composite srnplirude
signal 314 dipping below the noise threshold 30¢ at an
ant.l—phase condition 302 (c.g.. when the relative phase angle
is il80°. as shown in FIG. 3(D)). As can be seen from FIG.
3(E). the anti-phase condition 302 caused by the slight phase
shift between transmitter l and transmitter 2 will not cause
any loss of data because the a.n.ti-[:tta.se condition persists for
only a small portion of the baud interval.

The slight offset of the center frequencies between the
first and second transrniners causes a slow drift of the
relative phase of the two signals. as shown in FIG. 3(D).
When the signals are 1180’ 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 he counter-
acted with a mnvcntional error correcting code. such as is
commonly known.

FIG. 4 shows a set of similar signals to those in FIG. 3.
hit whereinthesigual4fl2fi'omthefirsltl'anstnittu'isolfset
from. orout of synchronization with. the signal 401 from the
second transmitter by a full band. In partittarlar. signal 4|-I
lags signal 402 by one band interval. As previously
discussed. the offset of signals 402 and 404 may be caused
by various timing shifis in the deliva-y of both signals 401
and 404 to ameeiver in an ovcrlaparea. FIGS. 4-(A) and (B)
illustrate the extreme case where the sum of there timing
shifts is equal to the baud interval shown by dashed lines
-100. As can be seen in I-"ICr. 4(C). composite signal 496
includes a period of indeterminate frequency which unde-
sirably covers several entire bull! intervals and. tltereftre.
successful demodulation is impossible during those baud
intervals. Eflhe baud interval was intreuscd to minimize the
cfioct of these timing shifts. data loss would be less likely.
Therefore. it can be seen that the baud rate atwbich good
data transfer can be accomplished is limited by the timing
shifts between signals delivered to receivers in overlapareas.

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

An alternative to simulcast for wide area coverage is
assignment 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 frequency in diiferent time slots to adjacent areas}.
or in frequency (e.g.. broadcasting the information simulta-
neously on difierent fiequenclcs in adjacent areas).There are
several problems with such orthogonal systems. however.
First. orthogonal assignments require tuning the receiver to
the assigned frequency or time channel forth: area in which
the retziver currently resides. In the broadcast services every
traveler has experienced the frustration of finding the cured
enamel for their favorite program. simulcast operation
avoids the need for stunning and re-tuning as the mobile unit
moves between areas. Such scanning and reducing also
disadvantageously increases mobile unit power consump-tion.

-15

45

4
Second. and more serious. the orthogonal assignment

approach drastically reduces the system Ihrotlghput capacity
as measured in ‘bits per 112 because anywhere from 3 to ‘J.
or possibly more. orthogonal assignments are required to
obtain continuous area coverage in most conventional
orthogonal systems. This waste of opacity is somewhat
recouped if the same lnftnnation is not needed tlnoughout
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
an orthogonal system. In cellular. the same frequencies are
reused in spatially separated cells to allow rlilferent data to
be transmitted to dllferent mobile units. An exarnple of three
cellular arrangements is shown in FIG. 5 where the numb-u-
ofoells (N)ia equal to3.4.andT. Each oell(i.e..A.. B.C.
. . . ) in convuitional cellular service usually only includes
a single transmitter and operates in a dilfercnt frequency or
time division within the cotnrnunication protocol As shown
in FIG. 5. cellular service generally locates transmitters
utilizing the same division (all the “A” transmitters) far
enough apart to reduce the likelihood of interference
between such transmitters. As the number or cells increases.
the likelihood of interference decreases. For example. with
N-=3 as shown by arrangement 503 in FIG. 3. the distance
between the coverage area of"A" cells is about léceilwidtb.
with l~T=4 in arrangement 502. the distance between the
coverage areas of "A" cells is slightly larger. and with N=‘T
in alrangement 5|-I Ehc difiance between "A" cells is largerthan 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 infonnation transfer. In frequency division
systems. more cells undesirably inucases the h-equency
bandwidth required. Therefore. system througltlzutt 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
specific cell (Le. transmitter) in which the mobile unit is
located to allow capacity reuse.

In a conventional communication system. the transmitters
transmit messages in blocks to a mobile unit. each block
including an error correcting code. when a hlockis received
by the mobile unit. the mobile unit uses the error correcting
code to determine whether the block has been received
eor:cctly.1t'the mobile unit determines thatthe hlockhas not
been received correctly. the mobile unit automatically send:
a message back to the oominunicatlon system requesting
retransmission of that particular block. The system then
retransmit: the blockto the mobile unit and the mobile unit
rcassctnblcs Ibo block into the proper portion of the mes-
sage. This technique ensues that messages are accurate. but
consurncsagreatd.ealo:fai.rt:it1:te.dn'ving upthecostsof
mobile messaging. oficn needlessly. Therefore. it would bedesirable to reduce the needless retransnnission of some
message blocks to reduce costs and conserve systemresotnces.

III. SU'M.M.A.RY OF THE lNVENl‘IOl"l

The systems and methods of the present inventio have a
wide variety of objects and advantages. The systems and
methods of the present invention have as a primary ob_-ied to
provide a oomrutluication system fa’ communicating mes-
sages to a mobile unit. which detreases costs and conserves
system resources.

Anot.l1e1' object of the imreufion is to reduce the needless
reuansrnission of some message blocks.
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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 desoiption. 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 pttrpose
ofthc invention. as embodied and broadly dest:r:iberl herein.
the invention is directed to a mobile unit for transmitting and
receiving radio frequency signals to and frorn a communi-
cations network corqsrising means for receiving radio fre
quency messages from the network. switch means for allow-
ing a user to request retransmission of at least parts of the
message from the communications network and means for
transmitting. upon actuation ofthe switch means. a signal to
the communications network requesting rehansmission of
the at least portions of the message.

In another embodiment. the invention is directed to a
communications network for transrnitting radio frequency
signals to a mobile unit and for receiving radio frequency
signals from a mobile unit comprising means for transmit-
ting radio frequency signals containing message data to at
mobile unit. means for receiving radio frequency signals
from the mobile unit instrlrding the network to retmnsrnit
the message data to the mobile unit. and means for retrans—
mitting radio frequency signals containing the message data
to the mobile unit.

In yet another embodiment. the invention is directed to a
method for tnnsrnitting messages from a communications
network to a mobile unit comprising (a) transmitting radio
frequency signals containing message data from the network
to the mobile unit. (It) receiving the radio Erequency signals
containing the message data at the mobile unit. (C) receiving
at the mobile unit a request from a user to retransmit the
message data. (ti) transmitting a request retransmission
signal from the mobile unit to the network. te) receiving l:he
request retransmission signal hy the netwttk. and (I) retrans-
mitting the message data by the netwwkin the form ofradio
hequency signals.

It is to he understood that both the foregoing general
description andthe following detailed description are excru-
plary and explanatory only and. are not restrictive of the
invention. as claimed.

IV. BRIEF DESCIR.l17I']ON OF Tl-IE DRAWINGS

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

FIt}.lisasd:ematicdiagmn1ofanan'angementot
simtllmst transmitters;

FIG. zisaschematic diagramofuniform smootheam:
propagation:

FIG. SES a schematic diagram of synchronized modulated
waveforms:

FIG. 4 is a schematic diagram of modulated waveforms
ofiset a full band‘.

FIG. 5 is a schematic diagram of cellular system cover-
age:

FIG. 6 is a schematic diagram of a communication
system:

FIG. 7 is a flow chart of a preferred method ofcom.nnu-
nication:

FIG.8isaflow chmofaprefernednlcfllodofsentlingr
regional probe signal:
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FIG. 9is a scttezunatic diagram ofa frequency spectrum: for

rnulti-carrier modulation;
FIG. II is a schcrnatic diagram of an oni'ofi' keying

modulator;
FIG. 11 is aschematic diagram of a frequenqr shift keying

modulator:

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

FIG. 13 is a mernatic diagrtun of a first embodiment of
a base transrnitrer;

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

FIG. 15 is a schematic diagram of tn mobile transceiver‘.
FIG. 16 is a pictorial representation of a mobile trans-

center;

FIG. 17 is a schematic diagram of a mobile receive",

Fl:G. l3(A) is a schematic diagram of an analog basereceiver;

FIG. 18(3) is a schematic diagram of a digital base
receiver‘.

FIG. l9isa5c1‘tenIaticd.iagrarnofahasereoeiverwlll1a
store and ftrward feature:

FIG. 29 is a schematic diagram of a network. operations
center;

FIt}.21isamemat.icding|-amofadatahase strucntre:
FIG. 22 is a scl'IeImtt.ic diagram ofa trafic database;
FIG. 23 is a schematic d.i.ag:rtu'n of a service queue:
FIG. 24 is a schematic diagram ad‘ a base transtnitter

database:
FIG. 25 is a schematic diagram of dynamically changing

zonal assignments:
FIG. 2-6 is a flow chart of a preferred method of dyn.a.I:I:tl—

cally aonal reassignment;
FIG. 2'I(A) is a schematic diagram of the qrcle protocol:
FIG. 31(3) is a schematic diagram of the forward hatch

interval protocol;
FIG. 2'l‘(C) is n schernnn'c diagram of the individual hatch

protocol;
FIG. 2808) is a flow chart of a [referred method to enable

the registration feature of a mobile unit:
FISG. 23(8) is a flow chart of aplefclred method to disable

the registration: feature of a mobile unit:
FIG. 29(A) is a how chart of a preferred evaluation

method used to enable the registration feature: and
FIG. 29(B]isaflowchnrtofaprefe|:|'edrnethodt1sedto

disable the registration fcah.n'e.

V. DESCRIPTION OF T!-[E PREFERRED
EMBODIMENTS

Referencewillnowbcmadcindetailtothelxesent
preferred embodiments and exemplary ernhodimenrs of the
invention. examples of which are illustrated in the accom-
panying drawings. W'l1a'ever possible. the same reference
numbers will be used throughout the drawings to refer to the
same cl like parts.

A. Overview of The System Hardware

FIG. 6 shows an overview of the major clerneltts of a
prezferretl oornlnunictttioh sysmrn according to the present
invention. As shown tl1e'rciu. the mmmnnication system
includes anetworl: operations centerflltl which is connected
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toasatelllte uplinlrsdzvia datapatl1604.Asatelliteup]inir
is used toprovide dalato satellite 6I6.San-.1Iite 606 redirectsthe received data to several sadcllite downlink stations
including station 608 and station 610. Conventional satellite
technology allows fix nominal data transfa rates of 24M
bitslsecond. Fttrllrer. conventional satellite technology
allows for accurate delivery of data to stations 608and 610.
which allows for precise synchronization between the sig-
nals broadcast in sirnulcast by the stations 608 and 610. It
should be understood that stations EQ and ill may option-
ally receive identical data. or may individually receive
ditfercnt data simultaneously from the satellite 606.

Satellite downlink station: 608 and 610 are connected to
spatially separated base transmitters 612 and 614 via data
paths -616 and 618. respectively. Base transmitter 612 is
connected to antenna 620. and base transmitter 614 is
connected to antenna 622. Preferably. the base nansmitters
or the present system have a power output capability of
about 350 watts. which will provide an etfeerive nanarnilrer
coverage area of several tens of miles. Although not shown
in FIG. 6. each zone prderably includes multiple transmitter
stations as will be evident from the following discussion.

Mobile unit 62-! is connected I30 a.ntenna626 and. in the
jrefrared ernbodirnent. 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 about I wait.

The communication system includes several base reoeiv—
err 623. 630. 632.. and 634 each connected to antennas 636.
638. 640. and 642. respectively. Base receivers 63! and 63!
are connected to a regional station 6-M via data paths 646
and 648. respeaively. Base receivers 632 and 634 are
oonnectetltoregional station 65! 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 cornmunioation is
typically diliicult. such as building interiors. and to extend
lhe coverage area of midi triulsmilter. An arH:irop11'me mun-
ber of base receivers should be dispersed throughout the
geographic at to reliably receive the signals from the
mobile unit. Due to the diflerence in output power between
base transmitters and mobile units. an overall ratio of 10
base receivers to 1 base transmitter may be apprqriate. and
the zto 1 ratio snowninFIG.6ls merely shownforeaseof
illustration.

Regional station 65ll is connected to the network opera-
lions center fill via data path 656 and regional station 644
is connected to the network operaiions center 60! via data
path 658. The data paths 656 and 653 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 prefer-
ably more base nansmltters assigned to it. Zone boundaries
are roughly defined by the transmitter coverage areas of the
base transmitters assigned to that zone. For example. FIG. 6
shows a dashed zone dividing line 660 rougtly dividing a
zone 1 from a zone 2. Zone 1 includes base lmnsntitter 614.
base receivus 632 and 634. regional station 650. and mobile
unit 614. Zone 2 includes base transmitter 612. base Melv-
ers 628 and 630. and regional station 644. Dashed line 660
only roughly defines the boundary between noes because
precise boundaries do ot exist. For example. to insure
adequate coverage of the region. as shown in FIG. 1. the
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range of both transmitter 614 should at least covathe region
above dashed line 660. and preferably should extend some-
what below dashed line 660. Sirniluly. the range of base
translnluer 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
transrnitter coverage may occur in the vicinity of dashed line
6643.

Referring back to FIG. 2. it can be seen that boundary 202
and boundary 20-It overlap in an area near the equi-signal :00
and between these boundaries which may be termed an
“overlap area." In FIG. 6. dashed line 560 is drawn near the
may be defined as the equbsignal boundary between base
transmitter 611 and base transmitter 612.. Of course. dashed
line 66! does not represent the overlap area that may occur
between base transmitter 614 and bu: transmitter 612.

As explained in the Background ofthe Invention section.
ii’ 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. Simnlcasl
thus may provide unifonn nansmiuer coverage for the
region shown in FIG. 6. However. if base lransrnitter 612 is
broadcasting a first infurrnation signal and base transrnitter
614 is broadcasting a diflerent. second inlorruation aignalon
identical frequencies simultaneously. it will likely be difli-
eutr for a receiver located in the overlap area to receive
either the first or the second information signal. In this
instance. the overlap area may be referred to as an interfa-ence area because a reoeiva 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 exernplauy 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 790 of
this interaction is shown in FIG. 7. Network operations
center 601} generates a system information signal of several
blocks of information as shown in step 762. The blocks of
infonnation include an electronic message to be delivered to
the mobile unit 624.

In step ‘.-'06. the system information signal is transmitted
to the base transmitters. In particular on: network cperations
center 6011 provide the system inftrmalion signal and appro-
priate ottterdalatofl1esatdllteuplink60=1u'iadatapatl:604
for transmission to the satellite 666. The data is then
received and relransmincd by satellite 606 to satellite down-
linlr stations 608 and 610. The data received by satellite
downlinl-: 608 is provided to base transmitter 611 through
data path 616. and the data received by satellite dowrrlinlr
618 is provided. to base transmitter 614 through data path
618.

At this point. the exemplary commnn.iu.l:ion system
shown in FIG. 6 may transfer the message tothe mobile unit
during one of two time intervals. In the first time interval.
both base transmitter 612 and base transmitter 614 transmit
data via antenlla 62. and antenna 622. rurpectively. in
simulcast to be received by mobile unit 624. which corre-
sponds to step 706 in FIG. 7. This first alternative may be
useful to deliver the rnessage if. for example. the location ofmobile unit 624 in none 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
inforrnation. wltich cotreaponm to steps 708 andTl0 of FIG.
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7. This second alternative may be useful ii. for example. the
mobile unit 614 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 interval is advan-
tageous because during message delivery to the mobile unit
624 by base transmitter 614. base transmitter 612 could be
delivering a different message toa different mobile unlt(l1ot
shown). As can be seen. this second alternative would
increase information throughput and system eficiency.

If the mobile unit 624 has properly received the nnssage
Via antenna 626. then the mobile unit 624 may gerate a
return signal and broadcast that signal via antenna 626. ‘the
returnslgnalmaybereceivedbyanyorseveralotthebase
remivers 63. 630. 632. or 634. For example. the return
signal could be received by base receiver 632 through
antenna fltoifantennaddbislocated elosertotlremobilc
units than any other antenna 636. 638. or 641. In this case.
the base receiver would receive the return signal and provide
it to regional station 650 through datapath 652. The regional
station would then provide the return signal to the network
operations oentertilltthrough datapathti56forfi.rrt:bcr
processing as apfropriate. It should be understood that a
return signal may include either an autonomous aelmotvl-
edyrrent signal which indicates that the mobile unit accu-
rately received the message or a tlscr generated reply signal.

If the mobile unit 624 does not completely receive the
message. it can generate and broadcast a negative acknowl-
edge signal. The negative acknowledge signals when deliv-
ered to the network operations center 600. indicates that
retransmission of the message is necessary.

[1 should be understood that & exemplary system shown
in FIG. 6 includes a modest number of elements for ease of
explanation. It is envisioned that the system of the pruent
invention include a large number of base Iransmiltus. base
receivers. regional stations. and mobile units with a sub-
stnnlial number of base transrnitters assigned to each zone
and all base transmitters assigned to n pmficular zone
operating in simulcast. Further. it is envisioned that the
present system could advantageously support a large number
of zones to cover at wide geographic area.

B. Overview of the Zonal Simulcast Concepts
The preferred systems and rnetbods of the present inven-

tion variously use simulcast techniques within individual
zones and over several or all of the zones. As previously
noted. zones are generally defined by lb: coverage areas of
the one or more base transrnitters. Tire network operations
oentcrdooassigns each base n-ansinitter in the systemic a
zone. For example. in FIG. 6. base n-snsmiuer I51-I is
assigned to zone 1. and ‘the base transmitter 612 is assigned
to zone 2 by the netwtrk operations center 60!. To maximize
information  L the systems and methods ofthe
present invention dynamically conuol zonal assignments
and the use of sirnulcast techniques.

In general. the oomrnrrnication system of the present
invention operates by repeating a oornmunicntion cycle to
achieve desired information transfer. which is more fully
discussed infra. The communication cycle is divided into a
systemwirle time interval and a zonal time interval. In the
systemwide time intuval, one base transmitters from at least
several zones are operated in simulcast to simultaneously
transmit identical information to a large geographic area. It
should be undo-stood that the systemwide time rnercly twoor more zones.

Broadly speaking. the communication system need not
know the location ofa mobile unit to u‘at1srn.ittoitd.uring the

Ii}
systcrnwide time interval. Therefore. the systemwirie time
interval can be used to send a “probe” signal that requests a
particular mobile unit to broadcast an aclmowledgmenr
signal to allow the system to determine its appmairnate

5 location by determining which base receiver receives the
aclmowledginent 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 t|'ansrn.ils identical inforrrration in simul-cast. However. for mobile units at or near the interference

areas between adjacent zones. poor communication to those
mobile units is lilccly during the zonal time interval because
transmitters in adjacent zones will be si.I:n|.tl.ta.neously trans-
mitting different data on the same. or substantially the same.
frequencies. The zonal time interval provides good eomrnu—
nication capability for mobile units not located near the
zonal boundaries and allows the system to “reuse” identical
frequencies in adjacent zones. Furtlrermorc. if zonal bound—
aries are selected to be located in areas where mobile units
are not likely to be located. i.e. ted areas. the
lilrelihood of providing good cornmunicstion capabilities to
a large percentage of mobile units can be increased

As can be seen. from a system perspective. it is desirable
25 to communicate with the mobile units 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
communication with a large number of mobile units in a

30 short amount ot’1imc.Acnordr‘ngly. communication during
the systemividc time interval should be minimized because
message transrnission during this inteirval requires a large
amount of system resources be dedicated to that message.

