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10 BACKGROUND
Historically, paging systems provided service to a limited geographic
area using a relatively high-power centralized traﬁsmitting site. This
arrangement worked well in small cities and municipalities, but often proved

_ unsuitable for large metropolitan areas. To adequately serve a larger

15 geographic area, paging systems began to simulcast (i.e., transmit the same
message at substantially the same time) from several transmitters
strategically positioned to provide wide-area coverage. In such a system, an
individual having a selective call receiver (pager) could receive information
anywhere in the metropolitan paging service area.

20 Today, the trend in paging communication is to provide even greater
geographic coverage. Nationwide paging systems are often contemplated
in an attempt to provide paging messages to customers without regard to
where they are in the United States (for example). One known muiti-city
paging system employs satellites to transmit paging messages to ground

25 repeaters in approximately eighty cities so that their customers can be
paged while travelling in any of the covered cities. Regrettably, these more
recent paging systems suffer from paging traffic bottle-necks resulting from
the required satellite-to-ground repeater link. Accordingly, a need exists for
a paging communication system that provides everyone with convenient,

30 reliable and efficient paging service.

SUMMARY of the INVENTION
Briefly, according to the invention, a paging communication system
comprises at least one terrestrial station capable of communicating the
35 paging information with at least one satellite, and for cofnmunicating the
paging information with at least one control station. The satellite(s) of this
system are capable of communicating the paging information to at least one
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Figure 1 is an illustration of an orbiting satellite network in accordance
with the present invention.
10 Figure 2 is a diagram illustrating system operation in accordance with
the present invention.
Figure 3 is a block diagram of a satellite of Figures 1 or 2.
Figure 4 is an illustration of a satellite transmission footprint.
Figure 5 is a diagram illustrating satellite communication paths and
15  links.
Figures 6a-6¢ are flow diagrams outlining the operation of the
satellites of Figures 1, 2 or 5.
| Figure 7 is a block diagram of the control station of Figures 2 or 5.
Figure 8 is a flow diagram illustrating the operation of the control
20 station of Figure 7.
Figure 9 is a block diagram of a ground station in accordance with the
present invention.
Figures 10a and 10b are flow diagrams illustrating the operation of
the ground station of Figure 9.
25 Figure 11 is a block diagram of a selective call receiver (pager) in
accordance with the present invention.

E IPTION of the PREFERRED EMBODIMENT
Fundamentally, the present invention provides a world-wide
30 communication system designed to call (page) individuals having a
selective call receiver (pager). According to the invention, any contemporary
selective call receiver manufactured by any paging manufacturer may be
used in the present inventive system, which automatically adapts some
pottion of itself to accommodate the pager(s) that are designated to receive
35 a paging message. As will become hereinafter apparent, the
accommodating nature of the present invention serves the individual using
the pager (paging customer), in that a broad range of operational flexibility is



terrestrial, stations to appropriately deliver the paging information to one
or 5 “nore terrestrial receivers that may operate anywhere on a cel esti al
body. BRI EF DESCRI PTI ON of the DRAWNGS Figure 1 is an illustration of an
orbiting satellite network in accordance with the present invention. 10
Figure 2 is a diagramillustrating systemgperation in accordance with the
present invention. Figure 3 is a block diagramof a satellite of Figures 1
or 2. Figure 4 is an illustration of a satellite transm ssion footprint.

lF! gtlir e E is a ég@mé@mn h's?:étdn@&hét@aﬁaéyfﬁdrﬂtic?rﬁsmmh e:ﬁbscuatspatdmframét x 15
i nks. Figures _6a-6c¢c_ ar.e w_di agr ans,, 0 gl n e operation o e
satellites of ﬁpg%ggﬁi?stg.lc&ong.o?g?%tga u?%“?f %f%%’f?'d?agram of the control
station of Figures 2 or 5. Figure 8 is a flow diagramillustrating the
operation of the control 20 station ‘PﬁEF@VFT Figure 9 is a bl ock

di agram of a ground station in accordance w hEt e present invention.

Fi gures 10a5and 10b R@feringde gurgrhiibe invendive sommguniertiospersiemaf the t he
ground stati onppdsdrit ienitidn can be seen to be based on a network of satellites 102

disposed about a natural or artificial celestial body 104. Preferably, seventy-
seven (77) satellites are deployed in various orbits about the celestial body
(or planet) so as to be able to communicate a signal to a receiver ahywhere

10 on the planet. Of course, more or fewer satellites could be used depending
on the transmission capabilities of the satellites and the desired
communication coverage of the planet. Also, one or more geostationary
satellites could be used. According to the invention, the seventy-seven
orbiting satellites are arranged in seven (7) orbit planes to form a satellite

15 network so as to provide communication regardless of whether the receiver
is operating on a land mass, on a body of water, or traveling by aircraft
(provided that the aircraft is within the beam of the transmitting satellite).

Referring still to Figure 1, three of the satellites are illustrated as
communicating with a respective area 106a-106¢ of a land mass 108. Each

20 area 106 is commonly referred to as the “footprint” of the transmitting beam
of each satellite. According to the present invention, each satellite is
capable of transmitting paging information either to paging receivers, or to
ground stations located within the footprint of a particular satellite. in the
preferred embodiment, the transmission footprint of each satellite comprises

25 thirty-seven (37) individual transmission lobes as will become hereinafter
apparent. :

Within the satellite network, each satellite operates substantially
independently of the others; although the entire network is coordinated by a
centralized control facility. To provide a global paging system capable of

30 accommodating the various operational protocols developed for paging
receivers and systems, the present invention adapts a portion of itself for
each paging event to the receiver (or receivers) designated to receive the
paging information. That is, for example, paging receivers operating in area
106a may receive paging information directly from the satellite using Golay

35 Sequential Coding (GSC). Simultaneously, paging receivers operating in
area 106b can receive information from its satellite, or a terrestrial base
station (or both), using the POCSAG protocol. Further, selective call



25 | . Figure 11 is a block diagramof a selective call receiver (pager)
in Accordance with the present invention. DESCRI PTI ON of the PREFERRED
EMBODI MENT Fundanental |y, the present invention provides a world-w de 30
comuni cati on system designed to call (page) individuals having a selective
call receiver (pager). According to the igjnvention, any contenporary

sel ective call receiver manufactured by any pagi ng manufacturer may be used
in the present inventive system which automatically adapts sone portion of
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manufacturer may be used in any part of the planet regardless of the fact that
local areas of the planet may primarily use one paging protocol.
Referring to Figure 2, a more detailed illustration of a portion of the
global paging system is shown. As discussed in conjunction with Figure 1,
10 the present invention employs an orbiting space based backbone of
satellites 102a-102f (6 shown) that orbit the planet in a plurality of orbits. A
coordinating intelligence for the system is provided by a control station 110,
which essentially comprises a large computing center (or other suitable
information storage and processing center) that maintains a data library of
15 every paging receiver registered to operate on the global system, together
with its preferred location to receive paging messages, the preferred paging
protocol, and other parameters as may be necessary or desired to provide
an effective paging service. In the preferred operation, the control station
110 receives messages from the satellite presently positioned above the
20 control station by an antenna 112, which routes all incoming paging
requests from terrestrial base stations around the planet. Outgoing paging
information is provided by an antenna 114 to the satellite network so that the
paging information may be directed to the appropriate paging receiver(s).
Optionally, more than one control station could be used, however, the
25 maintenance of the data base library could be more difficult. In any event,
the paging information is processed by the control station 110 to include
information as to where and how the paging message should be delivered.
This processing would include frequency selection, protocol selection, and
other information such as whether the satellite should deliver the page
30 directly or via a terrestrial station located in the approximate geographic
area of the paging receiver.
To initiate a page, individuals preferably contact a terrestrial station
116 using telephone-type devices 118 through either a public or private
telephone network. The terrestrial station 116 relays the paging message by
35 any appropriate protocol to a satellite (illustrated as 102a) via transmission
120. Upon receipt of this information, satellite 102a determines that it is not
currently over the control station, and therefore relays this information via the



present iynvention can be seen to be based on a network of satellites 102
di sposed “about a natural or artificial celestial body 104. Preferably,
seventy- seven (77) satellites are deployed in various orbits about the
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present inventive system is permitted to define the service area in which he
or she wishes to receive paging information. Thus, an individual may elect
to receive paging information only within one city or municipality. Others
may wish to receive paging information in multiple states. Still others may
15 desire to receive information across entire countries, continents, or globally
so that they may receive a paging message wherever they are in the world.
The present invention contemplates that the central station 110 will maintain
this information for each selective call receiver registered to operate within
the global system. In this way, the user has some control over the billing
20 amount by specifying the coverage area desired. That is, the fees
customarily charged for using the paging systems are allocated upon the
extent of use specified by the paging receiver. In this way, costs can be fairly
allocated among the several paging users depending upon the activity
required by the communication network. Of course, the billing information
25 itself is administered by the control station 110. Accordingly, the control
station processes the incoming paging requests and instructs the satellite
network where the paging information should be delivered based upon the
instructions of the individual to be paged. Should this individual desire to
travel or otherwise change his or her location for receiving messages
30 (whether permanently or temporarily) , that person must inform the paging
service provider so that the control station's data library may be updated.
The control station 110 also determines how the paging message
should be delivered to the individual being paged by examining the data
library to extract information identifying the preferred paging protocol(é) and
35 operational frequency(ies) of the selective call receiver to be paged. This
information is also preferably provided by the paging service provider at the
time of registration of a pager on the global system. Of course, this