For mobile units located near the boundaries between
35 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 rnribilc unit fails to
acknowledge a message sent during the zonal Lime intmval

4.3 or provides a negative acicnowledgment. the network opera-
tions oeter 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 fafltne of the mobile unit to receive

45 the message is caused by inter-zonal interference. the net-
work operations center may simply retransmit one message
dllting the systemwide time interval In other instances. the
failure to successfully deliver a message may be simply
caused bynre mobile unit being locatedin l.Wl:al{ signal area

5.3 within a zone. Inthese instances. the syfiern may retransmit
the message during the tonal tirrn: interval using an appro-
priate etror correcting code or using a stronger error cor-
recting code.

Alternatively. the network operations center may deter-
55 mine from the probe signal that the mobile unit is simply

located in a dlficrent zone than the zone that the message
was first seat. In this case. the network operations center
preferably causes the message to be retransmitted in the
appropriate zone without using a prrtion of the

so valuable aystemwide time intents].
In accordance with the invention. a preferred method 800

for sendingaprobesignalis shown in FIG. 8. In step 902.
a message signal is transmitted by a base nansrniner serv
vicing a zone where the mobile transceiver was last known

65 to be located. ln particular. this may be preferably an alter-npr
by the nctwtxk to deliver a message to the mobile trans-
ceiver.
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If the mobile transceiver does not indicate receipt of the
message signal from the base transmitter transrnlned in step802. the ndwukusnunes that the mobile transceiver has not
received the message and transmits a probe signal by a
plltrallty of base transmitters servicing: plurdily of zones in
step 804. The mobile transceiver receives thepmbe signal in
step 8015.

Upon receipt of the probe signal by the mobile
transceiver. the mobile transceiver transmits an acknowl-
edgment signal in stqa $08. A base receiver recdves the
aclrnowledgrnent signal hem the mobile transceiver in step
Bill.

Finally. the data. such as the lan location field 2104
shown in user database 2100. is updated to reflect the zone
of the base l'DI'.‘dVfi. orreoeivers. that receives the acknowl-
edgment signal as the last known location of the mobile
lransoeiva in step 812.

C. The Multi-Carrier Modulation Trnnslnission
Format

The base transmitters of the communication system such
as base transmitters 612 andfild shown in ‘FIG. 6. preferably
utilize a. rnulti-carriu modulation frame! as will now be
described. In general. a multi-carrier rnodulation formal
envisions the simultaneous transmission of several closely
spaced Carlin" frequencies wiI.’ni.n a desired frequency band.
each individually modulated to convey an infonnation sig-
nal. The I'nulti4:a'rier modulation format advantageously
allows for high data transfer rates by-providing good bit rate
transmission rates while keeping below the baud rate
rations of simulcast transmission techniques.

FIG. 9 shows a fneqtlency rqncsenuttion 900 of an eight
carrier modulation fcII1:naL Curls‘ frequency 903 is shown
with side bands 904. carrier frequency 906 is shown with
side bands DIE. carrier frequency 910 is shown will side
bands 912. carrier frequency 914 is shown with side bands.
916. carriu frequency 918 is shown with side bands 92..
carrier frequency 922 is shown with side bands 924. carrier
frequency 926 is shown with side bands 92.3. and carrier
Ere_que1IC)" 93. is shown with side bands 932.

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

In this exetzlzplary embodiroenl. the (strict frequencies are
spaoerl3 lctlzapaltwirlunadesiredfreqtaencyband of5D
[CH1 Dashed line rim-ts 934 and 936 represent minimum
frequency mil ofl’ levels. such as may berequjred byFcdn'al
Communication Commission regulations. to prevent overlap
interfer-ence 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 trI.nsmi.nsion from the base
translnittersean begrcatly inereasednvhile keeping the baud
rate within acoepuble ranges for simulcast transmission. It
should also be understood that in accordance with good
simulcast practice. the respective carrier frequencies
between adjacent base n-ansminers. such as base transmitter
G12 and base transmitter 614 in FIG. 6. should be slightly
offset to prevent sustained nodes or “dead spots" where
desu'ut:li.ve interference between the signals fiom eadt trans-
miner provides an unusable composite signal. as was
explained in the background section of this npplica.tion.'I'h.‘ts
frequency olfsci is preferably on the order of 10-20 hertz.

As previously discussed. each carrier signal may be
individually modulated to convey a data stream. The lo]-
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12
lowing will discuss alternative techniques for modulating a
plur.al.ity of carriers in accordance with the systems and
methods of the present invention.
1. Modulated Oniflfl" Keying

Perhaps the simplest modulation scheme conceptually is
modulated onfolf keying (MOOK). FIG. 10 shows a sche-
Inatic representation of a MOOK modulator 1000. The
MOOK modulator 1900 includes a plurality of carrier fre-
quency generating devices. such as fiequency generator
1002 generating frequency F1. frequency generator 1004
generating Erequency F2. frequency generator I006 gener-
ating frequency P3. frequency generator [008 generating
frequency F4. and frequency generator 1918 genaatlng
frequency Fn. As shown in FIG. 10. the MOOK modulatozr
llill may include any number (Le. 11) of frequency
generators. but eight carrier frequencies are preferred. as
shown in FIG. 9.

The output from each of lhe carrier frequency genuators
102. 104. 106. toe. and no is applied to a pl.urali.l:y or
respective switches SW! 812. SW2 814. SW3 816. SW4
818. and SWn 820. The output frornench switch is provided
to a combiner 1022.

Each of the switches SW1 812. SW2 B14. SW3 816. SW4
813. and S'Wn 82.0 opens and closes undu the oontrol of a
control logic system (not shown) to etfect the MOOK
modulation. The control logic system (not shown) causes the
desired switches to variously close and open. thereby con-
veying an n-bit binary word. Each carrier frequency trans-
mits a binary “one” if the respective switch is closed and a
binary "zero" if the respective switch is open.

The summer 1022 combines the modulated carrier fre-

quencies to provide a multi-tarrier modulated output signal
that conveys an n-bit binry word.
2. Binary Frequency Shifi Keying Modulation

An alternative multi-carrier modulation scheme including
frequency shift keying {'FSK) techniques may be imple-
mented by the modulator shown in FIG. II. A frequency
shift keying modulator 1100 includes a lirst frequency
source 1102. a second frequency sollrcc 1194. a titird Ere-
quency source 1106. a fourth frequency source 1108. and an
nth frequency sotnee I110. The output from each frequency
source is provided to a respective rnodulntor 1112. 1114.
1116. H18. and 1130.

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) pmvidm frequency control signal 1 to mode-
lalur 1112. frequency control signal 2 to modulator 1114.
frequenqr control signal 3 to modnlatrn I116. frequency
signal 4 to modulator me. and frequency control signal it
to rnoclulator 1120. In binary frequency shift keying (1?-PSK}.
the respective frequency control signals provide data corre-
sponding to a Irinary “one” or “zero” which causes the
respective modulators to rnodulate a first or second fre.
quency onto the carrier signal.

A srnnrner 1122 combines the rnodnlznerl carrier frequen-
cies to produce an outptrt signal.
3. M‘ary Frequency Shift Keying Modulation

A modulation scheme related to binary frequency shifl
keying is M'ary frequency shift keying. M'a.ry frequency
shift keying modulates three or more difl"c:rent fretplencies
onto the respective carrier signals. In quaternary frequency
shift keying. for example. two bits of information may be
instantaneously conveyed on a ngle carrier frequency.
Similarly. 8'ary frequency shift keying may instantaneously
convey liaroe bits of infomnlion per carrier frequency.

Referring again to FIG. 11. M'ary frequency shift keying
may be implemented by providing modulators 1112. R14.
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1116. ll18.and Hlflwithfltetzpabilitytomodulalcbti
difieaent frequencies onto the carrier signal. Accra-dingly. the
various frequency conu-ol signals must provide data indi-
cating which of the M frequencies is to be modulated onto
the carrier signal. For example. in qttalernary frequency shifl
keying. the frequency control signals must each include two
bits of information to indicate which of the four dilferent
frequencies are to be modulated onto the carrier frequency.

The summer 1122 combines the modulated calzrier fre-
quencies to produce an output signal.
-II. Qt.Iadrattn'e Amplitude Mulls"-{'.al'l'ica' Modulation

Yet another alta-native modulation technique for a multi-
cerrier transmission forms: is shown in FIG. 12. A quadra-
turemcdnlamr12IOi.neludesafi.rstquadranneca:rier
generator D02. a second quadrature carrier generator 12:04.
a third quadrature carrier generator IZIG. and a fourth
quadrature carrier generator 1116. As is well known. quanta-
nire modulators in genaal each produce an in-phase carrier
signal and a quadrature carrier signal that is +.l—9t}“ out of
phase will! 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 [our quadrature carrier generations
which efioctiveiy correspond to eight unique modulator
signals. Therefore. quadrature arnplitude rnnlti-carrier
modulation may preferably reduce the width of the fre»
quency band necessary to achieve a desired data transfarate.

Each quadrature carrier generator 1202. 1104. 1206. and
129% receives a control signal from a control logic system
(not shown) \v‘hit:l'| provides the data to be modulated onto
the quadrature carrier signals. In a simple implementation.
the quadrature carrier genuators may amplitltde rnodltlate
the in-phase and quadrature phase output signals to convey
two bits of lnfonnation. The in~phase and quadnnn-e signals
output from each quatiranlrc carrier generators 1202. 1294.
12-96. and 1206 are provided to a summs 1210 which
combines the signals to produce an output signal.
5. Permutation Frequency Shifi Keying (PFSK)

PFSK may beimplelnented tiu'ougb control logic systems
similarto tltatusedln aMO0Kcran M'aryFSKlnodttln-
tion scheme. In PFSK. every hand has a fixed number of
canier signals present. preferably any «I of the possible 3. In
a PFSK ammgeanent. a constant average transmitter pawn
is advantageously delivered and the receiver only need
decide which 4 carrier frequencies contain the most energy.
In the case of MDDK. the receiver must attempt to deter-
mine on a subclsannel-by-subchannel basis the presence. or
absence of a signal. This aspect of PFSK may simplify
mobile receiver design.

Compared toabinnry orM'aryFSKmodulst.ion schemes.
nbigbanttmberofbits Inaybedelivcredpesbaud with
FFSK. For example. PFSK may ge.neru.t;e signals that inde-
pendent FSK subchannels could never generate. sud: as all
four carriers being the four highest frequencies. and there-
fore it can be seen that PFSK may advantageously incenseinformation transfer rates.

D. The Base Transroittu
Each base transmitter unit. suchas base transmitter 612 at

GM shown in FIG. I5. receives tran.srnitter control data and
message data transmitted from the satellite H6. FIG. 13
shows a firs: preferred embodiment of a base transmitter
1300 in accordance with the present invention. The base
tmnsnzittu 13.0 receives data Erom the satellite dowlllink
oon.neot.ed to data input 1301 which provides this data to a
control logic system 1304 to control the operation of the

14
base transmitter unit The control logic 130d provides a
control signal to I plurality of modulators 1.306. 1308. 1310.
1312. and 1314. Modulator 1306 produces a carrier signal
Fl. mothllalor I308 prodtloes a carrier signal ‘F2. modulator

5 1319 produces a carrier signal P3. modulator 1311 produces
a carrier signal F4. and modulator 131st produces a carrier
signal Fn.

For example. the control logic may generate appropriate
control signals to modulate the carrier signals in a MOOIL

10 BFSK. M'ary FSK. PFSK. or quadrature amplitude modu-
lation scheme. as previously discussed. Each modulator then
provides the modulated output signal to a cornbiner 1316
which combines each of the several modulated carrier
frequencies into a single output signal.

'5 The single signal is then applied to a power arrrplifier 1313
to arnplify this signal to an appropriate level. The power
amplifier 1318 may. for example. produce a nominal output
signal of 350 watts to antenna 1310. In this ernhodirnent.
power amplifier 1.318 preferably has extremely linear char-

” aeteristics to prevent formation ofinterrnodulation products.
and to insure that these lntermodularion products do not
cause signals to be generated at undesirable fiequencies.
Antenna 132! broadcasts the desired signal from power
amplifier 1318.

1‘ FIG. 14 shows a second preferred ernbodinsent of a sec
transrnitter unit. The second embodiment comprises a base
transmitter 1400 which includes a satellite douvnlinlt cun-
Itectcd to data input 1402. control logic 1-004. and several
modulators 106. 1408. M10. 1412. and 1414. Each modu-
lator receives an appzropriatne control signal from the control
loge 1401. as previously discussed with respect to base
transnnner 1300.

The output from each. of modulattxs MIG. 1408. 1410.
1412. and 1614 in base transmitter 1400 is provided to
respective power arnplifiers I416. M13. 1421:. 1422. and
1424 to provide an ap=propa'ia.te power output level for
transmission. such as 350 watts aggegate.

The output from each of power amplifiers 1416. 1413.
40 1420. 1422. and [424 is provided to combiner 1426 to

combine the modulated carrier signals into a single output
signal which is txovided to antenna 1428 for liroadcast.

E. The Mobile Unit

,5 The mobile unit may be a small. portable mobile
transceiver. such as pictcrially represented in FIG. 16.
Referring now to FIG. 15. the rnobile transceiver 1500
shown therein includes a receiver section for rcociving
signals from the base cranslnitters of the system. and a

5,, transmitter section for transmitting replies. or other
messagm. to the base reeeivas of the systern.

In particular. the mobile transceiver 1500 includes an
antenna 1502 which is connected to a t:mIISl'n.ilJrr:rx:ive
sw1'.td1 1501 to switch the antenna between the transmit and

55 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-eazrier signals from the base
n-ansnritters and must be appropriately designed to demodu-

ao late the particular modulation scheme utilized. For example.
appropriate analog filters and appropriate demortulstors
could be used. In the P;-g|',rmtl ettlbodilnent. the rmeive-r
perfcrrns a tranficnn. such as a fast fotnier transftxrn. on the
received signal tan separate the data from the various ca.rrie.rs

as in the nu.Illi~ca:rrie.-r modulation format.
The receiver 1506 is connetxed no a display and storage

logic section 1508 to process the received signal. An annula-
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ciator lslttto alert the user that a message has been received
is connected to and controlled by the display and storage
logic ISIS. The annunciator 1510 may cornmonly include a
sound producing device such as abeeper. ct a vflxator. or a
flashing Light.

A set of display controls 151210 control the display of the
mobile transceiver 150'! is connected to the display and
storage logic 1508. A display 1514. preferably an LCD
display. is also connected to the display and strange logic
150$ to display messages and various other information to
the user.

Display and storage logic 1508 is oonneued to transmit
logic 1518 via connection 1526. Display and storage logic
1508 may generate an autonomous acknowledge signal
which causes the transtnitter 153 to broadcast an appropri-
ately modulated RF signal. As previously discussed. it is
desirable for me mobile trunscciverto transmit an aclmowl-

edge signal if the message was properly received by the
mobile unit. or alternatively to transmit 2 negative acknowl-
edge signal if the message was only partially received. The
negative acknowledge signal indicates that the network
operations center should retn-oadcnst the message to the
mobile unit.

Preferably. the rebroadcast of the message to the mobile
unit should occur with an appropriate error correcting code
which may be decoded bytln: mobile unit to insure complete
and amuratc reception of the message. Of course. error
correcting codes should be used only when necessary
because their use slows data transfu and increases the

complexity of the mobile unit. Other types of autonomous
replies may also be I.IsefI.IL for example. to indicate to the
network opuations center that the user has not viewed the
message even though the mobile unit properly received it.
such as when the mobile transtzeivet is unattended by theusu:

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 n-snsmilted by the mobile trans-
ceiver. The input switches 1516 also include a switd1 that
allows the user to request retrnnsrnission of a message
corrupted by errors. The input switches are connected to
transmit logic 1518 which decodes the signal from the input
switches 1516to generate an output signal to the transrm'tter
1520. The transmitter 152! generates an appropriately
modulated RF signal to be broadcast by antenna 1502.

The mobile transceiver 1500 also preferably includes a
noise detector 152. The noise detector 152 provides an
output signal upon sensing through antenna lstlzathresltold
level signal. The noise detector 1522 provides an output
signal to disable the transrnitter 1520 via connection 1524.
and to thereby prevent unwanted transmission by the mobile
unit.

Noise detector 1522 preferably is set to detect electro-
magnetic signals which are gcnaatcd cxt.crn.aIly to the
communication system and which are indicative of a con»
dition when transmissions by the mobile unit are undesir-
able. For example. the noise detector 1522 could be
designed to serve sthreshotd level of noise ar4OD Hr. when
the usu enters a comrnercial nircrafl. which commonly uses
400 hertz power supply, the oflhis noise by the noise
detector 1522‘. would then disable the transmit mpability of
the mobile trnnsoeivm‘ 1560 dining operation of the aircrrafi
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
ocivcr 15H ftntlter preferably includm a timing circuit (not
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shown) which may be used to turn the receiver section 1596
on or oil. as desired. The timing circuit (not shown) advan-
tageously allows the mobile transceiver to “pow: down“
dtuieg periods of time when messages are not anticipated to
be transmitted. For cxarnple. in a preferred cotnmunication
protocol. the receiver could simply power up at the bcgt'.n—
ning of each cycle to receive data to determine if a message
will be transntinecl to that mobile transceiver during that
cycle or when information concerning message availabilitywill be t:rnnsn:Litted. If the mobile transceiver is to receive a

message. the firming circuit could power up at the appropri-
ate time to receive the massage. and then power down alter
receipt. The timing chcuit. therefore. advantageously pro-
longs the battery life of the mobile transceiver 1.500. Of
course. it should be understood that the tithing drcuit could
control the olha elements of the mobile transceiver. such as
the display 1514. and the transrnit logic 1513.

In an alternate irrplemeotation. the receiver 1506 may
adaptively change its deanodtllation techniques to amoro-
rnodate varitus formats. For example. each zone may advan-
tageously use a diflerent mochtlation format depending on
message trafilc levels. and other considerations. In
particular. the receiver may receive a signal indicating the
modulation scheme utilized in is given zone via a modulation
formal message contained in an overhead portion of the data
stream. The demodulation of FSK. M‘ary FSK. PFSK. and
MODE formats all begin with the determination of the
energy levels detected at each ofthe carrier frequencies. and
thus require identical processing of the received RF enugy.
The logic (not shown} in the receiver inter-[nets the meaning
of these measured energy levels based upon the modulation
scheme selected as indicated by the ncazivcd modulation
formal message. In this manna’ simpler and more economi-
cal lnnsrnittcrs. with a decreased capacity for information
transfer. can be used in zones that have decreased tnlfic
loads and more expensive. lriglt-thmugltput uanstuitters can
beusedonlyinflaoseareaeotterctheyamneeded.

A pictorial representation of the mobile tra.nsoeivc.r is
shown in FIG. 16. The mobile transceiver 1600 includes a
pair of display control buttons 1601. a display 1606. a set of
six rqtly buttons 1608. 1610. 1612. 1614. 1516. and 1618.
and a requea retransmission button 162:. As indicated
previously. display [606 is preferably an LCD display and
a set of display control buttons 1604 may he used to scroll
text up or down on the display 1606.

The rnmsage "will you be home for dinner?” is shown on
display 1606.

The setofsixreply buttons 1508. 1619. 1612. 1614. 1616.
and 1618 providrza flexible: systemfor user generated replies
to received ruessagcs. The display and storage logic 1508
provides information immediately above each button
eating a possible reply message by the user. In the simple
example shown in FIG. 16. the user my reply “yes.“ "no."
or "'.”' to the massage 163 displnyed on the screen 1606.
The transmit logic I518 generates an apprtrpriate signal
based upon which button the user presses. In this irnple
scenario. buttons 1614. 1616. and 1618 are unused

In alternate appllcadons. up to six possible reply mes
sages my be shown on fire screen 1606. Of course. other
pnrticlllariinod applications may be envisioned for the reply
feature of the mobile transceiver 1500. For example. if the
user is a sttoclrhrokr.-r. the diwlay 1606 could display the
terms "buy." “sell.” or "hold" above the appropriate buttons.
A variety of othu applications may be envisioned.

With the six button reply option provided by mobile
transceiver 1500. a ll'n'ec bit rnessage may be transmitted by
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the mobile transoe-iver to the base receivers. The two remain-
ing states of the three bit message may be used by the
transmit logic l..5l8 for the autonomous acknowledgment
signal which indicates that the message has been properly
received. and for the autonomous negative acknmvlndgment
signal which indicates that the message has not been com-
pletely or 11-operly received.

The request ten-ausrnission button 162! allows the user to
request the base transrnirters to retransmit received
messages. or partial messages containing errors. When the
mobile unit receives a message containing errors. it displays
the message on display 1606 with the erroneous portions
highlighted (e.g.. underlined. placed in braclnrts. or printed
in reverse video). The user reads the rnesmge and deter-
mines whelirer the displayed message is acceptable. If not.
die user can cause the system to reuansrnit the message. or
lhe erroneous portions. by pressing request reuansrnission
button 1622. By pressing button 1612. lire user causes the
transmit logic 1518 to transmit ti signal to the bane receivers
indicating that the user wishes the message or a partial
message to be retransmitted. The base transmitters then
retransmit the message tothe mobile unit at an appropriatelime.

The request rerralrsruission bultnrr increases system elli-
ciency and lowers usu costs by allowing the user lhe
flexibility to elect not to request reuansmission of mmsages
which contain errors but can be understood nonetheless.

The signal transmitted by the mobile unit when the user
passes the request retransmission button 1622 also indicates
to the system that the user has read the message. This
inforrnation can be used by the system to transmit a message
back to the sender informing the send: that the sagehas
been read. as well as for other purposes.

Of course. the mobile transceiver 150! shown in FIG. 16
could be configured differently topmvide more or less reply
buttons. di.'Et:r'cnt display control buttons. and difierent dis-
play fottuats as desired or needed by lhe usa. The request
reu-anxrnission button I622 could also be configured in a
variety of ways. and could be located anywhere on the
mobile unit.

Flutlter. lite obile lransoeivfl 1500 could additionally
include 1 data o-utptlt port (not shown) for connection to
other cledronic devices of the user. For example. the mobile
Irznsceiva could be connected through an output port to a
laptop crpalmtop PC. orcouldl-ycinoorporatedtherein. The
PC could display the message on its screen. thereby obvi-
ating the need for the display 16“. and line keyboard could
be used to generate anyspproprlatercply messages horn the
user. thuehy obviating need for the reply buttons and
allowing free form messages to be sent by the mobile
ttansceiva. Auser selected reply would he trnnsferredto the
mobile transceiver 1500 from the PC for lnnsmission to the
base retxiver.

Alternatively. the mobile trI.nsce.iver could. be connected
to a voice data replay device. such as a speaker. thaeby
allowing the user toreceivc messages from a voice mailbox.
for example. Of course. A voice darn. generation device. such
as a microphone. could be connected to the mobile trans-
ceiver 1.500 to allow the user to reply to the voice mail
message he has received or to initiate voice data communi-
cation from the mobile transceiver to the base receivers.

Similarly. facsimile transmissions could be supported.
An alternate embodiment of the mobile unit includes only

reve capabilities. but does not include any transmit capa-
bililies. FIG. 17 shows a mobile rcceivu 1700. The vlrious
components of the mobile receiver genu'nl.ly correspond in
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fumtionnlity to die similar elernents shown in FIG. 15. Of
course. the mobile receiver 1700 cannot general: replies.
which includes user initialed replies. an autonomous
acknowledgment: signals or negative achrowlcdgrnent
signals. because of the lackof transmit capability. Also. the
location of this alternate erubodtrnent 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 less pref-
erable than the mobile lra.nsccivu' embodiment 1500.

Panther. it should be appreciated that the mobile trans-
ceiva embodiment may include circuitry for generating
various autonomous responses without interaction by theuser.
F. The Base Receiver

The base receivers of [he 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 boundaria per se. but will always be
located to service at least one none. of course. Alew base
receivers may exist in the overlm region between zones.

During transmission of the return signal by the mobile
lransceivu unit. it is possible that several base receivers
could receive this return signal. In this instance. the etworir
operations center 600 preferably selects she data from the
base receiver with the highest received signal strength (Le.
the signal with the lowest probability of errors) to maximize
the Iikelilroodof receiving accurate dnl.n."l'Ire signal slrcrlglir
approach is preferred and can be srtisfnttcnily ilnplerrrentaed
if the base receiver locations are carefully selected to insure
adequate signal strength reception from the mobile trans-
ceivu units and to the overlap between base
receiver coverage areas. Allernately. the network operations
center GUI could use "voting" techniques bycomptuing each
datnsetfromlhesevltral bnserecciverstonrriveatthemosl
likely return signal data using conventional voting receiver
technology.

FIG. l8(A) shows it first embodiment of an analog base
receiver. Analog receiver rim: is connected to an antenna
I800. The analog receiver 130: simply receives the signal
from the antenna 180! utd removes the modulated wave-
form from the carrier’ frequency and outputs this waveform
Luanalogforrualloaregionaldernotlulalor lblltlviadatn
path 1806. Data path 1806 is preferably a 4 K111 analog
telephone channel.

The regional tlerno-dirlator 1804 receives signals from
sevunl analog receivers included in several base receivm-:.
Preferably. the regional demodulator 1804 is located in the
regional station. such as regional station 654! shown in FIG.
6. The demodulated signal from the regional demodulator
1894 is the transferred to the regional processing drcuitry
1338. and then onto the network operations center 60!.

The analog receive: [802 could generate identification
data In be translniued with each received message so the
network operations carter 600 can delermirri: lire source of
each message received. Alternatively. and preferably. dedi-
cated corrununication paths are used for each base receiver
nnddrerefore.tlIesourceofdrnmessa.gecanbeinferred
from the oornrnunicnlion path that is activated.

FIG. 18(3) shows a digital base receiver embodiment
which includes an antenna 1800 attached to an analog
receiver 1801. As in the previously discussed embodiment.
the analog receiver 18!: removrs the modulated waveform
fromtln: carrier signal transrnitted by the mobile transct-.-ivu'
unit. The analog receiver 1802 outputs the modulated wave-
form to a demodulator 181! included in the base receiver.
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The demodulator 1810 produces a digital output signal
corresponding to the data stream uansmirted by the mobile
transceiver unit. The demodulator 181! provides the digiml
output signal to the regional processing circuitry 1808 in the
regional station via data path 1313. Data path 1812. may be
any conventional data path which can satisfacntn-ily convey
the digital data been the demodulator 1810 to the regional
processing center 1808. The regional processing cinzuitry

£38 then passes the data to the network operations center
FIG. 19 shows a digital base receiver including error

correction and store and forward feanires. An antenna 1900
is connected to an analog receiver 1802 which is connected
to a demodulator 1810. as pntviously described with refer-
ence to FIG. 18(3). The demodulated digital signal is output
from demodulator 1810 to error correction circtlilry 1906
which may perform error conrection lllg01"itll.l'.|:IS to insure the
i.Irtegrity of the reltlrn signal received from the mobile
transceiver unit. Of obtuse. the error correction ciro.titry
should decode and correct data which have been cornpatibly
encoded by the mobile transceivu.

The error corrected data output from the error correction
circuitry 1906 is provided to a store and forward circuit
l90B.T1Je store and forward t:i.rcu.it 1903 stores the received
data to allow it to be transmitted later at a convenient time
and at a convenient data transmission rate.

For example. in the present system it is likely that the
reI:urn signal traific 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 n-nnsfer rate
from the base receivers is substantially lower than the
instantaneous data transfer rate during traflir: bums. The
store and fttward. circuit 1903 may preferably au. as a buffer
tcallow the return signal drtatobecomrnunicatedfmrnlhe
store and forward c:I.rcu:il 1908 to the regional processing
ci.rc1.titry lllls at a lower (and less expensive) data transfer
rate. Store and forward ci.rct.u'.t 1908 is. therefore. preferably
connected to regionalproeessing circuitry 1808 via datapath
1910 which may include a low cost telephone line.
G. The Network Operations Center

1. Overview
The network operations center 600 is shown in sehenaatie

form in FIG. 2ll.The network operations ccnttrtl-0! includes
a base receiver input system 1”. which receives data from
the various regional stations throughout the system (e.g..
regional stations 644 and 650) via various data paths. such
asdatapathsnsfiandnsllnsshownin FIG.E.'I‘heda1a
received by the base receiver input system 2000 includes
reply data from users with various control data. Base
receiver input syslun 2900 may include appropriate con-
vennonal signal processing equipment. Control data may
include data identilying the base receiver (i.e. location of the
mobile unit) which received the associated reply. Preferably.
the base receiver input section 1000 receives data from the
regional stations via phone lines. However. olhw appropri-
ate data paths may be mnsidmed.

The base receiver input system 2000 then provides the
received data to a central computer 2002. The central
computer 2902 may also receive input from a user inptn
system. 1004. For example. the user input system 254 may
receive data. from usas via phone lines who may access and
interact vvith the central computer via voice. DTMF. or
modem transmission and may include appropriate conven-
tional signal processing equipment. Auser may interest with
the central computer 2002 to modify his service. to
(I receive messages. er to perfonn other desirable ftlnctions.

Generally. the central oornpun-.r 2002 processes the data
received Erom the base receive‘ input sysmnzoor and from
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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 generatetlata for transmission
to a satellite uplinlt output system 2096.

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 cortrputing
system may be used to perform the necessary functionality
of the central oornptrler 2002. Presently. however. a single
location for me oennal computer 2002 is preferred

Satellite Itplink output system 2006 receives data from the
central computer 2602 and provides it to satellite 606. shown
in FIG. 6. for transmission to base transmitters within the
system (e.g.. base uansmitters 612 and 614 in FIG. 6).The central 2ll02is also connected to a database

system 203 whidt stores various data such as message data.
user status data. system slams data. and message status data.
for example. fix" use by the central computer 2002 in
processing.

Also. a control access 2010 is provided to allow systems
engineer: or programmers to access the central compula
2002 to observe and modify its operations and system
performance.

2. Database Strtrctttre

The database 2008 of the network operatios center
includes several database snttctures necessary for the opera-
tion of the system. While a prefemed partitioning of these
databases is described below. it should be understood that
other part'iti.onings could be considered. such as moving the
various “user tratfic“ fields Erotnthe Iraflic statistics database
to the user database.
a. The User Database

Fcr example. the user database sI:I‘t.tct:ure shown in FIG. 21
includes a record for each use‘ of the system who possesses
a inc-bile unit. The record for user 1 2100 includes various
fields, such as an ID ntunber field 2.182 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 t:ra.nsnrit. Thelast location held 21“ 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 0!’ course. if the mobile unit only includes
a mobile receiver without transmit capability. the last loca-
tion field 210-I cannot be updated and the mobile unit may
be given a default location.

The service area field 216 includes data corresponding to
the 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 the service area field 2]I8 to cause only selected base
transmitters to attempt 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 formal field will not be used.

Till: message field 2112 includes data representing one or
more messages which are intended for the urn: A receive
flag is set when the central computer has received data
indicating that the message has been received by the mobile
unit via an acknowledgment signal. if the mobile unit does
not have transmit capability. the receive Bag is set upon
transmission of the message by the appropriate base trans-
mitters. The user database structure may include other fields
for each user of the com:-nunication system of the present
invention as needed to provide various desired services.
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b.1he Receiver Database
Database 2908 of FIG. 20 includes a receiver database

(not shown) which includes an entry with several associated
fields for each base receiver in the system. Afirst field for
each base receiver preferably includes the total number of
mobile units which have last cornmunicated with this
receiver. A second field for each base receiver preferably
includes a list of base Iransrnitters which may cover all or a
portion of the receiver coverage area of that base receiver.
C. Traflic Statistics Database

Database 2008 of FIG. 10 should also include preferably
a n-aflic statistics database as show in FIG. 22 which
includes various fields containing statistics calculated by the
central cornpttla 2002 concerning tralfic patterns for the
system. For example. the trafiie database 2290 preferably
includes a user field 22.02 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 field 2202. Field 2206

includes datarqanesenting the nmnberofrcgistrafion signals
received by the network from the mobile unit associated
with the user field 2202. Field 2203 includes data represent-
ingthe ntnnberofmessages from the network that have been
sllooessfttlly delivered it) the mobile unit associated with the
user field 2302. Field 2210 may be used for other n-afllc
related data. such as data indicating the average traific per
cycle. and data indicating a time average (i.e. {or the last
hour) traffic amount.

Further. the trafic database .2210 couldinclude fields (not
shown) for data concerning overall sysleniperformance and.
in particular. each zone in the network. Such area specific
nalfic data may be useful in optimizing system performance
by allowing intelligent redefinition of zonal boundaries.
d. The Service Queue

Database MOB of FIG. 20 also includes a service queue
2300 as shown in FIG. 20. The servim queue 1300 includes
a current messages queue antlaprobc list queue. The current
messages queue includes a system wide list of messages to
be delivered by the system. 'l‘he ourrent messages queue
includes. for example. a series of ID number fields 13-02.
2301-1. and 2306 with associated data location fields 2308.
2310. and 2312. respectively. The data location fields 2308.
2310. and 2311 include pointers to the appropriate fields indtcuserdatabase structlue shown in FIG. 2l.The ID numbt:
fields 23-02. 2304. and 2306 include data indicating the ID
number of the user to which the message is to be delivered

in operation.the central computer rdrieves the ID number
33112 and datalocation 2303fi‘omthelopol"tiIc-current
messages queue and retrieves the appatoptiale data from the
user database 2100 to process and u-tutsruit a message to theuser.

The probe list queue includes in ID number fields Z314.
2316. and 2318 and data location fields 23.20. 2322. and
232-1 siruilarin form to those inthe current messages queue.
The prc-bells: queue contains alist of users which the system
has previously attempted unsuccessfully to deliva a rues-
sagc to. In other wads. the users listed in the [robe list are
considered to be “lost” by the system The central oornpttter
2002 then initiates a pobe routine for the ID uu:I'u.br:r 2314
anddatalocazion zazalocacea in the lopoflltcpmhc Iisl.

After successful execution of the probe routine. the last
location field 2304 in the user database sb.'I.Icuire 2100 will

have been updated to provide an accurate lastlocation of the
user from the base receiver that reoeived. the mobile 'I.tn.il's
acknowledgment to the probe signal. After the last location
field 304 has been updated. the message can then be
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replaced in the current messages queue for delivery to the
user via the appropriate base transrnitters located. near the
mobile unit.

Prefuably. the network operations center gives priority to
the delivery of all messages In the current message queue.
and then sends [robe 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 message volume in the
ctunent message queue remains high for an extended period
of time. the network operations center preferably begins to
periodically send probe signals to the usas listed in the
Probe List. ev though undelivered messages remain in the
current messages queue. For example. in this instance of
persistent filled current messages queue. the network opera-
tion ceuter preferably transmits three probe signals in every
cycle transmitted.
e. Base 'Il*a.nsmitter Assignment List

The database 2008 of the netwcrk operations oenta also
includes a base transmitter database 2400 as shown in FIG.
M. The base transmitter database 2400 includes a zonal

assignment field 240-‘I fa data representing a zone assign-
ment associated with a base nansmitter field 2402 in the
system. Also. a field 2406 for data representing the base
reoeivus in the transmitter coverage area. and a field 2408for other data associated with a base transmitter. are asso-
ciated with base transmitter field 2402. As can be seen in
FIG. 24. each base Iransrnilzer in the network has a base
transmitter field and associated fields as described above.

In normal operating conditions of the syslern with low
a.rnoun.ts of message traflir: being transrnitted. each base
uansmitter will remain assigned to its particular zone.
However. the systems and methods of the present invention
provide for dynamically changing the zonal assignments of
various base transmitters to improve information through-
put. These dynamic zone allocation ooncepts dynamically
reassign base transru.itt.ers 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 msages to
mobile units in overlap areas (in. “zonal d.iI:ha-ing"). or to
balance the volume of message trafic between zones.

FIG. 25 is useful to explain tl:|r.se concepts. Various base
transmitters. each designated as an "X." are dispersed
throughout ategiou ofspaoe sliownin FIG. 2.5..-also. various
base receivers are dispersed throughout this region of space
2500. each being designated by an “R.” The normu zonal
boundary for zone I in FIG. 25 is shown by solid line 2502.
A normal boundary for zone 2 is represented by solid line
2504 during normal load tnific operation conditions. As can
be seen. base n'a.nsmitte:rs 2506. 2508. and 2510 are located
near the zonal boundary of none 2. and base transmitters
2512. 2514. and 2516 are located near the boundary of zone
1. Base recdvcrs 2518 and 1520 are located in an ovalap
area 2521 between zones 1 and 2. As tnevlously discussed.
mobile units located in this overlap area 2521 near base
remivers 2518 and 252! must be communicated with during
the sysleamtdde time intaval because of the intufettuee
created dining the zonal time interval by adjacent base
transmluzers.