apparent. Wthin the satellite network, each satellite operates
substantidlly i ndependently of the others; although the entire network is
coordinated by a centralized control facility. To provide a gl obal paging
system capabl e of 30 accommopdating the various operational protocols
devel oped for paging receivers and systeng the present invention adapts a
portion of itself for each paging event to the receiver (or receivers)
designated to receive the paging information. That is, for exanple, paging
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“footprint" of satellite 102a. Accordingly, the paging information is routed
through satellite 102b to 102a, where the paging information is transmitted
10 to a paging receiver 126 operating in the geographic region covered by the
satellite 102a. Preferably, as will be hereinafter described in further detail,
each of the transmitting beams from the satellite comprises thirty-seven (37)
individual transmitting lobes; these lobes collectively representing the
largest “footprint” in which the satellite may communicate information.
15 For delivery of other paging messages, each terrestrial station 116
may receive information from the satellite network and route the paging
information through local transmitting sites 130. These paging events may
be executed using the same protocol as the down-link transmission from the
satellite, or by translating the down-link protocol into another protocol (i.e., a
20 protocol compatible with the selective call receiver to be paged) so as to be
adaptive to the paging receiver that is intended to receive the paging
message. Moreover, the terrestrial stations of the present invention, can be
coupled to a contemporary local paging system 132, so as to provide paging
messages to existing paging receivers that are not capable of receiving
25 paging messages directly from the satellite network. Thus, a paging
message received in transmission 134 by the terrestrial station 116' can be
processed and converted to paging information recognizable by the existing
local paging system 132. The converted paging information would be
processed and disseminated to the transmitting sites 130 associated with
30 the local system in the same manner as any local paging request. As is
known, the transmitting sites 130 may represent centralized transmitting
sites for different areas or cities, or may be simulcast transmitting sites to
provide contemporaneous transmission coverage to a wider geographic
area. In any event, the present invention contemplates communicating
35 directly from the satellite network in geographic areas that does not employ
ground based infrastructure or existing contemporary equipment, or
terrestrial based relay stations to repeat or simulcast paging information on



5 pagers to be contacted. In this way, paging receivers provided by any
manuf act ufer may be used in any part of the planet regardl ess of the fact
that | ocal areas of the planet may primarily use one pagi ng protocol.
Referring to Figure 2, a nore detailed illustration of a portion of the
gl obal paging systemis shown. As discussed in conjunction with Figure 1,
10 the present invention enploys an orbiting space based backbone of
satellites 1 02a-1 02f (6 shown) that orbit the planet in a plurality of
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eliminate the need to go to the satellite network to communicate paging

requests. As will be appreciated by those skilled in the art, the transmitting

footprints of the satellites 102 cover a wide geographic area. Those

terrestrial stations and local systems within the same operating footprint as

15 the control station may therefore be coupled directly to the control station
110, since communications between such sites would be repeated by the
satellite above both of them.

THE SATELLITE(S)

20 Referring to Figure 3, a satellite 102 is shown in block diagram form.
Preferably, each satellite comprises a conventional low-orbiting satellite
such as those commercially available. Alternately, one or more
geostationary satellites may be used. Each satellite is placed in orbit by a
suitable launch vehicle such as via America's Space Shuttle Program.

25 According to the invention, the preferred orbit is one that is highly inclined,
so as to provide effective global communication coverage. Lower inclination
orbits may also be used, however, additional satellites would be required to
achieve effective communication coverage. Once in orbit, a conventional
solar cell array (not shown) is opened to provide power to the satellite 102.

30 Following this, the satellites are brought "on-line" using known techniques,
such as, for example, by using contemporary telemetry, tracking, and control
(TT&C) protocols to form a satellite network.

Up-link transmissions are received by an up-link antenna 300 and
decoded by an up-link receiver 302. The up-link receiver is coupled to a

35 conventional satellite controller 304 and a paging controller 306 so as to
appropriately route satellite control information and decoded paging
information. The satellite controller 304 performs conventional satellite



25 ,mai nt.enance of the data base library could be nore difficult. In any
event, the paging information is processed by the control station 110 to
i nclude information as to where and how t he pagi ng nessage shoul d be
delivered. This processing would include frequency sel ection, protocol

sel ection, and other information such asgwhether the satellite should
deliver the page 30 directly or via a terrestrial station located in the
appr oxi mat e geographi c area of the paging receiver. To initiate a page,
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of paging information, the paging controller must determine whether to
transmit the paging message toward the planet (i.e., page a selective call
10  receiver or send the page information to a ground station for relay to the
selective call receiver), or to another satellite (for routing to the control
station or another satellite for transmission) in the satellite network.
Accordingly, an inter-satellite receiver 312 and transmitter 314 are coupled
to the paging controller 306 so that the paging information can be
15 appropriately routed. Additionally, the satellite controller 304 is coupled to
the inter-satellite receiver and transmitter so as to communicate network
control information as required for the maintenance of the satellite network.
Optionally, a single inter-satellite transceiver may be used provided that its
has a steerable antenna system to be able to communicate with its
20 neighboring satellites in the satellite network. Also, multiple inter-satellite
transceivers could be used provided that the satellites size and weight were
not adversely impacted, and so long as it is not cost prohibitive.
The paging controller 306 determines what and how to transmit in
large part in response to the type of information received. For example, up-
25 link transmissions from a ground station should ordinarily be routed to the
control station, while up-link transmissions from the control station usually
contain information as to where and how the paging message should be
delivered. Inter-satellite communications can, of course be either paging
request or paging information, and the paging controller determines
30 appropriate routing chiefly by examining its present position (which is
monitored by the satellite controller 304) and the destination of the request
or information. Should the satellite controller determine that the received
paging information should be transmitted toward the planet, the paging
signal generator 310 is used to provide the appropriate protocol and
35 frequency selection. That is, the paging signal generator may deliver the
paging information using any known paging protocol or any convenient
protocol if transmitting to a ground station or to the selective call receiver



the control station 110 resides within the transm ssion "footprint" of
satellité 5 1 02c, the paging request is broadcast to the control station
110 by a transm ssion 122. Upon recei pt of a paging request fromthe
satellite network, the control station analyzes the identification (ID)
code of the selective call receiver to bg paged to determ ne the service
area requested by the paging 10 receiver. That is, each individual having
a paging receiver operative in the present inventive systemis permtted to
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10 satellite's transmission beam. This is preferably accomplished by controlling
which of a plurality of individual transmission lobes are activated. According
to the invention, the down-link antenna comprises one that has thirty-seven
transmission lobes. In this way, relatively fine control of the satellite's
transmitting signal may be achieved. Additionally, if the transmission is
15 directed toward a terrestrial station or the control station (as opposed to a
pager) the transmitter power can be reduced under the control (307) of the
paging controller 306. In this way, the system takes advantage of the
antenna gain available in the dish-type antennas commonly employed in
ground based stations. The reduction in transmitter power in these
20 instances conserves energy within the satellite(s), which of course, are
powered by batteries charged by solar panels.

Referring to Figure 4, a graphical depiction is provided to illustrate the
preferred satellite transmission "footprint®. As previously mentioned, the
preferred satellite down-link transmitting system includes an antenna having

25 a plurality of individual lobes. In Figure 4, the hexagonal cell format
commonly used in conjunction with cellular telephone service is used for
convenience to illustrate to user selectable coverage aspect of the present
invention. Those skilled in the art will appreciate that the actual
transmission patterns of the satellite's antenna lobes do not comprise perfect

30 hexagons.