During normal. low to moderate volume system
oprrafions. the zonal overlap xea 2521.. i.e.. interference
area. near base receivers 2518 and 2520 will preferably have
a small numb: of mobile units located tluxein. '[‘bert:foa'e.
onmmllnitfltion with these mobile units will not significantly
consume system resources by occasionally conirnunieaiing
with them during the systernwide time interval.
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However. if the traflic volume from the overlap area 2521
near base receivers 2.518 and 2520 increases. such as
because additional mobile units enter this overlap area 2521.
the handling of this trains in the systaernwide time interval
can significantly consume system resources. For example.
communication with a large number of mobile units during
the systennwide time interval may significantly delay deliv-
ery of messages to unirs in this and other regions.

In this instance. the zonal boundaries are changed to
remove this high tmflie region from a zonal overlap area. For
example. system cficiency is rtstcrred if the zone I boutrdary
were rnovedlodashed l.irre2522a.ndthezone Zboundary
were moved to dashed line 524..

The cenhal computer 1002 may dynamically aooornplish
this zonal redefinition by assigning one or more base trans-
mitters to a new zone to reduce systernwide tirne interval
messages. In the present example shown in FIG. 25. the
central computer updates the base hansmilter zonal assign-
ment list to reassign base transrnitllers 2512. 1514. and 2516
to zone 2 while removing these base transmitters from zone
1. In view of this zonal redefinition. the new zone I
boundary is shown by dashed line 2.522.. ttnd the new zone
2 boundary is shown by dashed line 2524. The high tralfic
teflon near base receivers 2518 and 2520 is now squarely
within zone 2 and messages to these units may be efliciently
delivered darting subsequent zonal time interval(s).

In accordance with the invention. as [referred method
2600 for accomplishing zonal redefinition is shown in FIG.
26. In accordance with the method. step 2602 provides for
transmitting substantially sirrtultaneously a first inforrnation
signal and a second infcamation signal. the first information
signal beingrransmittledin sirnulcastbyafirstsetofbase
Iransrniuors assigned to a first zone. and the second infor-
mation signal being trsnsrnlttod in silnlrlcast by a second set
of base transmitters assigned to a second zone. For example.
as shown in FIG. 25. the base transmitters in zone I defined
bybound.ar'y1ine2§I2oou1dbetlrefi.rstsetofba.se
transmitters. and the base transm.itte:rs located in mm: 2
defined by boundary line 2504 could be the sound set ofbase transmitters.

Step W of the method provides for dynamically reas~
signing one or more of the base h'a.nsmitte.rs in the first set
of base transmiticrs assigned to the first none to the second
set of base transrnitlers assigned to the second zone. thereby
creating an updated lirst set of base transmitters and an
updated second m of base transmitters. For example. has-e
trnnsminas 2.512. 2.514. and 2516 couldbe reassigned from
zone 1 to zone 2.A5 shown inFIG. 2.5. new zonal boundaries
would be defined by dashed lines 312 for zone 1 and 2524
for zone 2.

Stop 2606 provides lranslnifling substantially simulta-
neously a third information signal and a fourth infonnation
signal the third information signal being transmitted in
sinnrlcast by the updated firs: set ofbase transrnirters and the
fourth information signal being I:ra.nsrIri'tlod in sirnuicasl by
the updated second set of hose transmitters. ‘For example. as
shown in FIG. 1'5. the base lil.'I|ll.5Il:I.ll1¢I'S assigned to zone I
defined by dashed line 2522 (i.e. not including base trans-
mirters 1512. 2514. and 2516) could trallsttlit dining I
subsequent communication cycle at thirdinfonznation signal.
andoasetransrnitters inzonezdefinedbydashedtinezszd
(i.e. including base Innsrnitters 2512. 814. and 2516) could
transmit a fourth infrxrnation signal during that same sub-
sequent oormnnnimtion cycle.

Further. it is desirable that during the redefinition of the
zonal boundaries. it is insured that the new overlap area
2525 near base receiver 2526 and between dashed tines 2522
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and 3524 is an area that is not likely to produce. or is not
currently producing a high volume of message n-afie.
Generally. zonal boundaries should be preferably redefined
to maximize information throughput by minimizing the data
that must be transferred dttring the systemwidc time interval.
A network manager oould review the overall trnflic patterns
and tendencies to determine an optimum redefinition of
zonal boundaries. Of oonrae. the central computer 3002
could also irnplernent an algorithm accessing the traffic
statistics database 220! to determine optimal zonal bound-
ary redefinition.

In a preferred embodirnt in the instance where an entire
region is saturated with mobile units. such as a large
metropolitan area repetitive reassignrnents of base transmit-
ters may be used to reduce message traifics during Ihe
systernwirle time interval. There may exist no appropriate
overlap area. such as overlap area 2525. with a low traffic
level to facilitate a long term reassignrrtent of brtsc trans-
mitters with the resulting redefinition of zonal boundaries. In
this case. the preferred embodiment alternates between a
first and second set of zonal boundaries over each commu-
nication cycle and does not attempt to deliver messages
during the systemwide tirne interval

For example. in FIG. 25 this preferred embodimentwould
utilise the zonal boundaries defined by lines 2502 and 1504
during a first zonal time interval and would not attempt to
deliver messages to mobile units in overlap area 2511. In a
subsequent cycle. this preferred ernhodirnent redefines the
zonal boundaries to dashed lines 2522 and 25% and delivers
messages to the mobile units in previous overlap area 2521
during the zonal time interval using zone Zbase transmitters.
During this cycle. the network would not attempt to deliver
messages to mobile units in overlap area 2525. In yet a later
cycle. this preferred embodiment would switch back to
zonal boundaries 2502 end 2504 which would allow mes-
sage delivery to mobile units in the now plflious overlap
areazizfidttringllrezonalfirneintervalusingzonelbase
transmitters. As can be seen. alternating between a llrst and
second set of zonal boundaries advantageously reduces the
need for conillrunication during the syslemwirie time
interval. but slows message delivery somewhat by only
allowing communication to mobile tlnits in overlap areas
during zonal time intervals on alternating cornrnunicatiort
cycles.
H. The Preferred System Com.rnunication Protocol

The system communication protowl is preferably a time
division protocol rrganized within repetitive communica-
tion cycles of preferably 30 seconds in duration.

The blocks of data transmitted by the network are pref-
erably formed by a hit intuleaving process to prevent loss of
data dining bursts of interference. Bit interleaving may be
envisioned as stacking two or more blocks of data (which
read from left to right). and then transrnining a bit stream in
a column-by-column. top-to-bottom sequence. As can be
seen. a burst of interference willliltely only cause the loss
ofafew bitsperwocrd a.trnosl.whichcanbeoorrrocledby
error oouettion techniques. rather than the loss of entire
words. Of course. the mobile unit must appropriately
deinlerleave the data prior to processing.

FIG. 27 generally illustrates a variety of preferred time
intervals which may variously be used for oommttnioation
between the system and various sets and subsets of mobile
units. An adaptable schedule fr: these time intervals is
preferably generated and may be revised according to
system demands. The scheduling of the time intervals
advantageously allows a mobile unit to "pcwver clown"
during inactive time periods when the mobile unit will not
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transmit or receive any messages. thereby conserving bat-
tcry power. Similarly. messages or iltforrnation for delivery
to a subset of the total number of mobile units will prefer-
ablybettansmittedduringtirneintervalswhichmlnirnize
the delivery of those messages or information to unintended
mobile units not included in the subset to ftntber conserve
battery power.

A preferred cycle protocol 2700 is shown in FIG. INA).
‘The cycle protocol 2700 includes a qrcle header time
interval 2‘Ttl2. a systemwide forward (FWD) batch time
interval 2704. a systenwidc response ti.m.e interval 2706. a
zonal forward (FWD) batch time interval 2708. a renal
reverse time interval 2710. and n J'c'versc contention tin}:
interval 2712. Other arrangements. such as moving the
systemwide reverse interval next to the zonal reverse inter-
val may be considered if transmitter turn on time is signifi-am.

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

uansceivtr units to the nrrwtuk. Briefly. the cycle header
2102 field includes overhead or “non sekeeping"
information. the systemwide forward batch field ZTI4 and
the zonal forward batch field 1108 provide fa-ward oom-
rnrrnieation capability through the base nansrnitners to the
mobile units in a syatentwlde tirne into-val and a zonal time
interval. respectively. The systemwide response field 2706
and zonal reverse field 2710 provide a reltru signal period
for the mobile transceivr.-rs to respond to messages generated
during the systemwide and zonal forward batch periods
2504 and 2588. remctively. Finally. the reverse contention
312 field allows the mobile transceiver to initiate access to
the network.

Each of the llelds shown. except the cycle header ZTIJ2.
field. is preferably variable in duration. and may be changed
by the central computer 2002. depending on message n'a.flic
rcquiren1ent.s.'I‘he heginningof the cycle is synclnoaizedby
Iheecntralcontptttertoalimestandardandpnefei-ably
coincides with the start of minute or half minute intervals.

Each mobile unit preferably lncludfi tithing circuitry. 3
previously tlea¢:I.'lbed. which allows for the mobile unit to
power up at the beginning of each cycle to receive commu-
nication.

For each cycle. the ce.nn'a.l computer BN2 calculates 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. 2'l(A). the central
computer will calculate the amountoflirne necessary for the
systcruwide forward batch field ZTI4. the sysremwide
response interval Zita. the zonal forward interval 27118. the
zonal reverse interval 2710. and the reverse contention

interval 2712. The cycle header 2‘TI2 will lzrefcrahly include
tirnlngofisetdatawhichwlllindicatedtetimingoflseth-om
the cycle header until the beginning of the aystemwide
response interval 2706. the befinning of the zonal forward
interval 27$. the beginning of the zonal reverse iaterv-rd
2110. and the beginning of the reverse contention interval2112.

The cycle header 2702 starts prezferably with an 8 digit
long pl-wrnble (not shown) for digit synchronization pur-
poses. The [xeamhle allows for fire mobile unit to synchro-
nize its timing circuitry with the network. For example. the
dining circuitry of the mobile unit could become offset from
the network due to commonly caused inaccuracies. The
preamble is followed by a “start of header” string of four
digits and all timing offsets tvitbin the cycle are calculated

26

as a number of predefined intervals beginning from the start
of the last header dig1‘t.'I‘he start of header slringis followed
byansdigitsn-Eng groupedintotwowo;rd.s.eachofwhlch
is Ixotectod against errors by encoding it using a forward
error oorreding code. preftxably a. Base. Cbaudlu.n'r'. and
I-iocqnengltern (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 oer-Lain

to common er-run-events occur. a decoding step involving all of
the transnttiltetl digits. both information and additionaL can
recovu the original information digits. The that node wcrd
will contain a count of the current cycles exectlted for that
day. The second code word will contain the necessary timing

is olfsets for the beginning of the time intervals in the cycle
protocol 2700. Further information regarding error correct-
ing codes may be found in Gallagher. “lnforrnation Theory
and Reliable Communication." Wiley 1963. which is hereby
incorporated by reference.

to The systcmwide forward batch 2'78! field generally
includes a zonal heads: tiruc interval including overhead
information and a series of 64 batches. Also. the zonal
forward interval 2710 similarly includes a zonal header time
interval with overhead information and a series of 64

2.5 hatches. Each batch is a string of data containing informa-
tion firefly directed to a single group of mobile units.
Each batch preferably contains information directed to a
certain class of mobile units with the classes divided by the
types of service provided. For exanrple. a first batch could be

30 directed to all mobile transceiver units. and at second batch
could be directed to all mobile receiver units. FI.n'l:|tr:r. each
batch may contain several message; us]: intended for
dilferent mobile units within the particular class of unit to
which that batch is -directed. Genaally. FIG. 27(3) shows

35 the forward batch intrr'valprIotoool2'l'51Iprcfet'reIi forboth
the systcmwidc forward imtrval 2704 and the zonal faward
interval 2708.

'I‘he systemwide forward interval 2704 is preferably used
only for sending a probe signal to A mobile tra.ns.oe1'vcr unit

In which does not Icspondto zonalmcssages (Le. a “lost” unit).
Howeva-. when necessary. the systemwide forward interval
2704 may be used to deliver messages to mono: units
located in overlap areas. The }D nunnber. or address. of the
lost rnobilc unit is preferably followed by data indicating a

45 tirning oflset which is n time delay amount unlfl the begin-
ning of the time slot designated for the return signal ofthat
mobile unit. An alternative implementation. whidt may be
useful for mobile units that have not responded fcr a period
of time. mold have mobile units that have received a probe

so signal respond during the reverse contention intaval.
After the end of the broadcast on the syriemwide fcrwnrtlbatch time interval 2704. all network base lransrnittcrs shut

down until the beginning of the zonal forward batch titne
interval 270%.

as The forward batch interval protocol 2750 includes a
forward channel header interval 211:! which includes data
allow the timing circlrilry ofthe mobile units to syndironize
themselves with the incoming data stream. The forward
channel headerzlld also preferably includes data indicating

so alimingofiketsdtedulingareveraecltannellimeintervalfot
each batch. as may be required. Ofcotuse. the forward
channel header 1114 for the systemwide forward interval
2704 would indicate a tinting other for reverse channel
lrarrsrnission during the systemwide response inlenral ZTIG.

65 and the forward channel header 2714 for the zonal ftrwud
interval 2708 would indicate a during offset for reverse
channel lnnstnission dining the zonal reverse interval 2710.
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'I‘he forward channel header 2714 further includes a data

mean: tothc mobile unit listing which ofthe 64 batches will
follow and the timing olfsets indicating when those batches
will be transrnined. Again. this feature advantageously
allows the mobile unit to “power down” during the system»
wide and zonal forward intervals 2794 and 2106 until the

apprqxiate time for receiving its batch information. thereby
conserving the battery power ofthe mobile unir.‘l‘herernain-
ing fields batch i 2120. batchj 2722. and batch It 2724 arethe individual batches directed to the mobile units.

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

The individual batch protocol 1790 is shown in FIG.
27(C). The batch header field 2116 is similar to the header
fields discussed above for FIGS. 27(.\) and (B). The batch
header 3716 includes a list of particular‘ mobile units to
receive messages within the batch and includes timing
offsets indicating when sud: messages will be broadcast.
F'un:ber. the batch header 21% includes data indicating a
timing ofiset scheduling a reverse channel il:Ilfl‘VlIl 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-
priate time to receive or transmit the appropriate message.
Further. it is preferred that the revuse channel timing oflsct
data be transmitted using error correction codes to insure
accuraie receipt thereof by the mobile unit. Accurate receipt
of the reverse channel timing offset data will prevent
unwanted or untimely transmissions by the mobile unit and
insure that a mobile unit may properly transmit a negative
aclrnonvledgmenl signal if it fails to properly receive an
unencoded message.

The individual message interval 2732 includes the indi-
vidual message intended {crap-articular mobile unit or units.
The duration of each message and number of messages
within a batch may be varied by the network operations
center 60! and is uaific dependent.

Each mobile unit with transrnit capability that has
reoeivedamessage in the immediately previous systernwideforward innenral 2704 or the zonal forward interval 2708

will have-an appropriate time slot for transmission scheduled
in the systemvvide response interval 270-6. or the zonal
reverse interval 2710. respectively. The timing circuit in the
mobile transceiver unit determines the assigned time slot for
transmission. For example. if the mobile unit simply intends
to transmit an acknowledgment signal. which indicates that
the mobile unit has properly received the message from the
networtanfibitpreamblcfollowedbytltraddressoithat
mobile unit need only be transmitted and a 3 bit acknowl-
edgrnent. 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 aroquest from the mobile
unit sent dining the contenlion interval 2711. as discussedhereafter.

Due to the low power transmit capability ofthe mobile
transceiver units. there is an increased. I.i.lrelihood of data
transmission errors for reply signals. The extended Golay
code for error protection may be utilized for reverse channel
mcataagcs from mobile transceiver units to the network.

The systcmwilie response imerval 2706 and the zonal
reverse interval 2110 provide cornruunication capability
from the mobile transceiver units to the network (Le. the
reverse channel).
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Still further. a prefetred embodiment accommodates

mobile terminals with extensive reverse message generation
capabilities (e.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 afier the zonal reverse interval 211! and
provides for unscheduled messages from the mobile unit to
the network. For example. the mobile transceiver unit could
send a message to the network during the reverse contention
interval 2712 indicating that the user no longer wishes to
rctxivc messages. thereby terminating 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 fi't>111
the network. Further. a “iegisu-.n:icn signal.“ which is dis-
cussed infra. could be lransrnilied dining the reverse con-
Iention interval 2712.

The reverse contention interval preferably utilizes a
so-called "stoned Ai..0HA" fiotocol. whidr allows the
mobile unit to randomly select a predefined time slot within
the contention interval to transmit a message. A mobile
station wanting to transmit will that divide the contention
interval into slots. preferably 5.33 ms in length. and then
choose randomly any of them to start transmitting. The
slotted ALOHA protocol is preferred because oi the low
likclillood of Iiala “collisions” (in. 2 or more mobile units
transmitting during the same time slot).
1. Registration of the Mobile Unit

Because the network opuations 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 regisuation signal to at
base receiver into lhr. network to update the location data.

The mobile transtxiver un.i.t preferably regisaus by simply
transrnittiug its identification number to a base rece'wer.
which forwards this data and data representing the location
of the base receiver to the network operations center 60!.

The mobile transceiver preferably registers upon crossing
zonal boundaries to alert the network operation center that
the rncbile transceiver has left one zone and entered another.
For example. the mobile unit could receive information from
the nearest base tranamit1eridenlifyi.ng which zone that base
transmitter is assigned to at the beginning of each commu-
nication cycle. Upon receipt of such infcrrnntion from a base
transmitter that a nearby base transmitter is
assigned to a new zone. the mobile transceiver then [refer-
ably transmits a registration signal.

The mobile transceiver unit may also transmit a registra-
tion signal in other desirable instances. For example. if the
mobile transtxiver unit has moved away from the transmitter
coverage areas of the network for a period of time. the
mobile tnnsceiver unit may preferably transmit a registra-
tion signal upon rerttning to a coverage area. The display
and storage logic I508 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-
milla in the network during the cycle header time interval
2702. for example. The mobile unit may leave the coverage
area ofa base transmitter of the network when the user takes
the unit out of the country. or enters the basement of a
budding. for exnrnple.

The mobile unit may also preferably transmit a registra-
tion when power is restored to the mobile unit afler
having poem" removed. such as afier being turned off by the
user. Of course. the power may be restored to the unit by
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replacing or Iedtargjng a dead battery. which may nlst:-cause
transmission of a registration signal

In general. the network must balance the need for frequent
registrations by the mobile lranscelvu units. and the desir-
able result of accurately knowing the location of each
mobile unit. thereby preventing the need for probe signals.
with the undesirable overhead costs of too frequent
registration. which sacrifices data throughput by utilizingvaluable n'ansrn.it time.

In the prefermd etubot:li.rnenL the central compttter 2932
of the netwcrt operations center 600 can achieve desirable
performance by inttplementing one or more algorithms to
evaluate the need for registration by arnobile unit. and then
appropriately controlling the regi.st::ation perfonnance of
that mobile unit. If the central computer determines that
registmnon of a particular mobile unit is useful. then the
mobile Ianit preferably should receive a message from the
network to cause the mobile unit to send tegisu-ation signals
at appropriate times. Conversely. if the central computer
determines that the tegistranon signals from the mobile unit
we too frequently not usefuL the mobile unit preferably
should receive a message fi'om the network to cause the
mobile unit not to transmit registration signals.

To implement this feature. the mobile transceiver unit
further preferably includes a registration flag (not shown) in
the dimlay and storage logic section 1508. If the registration
flag is set. the display and strange logic section 1593 causes
the mobile transceiver to autonomously send a registration
signal to the network operaliom 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 nag may be set or removed upon
command from the network operations oentq by transmis-
sion ofan appropriate signal from a base transmitter near the
mobile uniL A variety of algorithms. possibly regarding
individual users orgroops 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 algorittuns for implernenting these registration eon-
oepts depending upon whether the registration flag is set or
not in the mobile unit (i.e. the slate of the mobile unit).

FIG. 23(A) shows a flow chart describing a preferred
method 2800 for implementing the registration concepts of
the present invention wherein the regisu-ation feature of the
mobile unit is disabled. In step 2802. the network sends a
message to disable the registration feature (i.e. set the
registratio llitg to zero) of ‘die mobile unit to disable the
mobile transoeiver‘s capability to transmit a registration
signal. As can be seen. step 2802 determines the inilial state
for the method set forth in FIG. 280%).

In step 13“. the networlt stores the nt.n11b-er of probe
signals sent to the mobile transever during a first period of
time. and the ntn-abet of messages successfully delivered to
the mobile transceiver by the networlc during a second
period of time. Preferably. the first and second time intervals
are identical. The traflic statistics database 2200 of the
database 2008 is preferably used to store the number of
probe signals and successful mmsages for each mobile unit.
As explained hereinafter. these two statisticsfromthe opera-
tion of the network are preferably used to determine whether
registration by the mobile unit is useful.

Instep28I6.thesIrmednurnhe-rofprobesignalsand
number of messages successfully delivered is processed to
eva1uat.ealil:elihoodtltalnga'obe signalwillberequiredto
be setbythecltvoritlolocatetittemobileunitlodellvera
message. The ]:l't:fCEl:d embodiment of the invention pro-
cesses the stored number of probe signals and messages

30
successfully delivered in accordance with the method set
forth in FIG. :9(A).

Referring now to FIG. 2lI(A). therein is shown a series of
subateps which are preferably performed during the imple-

5 mentation of the processing step 2804 shown in FIG. 280%.).
In particular. stqas 1902 and 2904 are event driven and only
proceed to the next step after an input has been received by
the network. Step 2902 determines if the network sent a
probe signal to a lost mobile transceiver unit and if a reply
to the probe signal was received by a base receivu in the
etwork. If this event occurs. a oounta (nu shown) is
incremented by a value P by the central computer 2002.

In step 290$. if a message was successfully delivered to
a mobile transceiver. preferably including an acknowledg-
ment signal return from the mobile transceiver to the

15 network. the counter that shown) in the central computer
2002 is decremented by a value D.

After the occturence of either of the events tested for in
slep2902or step29I4.lhealgoritltmproceed5t.o step2906.
In step 2906. if the counter value is greater than a prede-an termlned value I. this indicates that the likelihood that a
probe signal will be necessary to locate the moiile 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 to a particular

25 unit against the number of successfully delivered messages
to that unit. lfthe system must send a large number of probe
signals. it would ‘be useful to enable the registration feature
by setting the registration flag on that mobile unit to enable
the registration feature. In contrast. if many messages have

so been sucwssfnlly delivered without requiring a probe signal.
it is unnecessary to enable the registration feature by setting
the registration flag.

In step 280%. a message is sent to the mobile unit to enable
the mobile t:tansceiver‘s capability to transmit a registration

35 signal ifthc calculated liltelihood in Stop 2304 exceeds a
selected value. As can be seen. step 2805 preferably sets the
registration flag in the mobile transceiver unit.

HG. 28(3) shows a flow chart describing a method 2810
for implementing the registration concepts of the present

an invention wherein the registration feature of the mobile unit
is enabled. In step 2812. the network sends a message to
enable the registration feature (i.e. set the regimation flag to
1) of the mobile unit to enable the mobile transcszive-r‘s
taapahilily to tra.nsrn.it a rcp'sl:ran'on signal. As can be seen.

45 step 2812 determines the initial stab: for the rn.etl:tod set forth
in FIG. 33(3)-

In step 2814. the network stores the number of regisu-ation
signals received by the nctwtlk during A firs! period oftime.
and the ntunber of messages successfully delivered to the

so mobile transceiver by the nerworltdnrlttg a second period of
time. Preferably. the first and second time intervals are
identical. The traflic statistics database 228 cfthc database

2008 is preferably used to store die nlstnber of registration
signals and successful messages for each mobile unit. As

55 explained bereinafier. these two statistics from the opuation
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 d.elivered is processed to

to evaluate the likelihood that a registration signal will be
receivedbyebasereceiverinllzte networkthatwilluolbe
used by the network to deterrnine a set of base transmitters
to be operated to transmit a message to the mobile trans-
oeivu. The preferred embodiment of the invention processes

55 the shared number of registration received and num-
ber of messages successfully delivered in accordance with
the method set forth in FIG. 29(3).
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Referring now to FIG. 29(3). tlterein is shown a series of
substcps which are preferably perfonned during the unple-
mentation of the processing step 2814 shown in FIG. 23(3).
In particular. steps 2912 and 2914 are even! driven and only
proceed to the next step after an input has been received by
the network. Stop 2912 determines if a regisn-alion signal
was received by 2 base receiver in the network. If so. a
counter {not shown) in the central computer 2001 is incre-
mented by a value A.

In step 2914. if a message was successfully delivered lo
a mobile transceiver. preferably including an acknowledg-
ment signal rettmr from the mobile tntnsceivu-to the system.
the counter (not shown) in the central computer 1002 is
decremented by a value M.It should be understood that the counter referred to with
re ard to steps 2912 and 2914 is dlfierenl then the counter
rc mod to with regard to steps 29!: and 2904 since each
counter is only neces when the registration feature isenabled or disabled in the mobile transceiver. However. the
same physical or logical device may be used to irnplemenxboth counters.

Alter the occurrence of either events ‘u: the step 2912 or
step 2914. the algorithm s to step 2916. In step 2916.
the process determines" the countu value isgreatertlaan a
predete11:ninedva.l.ucT.'I'hc Vnlueof'l‘canbevariedtomeet
the needs of a pat-liwlar network. When the counter value
exceeds '1'. it is indicated that the lllszelihood that a registra-
tion signal from that mobile unit will not be used by the
network to determine a new set ofbase transmitters. and
therefore the registration stams for that rnobile unit needs to
be changed to disable the registration feature.

In other words. the process in FIG. 29(3) balances the
frequency of registration signals sent by a particular unit
against the number of successfully delivered messages to
thatuniL.Ascanbeseen.lfthemohileunitsendsalarge
number of registration signals without the system using
these registration signals. it would be useful to have the
regisnnlion feature on that mobile unit disabled. In contrast.
if many messages have been sucee delivered without
too may registration signals being sent by the mobile unit.
it is unnecessary for the registration feattne to be disabled

In step 2818. a massage is sent to the mobile unit to
disable the mobile I1'ansccive1"s capability to transmit a
registration signal if the caloalated tfxelilrood in step 1814
crosses a selected value. As can be seen. step 2818 may
preferably remove the registration dug in the mobile trans-ceiver unit.

Of ootnsc. it should be understood thantn: variables P. D.
and I used in FIG. 29(.-\). and the variables A. M. and Tuned
in FIG. 29(3) can be adjusted as desired to enhance system
perfcrman-cc. as will be apparent to one of ordinary skill in
the art. The counters can be irnplenaented with so-called
“refledive boundaries“ so that if a counter reaches a
mum value (e.g.. zero). it will continuously reset to that
minimuln value when further dccremented.

It will be apparent to those skilled in the an that various
modifications and variuions can bematie in the systems and
medrods ofthc present invention Wilhotlt departing from the
scope or spirit of the invention.

Other embodiments of the invention will be apparent to
those skilled in the art from considaation of the specifica-
tion and practice of the invention disclosed herein. It is
intended that the specification and examples be considered
asexertrplaryonl3'.willtamaesoopeandspi1'ilofl1|e
invention being indicated by the following claims.What is claimed is:

1. A mobile unit for n-ansrnining and receiving radio
Eroquency signals to and from a communications network
comprising:

means for receiving a radio frequency message from the
network:
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a display for displaying said rnessage‘.
a switch actuetahle to specify a portion of the displayed

rneasage for which a user desires retransmission born
the comlrmnicatlions nelwoair.

means fcr transmitting. only upon accretion of the switch.
a signal to the communications network requesting
retransmission of said specified portion of said mes-
sage; and

means for receiving said specified portion retransmitted
from the communications network and for displaying
the received specified pcrtion on [he display.

2. The mobile unit of claim 1. flntipa comprising:
means for detecting aware in the received message.
said dimlay including means for highlighting said errors

when the message is displayed on said display.
3. The mobile unit of claim 1. ftn-tlrer comprising:
means ior receiving a radio frequency signal from the

communication network including a retnnsmittcd mes-
sage and an error correcting code: and

means for extracting a corrected message front the radio
frequency signal.

4. The mobile unit of claim 1. wherein the signs} trans-
minod by the t.ransn:riI‘l:ing means indicates to the nerworlr
that the user has read the message.

5. The communications netwca-it of claim 4. wherein the
means for retransrnilting includes means for including an
error correcting code in the radio frequency signals contain-
ing the message data.

6. The commnnitaliorts network of claim 4. further com-
prising means for transmitting a signal to a sender of the
message indicating that the on: has read the message.

7. A communications network for transmitting radio fre-
quency signals to a mobile unit and for receiving radio
frequency signals from the mobile Imit. the mobile unit
having a display and a switch stcuarable to specify a portion
ofa displayed message for which a um desires retransmis-
sion after viewing the displayed message transmifdcd Erom
the communications network. the nerwork comprising:

means fcr transmitting radio frequency containing
a message to the mobile unit‘.

means for receiving. from the mobile unit. radio Ere-
quency signals representing a portion of the messagethat the user desires retransmission:

means far rettansiniltlng radio frequency signals contain-
ing the portion of the message to the mobile unit.

ll. A mellztod for receiving and transmitting messages at a
mobile unit. unrnprising the steps of:

receiving at the mobile unit a radio frequency message:
displaying said message on the mobile unit:
receiving an indication of a portion of the displayed

message for which a use: desires retransmission:
ransmiuing. only upon receipt of the indication. a signal

requesting rctransrnission of said indicated portion of
said message:

receiving a retransmission of said indicated portion; and
displaying the received retnnsmlssion of said indicated

portion on the mobile unit.
9. The method according to claim 8. fin-ther comprising

the step of:
detecting errors in the received message: and
wherein the step of displaying comprises the substep of:
highliglrting saidcrrors in the message on the mobile tutil.
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1. Application ~ 76 pages, including 3 independent claimsand 9 claims total.

2. Drawings - 28 sheets of informal drawings.
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and Trademark Office of the time set for filing the Declaration.
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This application is a continuation—in-part of application
;L}f.";'-. ?41.T. i\fu3,‘5_"l0,“E'G

Serial No. 07/973,918, filed November 12, 199%? the contents of
which is hereby incorporated by reference.

II. BACKGROUND OF THE INVENTION

A. Field of the Invention

The present invention relates to methods and systems for

providing two—way communication 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

communication.of large messages and efficient use of system
IBSOUICES .

E. Description of 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—wey

services using store and forward techniques to mobile receivers |
carried by the subscriber. A fundamental goal of two-way

messaging systems is to provide a network of interconnected

transmitters and receivers which provides sufficient transmitted

signal strength and receive capability to uniformly cover a {
geographic region. some conventional messaging systems provide i

the message to the user on a small viewing screen on the mobile

unit.

However, such conventional systems often suffer from problem

associated with low system throughput, evidenced by slow message

delivery and message size limitations and do not provide an

- 1 -
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acknowledgment feature wherein the mobile unit transmits an

acknowledgment signal to the system to acknowledge receipt of the

message from the system. Generally, system throughput refers to

the overall communication capability of a system as defined by th

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

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

the frequency bandwidth necessary to transmit the message data an

may be measured in bits transferred per Hz. Further, such

conventional systems suffer from technical problems preventing

consistent wide area coverage and would require extremely wide

portions of valuable frequency bandwidth to achieve acceptable

system throughput rates.

simulcast technology in communication systems was originally

be obtained from a single transmitter. Over time, however,

simulcasting has evolved into a technique capable of providing

continuous coverage to a large area.

Generally, simulcast technology provides multiple

transmitters, operating on substantially the same frequencies and

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

transmitting the same information positioned to cover extended '

coverage over area A, D, and E, transmitter l02 generally provide

coverage over area B, D, and E, and transmitter 104 generally

developed to extend transmitter coverage beyond that which could
i provides coverage over area C, E, and F. In some cases, the

coverage area of a first transmitter may be entirely enclosedLAW arr-Ices

FmNHmNJhNmamN within the coverage area of another transmitter, such as inFAP..-mom: GARRETT
8 DUNNER

I300 l STPEET, J‘l.W‘
WASHINGTON. DC 20005

|v 202- 4OBvAGO0
building interiors and valleys. in areas where one (and only one

."|
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transmitter dominates (e.g., areas 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 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.

Destructive interference occurs when the two signals are equal in

magnitude and 180“ out of phase and completely cancel each other.

While there were some successes, reliable design procedures were

not available.

Attempting to precisely synchronize the carrier frequencies

of all simulcast transmitters does 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. E

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 (efg., 20 hertz errors in 100 MHz signals or a few

parts in 107) render deliberate offsetting unnecessary. Further,

merely offsetting the carrier frequencies could not guarantee

acceptable quality demodulation because proper alignment of the.

modulating signals in time is also required. -

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

Fig. 1 when modulating waveforms are synchronized and includes
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Isynchronization:

coverage boundary 202 from a first transmitter and a second

transmitter coverage boundary 204 from a second adjacent

transmitter. An egui—signa1 boundary 200 exists where the signal

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

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 egui—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 transmitter to be out of

(1) timing shifts in the delivery of the

modulating waveform to each of the transmitters; (2) timing Shift

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 timin

shifts combine to produce an overall timing shifts between the

received signals from the first and second transmitters. In

current commercial practice, the sumation of these three

components results in time shifts of about 200 microseconds. The

timing shift present in simulcast systems disadvantageously limit

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.
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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

306 and 308 are exactly in phase. As will be appreciated, the

timing shift between signals Q06 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 shifts will likely cause

signals 306 and 303 to be out of synchronization.

Figs. 3(C).

modulated between a high and a low frequency value and the signalj

{D}, and (E) show the summation of these two
signals 306 and 308 at an equi—signal boundary, such as boundary

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 amplitude signal 314. A noise threshold is indicated h

the horizontal dashed line 304 in Fig. 3(8).

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

314 dipping below the noise threshold 304 at an anti—phase

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

Shown in Fig. 3[D)). As can be seen from Fig. 3{E}, the

200 in Fig. 2. Fig. 3{C) shows a composite signal 310 indicating

that the freqnency information remains unchanged, Fig. 3(D} shows

anti—phase condition 302 caused by the slight phase shift between
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transmitter 1 and transmitter 2 will not cause any loss of data

because the antiaphase condition persists for only a small portio

of the baud interval. I

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 1 180° 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 counteracted 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 transmitter is offset from,

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

transmitter by a full band. In particular, signal 404 lags signa

402 by one band interval. As previously discussed, the offset 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

area. 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 undesirabl

covers several entire baud intervals and, therefore, successful

demodulation is impossible during those baud intervals. If the

baud interval were increased to minimize the effect of these

it cantiming shifts, data loss would be less likely. Therefore,

be seen that the baud rate at which good data transfer can be
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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 it 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 to simulcast for wide area coverage is

assignment of orthogonal, non—over1apping subdivisions of the

available system capacity to adjacent areas. Subdivisions can be

made_in time (e.g., broadcasting the information on the same

frequency in different time slots to adjacent areas), or in

frequency (e.g., broadcasting the information simultaneously on

different frequencies in adjacent areas). There are several

problems with such orthogonal systems, however. First, orthogona

assignments require tuning the receiver to the assigned frequency

or time channel for the area in which the receiver currently

resides. In the broadcast services every traveler has experience

the frustration of finding the correct channel for their favorite

programs. simulcast operation 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

consumption.

Second, and more serious, the orthogonal assignment approach

drastically reduces the system throughput capacity as measured in

bits per Hz because anywhere from 3 to 7, or possibly more,

orthogonal assignments are required to obtain continuous area
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1 coverage in most conventional orthogonal systems. This waste of
1 capacity is somewhat recouped if the same information is not

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

an orthogonal system. In cellular, the same frequencies are

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 cell

(N) is equal to 3, 4, and 7. Each cell (i.e., A, s, c, . . .) in}
conventional cellular service usually only includes a single

transmitter and operates in a different frequency or time divisio

within the communication protocol. As shown in Fig. 5, cellular

service generally locates transmitters utilizing the same divisio

(all the "A" transmitters} far enough apart to reduce the

likelihood of interference between such transmitters. As the

number of cells increases, the likelihood of interference

decreases. For example, with N=3 as shown by arrangement 500 in

Fig. 3, -the distance between the coverage area of "A" cells is

about 35 cell width, with 151:4 in arrangement 502, the distance

between the coverage areas of "A" cells is slightly larger, and I

with N=7 in arrangement 504 the distance between "A" cells is I

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 divisionLuv crime I: 2
FINNEGAN. Hawouucu

Fnmnow, G.-umtrr
8 Dunner:

I200 l BTREEY, N.W.
W.n3HlNIOTON, DC 20005

lczfiz--IE5-4009

multiplexed systems, thereby decreasing the systems total

information transfer. In frequency division systems, more cells

72'
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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 specific cell (i.e. transmitter] in which the

mobile unit is located to allow capacity reuse.

In a conventional communication system, the transmitters’

an error correcting code. When a block is received by the mobile

unit, the mobile unit uses the error correcting code to determine

whether the block has been received correctly. If the mobile uni

determines that the block has not been received correctly, the

mobile unit automatically sends a message back to the

transmit messages in blocks to a mobile unit, each block inc1udin%
communication system requesting retransmission of that particular

block. The system then retransmits the block to the mobile unit

and the mobile unit reassembles the block into the proper portion

of the message. This technique ensures that messages are

accurate, but consumes a great deal of air time, driving up the

it wouldcosts of mobile messaging, often needlessly. Therefore,

be desirable to reduce the needless retransmission of some messag

blocks to reduce costs and conserve

III. SQMMARY OF THE INVENTION

The systems and methods of the

system resources.

present invention have a wide

variety of objects and advantages. The systems and methods of th

present invention have as a primary object to provide a

communication system for communicating messages to a mobile unit,

which decreases costs and conserves system resources.
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Another object of the invention is to reduce the needless

retransmission of some message blocks.