According to the invention, each individual is permitted to specify the
areas in which he or she will receive paging messages. For example, if an
individual only wished to receive pages at home or in the office, areas 17
and 12 may be specified. In an alternate example, wider coverage may be

35 provided by specifying areas 12-14, 18-20, and 25-26. in fact, any
arrangement of coverage areas (contiguous or non-contiguous) may be
provided including receiving paging information under the entire thirty-seven



required by t he comuni cation network. O course, the billing information
25 Ttself is adninistered by the control station 110. Accordingly, the
control station processes the incom ng pagi ng requests and instructs the
satellite network where the paging informati on should be delivered based
upon the instructions of the individual 48 be paged. Should this individual
desire to travel or otherw se change his or her location for receiving
nmessages 30 (whether permanently or tenporarily) , that person nust inform
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i ndi vi dual p thaazﬁaanoh er selective L recei ver or nBorarlly
using a | oaned pa ellites’ communication abilities may be further ¢ descrl ed in
conjunction with Figure 5. Three satellites are shown engaged in both inter-
satellite communication and terrestrial up-link/down-link communication.
10 The illustrated satellites (N-1, N, and N+1) may be satellites in the same
orbiting plane, or be represent one satellite in three contiguous orbit planes.
In either event, inter-satellite communications is the same. That is, each
satellite is capable of communicating with a previous and next sateliite in the
same orbiting plane, and with a satellite in a previous and next orbit. This
15 arrangement provides a satellite network capable of effectively
disseminating paging information to any point on the orbited celestial body.
As shown in Figure 5, satellite N communicates information with
satellite N-1 via link N, and with satellite N+1 via link N+1 (and so on).
These transmissions are made using the inter-satellite transmitter and
20 receiver (or optional transceiver) discussed above in conjunction with Figure
3. In one embodiment, conventional microwave communication is used for
the inter-satellite links, although known optical media (e.g., lasers) may be
used if not cost prohibitive.
Also illustrated in Figure 5 are the fundamental up-link and down-link
25 communication abilities of the satellite network of the present invention. As
shown, satellite N-1 may communicate with a terrestrial or ground station
that may in turn be coupled to an existing conventional paging network. The
communication path used for terrestrial stations (Beam N-1) is usual a
bidirectional path so that paging requests received via a telephone-type
30 network may be forwarded to the control station, while paging information
can be received and processed from the satellite network. Optionally, if
desirable in any particular implementation, a terrestrial station may utilize
only an up-link or a down-link communication path. Sateliite N is shown
communicating directly with a pager via Beam N. This provides
35 communication in those area of the planet that does not have existing
equipment and where it would be un-economical or otherwise undesirable
to locate a ground station. A paging receiver suitable to receive paging




the repair of his or her registered receiver. After determ ning where and
how t he péging I nformati on shoul d be delivered, the control station 110 5
returns the paging information to the satellite network (satellite 1 02c in
Figure 2) via transmission 124. In this exanple, satellite 102c receives
the paging information that is to be diregfed to the area below the
transmtting "footprint" of satellite 102a. Accordingly, the paging
information is routed through satellite 102b to 102a, where the pagi ng
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be begins with decision 600, which determines whether information has been
received from a ground station. An affirmative determination from decision
600 generally means that a paging request has been transmitted from one of
the ground stations and should be directed to the control station for a

15 detemmination of where and how the paging message should be delivered.
Accordingly, decision 602 determines whether the satellite is presently over
the control station. This determination is accomplished using known
mechanisms within the satellite controller by examining the current position
of the satellite over the planet and comparing this information with the known

20 location of the control station. If the determination of decision 602 is that the
satellite is currently over the control station, the information is transmitted to
the control station (step 608) (This transmission may optionally be made at a
lower transmitter power since the control station employs a high gain dish-
type antenna). Conversely, a negative determination of decision 602 results

25 in the information being transmitted to another satellite. As previously
discussed, the other satellite may either be in the same orbiting plane or an
adjacent orbiting plane as that of the satellite that first received the
information. In this way, the information progresses through the satellite
network until it is directed to the control station.

30 Assuming that the determination of decision 600 is that information
was not received from a terrestrial or ground station, the routine proceeds to
decision 610, which determines whether information has been received from
the control station. According to the invention, the control station processes
each paging request and makes determinations as to where and how the

35 paging message should be delivered. Therefore, the control station typically
up-links all paging information to the satellite network for appropriate
distribution through the satellite network and back to the planet (either



coupl ed to a contenporary |ocal paging system 132, so as to provide paging
messages to existing paging receivers that are not capabl e of receiving 25
pagi ng nessages directly fromthe satellite network. Thus, a pagi ng nessage
received in transm ssion 134 by the terrestrial station 1 16' can be
processed and converted to paging inforngjion recogni zable by the existing
| ocal pagi ng system 132. The converted pagi ng i nformati on woul d be .
processed and dissemnated to the transmtting sites 130 associated with 30
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the paging receiver as directed by the control station. Conversely, if the
determination of decision 612 is that the pager is within the communication
10  abilities of the satellite, the routine proceeds to step 616, which transmits the
paging message either directly to the pager or to a ground station or local
station as determined appropriate by examination of the instructions of the
control station. (As previously mention, transmissions toward a ground
station may be made with a lower satellite transmitter power since the
15 preferred ground station employs a high gain antenna).
Assuming that the determination of 610 is that information was not
received from the control station, the routine proceeds to decision 618,
which determines whether the information was received from another
satellite. If so, decision 620 determines whether the information is directed
20 towards a paging receiver. That is, aside from general satellite control and
orbit maintenance information, an inter-satellite communicate is generally
information being directed towards the control station, or information from
the control station being directed towards one or more pagers. Thus, a
negative determination of decision 620 causes decision 622 to determine
25  whether the satellite is currently over the control station. If not, the
information is transmitted to yet another satellite in the satellite network so as
to direct the information to the control station (step 624). However, if the
satellite is over the control station, step 625 transmits the information to the
control station for processing as previously discussed. Conversely, if the
30 determination of decision 620 is that the information is directed towards a
pager, decision 623 determines whether the information is directed for the
area within its beam "footprint". If not, the pager (or pagers) that are to
receive this message are not beneath the satellite, and therefore, the paging
information must be forwarded to another satellite for delivery (step 624).
35 However, if the determination of decision of 623 is that the information is
directed for the geographic area below, the routine proceeds to step 626,
where the antenna beam (footprint) is selected in accordance with the



municipalities. In this way, the terrestrial stations may be used to

of f-Toad & portion of the paging traffic fromthe satellite network,

provi de an alternate transm ssion point in circunstances where the paging
receiver cannot 5 correctly receive the paging information directly from
the satellite network (i.e., shadowed), ofgconvert the down-link protocol
to a protocol and frequency conpatible w t3h contenporary equi pnment.
Optionally, for those terrestrial stations and |ocal systens physically
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10 towards the planet to be received either by the paging receiver or by a

ground station that will rebroadcast the information in an appropriate format.

Thus, the satellite and/or associated ground station will adapt its

transmission and signalling format for the convenience of the paging

receiver so that the receiver of any manufacturer can operate in the present

15 system.

THE CONTROL STATION(S)
Referring to Figure 7, a block diagram of the control station 110 is
shown. The control station 110 receives information from the satellite
20 network via a receive antenna 112 and a receiver 700. This information is
routed to a controller 702, which in one embodiment comprises an
MC68030 microcontrolier manufactured by Motorola, Inc., or its functional
equivalent. The controller 702 operates to process paging requests to
determine where and how the paging messages should be delivered. This
25 is accomplished primarily by examination of a data library stored in a
memory 704, which contains a suitable amount of type of memory to store
operating characteristics and instructions for each receiver registered to
operate on the global paging system. After processing this information, the
paging message is forwarded to a transmitter 706 for transmission via an
30 antenna 114 to the satellite network. Optionally, satellite control circuitry 708
may be resident within the central station and each terrestrial station to
provide satellite orbit maintenance, position tracking, and other control
functions well known in the art for maintenance of the satellite network.
Alternately, satellite control maintenance may take place from one or more
35 another facilities designed to track and maintain the satellite network. As
previously discussed, for those terrestrial stations and local systems within
the same physical area of the control station 110, an optional direct link 136



geostatignary satellites nmay be used. Each satellite is placed in orbit by
a suitable | aunch vehicle such as via America's Space Shuttle Program 25
According to the invention, the preferred orbit is one that is highly
inclined, so as to provide effective global communication coverage. Lower
inclination orbits may al so be used, howgyer, additional satellites would
be required to achieve effective comunication coverage. Once in orbit, a
conventional solar cell array (not shown) is opened to provide power to the
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billing amount for the paging event about to be broadcast. Also, the memory
704 contains information specified by the user for defining the preferred
10  paging protocol that should be used (step 804). Additionally, the paging
frequency has preferrably also been specified by the paging user (step 806).
Finally, the control station 110 determines whether a terrestrial station
should be used (step 808) to relay the information (either directly or through
a conventional local system) to the paging receiver. After these
15  determination are made in accordance with the instructions of the paging
user and applicable location information, the paging information and
appropriate control information is transmitted to the satellite network (step
810). In this way, the paging receiver can receive a paging message directly
from the satellite, from a terrestrial station (or both) or from an existing local
20 system using any of the known (standard) paging formats so that the entire
satellite network becomes transparent to the paging user.