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 mobile unit for transmitting and

receiving radio frequency signals to and from a communications

network comprising means for receiving radio frequency messages

from the network, switch means for allowing a user to request

retransmission of at least parts of the message from the

communications network, and means for transmitting, upon actuatiom
of the switch means, a signal to the communications network I

requesting retransmission of the at least portions of the message

In another embodiment, the invention is directed to a

communications network for transmitting radio frequency signals t

a mobile unit and for receiving radio frequency signals from a

mobile unit comprising means for transmitting radio frequency

signals containing message data to a mobile unit, means for I
receiving radio frequency signals from the mobile unit instructin

the network to retransmit the message date to the mobile unit, an

means for retransmitting radio frequency signals containing the

message data to the mobile unit.

10
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In yet another embodiment, the invention is directed to a

method for transmitting messages from a communications network to

a mobile unit comprising (a) transmitting radio frequency signals

containing message data from the network to the mobile unit, (by

receiving the radio frequency signals containing the message data

at the mobile unit, (C) receiving at the mobile unit a request

from a user to retransmit the message data, (d) transmitting a

request retransmission signal from the mobile unit to the network,

(e) receiving the request retransmission signal by the network,

and (f) retransmitting the message data by the network in the E0

of radio frequency signals.

It is to he understood that both the foregoing general

I description and the following detailed description are exemplary
and explanatory only and are not restrictive of the invention, as

claimed.

IV’. 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 explai tfigwprinciples of the invention.

Fig.af’i:#:Wschematic diagram of an arrangement of simulcast
transmitters; M

Fig. 2 is a schematic diagram of uniform smooth earth

propagation; -

Fig. is a schematic diagram of synchronized modulatedhlw OVIVIGKS

INT-IECJAN, HENDERSON waveforms;
FARABOW, GARRETT

E1 DUNNER.
V300 I STRELT, N.W.

VKEHIMBTGN, DC 20005
-—zozv«oa~aooo

1 .
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a schematic diagram of modulated waveforms offset

full baudfiil/,f’
.Fig. 5 ' a

Figgigfiafs

Fig. is a

schematic diagram of cellular system coverage;

schematic diagram of a communication system:

flow chart of a preferred method ofI

 
 

"ow chart of-a preferred method of sending a  
of a four carrier quadrature

of a first embodiment of a

‘ .
 

 

 
.modulation;

-(‘W‘+

10_§§fig schematic
Fig. ifflis a

multi—carri

Fig. diagram of an on/off keying modulator

schematic diagram of a frequency shift keying

 

 
  

modulator:

Fig. diagram

modulator:

diagram

diagram of a second embodiment of a

Fig.Q55 i5fia¢%%hematic diagram of a mobile transceiver:4?"

Fig._;§iis a pictorial representation of a mobile

transceiver; figfigg
Fig. gggiggéfifigaematic diagram of a mobile receiver;.\

Fig.fiL€%

Fig. ifiyfii i_, "schematic diagram of a digital base receiver

3) ggggschematic diagram of an analog base receiver,4

1
Fig. iggaaia schematic diagram of a base receiver with a

store and forward feature:

communication;

Fig

regional pr
4’

Fig;?9 is a schematic diagram of a frequency spectrum for

— 12 —
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Fig schematic diagram of a network operations

center;

Fig_ schematic diagram of a database structure;

Fig. is a Schematic diagram of a traffic database;it

Fig.fi%3’€: a schematic diagram of'a service queue;
Fig a

database; éfifyfififldFig. is a schematic diagram of dynamically changing zonal

assignments; gwfigw
Fig. Qgfiffl a flow chart of a preferred method of dynamically

zonal reassig_-fint;

schematic diagram of a base transmitter

sf

Fig. i§(a&fl¢s a schematic diagram of the cycle protocol:.4?" ' .
Fig.i231B) is a schematic diagram of the forward batch..w

interval progpbl;

Fig.¢@7(C) is a schematic diagram of the individual hatch

protocol: _Fggfi“
Fig. 25%;) is a flow chart of a preferred method to enable

the registragififi feature of a mobile unit;

Fig.<§8{B) is a flow chart of a preferred method to disable

the registrategfi feature of a mobile unit;

Figfiyfgflhj '§ a flow chart of a preferred evaluation method
used to enaglfigiie registration feature; and

‘ Fig;“§g(B} is a flow chart of a preferred method used to
disable the registration feature.

V. DESCRIPTION OF THE PREFERRED EMBODIMENTS
|.Aw ovrlcga

lmumminmnunm Reference will now be made in detail to the present preferreFARABOW,CARRETT
I an . . . .

|.m°,£::?mw embodiments and exemplary embodiments of the invention, examples\|'A5N|||G‘|'U". DC ?0DD5
x-202-Aoevaooo

1,1 -13-

77



78

Law a Ff no ca
FINNEGAN. Htwamson

F.-uwaow. CARRETT
9 DUNNER

I300 I swam N.w.
wA$mNE-TON, DC aooos

I-202-AOB~ADOD

of which are illustrated in the accompanying 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 major elements of a preferre

communication system according to the present invention. As she

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 satellit

606. Satellite 606 redirects the received data to several

satellite downlink stations including station 608 and station 610.

Conventional satellite technology allows for nominal data transfe

rates of 24 M bits/second. Further, conventional satellite

technology allows for accurate delivery of data to stations 608

and 610, which allows for precise synchronization between the

signals broadcast in simulcast by the stations 608 and 610. It

should be understood that stations 508 and 610 may optionally

receive identical data, or may individually receive different dat

simultaneously from the satellite 606.

Satellite downlink Stations 508 and 610 are connected to

spatially separated base transmitters 612 and 614 via data paths

616 and 618, respectively. Base transmitter 612 is connected to

antenna 620, and base transmitter 614 is connected to antenna 622

Preferably, the base transmitters of the present system have a

power output capability of about 350 watts, which will provide an

effective transmitter coverage area of several tens of miles.

Although not shown in Fig. 6, each zone preferably includes

_ 14 _
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multiple transmitter stations 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 I

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 about 1 watt.

The communication system includes several base receivers 628,

630, 632, and 634 each connected to antennas 636, 638, 640, and

642, respectively. Base receivers 623 and 630 are connected to a

regional station 644 via data paths 646 and 548, 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 area of each transmitter. An

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 1

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

to 1 ratio shown in Fig. 6 is merely shown for ease of

illustration.

Regional station 550 is connected to the network operations

center 600 via data path 656 and regional station 644 is connects

_ 15 -
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to the network operations center 600 via data path 658. The data

paths 656 and 658 preferably include low cost phone lines, but ma

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

assigned to that zone. For example, Fig. 6 shows a dashed zone

dividing line 660 roughly dividing a zone 1 from a zone 2. Zone

includes base transmitter 614, base receivers 632 and 534,

regional station 550, 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 both transmitter 614 should at least cover the region

above dashed line 660, and preferably should extend somewhat belo

dashed line 560. Similarly, the range of base transmitter 612

should at least cover the region below dashed line 650, 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.

Referring back to Fig. 2, it can be seen that boundary 202

and boundary 204 overlap in an area near the equiusignal 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 th

_15_
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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, if

base transmitters 512 and 614 are broadcasting identical signals

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

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 region 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

will 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 may 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 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 electronic messag

to be delivered to the mobile unit 624.

_ 17 _
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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

retransmitted by satellite 606 to satellite downlink stations 608

and 610. The data received by satellite downlink 508 is provided

to base transmitter 612 through data path 616, and the data

received by satellite downlink 610 is provided to base transmitte

614 through data path 518. - '

at this point, the exemplary communication system shown in

Fig. 5 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 antenn

620 and antenna 622, respectively, in simulcast to be received by

mobile unit 624, which corresponds to step ?06 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

block of information including the message data to mobile unit 62

and base transmitter 512 transmits another block of information,

which corresponds to steps 708 and 710 of Fig. 7. This second

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 transmitte

612. Delivery of the message to mobile unit 624 during the secon

time interval is advantageous because during message delivery to

_ 13 _
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the mobile unit 624 by base transmitter 614, base transmitter 612

could be delivering a different message to a different mobile uni

(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

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

and broadcast that signal via antenna 626. The return signal may

be received by any or several of the base receivers 628, E30, 532,

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 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 autonomous 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 can generate and broadcast a negative acknowledge

signal. The negative acknowledge signals when delivered to the

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

explanation. It is-envisioned that the system of the present

-19-
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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.

Further, it is envisioned that the present system could

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

variously use simulcast techniques within individual zones and

over several or all of the zones. As previously noted, zones ar

generally defined by the coverage areas of the one or more base

transmitters. The network operations center 500 assigns each has

transmitter in the system to a zone. For example, in Fig. 6, has

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 th

present invention dynamically control zonal assignments and the

use of simulcast techniques.

In general, the communication system of the present inventio

operates by repeating a communication cycle to achieve desired

information transfer, which is more fully discussed infra. The

communication cycle is divided into a systemwide time interval an

a zonal time interval. In the systemwide time interval, the base

transmitters from at least several zones are operated in simulcas

to simultaneously transmit identical information to a large
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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 it during the systemwide

time interval. Therefore, the systemwide time interval can be

used to send a "probe" signal that requests 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 t

uncover the location of "lost" mobile units.

, In the zonal time interval, each base transmitter assigned t

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 transmitting 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,

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 t

communicate with the mobile units in the zonal time interval
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because information throughput is maximized by reusing the

transmission frequency 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 time interval or provides a negative

acknowledgment, the network operations center sends a probe signa

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 interference, the

network operations center may simply retransmit the message durin

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

instances, the system may retransmit the message during the zonal

time interval using an appropriate error correcting code or using

a stronger error correcting code.

_ 22 _
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Alternatively, the network operations center may determine

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 a portion of the valuable systemwide time interval.

In accordance with the invention, a preferred method 800 for

sending a probe signal is shown in Fig. 8. In step 802, a messag

signal is transmitted by a base transmitter servicing a zone wher

the mobile transceiver was last known to be located. In

particular, this may be preferably an attempt by the network to

deliver a message to the mobile transceiver.

If the mobile transceiver 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

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

mobile transceiver in step 810.

Finally, the data, such as the last location field 2104 sho

in user database 2100, is updated to reflect the zone of the base

receiver, or receivers, that receives the acknowledgment signal a

the last known location of the mobile transceiver in step 812.
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C. The Multi—Carrier Modulation Transmission Format

The base transmitters of the communication system, such as

base transmitters 612 and 614 shown in Fig. 6, preferably utilize

a mu1ti—carrier modulation format as will now be described. In

general, a multi—carrier modulation format envisions the
simultaneous transmission of several closely spaced carrier

frequencies within a desired frequency band, each individually

modulated to convey an information signal. The multi—carrier

modulation format advantageously 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 representation 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 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.

It should be understood that although this exemplary figure

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.

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 935 represent minimum frequency roll

_ 24 _
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off levels, such as may be required by Federal Communication

Commission regulations, to prevent overlap interference 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 rate within

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

spots” 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

individually modulated to convey a data stream. The following

will discuss alternative techniques for modulating a plurality of

carriers in accordance with the systems and methods of the present

invention.

1. Modulated Ongoff Keying

Perhaps the simplest modulation scheme conceptually is

modulated on/off keying (MODE). Fig. 10 Shows a schematic

representation of a MOOK modulator 1000. The HOOK modulator 1000

includes a plurality of carrier frequency generating devices, such

as frequency generator 1002 generating frequency F1, frequency

_ 25 _
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generator 1004 generating frequency F2, frequency generator 1005

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 814, SW3 816, SW4 B18, and SWn 820. The

output from each switch is provided to a combiner 1022‘

Each of the switches SW1 812, SW2 814, SW3 816, SW4 818, and

Swn B20 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

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.

The summer 1022 combines the modulated carrier frequencies t

provide a multi—carrier modulated output signal that conveys an

n—bit binary word.

2. Binary Frequency Shift Keying 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 1105, a fourth frequency

_ 25 _
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source 1108, and an nth frequency source 1110. The output-from

each frequency source is provided to a respective modulator 1112,

1114, 1116, 1113, 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 (no

shown) prouides frequency control signal 1 to modulator 1112,

frequency control signal 2 to modulator 1114, frequency control

signal 3 to modulator 1116, frequency signal 4 to modulator 1118,

and frequency control signal 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 frequencies to

produce an output signal.

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

example, two bits of information may be instantaneously conveyed

on a single carrier frequency. Similarly, 8’ary frequency shift

keying may instantaneously convey three bits of 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

_ 27 _

91



92

u.-ma orrucfis
JNEGAH. HENEEE RSON
Mm-asow, CARRETT

8: DUNNER
I300 I STEEEY, N.W.
.5!-mucrou, no 20005
|v202-405‘4000

 

1120 with the capability to modulate M different frequencies onto

the carrier signal. Accordingly, the various frequency control

signals must provide data indicating which of the M frequencies 1

to be modulated onto the carrier signal. For example, in

quaternary frequency shift keying, the frequency Control signals

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

four different frequencies are to be modulated onto the carrier

frequency.

The summer 1122 combines the modulated carrier frequencies t

produce an output signal.

4. Quadrature Amplitude Multi—Carrier Modulation

Yet another alternative modulation technique for a

mu1ti—carrier transmission format is shown in Fig. 12. A

quadrature 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

As is well known, quadrature modulatorscarrier generator 1208.

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 signal. Of course, any number of

quadrature Carrier generators could be envisioned, depending upon

data transfer and throughput needs. 12 shows four quadraturFig.

carrier generations which effectively correspond to eight unique

modulator signals. Therefore, quadrature amplitude multi—carrier

modulation may preferably reduce the width of the frequency band

necessary to achieve a desired data transfer rate.

-28-
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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 quadrature

carrier signals. In a simple implementation, the quadrature

carrier generators may amplitude modulate the in—phase and

quadrature phase output signals to convey two bits of information.

The in-phase and quadrature signals output from each quadrature

carrier generators 1202, 1204, 1206, and 1208 are provided to a

summer 1210 which combines the signals to produce an output

signal.

5. Permutation Frequency Shift Keying [PFSKJ

PFSK may be implemented through control logic systems similar

to that used in a HOOK 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. In a PFSK arrangement, a

constant average transmitter power is advantageously delivered and

the receiver only need decide which 4 carrier frequencies contain

the most energy. In the case of HOOK, 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,
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D. The Base Transmitter

Each base transmitter unit, such as base transmitter 612 or

614 shown in Fig. 6, receives transmitter control data and messag

data transmitted from the satellite 606. Fig. 13 shows a first

preferred embodiment of a base transmitter 1300 in accordance wit

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 i305, 1308,

1310, 1312, and 1314. Modulator 1306 produces a carrier signal

F1, modulator 1308 produces a carrier signal F2, modulator 1310

produces a carrier signal F3, modulator 1312 produces a carrier

signal F4, and modulator 1324 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

previously discussed. Each modulator then provides the modulated

output signal to a combiner 1315 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 amplifie

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

- 39 _
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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, control logic 1404, and several modulators 1406,

Each modulator receives an1408, 1410, 1412, and 1414.

appropriate control signal from the control logic 1404, as

previously discussed with respect to base transmitter 1300.

The output from each of modulators 1405, 1409, 1410, 1412,

and 1414 in base transmitter 1400 is provided to respective power

amplifiers 1416, 1413, 1420, 1422, and 1424 to provide an

appropriate power output level for transmission, such as 350 watts

aggregate.

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 1423 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
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to switch the antenna between the transmit and receive sections 0

the mobile transceiver 1500. A receiver 1505 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 be

appropriately designed to demodulate the particular modulation

scheme utilized. For example, 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 signal to separate the data

from the various carriers in the multi-carrier modulation format.

The receiver 1506 is connected to a display and storage logi

section 1508 to process the received signal. An annunciator 1510

to alert the user that a message has been received is connected t

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 flashing light.

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

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 lcgi

1518 via 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
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transceiver to transmit an acknowledge signal if the message was.

properly received by the mobile unit, or alternatively to transmi

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.

Preferably, the rebroadcast of the message to the mobile uni

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

types of autonomous replies may also be useful, for example, to

indicate to 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.

A set of input switches 1516 is provided to allow the user t

input a reply to a received message, or to otherwise generate a

message to be transmitted by the mobile transceiver. The input
switches 1516 also include a switch that allows the user to

request retransmission of a message corrupted by errors. 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 a

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
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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.

The display and storage logic 1508 of the mobile transceiver

1500 further preferably includes a timing circuit (not shown)

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

desired. The timing circuit (not shown} advantageously allows th

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 duringLAW orrncts

=mwmnnHmowrm that cycle or when information concerning message availabilityFARABOW. C-ARRETT
a DUNNER
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will be transmitted. If the mobile transceiver is to receive a
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message, the timing circuit could power up at the appropriate tim

to receive the message, and then power down after receipt. 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 implementation, 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 may receiv

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 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

indicated by the received modulation format message. In this

manner simpler and more economical transmitters, with a decreased

capacity for information transfer, can be used in zones-that have

decreased traffic loads and more expensive, high—throughput

transmitters can be used only in those areas where they are
needed.
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A pictorial representation of the mobile transceiver is she

in Fig. 16. The mobile transceiver 1600 includes a pair of

display control buttons 1604, a display 1606, a set of six reply

buttons 1608, 1610, 1612, 1614, 1616, and 1618, and a request

retransmission button 1622. As indicated previously, display 1606

is preferably an LCD display 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,

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

1620 displayed on the screen 1606. The transmit logic 1518

generates an appropriate signal based upon which button the user

presses. In this simple scenario, buttons 1614, 1616, and 1518

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 1506 could display the terms "buy," "sell," or "hold"

above the appropriate buttons. A variety of other applications

may be envisioned.

-3fi..
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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 tha

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.

The request retransmission button 1622 allows the user to

request the base transmitters to retransmit received messages, or

partial messages containing errors. When the mobile unit receive

a message containing errors, it displays the message on display

1606 with the erroneous portions highlighted (e.g., underlined,

placed in brackets, or printed in reverse video). The user reads

the message and determines whether the displayed message is

acceptable. If not, the user can cause the system to retransmit

the message, or the erroneous portions, by pressing request

retransmission button 1622. By pressing button 1622, the user

causes the transmit logic 1518 to transmit a signal to the base

receivers indicating that the user wishes the message or a partia

message to be retransmitted. The base transmitters then

retransmit the message to the mobile unit at an appropriate time.

The request retransmission button increases system efficienc

and lowers user costs by allowing the user the flexibility to

elect not to request retransmission of messages which contain

errors but can be understood nonetheless.
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The signal transmitted by the mobile unit when the user

presses the request retransmission button 1622 also indicates to

the system that the user has read the message. This information

can be used by the system to transmit a message back to the sende

informing the sender that the message has been read, as well as

for other purposes.