THE GROUND STATION(S)
Referring to Figure 9, there is shown a block diagram of a terrestrial or
25 ground station 116 in accordance with the present invention. Down-link
information from the satellite network is received by an antenna 900 and
decoded by a receiver 902 of the ground station control 904. The ground
station controller 904 processes this information to extract instructions from
the control station as to the frequency and paging protocol that should be
30 used in the delivery of the paging message to the paging receiver. The
controller 904, in one embodiment, may comprises an MC68030
microcontroller manufactured by Motorola, Inc., or its functional equivalent.
In accordance with the instructions from the control station, the ground
station controller 904 controls the protocol converter 906 so as to select (or
35 convert) to the appropriate protocol. Fundamentally, the protocol converter
906 6perates to decode whatever format was used by the satellite for the
down-link message to extract the paging message. Once the message has



appropriate functions as directed by control personnel on the planet. The
satellite controller 304 is also coupled to the satellite's down-1ink
transmtter 308, so as to provide any infornmation requested by ground based
control 5 personnel. As shown in Figure 3, the payload of the satellite
102 is occupi ed by the paging controller1 06 and a pagi ng signal generator
310. Upon receipt of paging information, tThe paging controller nust
determ ne whether to transmt the paging nessage toward the planet (i.e.,
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and whether the signal should be simulcast from several transmitters as is
known in the art.

_ To generate a paging request, the ground station 116 incorporates a
paging terminal 910 to receive messages from public or private telephone
networks 912. The paging terminal operates the format and generates the

15 appropriate request, which is forwarded to the ground station controller
before being transmitted to the satellite network via a transmitter 914 and an
up-link antenna 916. Optionally, as discussed in conjunction with the control
station, satellite control circuitry 918 may be incorporated into the terrestrial
or ground stations to provide control and maintenance of the satellite

20 network.

Referring to Figures 10a and 10b, the preferred sequence of
operations of the ground station 116 is illustrated. The routine begins in step
1000, which determines whether a paging request has been received. If so,
the request is properly formatted and transmitted to the satellite network for

25 routing to the control station as has previously been described (step 1002).
Conversely, if the determination of decision 1000 is that a paging request
has not been received the routine proceeds to decision 1004, which
determines whether paging information has been received from the satellite
network. Is so, decision 1006 determines whether the paging information

30 should be processed to represent an existing local paging request and
forwarded to a contemporary local station for transmission. If so, the routine
proceeds to step 1008, where the down-link protocol used from the satellite
is converted into the appropriate "standard" paging format for the existing
contemporary local system (which is sent to the local system in step 1010 for

35 transmission).

Assuming that the determination of decision 1006 is that the paging
information is not for a local station, the routine proceeds to step 1012 for




not adversely i npacted, and so long as it is not cost prohibitive. The
pagl ng control l er 306 determ nes what and how to transmt in large part in
response to the type of information received. For exanple, up- 25 1link
transm ssions froma ground station should ordinarily be routed to the
control station, while up-link transm ssygns fromthe control station
usually contain information as to where and how the paging nessage should
be delivered. Inter-satellite comrunications can, of course be either
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1016) prior to transmission of the paging information to the paging receiver
(1018).
10
THE PAGING RECEIVER(S)

Referring to Figure 11, there is shown a block diagram of a paging
receiver 126 in accordance with the present invention. Operationally, the
paging messages are received by an antenna 1100, which is forwarded to

15 an antenna switch 1102. The position of the switch will route the received
information either through the satellite compatible *front-end" portion or the
terrestrial station compatible "front-end" of the paging receiver 126. Thus,
one output of the switch 1102 routes the received signal to an an RF
amplifier 1104, which preferably amplifies signal in the 1.5 GHz satellite

20 frequency range. The amplified signals are applied to a mixer 1106, which
receives a local oscillator signal from synthesizer circuitry 1108. To receive
satellite based signals, the local oscillator signal is muitiplied by a multiplier
1110 so as to appropriately demodulate the high frequency satellite signal.
The mixer 1106 provides a first IF signal 1112 to an IF filter 1114, which is

25 coupled to a second mixer 1116. The mixer 1116 accepts another local
oscillator signal 1118 from the synthesizer circuitry 1108 and provides a
second IF signal 1120, which is filtered by an IF filter 1122. According to the
invention, this second IF stage is common to both the terrestrial and receiver
recovery section of the paging receiver.

30 To receive terrestrial based signals, the antenna switch 1102 may
route the signal to an RF amplifier 1104', which comprises an amplifier
designed to amplify frequencies in the UHF or VHF frequency range. This
signal is mixed by a mixer 11086' to provide a first IF signal 1112' to an IF
filter 1114'. The filter signal is again mixed in a second mixer 1116’ by

35 another local oscillator 1118’ from the synthesizer circuitry 1108. This again
produces the common second IF signal 1120, which is filtered by the second
IF filter 1122. In either event, the filtered second IF signal is processed by a



herei naf{er described. For each paging transmission, this information is
preferabfy provided by the control station, or def auI ts to a predeterm ned
protocol. Additionally, the down-Ilink frequency sel ection is also made in
accordance with the delivery instructions provided by the control station.
5 Prior to the actual transm ssiogy the paging controller 306

exam nes the paging information to determ ne the desired conmuni cation
coverage specified by the individual to be paged. According to the
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is programmed by the microcontroller 1126, the paging receiver 126 of the

present invention can scan several frequencies merely by reprogramming
the synthesizer circuitry in any of the known synthesizer programming
techniques known in the art.

15 According to the invention, the paging receiver 126 preferrably
operates in an automatic mode to first scan for a terrestrial based transmitter
before relying upon the satellite network for direct transmission in any city or
geographic area that offers a ground based transmitting site(s). By first
scanning for a terrestrial based station, priority is given to the terrestrial

20 channels. That is, for the paging receiver 126 described herein, when the
paging customer specifies the area or areas in which he or she desires to
receive paging messages, if a terrestrial based transmitting site is available
to deliver these messages they will be used. This practice "off-loads" the
satellite network and improves system wide paging message through-put. In

25 one preferred scanning technique, the paging receiver 126 operates to
alternately scan for terrestrial and satellite signal. In another embodiment,
all (or a portion) of known terrestrial signals could be first scanned, followed
by the paging receiver's scanning of one or more satellite channels.

Of course, the automatic mode discussed above could be over-ridden

30 in favor of a manual mode. To do this, the microcontroller 1126 receives
instructions and commands from user controls 1128, which include
conventional functions such as "read" and "lock" function selections and
other known user controls commonly employed on contemporary pagers.
Additionally, one such user control (i.e., a Satellite/Terrestrial switch) may

35 operate to force the microcontroller 1126 to control the switch 1102 such as
to permanently select either the satellite based or the terrestrial based
demodulating sections of the paging receiver 126. In this way, the paging



powered by batteries charged by solar panels. Referring to Figure 4, a
graphi cal depiction is provided to illustrate the preferred satellite
transmssion "footprint". As previously nentioned, the preferred satellite
down-link transmtting systemincludes an antenna having 25 a plurality of
indi vidual lobes. In Figure 4, the hexagpgpal cell format commonly used in
conjunction with cellular telephone service is used for convenience to
illustrate to user sel ectable coverage aspect of the present invention.
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malfunctioned.
When the message is received, it is customary for the microcontroller
10 1126 to activate an alert circuit 1130, which may include silent alert, visual
alert, or audible alert as is known in the art. Data messages may be
displayed upon any suitable display means 1132, while tone, or tone-and-
voice messages are presented to the user via a speaker 1134 (after
amplification and filtering through audio circuits 1136). In this way, the
15  paging receiver 126 of the present invention may receive paging messages
directly from the satellite network or a terrestrial based ground station.
Additionally, the paging receivers manufactured by other manufactures may
operate on the present inventive system since the system adapts that portion
of itself necessary to deliver any paging message in any paging format
20 anywhere in the world.
What is claimed is:



10 transmitting | obes of one satellite and sone or all of the |obes of any
of the ofher satellites in the entire satellite network. In this way,
pagi ng service may be provided using any pagi ng fornat—or protocol on a

gl obal coverage basis for those desiring such cover rea
coverage may be 5 may also be provided §g those de muug@umnmamr
coverage and the | ower operational costs associ ated *
satellites' conmunication abilities nay be further described in conjunction
wth Figure CLAMES satellites are shown engaged in both inter- satellite
comuni cation and terrestrial up-link/down-Iink comrunication. 10 The
illustrated satellites (N1, N, and N+1) may be satellites in the sane
orbiting plane, or bt Aepagingconunenicatian system, cotriprising:ont i guous or bi t

pl anes. In either e @wesmagtb%rseg%%hnaﬁaﬁ@m&r&a@%ﬁqrdégl.gggngggsmgyat

Is, each satellite is ca
satellitedinin ﬁ@nam“@ihtﬁ eonigolgnears apd with @ asts%neeseles@ve palhrgaeigrous

and next or bife té'ﬂ’éétnéﬁbas’ﬂd@cﬂﬁﬁ%i&ati@h%é&% baingPdlss lcapgblesfor k capabl e
of effectively disse a & aglorma.lona&a oj nt _on the orbited
cel esti al b08§ mmyunica 'gaRIasMaLap yyi h gé %%dc%@@@wpﬁat i on
with satellieedhs} via Ilnk N, and with satellite N+1 via link N+1 (and so
on). These transm ssyaNS:afife PRGG EhRfiNidfiohth85ns Briddrinfinidafifgthét er and
10 paging information to at least one selective call receiver and at least a
portion of the terrestrial based communication means;
the control means for determining where and how to deliver the
paging information; and
a plurality of selective call receivers, at least some of which are
15 capable of receiving the paging information from the satellite based
communication means and the terrestrial based communication means.

2. The system of claim 1, wherein the satellite based communication
means adapts at least a portion of itself to communicate the paging
20 information in accordance with instructions provided by an individual
designated to receive the paging information.

3. The system of claim 2, wherein the satellite based communication
means adapts at least a paging communication protocol.

4. The system of claim 2, wherein the satellite based communication
means adapts at least a paging communication frequency.
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20 receiyver (or optional transceiver) discussed above in conjunction wth
Figure 3. In one enbodi nent, conventional m crowave commmnicatienr—i-s—used

for the inter-satellite |i nks, al t hough known optlc , | asers)
may be used if not cost prohibitive. Also illustrat ﬂ!‘m ,ﬂﬂmﬂﬂ m’m t he
fundanmental up-link and down-link 25 conpgni cation ¢l

satellite network of the present invention. As shown, satellite N1 may
comunicate with a terrestrial or ground station t hat may in turn be

coupled to an exi sbi rihecsystemtofmiaim paghergimtieterestrihbasedmuni cati on path
used for terrgshhHicstic h%&ﬁs(:ﬁaﬁaé%\'; ssfo'tjﬁﬁ%erﬁgg'tﬂé@%&Ddrqgﬂ%m?%!a S0

t hat pagi ng requests recelved via one-
forwarded to fereivashires the satellite baged @omawm@tionfraeﬁm ioAaceemmeasiatecei ved

and processedid Sdlebiie 8all fbddivet dlighitéd t&?éééwiﬂe/paggm?dﬁramahbﬁ in any

particular_inplenentation, a terrestrial station may u i ze only an
up-link or?a down-Ilink conmunication path. Satellite Nis shown
comuni cating dire6t |Thersystem gfadeim V) wh&ainthé sdlbctivencalhiedeivebdoperate

caui pent 53*%&@5"‘8??16%6"'?%?{5 el BRTehRtof RS el P o

| ocat e a gr oubdsed gomaunisatieymaansecei ver suitable to receive paging

10 7. The system of claim 6, wherein the monitoring comprises
automatically scanning radio frequency channels used by the terrestrial
based communication means and the satellite based communication
means.

15 8. The system of claim 7, wherein priority is given to the radio
frequency channels used by the terrestrial based communication means
while automatically scanning the radio frequency channels includes used by
the terrestrial based communication means and the satellite based
communication means.

20

9. A paging communication system, comprising:

a plurality of terrestrial receivers, at least some of which are
capable of receiving paging information from at least one or satellite and
from one or more of a plurality of terrestrial stations;

25 the plurality of terrestrial stations being capable of communicating
the paging information with at least one satellite, and capable of adapting
the paging information so as to be compatible with at least one of the
plurality of terrestrial receivers;

at least one satellite capable of communicating the paging

30 information to at least one terrestrial station and at least one control station,
and further capable of directly transmitting the paging information to at least
one of the plurality of terrestrial receivers; and

the at least one control station being capable of determining
where and how to deliver the paging information.

35
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information directly fromthe satellite network is herei hafter descrlbed

Anot her fundanental = conmuni cati on page is illustrated mm[\ \“In
satellite Nt1l. In this exanple, satellite N+1 is the Hﬁ“lm‘“n

control station, and therefore, is the satellite ulti ety vedporisi bl e for
finally 5 communicating paging requestspjo the control station, and for
initially receiving paging information fromthe control station. According

to the invention, the inter-satellite and up-Iink/down-1ink comunication
capabilities of the SkHecbystém ofajlaint 8, whichiihclades ad:luremyaif datsiiteg a pagi ng

Ref or 11 g {0 RPOEPALO B %%ﬁ'ﬁ%@v@%‘éﬁ@sé#&ﬁﬂ@f o Resa i of°
begi ns wi th itself 4 coméudicatkithe phging wﬁomaatmn\elnmcordi_m@emrth instiuatiobsen
received fr 09}%%&5’59 rffn"i’ﬂ\h&h I d@%n@été& 'i’@ é’ﬁ{ee{)ér@ﬂgtahfbﬁn%ﬁ?ﬂ“ deci si on

600 generall I ng request een mtte rom one of
the groun? stations and should be dlrected to the control station for a 15

determ nation of wherm témvafumnmguﬁmrméﬁaae@@wtﬁe ity Mered

Accordi ngly, ,decisi,on 60 e.s

PSRBT - L 1 I U A R A fbﬁéa"a 8130 known
mechani sns  wstations tamel thatsatéliiteenaetwork.ol | er by exam ni ng t he current
position of the satellite over the planet and conparing this information

with the known .
10 12. The system of claim 11, wherein the monitoring comprises

automatically scanning radio frequency channels used by the terrestrial
stations and the satellite network.

13. A method for providing a message to one or more areas on a
15 celestial body, comprising the steps of:
at any of a plurality of terrestrial stations:
(a) receiving the message;
(b) transmitting the message to a control station;
at the control station:
20 (a) receiving the message;
(b) determining where and how to deliver the message;
(c) transmitting the message to at least one of a plurality of
satellites orbiting the celestial body;
at any of the plurality of satellites:
25 (a) receiving the message from the control station;
(b) determining whether to transmit the message toward the
celestial body or another satellite;
(c) transmitting the message in accordance with the determination
of step (b).

30
14. The method of claim 13, wherein the control station step of

determining where and how to deliver the message comprises the steps of:
(i) examining a memory means to extract information representing
preferred message reception instructions; and
35 (i) forming message delivery instructions based at least in part
upon the information representlng preferred message reception instructions.
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20 location of the control station. If the determ_nation of decision 602
is that the satellite is currently over the control station;, the

information is transmtted to the control statlona”ﬂ lf' '

transm ssion may optionally be made at a | ower tr m 4 mm:"lm nce the
control station enploys a high gain dish-2pype ant ehnd). 'Coftvetsely, a
negati ve determ nation of decision 602 results 25 in the information being

transmtted to another satellite. As previously discussed, the other
satellite may eithdb. behe methad ebcaineriBi which iptldes die atepamfjmdapﬁhgdhbi ting

pl ane as that r . In this
way, the inf opﬁéﬁstagﬁ s%f%%béh@é%gb@gﬁ‘tﬁé%ﬁ%ﬁgﬁ xﬁjr{%&%’néé’? rﬁr%‘ttﬁ il it is
directed to th@nsovission thareof.on. Assum ng t hat the det erm nation
of decision 600 is that |nforrrat|on was not received froma terrestrial or

ground station, the _rqutine pr eds t ci.sjop 610, whjch det rm'r1es
whet her i nPormati od® hg@‘%@'@ﬁ‘?‘geg?lﬁgﬂ T%r %E'CE&%?FB? se 'Y%ﬁa FReYefi ng
to the inventistgps éfhe control station processes each pagi ng request and
makes det erm nati ons P h W Qﬁ a?' d be
delivered. Therefore, @I‘i’é eCrWﬂ rg'ﬁ@%h? rR"t 6}% ﬁ?‘ ﬁ'f A ng

i nf or mati on t tomestriakstation aedraéﬂeaamnecnf tb@ U:fﬁhtvalf §atﬂ“§e$,| buti on thr ough
the satellite networ kpaRpeRafy ihdcdfddcanWith 6&ig (& to receiver the message.