Of course, the mobile transceiver 1500 shown in Fig. 15 coul

be configured differently to provide more or less reply buttons,

different display control buttons, and different display formats

as desired or needed by the user. The request retransmission

button 1622 could also be configured in a variety of ways, and

could be located anywhere on the mobile unit.

Further, the mobile transceiver 1500 could additionally

include a data output part {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

the display 1606, and the keyboard could be used to generate any

appr0priate_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 transceiver 1500 from the PC for

transmission to the base receiver.

Alternatively, the mobile transceiver could be connected to a

voice data replay device, such as a speaker, thereby allowing the

user to receive messages from a voice mailbox, for example. Of

_ 33 -
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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 generally correspond in

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

course, the mobile receiver l?00 cannot 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

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

The base receivers of the present system receive the low

power output signal from the mobile transceiver unit. As is shown

in Fig. 5, mobile receivers are dispersed throughout the

geographic service area. Base receivers need not be associated

- 39 _
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with zonal boundaries per se, but will always be located to

service at 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

transceiver unit, it is possible that several base receivers coul

receive this return signal. In 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 th

base receiver locations are carefully selected to insure adequate

signal strength reception from the mobile transceiver units and t

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.

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

frequency and outputs this waveform in analog format to a regiona

demodulator 1804 via data path 1806. Data path 1806 is preferabl

a 4 KHz analog telephone channel.

The regional demodulator 1804 receives signals from several

analog receivers included in several base receivers. Preferably,

_ 40 _
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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 600. ‘

The analog receiver 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

paths are used for each base receiver and therefore, the source 0

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

removes the modulated waveform from the carrier signal transmitte

by the mobile transceiver unit. The analog receiver 1802 outputs

the modulated waveform to a demodulator 1810 included in the base

receiver. The demodulator 1810 produces a digital output signal

corresponding to the data stream transmitted 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 digita

data from the demodulator 1810 to the regional processing center

1808. The regional processing circuitry 1808 then passes the dat

to the network operations center 600.
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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

Fig. 18(3). The demodulated digital signal is output from

demodulator 1810 to error correction circuitry 1905 which may

perform error correction algorithms to insure the integrity of th

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 transmitted later at a convenient time 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, i

is also likely 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 communicated from the store and forward circuit

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

Store and forward circuit
less expensive} data transfer rate.

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

telephone line.

G. The Network Qperations Center

1. 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

558 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 identifying the base receiver (i.e. locatio

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.

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 and interact with the central

computer via voice, DTMF, 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
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initiate or receive messages, or to perform other desirable

functions. I

Generally, 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 compute

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 2005 receives data from the

central computer 2002 and provides it to satellite 605, shown in

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

{e.g., 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

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

observe and modify its operations and system performance.
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2. Database Structure

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 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 Fig. 21

includes a record for each user of the system who possess-s a

mobile 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 move

since the last return signal. of course, if the mobile unit only

includes a mobile receiver without transmit capability, the last

location field 2104 cannot be updated and the mobile unit may be

given a default location.

The service.area field 2108 includes data corresponding to

the 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

-45-
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the service area field 2108 to cause only selected base

-transmitters to attempt 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 mor

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

when the central computer has received data indicating that the

message has been received by the mobile unit via an acknowledgmen

signal. If the mobile unit does not have transmit capability, th

receive flag is set upon transmission of the message by the

appropriate 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

Database 2003 of Fig. 20 includes a receiver database (not

shown) which includes an entry with several associated fields for

each base receiver in the system. A first field for each base

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

coverage area of that base receiver.
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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 containing 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

field 2202. Field 2206 includes data representing the number of

registration signals received by the network from the mobile unit

associated with the user field 2202. Field 2208 includes data

representing the number of messages from the network that have

been successfully delivered to the mobile unit associated with th

user field 2202. Field 2210 may be used for other traffic relate

data, such as data indicating the average traffic per cycle, and

data indicating a time average [i.e. for the last hour] traffic

amount.

Further, the traffic database 2200 could include fields (not

shown) for data concerning overall system performance and, in

particular, each zone in the network. Such area specific traffic

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

as shown in Fig. 20. The service queue 2300 includes a current

-47-
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messages queue and a probe list queue. The current messages queu

includes a system wide list of messages to be delivered by the

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

series of ID number fields 2302, 2304, and 2306 with associated

data location fields 2308, 2310, and 2312, respectively. The dat

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 I:

delivered.

In operation, the central computer retrieves the ID number

2302 and data location 2308 from the top of the current messages

queue and retrieves the appropriate data from the user database

2100 to process and transmit a message to the user.

The probe list queue includes a ID number fields 2314, 2316,

and 2318 and data location fields 2320, 2322, and 2324 similar in

form to those in the current messages queue. The probe list queue

contains a list of users which the system has previously attempted

unsuccessfully to deliver a message to. 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 ID number 2314 and data location 2320 located at the top

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 updated to provide an accurate last location of the user from

the base receiver that received the mobile unit's acknowledgment
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to the probe signal. After the last location field 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 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
K’

queue after delivery has been attempted for all messages in-the

current message queue. If the message 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 queue. For

example, in this instance of persistent filled current messages

queue, the network operation center preferably transmits three

probe signals in every cycle transmitted.

e. 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 transmitter database 2400 includes a zonal assignment

field 2404 for data representing a zone assignment associated with

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 2409 for other data associated with a

base transmitter, are associated with base transmitter field 2402.

As can be seen in Fig. 24, each base transmitter in the network
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has a base transmitter field and associated fields as described

above.

In normal operating conditions of the system with low amount

of message traffic being transmitted, each base transmitter will

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

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

based upon the volume of messages transmitted during the

systemwide time interval, and more particularly based upon the

localized volume of messages to mobile units. In general, dynami

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

overlap areas (i.e. "zonal dithering"), or to balance the volume

of message traffic between zones.

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

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 transmitters 2505,

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

base transmitters 2512, 2514, and 2516 are located near theLAW OP‘!-ICES

WNNANHWDHXW boundary of zone 1. Base receivers 2518 and 2520 are located inEmu. sow. CARILETT '

lwfffiflfifmw an overlap area 2521 between zones 1 and 2. As previouslyu-Aellql N GTOII, G C ROD D9
\vzo2- aoamuoo
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discussed, mobile units located in this overlap area 2521 near

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 to 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. communication with theeTherefore,

mobile units will not significantly consume system 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 handlin

of this traffic in the systemwide time interval can significantly

consume system resources. For example, communication with a larg

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 t

dashed line 2522 and the zone 2 boundary were moved to dashed lin

2524.

The central computer 2002 may dynamically accomplish this

zonal redefinition by assigning one or more base transmitters to
In the

new zone to reduce systemwide time interval messages.
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present_examp1e shown in Fig. 25, the central computer updates th

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

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 subsequent zonal time interval{s).

In accordance with the invention, a preferred method 2500 fo

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

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 b

the first set of base transmitters, and the base transmitters

located in zone 2 defined by boundary line 2504 could be the

second set of base transmitters.

Step 2604 of the method provides for 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, thereby creating an

updated first set of base transmitters and an updated second set
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of base transmitters. For example, base transmitters 2512, 2514,

and 2515 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.

Step 2606 provides transmitting substantially gimultaneously

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 0

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

dashed line 2524 {i.e. including base transmitters 2512, 2514, an

2516) could transmit a fourth information signal during that same

subsequent communication cycle.

Further, it is desirable that during the redefinition of the

zonal boundaries, it is insured that the new overlap area 2525

near base receiver 2526 and between dashed lines 2522 and 2524 is

an area that is not likely to 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 determine an optimum

redefinition of zonal boundaries. Of course, the central compute
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2002 could also implement an algorithm accessing the traffic

statistics database 2200 to determine optimal zonal boundary

redefinition. I

In a preferred embodiment in the instance where an entire

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

interval. There may exist no appropriate overlap area, such as

overlap area 2525, with a low traffic level to facilitate a long

term reassignment of base transmitters with the resulting

redefinition of zonal boundaries. In 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.

For example, in Fig. 25 this preferred embodiment would

utilize the zonal boundaries defined by lines 2502 and 2504 durin

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 t

dashed lines 2522 and 2524 and delivers messages to the mobile

units in previous overlap area 2521 during the zonal time interva

using zone 2 base transmitters. During this cycle, the network

would not attempt to deliver messages to mobile units in overlap

area 2525. In yet a later cycle, this preferred embodiment would

switch back to zonal boundaries 2502 and 2504 which would allow

message delivery to mobile units in the now previous overlap area

2525 during the zonal time interval using zone 1 base
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transmitters. As can be seen, alternating between a first and

second set of zonal boundaries advantageously reduces the need fo

Communication during the systemwide time interval, but slows

message delivery somewhat by only allowing communication to mobil

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

division protocol organized within repetitive communication cycle

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

during bursts of interference. Bit interleaving may be envisione

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

right), and then transmitting a bit stream in a column-by—co1umn,

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 tha

the loss of entire words. Of course, the 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 sets and subsets of mobile units. An

adaptable schedule for these time intervals is preferably

generated, and may be revised according to system demands. The

scheduling of the time intervals advantageously allows a mobile

unit to "power down" during inactive time periods when the mobile
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unit will not transmit or receive any messages, thereby conservin

battery power. Similarly, messages or information for delivery t

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 2?UO includes a cycle header time interval

2702, a systemwide forward (FWD) batch time interval 2704, a

systemwide response time interval 2706, a zonal forward (FWD)

batch time interval 2708, agzonal reverse time interval 2710, and

a reverse contention time interval 2712. Other arrangements, suc

as moving the systemwide reverse interval next to the zonal

reverse interval may be considered if transmitter turn on time is

significant.

The cycle protocol generally schedules time slots for

systemwide and zonal forward channel information transfer from th

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

overhead or "housekeeping" information, the systemwide forward

hatch field 2704 and the zonal forward batch field 2708 provide

forward communication capability through the base transmitters to

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

interval, respectively. The systemwide response field 2706 and

zonal reverse field 2710 provide a return signal period for the

mobile transceivers to respond to messages generated during the
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systemwide and zonal forward batch periods 2504 and 2508,

respectively. Finally, the reverse contention 2712 field allows

the mobile transceiver to initiate access to the network.

Each of the fields shown, except the cycle header 2702 field

is preferably variable in duration, and may be changed by the

central computer 2002, depending on message traffic requirements.

The beginning of the cycle is synchronized by the central compute

to a time standard and preferably coincides with the start of

minute or half minute intervals. Each mobile unit preferably

includes timing circuitry, as previously described, which allows

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

receive communication.

For each cycle, the central computer 2002 calculates the

amount of time required for each field to maximize information

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 necessary for the systemwide forward batch field

2704, the systemwide response interval 2706, the zonal forward

interval 2708, the zonal reverse interval 2710, and the 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

The
preamble (not shown) for digit synchronization purposes.
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preamble allows for the mobile unit to synchronize its timing

circuitry with the network. For example, the timing circuitry of

the mobile unit could become offset from the network due to

commonly caused inaccuracies. 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 against errors by

encoding 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 to the

information digits in a code word, where the additional digits er

a specific function of the information digits, so that if certain

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

transmitted digits, both information and additional, can recover

the original information digits. The first code word will contai

a count of the current cycles executed for that day. rhe second

code word will contain the necessary timing offsets for the

beginning of the time intervals in.the cycle protocol 2700.

Further information regarding error correcting codes may be found

in Gallagher, “Information Theory and Reliable Communication,“

Wiley 1968, which is hereby incorporated by reference.

The systemwide forward batch 2704 field generally includes a

zonal header time interval including overhead information and a

series of 54 batches. Also, the zonal forward interval 2710

similarly includes a zonal header time interval with overhead
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information and a series of 64 batches. Each batch is a string 0

data containing information specifically directed to a single

group of mobile units. Each batch preferably contains informatio

directed to a 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 receiver units.

Further, each batch may contain several messages, each intended

for different mobile units within the particular class of unit to

which that batch is directed. 2T(B) shows theGenerally, Fig.

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 doe
whe

not respond to zonal messages {i.e. a "lost" unit). However,

necessary, the systemwide forward interval ZTO4 may be used to

deliver messages to mobile units located in overlap areas. The I

number, or address, of the lost mobile unit is.preferab1y follows

by data indicating a timing offset which is a time delay amount

until the beginning of the time slot designated for the return

signal of that mobile unit. An alternative 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 prob

signal respond during the reverse contention interval.
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After the end of the broadcast on the systemwide forward

batch time interval 2704, all network base transmitters shut down

until the beginning of the zonal forward batch time interval 2708

The forward batch interval protocol 2750 includes a forward

channel header interval 2714 which includes data to allow the

timing circuitry of the mobile units to synchronize themselves

with the incoming data stream. The forward channel header 2714

also preferably includes data indicating a timing offset

scheduling a reverse channel time interval for each batch, 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 transmission during the systemwide response

interval 2706, and the forward channel header 2?l4 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 to the mobile unit listing which of the 64 batches will

follow and the timing offsets indicating when those batches will

be transmitted. Again, this feature advantageously allows the

mobile unit to "power down" during the systemwide 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 remaining fields batch i 2720,

batch j 2722, and batch k 2724 are the individual batches directed

to the mobile units.

It should be understood that different_c1asses of mobile

units can follow different desirable batch protocols, depending on

_ 53 _

124



125

LAW on-nccs
QNEGAN. HENDERSON
F.-mnaout GARRETT

8 Dunwsn
V300 I STREET; N.W.

ISHV NBYOM. DC 2000!
I-afle-ADS--I000

}
ax‘ /'

the type of service, processing power, battery capacity, or other

factors.

The individual batch protocol 2730 is shown in Fig. 27[C).

The batch header field 2?26 is similar to the header fields

discussed above for Figs. 27(A) and (E). The batch header 2?26

includes a list of particular mobile units to receive messages

within the batch and includes timing offsets 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 revers

interval, or the reverse contention interval, as appropriate.

Again, this information allows the mobile unit to extend its

battery life because the mobile unit need only power up at the

appropriate time to receive or transmit the appropriate message.

Further. it is preferred that the reverse channel timing offset

data be transmitted using error correction codes to insure

accurate receipt thereof by the mobile unit. Accurate receipt of

the reverse channel timing offset data will prevent unwanted or

untimely transmissions by the mobile unit and insure that a mobil

unit may properly transmit a negative acknowledgment signal ii it

fails to properly receive an unencoded message.

The individual message interval 2732 includes the individual

message intended for a particular mobile unit or units. The

duration of each message and number of messages within a batch ma

be varied by the network operations center 600 and is traffic

dependent.
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Each mobile unit with transmit capability that has received

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 transceiver unit determines the

assigned time slot for transmission. Eor example, if the mobile

unit simply intends to transmit an acknowledgment signal, which

indicates that the mobile unit 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

acknowledgment. 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 cool

be scheduled in response to a request from the mobile unit sent

during the contention interval 2712, as discussed hereafter.

Due to the low power transmit capability of the mobile

transceiver units, there is an increased likelihood of data

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 network.

The systemwide response interval 2705 and the zonal reverse

interval 2710 provide communication capability from the mobile

transceiver units to the network {i.e. the reverse channel).

Still further, a preferred_embodiment accommodates mobile

terminals with extensive reverse message generation capabilities

{e.g., a laptop computer connected to a radio transceiver) by
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allowing for contention messages that request ertended 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 to the network. For example, the mobile

transceiver unit could send a message to the network during the

reverse contention interval 2?12 indicating that the user no

longer wishes to receive messages, thereby terminating 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 discusse

infra, could be transmitted during the reverse contention interval
2712.

The reverse contention interval preferably utilizes a

so—called “slotted ALOHA” protocol, which allows the mobile unit

to randomly select a predefined time slot within the contention

interval to transmit a message. A mobile station wanting to

transmit will first divide the contention interval into slots,

preferably 5.33 ms in length, and then choose randomly any of the

to start transmitting. The slotted ALOHA protocol is preferred

because of the low likelihood of data "collisions" [i.e. 2 or mor

mobile units transmitting during the same time slot).

I. Registration of the Mobile Unit

Because the network operations center 600 stores the locatio

of each mobile unit in the system in the user database 2100, it is

preferred that each mobile transceiver unit have the capability to
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"register" with the network operations center 600 by sending a

registration signal to a base receiver into the network to update

the location data.

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 to the network operations center 600.

The mobile transceiver preferably registers upon crossing

zonal boundaries to alert the network operation center that the

mobile transceiver has left one zone and entered another. For

example, the mobile unit could receive information from the

nearest base transmitter identifying which zone that base

transmitter is assigned to at the beginning of each communication

cycle. Upon receipt of such information from a base transmitter

indicating that a nearby base transmitter is assigned to a new

zone, the mobile transceiver then preferably transmits a

registration signal.

The mobile transceiver unit may also transmit a registration

signal in other desirable instances. For example, if the mobile

_transceiver 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 registration signal upon returning

to a coverage area. The display and storage logic 1508 of the

mobile transceiver unit preferably recognizes that the unit has

left the coverage area of the network upon failure to receive dat

from a base transmitter in the network during the cycle header

time interval 2702, for example. The mobile unit may leave the
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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 registration

signal when power is restored to the mobile unit after having

power removed, such as after being turned 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 desirable

result of accurately knowing the location of each mobile 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 th

network operations center 600 can achieve desirable performance b

implementing one or more algorithms to evaluate the need for

registration by a mobile unit, and then appropriately controlling

the registration performance of that mobile unit. 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 at appropriate times. Conversely, if the

central computer determines that the registration signals from th

mobile unit are too frequently not useful, the mobile unit
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preferably should receive a message from the network to cause the

mobile unit not to transmit registration signals.

To implement this feature, the mobile transceiver unit

further preferably includes a registration flag (not shown) in th

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 command from the

network operations center by transmission of an appropriate signa

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 fla

is set or not in the mobile unit (i.e. the state of the mobile

unit).

Fig. 28{A) shows a flow chart describing a preferred method

2800 for implementing the registration concepts of the present

invention wherein the registration feature of the mobile unit is

disabled. In step 2802, the network sends a message to disable

the registration feature (i.e. set the registration flag to zero)

of the mobile unit to disable the mobile transceiver’s capability

As can be seen, step 2802to transmit a registration signal.
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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

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 probe signals and

successful messages for each mobile unit. As explained

hereinafter, these two statistics from the operation of the

network are preferably used to determine whether registration by

the mobile unit is useful.

In step 2805, the stored number 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 processes the stored number

of probe signals and messages successfully delivered in accordanc

with the method set forth in Fig. 29(A).

Referring now to Fig. 29(A), therein is shown a series of

substeps 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 after an input has been received by the network. Step 2902

determines if the network sent a probe signal to a lost mobile

transceiver unit and if a reply to the probe signal was received
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by a base receiver in the network. If this event occurs, a

counter (not shown) is incremented by a value P by the central

computer 2002.