10
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12 directly or by way of a terrestrial or local station). Thus, should the
det érmi nation of decision 610 be that the informati omthe
control station, the routine proceeds to decision: 61mmmm(lmmrm{1

whet her the satel lite is presently over the identified pagér Yor® pagers)
that is 5 to receive the paging messageys|f not, the routine proceeds to

step 614, where the information is transmtted to another satellite in the
sanme orbiting plane or an adjacent orbiting plane so as to deliver the

gggi ng mlassagfe tﬁﬁhg; @@Wiéﬁmwemsc&hbﬁﬁh d by the control station.
nversely, if the tion, t.hat the S

within the commn?&??‘?%ﬁ%@gyéﬁvmgt? Q‘E’rﬁﬁtytqriéné}ﬁ'ggﬂs threo[rhgt E%%?I ne

pL oceeds to some ¢flibe intividuals ha\ﬂngtasselbetl\mgplhgem@gpabletd)fenecéwmg:tIy to
the pager or t t t priate
by exam nati rYR egs%?oﬁ @rl%ét%ﬁgeg%gﬁ% s?é%bré?{a @?’2% |§é§{‘dX§e parqgti/}l{éc))usl y
menti on, 5raﬂd¢ﬁlmihﬁ1§eb§ﬂﬂr®® ground station may be made with a | ower
satellite transm g BIUPAG of ?ér?és‘inélf‘s‘laﬁ&\s PéSHiGHdEsn m@ueﬂsﬁélaédmoenpl oys

?mt] IC)?Pratg ?Ioz aﬁé'% ?"E&ﬁ'\%&egﬁgﬁa{%@t gﬁgt?ﬁt"leﬁr ngnat Ieg?f"t"’tekf'éaj" "88?1"9&3 proceeds
to deci si on aad.fordd & bonwblangans viand safedlite hetworkf or mat i on was recei ved from
anot her the control means for receiving the message, determining where and
10 how to deliver the message, and for transmitting the message to the
satellites network orbiting the celestial body;
the satellite network comprising at least one satellite arranged to
communicate the message toward at least a portion of the celestial body for
reception by at least one selective call receiver or terrestrial station.

15
18. The system of claim 17, wherein the control means includes a
memory means for storing information representing user defined message
reception preferences.
20 19. The system of claim 17, wherein each satellite in the satellite

network includes means for adjusting transmission characteristics thereof so
as to transmit the message only to desired portions of the celestial body.

20. The system of claim 17, wherein each satellite includes means for
25 reducing transmitter power when transmitting information to the control
means or any of the plurality of terrestrial stations.
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satellite. If so, decision 620 determ nes whether the information is
directed’20 towards a pagi ng receiver. That is, aside from general
satellite control and orbit maintenance information, an inter-satellite
communicate is generally information being directed towards the control
station, or information fromthe control ogtation being directed towards one
or nore pagers. Thus, a negative determ nation of decision 620 causes
decision 622 to determine 25 whether the satellite is currently over the
control station. If not, the information is transmtted to yet another
satellite in the satellite network so as to direct the information to the
control station (step 624). Fbmever if the satelllte i's over the control
station, step 625 tr && LITE : S0, AGING o h

processi ng as previously dlscussed Cbnversely, if the 30 deternlnatlon of
decision 620 is that the information is directed towards a pager, decision
623 deter®ines whether the information is directed for the area within its
beam "footprint”. If not, the pager (or pagers) that are to receive this
nmessage are h the s d therefore, the paging

i nformation 2@§§3§Q§E satellite for delivery (step 624).
35 However, if thsaigdlitebasedtpagingtomauinicationcdyststfi cosnpirises a phurality

o ot o0, ol SaliBhe bRBRHE AN GNRAR Y BlbinkiiigrAdlibA Sl 0 ccd°

to step 626, O\MIlere e an enna eam n-accor dance
with thel0 atleast one sateliite (102). The satelhte(s) in turn, are capable of

communicating the paging information to at least one terrestrial receiver
(126) or terrestrial station 116). Also included is at least one control station
(110) for determining where and how to deliver the paging information to
one or more of a plurality of terrestrial receivers (pagers), at least some of

15 which are capable of receiving the paging information from one or more of
the satellites and one or more of the terrestrial stations.

_)

Fig. 2 accompanies this abstract.



13 instructions provided by the control station. As previously nentioned,
the ‘contfol station instructions are generated primarily based upon the
coverage w shes and desires of the individual users, and determnes (in
part) the anmount of billing that will be generated for the paging event.
After the beam5 pattern of the satellite has been appropriately sel ected,
the preferred paging transmt frequency gmgg protocol are selected (steps
628 and steps 630) in accordance with the preferred nessage delivery
request specified by the paging subﬁy |ber dy(j connanded by the control
station. Once these & stnent R Jitde |nfornation i's
transmtted (step 63 omarw received ei ther by the

pagi ng receiver or by a g oupd ebr oadcast the
information in an appropL®sg m satellite and/or associ ated
ground station will adaft w w sihgnal ling format for the

£

conveni ence of the paging ecei ver of any manufacturer
can operate in the presen Sy 1 CS STATICN(S) Referring to
Figure 7, a block diagramlojpphe con ro ?at 0 is

FI1G.7



shown. The control station 110 receives information fromthe satellite 20
network Via a receive antenna 112 and a receiver 700. This information is
routed to a controller 702, which in one enbodi ment conprises an MC68030

m crocontrol |l er manufactured by Mtorola, Inc., or its functional
equi val ent. The controller 702 operates to process paging requests to
determ ne where and how t he pagi ng nE8gages shoul d be delivered. This 25

is acconplished primarily by exam nation of a data library stored in a
menory 704, which contains a suitable anmount of type of nenory to store
operating characteristics and instructions for each receiver registered to
operate on the gl obal paging system After processing this information, the
pagi ng message is forwarded to a transmitter 706 ®or transm ssion via an 30

antenna 114 to the satellite network. Option Iy,"%atellite control

circuitry v08 may be re§ident within the centyal ét and each
terrestria t§ionto grovi de satellite orbim e, position
tracking, e St : 0 HACt T ERS—TE kn rt for maintenance
of the satgs \Qerk. Alternately, satellite cq mai nt enance may

a a nore 35 another facil @ ed to track and
B ite network. As previ Sk
gons and | oc ens within fhe s

for those
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14 may be used by the present invention to off load satellite up-link and
down- link traffic in the nearby geographic area. Referring to Figure 8,
the routine followed by the control station 110 to process a pagi ng request
is shown. In step 800, a paging request is 5 received by the control
station fromthe satellite network. Following this, the controller 702
exam nes the nenory 704 to determ ne the anount. of pagi ng coverage desired
by the individual user. This, in part, will determine the billing anount

for the paging event about to be br oadcast .3 so, the menory 704 contai ns
information specified by the user for defining the prg&?%red 10 ng
protocol that should be used (step 804). Additional /¥, e ppﬁﬁﬂé fir equency
has preferrably al so been specified by theTp?géﬁ%%u er (step 806G)._ Finati
the control station 110 determ nes whef heATE s{riartsrat i odNHeR-d b
used (step 808) to rela ﬁége i nf or mat i pnCOMTRQLERI fect | t BAJG4h I E
conventional |ocal sygie to_the pagi e trepe—l\f { o
determ nati on are nade¢ iqaﬁ i ahce with thg instructio
user and appli cabl \cé‘tlpg&\fj o] —ohs ' i i
appropriate cont i nf i i§ transmitteqd AC e safellite net wor k
ste
(step 300 316 PAGING
ANTENNA = CONTROLLER
CONTROL J : 102
i /'310
4 PAGING
307 SIGNAL 314
/~308 GENERATOR
Y - INTER-
DOWN—LINK }= 1 . SATELLITE
TRANSMITTER }= * = TRANSMITTER
318 i
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810). In this way, the paging receiver can receive a paging nessage
diréctly*fromthe satellite, froma terrestrial station (or both) or from
an existing local 20 systemusing any of -the known (standard) pagi ng
formats so that the entire satellite network becomes transparent to the
pagi ng user. THE GROUND STATION(S) Referring to Figure 9, there is shown a
bl ock diagram of a terrestrial or 25 ground station 1 16 in accordance
with the present invention. Down-I|ink |nd@ pmation fromthe satellite
network is received by an antenna 900 and decoded by a receiver 902 of the
ground station controh 904. The ground station controller 904 processes
this information to dxtract instructions fromthe control station as to the
frequency and pagi n@ grgdt ocol that should be 30 used in the delivery of

t he pagi ng nessage qut e paging receiver. The controller 904, in one
enbodi nent, may conpr4cses an MC68030 mi crocontrol |l er manufactured by
Motorola, Inc., or it9 functional equivalent. In accordance with the
instructions fromthebcontrol station, the ground station controller 904

controls the protog¢ verter 906 so 3 el ect (or 35 convert) to the
appropriate protoc¢l. Fupdanentally, thg protqcol converter 906 operates to
decode what ever for it s usedpy the dateHd ifte for the down-1ink nessage
to extract the pagiﬁ@,ﬂetsagecnéﬁce t he e has
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15 been,extracted, it can be re-encoded in any sel ected paging protocol for
subsequent transm'ssion to the paging receiver. Typically, this is
acconpani ed via transm ssions fromthe transmt sites 130 associated with
the terrestrial station, or by conversion of the paging nessage into a 5
standard pagi ng request to an existing local station 132 as has been
previously discussed. In addition to selecting the appropriate protocol,
the ground station controller 904 controls one or nore transmt site
controll ers 908, which operate to control tHB&3 ocal transmt sites 130 in
paranmeters such as frequency selection, the nunber of sites that should
transmt the signal, 10 and whether the signal should be sinulcast from
several transmtterg as 1S Known in the art. To generate a pagi ng request,
the ground station L&\ 'Birates a paging terninal 910 to receive
messages from publi 2 tel ephone networks 912. The paging term na
operates the format and oenerates the 15 appropriate request, which is
forwarded to the ground stati-d@control |l er before bei ng tr mtted to the
satellite network viad trangm tter 914 and an up-1j a 916.

Optionally, as di scuSgeggyEeoniunction with the e@yeR
INFO FROM CONTROL
TERRESTRAIL STATION
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station, satellite control circuitry 918 may be incorporated into the
terrestrial or ground stations to provide control and mai ntenance of the
satellite 20 network. Referring to Figures 10a and 10b, the preferred
sequence of operations of the ground station 116 is illustrated. The
routine begins in step 1000, which determ nes whet her a pagi ng request has
been received. If so, the request is properly formatted and transmtted to
the satellite network for 25 routing to the control station as has
previously been described (step 1002). Con$éikely, if the deternination of
deci sion 1000 is that a paging request has not been received the routine
proceeds to decision 1004, which determ nes whether paging infornmation has
been received fromthe satellite network. Is so, decision 1006 determ nes
whet her the paging information 30 should be processed to represent an

exi sting | ocal paging est and forwapdethto a contenporary tocal station
for transmssion. |f , e routine prfocgedy to step 1008, he
down-link protocol usgdfrgmthe satellyte i converted into

i ng format for € existing contenporea

system (which is sent tojthe | ocal systemjin s}eaﬂﬂOlO for 35 616
transm ssion). Assuning fhat the-deterninationtof—dechsi-on e
pagi ng information is nof for {a_local station, the ¥d @ oTst
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16 transnssion fromthe transmt site(s) associated with the terrestrial
station. After exam ning the instructions fromthe control station, the
terrestrial station operates to select the paging protocol or convert from
the down-1ink protocol to appropriate pagi ng protocol for the convenience
of the paging receiver. 5 Following this, the preferred pagi ng frequency
is selected in accordance with the user's instructions (step 1014). Next,

t he nunber and | ocation of transmt site(s) Z@3be used to broadcast the
nessage are determned (step 1016) prior to transm ssion of the paging
information to the paging receklyer (1018). 10 THE PAG NG RECEI VER(S)
Referring to Figure 11, the eg’ss shown a bl ock. di agram of paoing receiver
126 in accordance with the \prése i nvention. Qperationallly, it hg pagi ng
nmessages are received by an na 1100, which is forwarded tgfl5 an
antenna switch 1102. The positjion of the swtch will route t recei ved

i nformation either thro&g{u thg satellite conpatible "P&sg-end" portion or
t he /4

ADJUST BEAM
TRANSMIT INFO TO
ANOTHER SATELLITE FOOT PRINT
628 |
[RETURN j) SELECT TRANSMIT
FREQUENCY
/‘ 630 l
SELECT
H TRANSMIT CODING
638 632 l
TRANSMIT INFO TO
CONTROL STATION TRANSMIT INFO

|
( RETURN i] ( RreTury )
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terrestrjal station conpatible "front-end" of the paging receiver 126.

Thus, one output of the swtch 1102 routes the received signal to an an RF
anplifier 1104, which preferably anplifies signal inthe 1.5 GHz satellite
20 frequency range. The anplified signals are applied to a m xer 1106,

whi ch receives a local oscillator signal fromsynthesizer circuitry 1108.
To receive satellite based signals, the local oscillator signal is
multiplied by a multiplier 1 110 so as to appropriately denodul ate the high
frequency satellite signal. The m xer 118@3provides a first IF signal 1112
to an IF filter 1114, which is 25 coupled to a second m xer 1116. The m xer
1116 accepts another |ocal oscillator signal 1118 fromthe synthesi zer
circuitry 1108 and provides a second |IF signal 1120, which is filtered by
an I|F filter 1122. According to the invention, this second |IF stage is
common to both t tefreskigi al and receiver recovery section

receiver. 30 To receive terrestrial based signals, %&ﬁ a
switch 1102/ha35r0u e the signal to an RF anplifier 1104/ i chl conpri ses
an anplifidr designed to amplify frequencies in the UHF

range. Thid sj [ ireed by a ni xerTQAPROM o provi de Ja fi i gna
1112' to an F‘LﬁgﬂﬁbéﬁTTgﬁ The GROENDsi §HATIGN agai n |m x&fé%ig{@%con
m xer 1116" helidba—adol) ocal oscillatgor 1 1 18' fron i
circuitry 1 10&. Thi s apain produces the dommon second | F sijgnal 1120,
which is filtered by the second [ |
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I F filter 1122. In either event, the filtered second |F signal is processed
by a 17 detector 1124, which recovers the paging information for further
processing by a mcrocontroller 1126. In one enbodi nent of the invention,
the mcrocontroller 1126 may conprise an MC68HCL 1 m croconputer

manuf actured by Mdtorola, Inc., or its functional equivalent. 5 To
recei ve paging informations fromany of the several known "standard" | and
based systens, a terrestrial station of the present invention, or directly
froma satellite, the mcrocontroller 1126 ects a decodi ng protocol
(sone pagers may use only one protocol) and controls the synthesizer
circuitry 1108 so as to appropriately m x these signals down in 10 the

second I F signal 1120. Additionall Sl TRBE SY§t hesizer circuitry 1108

is progranmed by the m crocontroll 1£§§§T§gﬁ padi ng receiver 126 of the

present invention can scan several \{redguencies ely by reprogramm ng the
nown Fynthesizer pr ogramm ng

synthesi zer circuitry in any of the
techni ques known in the art. 15 /,-gooAcc rding to the invention, the

pagi ng receiver 126 preferrably
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operates,in an automatic node to first scan for a terrestrial based
transmtter before relying upon the satellite network for direct
transm ssion in any city or geographic area that offers a ground based
transmtting site(s). By first scanning for a terrestrial based station,
priority is given to the terrestrial 20 channels. That is, for the paging
recei ver 126 descri bed herein, when the paging custoner specifies the area
or areas in which he or she desires to rRR p V€ pagi ng nessages, if a
terrestrial based transmtting site is available to deliver these nessages
they will be used. This practice "off-|oads" the satellite network and

i nproves system w de pagi ng nessage through-put. In 25 one preferred
scanni ng techni que, the paging receiver 126 operates to alternately scan
for terrestrial, and gsatellite signal. In another enbodinent, all (or a
portion) of kno térredl@ial signals could be first scanned, ngﬁred by
t he pagi ng rg@?iv r's scanni ng of one or nore satellitgnghan el s~

course, thg omati ¢ _node di scussed above coul d be gvér-ridhen 30 in

er 1126 receil ved

To do thj the mcrocontro
s fro controls 1128, i chod ﬁﬂﬂ??

uch ag- “read"—and “l-ock" funktion Sselecitionsjand
s conttonl \SATRLOJAE onf cont e e
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instructi OTRAWMPWFE
conventi onfl functions
ot her know
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to permanently select either the satellite based or the terrestrial based
demodul'ati ng sections of the paging receiver 126. In this way, the paging
18 customer (user) is given nore control over how pagi.ng nessages are

recei ved. The automatic node could al so be over-ridden by instructions from
the control station, which are incorporated into a pagi ng nessage. This 5
procedure may be preferrably enployed to re-route the delivery of paging
nessages to ease a congested paging traffic Path or to acconmodate the
pagi ng user when their preferred (specifieéy'%essage delivery path has

mal functi oned. When the nessage is received, it is customary for the

m crocontroller 10 1126 to activate an alert circuit 1130, which nmay
include silent alert, visual alert, or audible alert as is known in the
~art. Data nessages y be di splrayed upon any suitable display neans 1132,
whil e tone, or tone-and3R0b$E£ ssages are presented to the user via a
speaker 1134 (after |anPTiATEGNI dn and filtering through audio circuits
1136). In this way,
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15 .paging receiver 126 of the present invention may receive paging
nmessages directly fromthe satellite network or a terrestrial based ground
station. Additionally, the paging receivers manufactured by other
manuf act ures nay operate on the present inventive system since the system
adapts that portion of itself necessary to deliver any pagi ng nessage in
any paging format 20 anywhere in the world. What is clained is: ~ 19
CLAIMS 1. A paging comruni cation system conprising: a plurality of
terrestrial receivers, at |east sonme of WH/&h receive paging i nformation
fromat |east one satellite and fromat |east one of a plurality of
terrestrial stations; the plurality of terrestrial station comunicating
the paging information with the at |east one satellite, and adapting the
pagi ng informati on so as to be conpati bl e#Wwm at | east one of the
plurality of terrestrial receivers; G

/fﬂHZ

SELECT/CONVERT
PAGING
PROTOCOL

SELECT
FREQUENCY

v [flCHG

SELECT
TRANSMIT
SITE(S)