In step 2904, if a message was successfully delivered to a

mobile transceiver, preferably including an acknowledgment signal

return from the mobile transceiver to the network, the counter

(not shown) in the central computer 2002 is decremented by a valu

D. .

After the occurrence of either of the events tested for in

step 2902 or step 2904, the algorithm proceeds to step 2906. In

step 2905, if the counter value is greater than a predetermined

value J, this indicates that the likelihood that a probe signal

will be necessary to locate the mobile transceiver is greater tha

a selected value.

As can be seen, the process of substeps in Fig. 29(A)

balances the frequency of probe signals sent to a particular unit

against the number of successfully delivered messages to that

unit. If the system must send a large number of probelsignals, i

would be useful to enable the registration feature by setting the

registration flag on that mobile unit to enable the registration

In contrast, 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.

In step 2808, a message is sent to the mobile unit to enable

the mobile transceiver's capability to transmit a registration

signal if the calculated likelihood in step 2804 exceeds a
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selected value. As can be seen, step 2808 preferably sets the

registration flag in the mobile transceiver unit.

Fig. 28(3) shows a flow chart describing a method 2810 for

implementing the registration concepts of the present invention

wherein the registration feature of the mobile unit is enabled.

In step 2812, the network sends a message to enable the

registration feature (i.e. set the registration flag to 1) of the

mobile unit to enable the mobile transceiver's capability to

transmit a registration signal. As can be seen, step 2812

determines the initial state for the method set forth in Fig.

23(3).

In step 2814, the network stores the number of registration

signals received by the network during a first period of time, an

the number of messages successfully delivered to the mobile

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

hereinafter, these two statistics from the operation of the

network are preferably used to determine whether the registration

by the mobile unit is useful.

In step 2316, the stored number of registration signals and

number of messages successfully delivered.is processed to evaluat

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 transmi
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a message to the mobile transceiver. The preferred embodiment of

the invention processes the stored number of registration signals

received and number of messages successfully delivered in
accordance with the method set forth in Fig. 29{B).

Referring now to Fig. 29(3), therein is shown a series of

substeps which are preferably performed during the implementation

of the processing step 2814 shown in Fig. In particular,28(B] .

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 incremented by a value A.

.In step 2914, if a message was successfully delivered to a

mobile transceiver, preferably including an acknowledgment signal

return from the mobile transceiver to the system, the counter (no

shown} in the central computer 2002 is decremented 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 each counter

is only necessary when the registration feature is enabled or

disabled in the mobile transceiver. However, the same physical o

logical device may be used to implement both counters.

After the occurrence of either events in the step 2912 or

step 2914, the algorithm proceeds to step 2915. In step 2916, th

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,

-70..
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it is indicated that the likelihood that a registration signal

from that mobile unit will not be used by the network to determin

a new set of base transmitters, and therefore the registration

status for that mobile unit needs to be changed to disable the

registration feature.

In other words, the process in Fig. 29(8) 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 messages have

been successfully delivered without too many registration signals

being sent by the mobile unit, it is unnecessary for the

registration feature to be disabled.

In step 2818, a message is sent to the mobile unit to disabl

the mobile transceiver's capability to transmit a registration

signal if the calculated likelihood in step 2814 exceeds a

selected value. as can be seen, step 2818 may preferably remove

the registration flag in the mobile transceiver unit.

Of course, it should be understood that the variables P, D,

and J used in Fig. 29(3), and the variables A, M, and T used 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 counters can be implemented with so—called “reflective

boundaries" so that if a counter reaches a minimum value (e.g.,
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zero), it will continuously reset to that minimum value when

further decremented.

It will be apparent to 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 specification and

practice of the invention disclosed herein. It is intended that

the specification and examples be considered as exemplary only,

with a true scope and spirit of the invention being indicated by

the following claims.
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WHAT IS CLAIMED IS:

mobile unit for transmitting and receifing radio 

  

  

frequency si nals to and from a communications network comprising

5*‘ means for receivinéigadio frequency message? from the
network;

switch means or allowing a user to request retransmission 0

at least portions of said message from the communications network

means for.transmi ting, upon actuation of the switch means,

signal to the communicat ns network requesting retransmission of

said at least portions of aid message.

2. The obi unit 0 cl ' 1, further comprising a displa

for displaying t ssage. I

S” 3. The obile unit of cl§im\Q, further comprising:

means for tecting errors in the received messages; and

means for di laying said errors on said display.

?§-97 The mobile unit of olaim\1, further comprising:

fig.» means for receiving_a radio frequency signal from theAnetwor 

 
including a retransmitted message and an error correcting code;

and

means for extracting a corrected message from the radio

frequency signal.

wkgst The mobile unit of claim\i. wherein the signal
transmitted by the transmitting means indicates to the network

that the user has read the message.Law OPNCE9
|NECAN,HENDERSON
AKABOW, CARRETT

8 DUNNER
300 I svnsit M.w.
El-IINGTDM. DC. 20001‘:
.-aoz-«cameos
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frequency Signals fronlpkmobile unit compr'
means for transmitting radio fr uency signals containing a

message to fiamobile unit; 
means for receivin adio frequency signals from the mobile

 

  
 
 

 
 

 

 
 

  
  
 

  
 

 Rene user desires the network to retransmit a
message to the mobile unit:

unit indicating t

portion of

ns for retransmitting radio frequency signals containing

,m....a.fi‘-

wherein the«~

portion of the message to the mobile unit.

qit. The communications network of claim 57

retransmitting neens-includes means for including an error

correcting code in the radio frequency signals Containing the

fix
The communications network of c1aim.§} further

message data.

‘‘’}9’-

comprising means for transmitting a signal to a sender of the

message indicating that the user has read the message.
9. A method for transmitting messages from a communic

network to a mobile unit comprising:

  ntaining message

 
(a) transmitting‘radio frequency signals

data from the network to t e mobile un'

 
 

  
  

 

(b) receiving the rad'o fr en y signals containing the

message data at the mobil 

(c) receiving the mobile unit a request from a user to

o pg-_.f’i\ ' %—message ata;retransmit t

transmitting a request retransmission signal from the
Qrn~*“”4JJQLz&&m3

mo ile unit to the network;
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0“ (e) receiving the requesf/Ienransmission signal

network;

B ‘W12.
5a,, (E) retransm'

adio frequency signals.
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A two—way communication system for communication between a

ABSTRACT OF THE DISCLOSURE

system network and a mobile unit. The system networkfincludes a

plurality of base transmitters and base receiver ncluded in the

network. The base transmitters are divided i o zonal assignment

and broadcast in simulcast using multi—carrier modulation

techniques. The system network controls the base transmitters to

broadcast in simulcast during both systemwide and zonal time

intervals. The system network dynamically alters zone boundaries

to maximize information throughput. The system also uses a mcbil

unit which receives messages from the network and transmits

messages to the network. The mobile unit includes a switch that

allows a user to request the network to retransmit a received

message that contains errors.
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Transmitting substantially

simultaneously a first information
signal and a second information

signal, the first informafion signal
being transmitted in simulcast by a
first set of base transmitters

assigned to a firet zone. and the
second information signal being

transmitted in simulcast by a second
set of base transmitters assigned to a
second zone

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. thereby creating an updated
first set of base transmitters and an

updated second set of base
transmitters

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 base
transmitters
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UNITED STATES DEPARTMENT OF COMMERCE. . Patent and Trademark Dflice
Address: COMMISSIONER oF PATENTS AND TRADEMARKS

‘ti. . ‘if’ washingmn. 1:I.c. 20231

F'F*$'~*"E°*PPUt=-‘"7

n3xind,:1s as/21x93 camenon n n3esn_nue3R{\aneixinis fl:i
FINNEGAN. HENDERSON? Fnnnnom,
scnnnrr n common

idea I ST, mm _
wcsninerom. no aonoswaoie noon

one IIAILED: 1 C‘ " 15/9373

NOTICE OF INCOMPLETE APPLICATION

A filing date has NOT been assigned to the above identified application papers for the reason(s) shown
below.

1. D The specification (description and claims):
a. E is missing
b. C has pages____missing
c. C does not include a written description of the invention.
d. U does not include at least one claim in compliance with 35 U.S.C. 112.

A complete specification in compliance with 35 U.S.C. 112 is required.

2. E! A drawing of Figure{s described in the specification is required in compliance with
35 U.S.C.1l1.

3. Cl A drawing of applicant’s invention is -required since it is necessary for the understanding of the
subject matter of the invention in compliance with 35 U.S.C. 113.

4. CI The inventors na.me(s) is missing. The full names of ali inventors are required in compliance
with 37 CFR 1.41.

5. C] Other:

All of the above~no'ted items. unless otherwise indicated. must be submitted within TWO MONTHS .
of the date of this notice or the application will be returned or otherwise disposed of. Any fee which
has been submitted will be refunded reds a $__.(i’?__handling fee. See 37 CFR 1.53(c}.

The filing date will be the date of receipt ofall items required above, unless otherwise indicated. Any
assertions that the items required above were submitted, or are not necessary for a filing date, must
be by a petition directed t t e attention of the Office of the Assistant Commissioner for Patents
accompanied by the $_/;_petitionfee (37 CPR 1. 1 '?(h} ). If the petition states that the application
is complete, a request for refund of the petition fee may be included in the petition.

Direct the response and any questions about this notice to, Attention:
Application Processing Division, Special Processing and Correspondence Branch.

A copy ofthis notice MUST be returned with the response.

Enclosed:

C] “General Information Concerning Patents." See page

D Copy of a patent to assist applicant in making corrections.
[E”‘Notice to File Missing Parts of Application,” Form PTO-1532.
D Other:

ho,
Application Processing Division
(703) 308-1202

FORM PTU-112'3(RE\i.12-92)
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s untI1'Eo-srA1'Es.nepAn'rM£n'r or COMMERCE. . Patent and Trademark Oflieo .
Address: CUMMJ551EI_I\|EFI or PATENTS AND rnAoE~w=u<s

X j washingmn. 11:‘. 20231 'J 

  
rte rt-9;‘:-t./a::=.: r:tt=..Mr_=.r4::;1t~: E" ‘ ‘Z

tIITL't'E:i/'1I"r1_.":'-
:1" .. 1:3.‘-‘mt. 5--it’.-E:'\i¥..".';"I=?.‘.E:I".}$-I, Fr-*.t‘t'r..t_'.-::;:s;;,,

 
T Er. I-i.Jl‘L‘l‘.lEl-1‘.

1'13 '3 l'}-'3': -- 2:? :i ‘.7 ' r_'n_t'13 0

DATE IIAII-ED: 1 -is .* 1 ‘Sr;-'.

"NOTICE OF INCOMPLETE APPLICATION

A filing date has NOT been assigned to the above identified application papers for the reason(s) shown
below.

I. Cl The specification (description and claims):
:1 is missing

. 3 has pages _____missing
:"l does not include a written description of the invention.

. :1 does not include at least one claim in compliance with 35 U.S.C. 112.G._f=t:"_sn
A complete specification in compliance with 35 U.S.C. 112 is required.

2. :3 A drawing of Figure(s) described in the specification is required in compliance with35 U.S.C. Ill.

3. 3 A drawing of applicant's invention is required since it is necessary for the understanding of the
subject matter of the invention in compliance with 35 U.S.C. E13.

4. :5 The inventor's name(s) is missing. The full names of all inventors are required in compliance
with 37 CFR 1.41.

S. 3 Other:

All of the above—noted items, unless otherwise indicated, rnustbe submitted within TWO MONTHS
of the date of this notice or the application will be returned or otherwise disposed of. Any fee which
has been submitted will be refunded less a $_./_f¢9_hand1ing fee. See 37 CFR 1530:).

The filing date will be the date of receipt of all items required above, unless otherwise indicated. Any
assertions that the items required above were submitted, or are not necessary for a filing date, must
be by a petition directed g.th_e attention of the Office of the Assistant Commissioner for Patents
accompanied by the S 5 J :9 petition fee {37 CPR 1. 1'}(h) ). If the petition states that the application
is complete. a request for refund of the petition fee may be included in the petition.

Direct the response and any questions about this notice to, Attention:
Application Processing Division, Speciai Processing and Correspondence Branch.

A copy ofthis notice MUST be returned with the response.

Enclosed:

Z} “General Information Concerning Patents." See page

3 Copy of a patent to assist applicant in making corrections.
3’r‘Notit:e to File Missing Parts of Application," Form PTO-1532.
3 Other: '

  . j To
Application Processing Division

(703) 30871202

some Pro-1_12a|ne_v.12.sa)' - ‘ COPY TO BE FtETUi_‘-_lNE'D wirH RESPONSE
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fix ' UNITED STATES DEPARTMENT OF GEIMMEIIBE. . Pnlaanl: and Trademark Dffina

 Address‘. CDMMISSDNEFI UF PATENTS AND THADEIVIAFIKSRama} Washington. D.C. 20231

AFPLICATLON NUMBER aacsiar one . suns? muse nrrilcmr _
1} El .1’ .‘r. "I _~ 21 ‘S’ l:|'5‘.=‘ if 1 /"3793 I3’-'lT'|E-'.$"'i|.'.|l\l E14 l3T3»SE‘-I‘) .. [I i3':3I'3 '31 

D331/1fl15
FINNEGAN, HENEERSGNW FHRQSDN,
HQRHETT s DUNNER

loo 1 3T, NW
MAEHINETDN, DE £onfl5—3315 noon
 

DATE MAILED: T. E} .v’ 1 -"_"'~.v"

NOTICE TO FILE MISSING PARTS OF APPLICATION

NO FILING DATE
(Enclosure to Form P"l'()-l I23)

Required items 1-9 below SHOULD be filed, with any items required on the “Notice of Incomplete
Application” enclosed with this form. The filing date of this application will be the date of receipt of the
items required on the "Notice oi'lncomplete'.-kpplication.” If ' s 1 and 3-6 below are sub it fber the
filing date, THE PAYMENT OFA SURCHARGE OF large entities or for
small entities who have filed a verified statement 37 CFR 1.27 claiming such status will also be required.
(37 CFR 1.16(c}).

The tota__ mount owed by applicant as a Cl large entity 3 small entity [verified statement filed) is
$__/L .
1. D The statutory basic filing fee is: lmiasing I insufficient. Applicant as a 3 large entity D small

entity must submit $ to complete the basic filing fee.

2. 3 Additional claim fees of‘ $ as a C large entity, C small entity, including any
required multiple dependent claim fee, are required. Applicant must submit the additional claim
fees or cancel the additional claims for which fees are due.

3. e oath or declaration:
Cl is ‘wing.
 notoover items required on “Notice of Incomplete Applimtion.”
An oath or declaration in compliance with 37 CFR 1.63. referring to the above Application
Number and Receipt Date, is required.

4. II The oath or declaration does not identify the application to which it applies. An oath or declaration
in compliance with 37 CFR 1.63, identifying the application by the above Application Number and
Receipt Date, is required.

5. D The signature to the oath or declaration is: El missing; D a reproduction; Cl by a person other than
the inventor or a person qualified under 3'7 CFR 142, 1.43, or 1.47. A properly signed oath or
declaration in compliance with 3? CFR 1.63, referring to the above Application Number and Receipt
Date, is required.

6. Cl The signature of the followingjoint inventofls) is missing from the oath or declaration:
 IAn oath or declaration signed by the omitted inventortsl, identifying
this application by the above Application Number and Receipt Date. is required.

7. II A $:_____proceasing fee is required for returned checks. (37 CFR 1.21(m)}.

8. The application does not comply with the Sequence Rules. See attached Notice To Comply with
Sequence Rules 3'1’ CFR 1.821-1.325.

9. D Other:

Direct the response and any questions about this notice to, Attention: Application Processing Division,
Special Processing and Correspondence Branch.

copy fthis notice MUST be returned with the response.

  pplication Processing Division
(703) 303-1202

mar 2—_}xrror<~er'sm:=seLnc:iN15 com’ '
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" T Fonu PTO-¥53Z:I-IEV. 12-ca:

UP

{QR umrnso STATES ncaaarmanrr or cO_IllIME|lI:Eflatent and Trademark Office

'7'-llllx UI

APPLIGAYIUN Muuscs RECEIPT one snssr muss APPLBGANT

Washington, DC. E0231

 J,‘--::;4l'J 3-.  

B351/inifi
r": flu’-'< {iiL:II.I§«-!- ,.

 s_r Li" LIL‘:

DATE. MAILED:

NOTICE TO FILE MISSING PARTS OF APPLICATION
NO FILING DATE

[Enclosure to Fonn PTO~ll23)

Required items 1-9 below SHOULD be filed, with any items required on the “Notice of Incomplete
Application” enclosed with this form. The filing date of this application will be the date of receipt of the
items required on the “Notice ofIncomplete-Application." If ‘toms 1 and 3-6 below are sub 'tted.afl;cr the
filing date. THE PAYMENT OF A SURCHARGE OF large entities or for

($§.l"lr&(l:l.;£iiitle6i \l;;'l0 have filed a verified statement 37 CFR 1.27 claiming such status will also be required.1.1 e .

ghe rnount owed by applicant as a El large entity
:| small entity {verified statement filed) is

1. CI The statutory basic filing fee is: Elmissing El insufficient. Applicant as a [II large entity El small
entity must submit $ to complete the basic filing fee.

2. Il Additional claim fees of $ as a [1 large entity, CI small entity, including any
required multiple dependent claim fee, are required. Applicant must submit the additional claim

- fees or cancel the additional claims for which fees are due.

3. 3/6; oath or declaration:
C is issing.

oe not cover items required on “Notice of Incomplete Application.”
An oath or declaration in compliance with 3'? CFR 1.63, referring to the above Application
Number and Receipt Date, is required.

4. [J The oath or declaration does not identify the application to which it applies. An oath or declaration
in compliance with 37 CFR 1.63, identifying the application by the above Application Number and
Receipt Date, is required.

5. CI The signature to the oath or declaration is: F missing; I” a reproduction;. D by a person other than
the inventor or a person qualified under 37 CFR 1.42, 1.43, or L47. A properly signed oath or
declaration in compliance with 37 CPR 1.63, referring to the above Application Number and Receipt
Date, is required.

6. [3 The signature of the following joint inventorisl is missing from the oath or declaration: .
m._.._...__. An oath or declaration signed by the omitted in-ventor{sJ. identifying
this application by the above Application Number and Receipt Date, is required.

7.:IA$

5. The application does not comply with the Sequence Rules. See attachedulwlotice To Comply withSequence Rules 37 CPR 1.82li—1.825.

9. E3 Other:

processing fee is required for returned checks. (37 CFR-'1.21(I.'nl).

Direct the response and any questions about this notice to, Attention: Application Processing Division,
Special Processing and Correspondence Branch.

A copy of this notice MUST be returned with the response.

 .- .,v:’(-ff.’ '.-' -"

Application Processing Division
(703) 308-1202
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