! e 1018

TRANSMIT
PAGING INFO

Y
[ RETURN )
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thevat -dgast one satellite comunicating the paging information to the at

| east one of the plurality of terrestrial stations and at |east one control
station, and further directly transmtting the paging information to the at
| east one of the plurality of terrestrial-receivers; and the at |east one
control station determ ning where to deliver the paging infornmation and
operational paraneters and operational protocols to deliver the paging
information to the plurality of terrestrial receivers. 2. The system of
claiml1, which includes a plurality of 83f8l1lites arranged to forma

Y

satellite network which adapts itself to comffT ¢atE the paging information
to the at | east one of the plurality of terre;tr%§| receivers in accordance
with the operational paraneters and the opexafiwd@al{ protocols, the
operational paraneters and the operational %r pt8Epl kb deternined in response
to instructions provided by an individual hav nQCDgE at | east one of the '
plurality of terrestrial receivers designate ei ve_the paging
i nformati on. 20 3. The systemof claim 2, mhetein themsatel lite network
adapts itself to ~
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c%rmﬁr_‘\i cate the paging information to the at |east oneof the pturatity of

terrestrial receivers in accordance with the operat.i- k1€
operational protocols conprising at |east a paging 'ca !ﬂ mﬁ Ei’ col .
4. The systemof claim?2, wherein the satellite networ Wi '3 to

communi cate the paging information to tjpe at | east one of the plurality of
terrestrial receivers in accordance with the operational paraneters, the
operational paraneters conprising at |east a pagi ng comruni cati on
frequency. 5. The systemof claiml, cpagi@ n the at | east one control
station includes a nenory for storing at [east information representing a
preferred paging area for the at | east one of the plurality of terrestrial
receivers qperative in the.system, 6. The@r?%éﬁ_em of claim1l, wherein the at

| east one -cont PB8ING CaIgHn Pisyﬁge"?re‘fﬂf? ns for storing the

operational paraneters and the operational protocols, and wherein the at
| east one control station determ nes where and how to deliver the paging
i nf or mat i ord pliraliy of terresiriali regeivees, &b least some ofpuhighdeesiveand t he

Clai m 1. windGit PSR it bt dle SRRt AT It B8 T et 11

receivers rshwality 6ftefrestridatatidnsnf or mation from :

the plurality of terrestrial station communicating the paging information
with the at least one satellite, and adapting the paging information so as
to be compatible with at least one of the plurality of terrestrial

receivers;

.the at least 6ne satellite communicating the paging information to the at
least one of the plurality of terrestrial stations and at least one

control station, and further directly transmitting the paging information
to the at least one of the plurality of terrestrial receivers; and

the at least one control station determining where to deliver the paging
information and operational parameters and operational protocols to
deliver the paging information to the piurality of terrestrial receivers.

2. The system of claim 1, which includes a plurality of satellites

arranged to form a satellite network which adapts itself to communicate
the paging information to the at least one of the plurality of terrestrial
receivers in accordance with the operational parameters and the
operational protocols, the operational parameters and the operational
protocols determined in response to instructions provided by an individual
having the at least one of the plurality of terrestrial receivers

i A v s a e,

designated to receive the paging information. i '-'Fliigi*i.AC_-EME:’Nr SHEETS
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the at least one satellite and fromthe at |east one of -the—pturality of
terrestrial stations conprises: first receiving neans

| ving the
pagi ng information fromthe at | east one satellite; ”‘ﬂg@%ﬂ" %c}m]vi ng
means for receiving the paging information fromthe ats e
plurality of terrestrial stations; and20ontrol nmeans for controlling the
first receiving nmeans and the second receiving neans to provide priority

operation to the second receiving neans for receiving the paging

i nf or mat i or8.fThesystemadf digins 2, whereli thdsatellite abtwork@idapty itself 10 al st ati ons
to attenpt to receive the g,a i_rr‘lf%ri_nforrrat on therefrombefore attenpting to

receive thé’%ﬁ'@“ﬁﬁ’aﬁmﬁﬁﬁ inginformatien to the P"b‘&ﬁst ene of theplurglity of The
system of  Ghglibl rm&’sr]nt%gg i %%itmﬁﬁér&?iwgfiérom thgr over-riding

the priority operation provi the second recel ving nedns the paging
i nf or mat i oroperationalepratocotsasdomprisingfattieastpa paging sommuniatieatprotdcadt at i ons.

4. The system of claim 2, wherein the satellite network adapts itself to |
communicate the paging information to the at least one of the plurality of
terrestrial receivers in'accordance with the operational parameters, the

. operational parameters comprising at least a paging communication
frequency.

5. The system of claim 1, wherein the at least one control station
includes a memory for storing at least information representing a
preferred paging area for the at least one of the plurality of terrestrial
receivers operative in the system.

6. The system of claim 1, wherein the at least one control station

comprises memory means for storing the operational parameters and the
operational protocols, and wherein the at least one control station
determines where and how to deliver the paging information in accordance
with the operational parameters and the operational protocols stored

within the memory means.

7. The system of claim 1, wherein each of the at least some of the
plurality of terrestrial receivers receiving the paging information from
the at least one satellite and from the at least one of the plurality of
terrestrial stations comprises:

first receiving means for receiving the paging information from the at
least one satellite;
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97 ‘Thé system of claim8, wherein the means for over-riding the priority
operation provided to the second receiving neans the pagi ng i nformation

fromthe at |east one of the plurality of terresyg ul“‘ﬂ“j“m
responsive to operator entered commands. 10. Theum ‘m Wi8, wherein
the means for over-riding the priorityogperation provi ded® o®thé second

recei ving neans the paging information fromthe at |east one of the
plurality of terrestrial stations is responsive to conmands contained in

t he pagi ng seebadreceéiving rhdand foracelvireptiapagiag informutice fons thgat si ng: a
plurality of terrestrial receivers, at |east sone of which receive paging
i nf or mat i oteastemnedf thepluraliecokterrestrial stations; adth at | east one of a
plurality of terrestrial stations; 22 the plurality of terrestrial
stations being comruni cating the paging information with the at | east one

satel lite, controhfivgzinsfor cbntroliiog tige first veceivingmeansiantidhdsecompat i bl e with
at least one of the plurality of terrestrial receivers; ..

receiving means to provide priority operation to the second receiving

means for receiving the paging information from the at least one of the

plurality of terrestrial stations to attempt to receive the paging

information therefrom before attempting to receive the paging information

from the at least one'satellite.

8. The system of claim 1, wherein the control means includes means for
over-riding the priority operation provided to the second receiving means
the paging information from the at least one of the plurality of

terrestrial stations. |

9. The system of claim 8, wherein the means for over-riding the priority
operation provided to the second receiving means the paging information
from the at least one of the plurality of terrestrial stations is

responsive to operator entered commands.

10. The system of claim 8, wherein the means for over-riding the priority
operation provided to the second receiving means the paging information
from the at least one of the plurality of terrestrial stations is

responsive to commands contained in the paging information.

11. A paging communication system, comprising:
a plurality of terrestrial receivers, at least some of which receive

paging information from at least one satellite and from at least one of a
plurality of terrestrial stations;
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the af least one satellite comunicati ng the paging infoermation to._the at
| east one of the plurality of terrestrial stations ag@ at | east one contro

station, and further directly transmtting the pagin 'ju”ulmlﬂm;ﬂ he at
one

| east one of the plurality of terrestrial receivers
control station being deternning wher@2to deliver the paging I nfor fat i on
and operational paraneters and operational protocols to deliver the paging
information to the plurality of terrestrial receivers, wherein the control
station i ndlhelqbun‘amyrmfrtermsfrml stations hpind compruricatingetheppagingt er s, and
wherei n the operational | east i nformati on

pargmeters conprise
represent i wformatien ayi Weﬁgﬁﬁﬂ 9'?%‘&%@'1 Q&a@?iét"!ﬂthed%@'"Sne of the
plurality ‘?rﬁfoﬁﬁéﬁ&%tsb'a?torﬁ'&%h‘l éﬁblgﬁfiﬂ’i’“ét lé%sfa G?tf?é’ét Fallt b%: A paging

conmuni cation system conprisin ura terre recei vers, at

| east sone terrestniat recedmrsye pagi ng |nformat|on from at Ieast one satel | | te

and fromat |least one of a plurality of terrestrial stations; the plurality
of terrestrial stations comunicating the paging information with the at

| east one AP ' o0 be
conpat i bl e%\?\nét%hhééﬁlog%srgt%tone t?rﬂﬁﬁﬁ\ﬁ%ﬂﬂ?ﬁh@ bﬁ&?ﬁrﬁeﬁﬁpﬁglt@gel vers; the
at | east oheastana ofithe pimdltymfderreetylal Btatlpaglamg atéastrarie on to the at

control station, and further directly transmitting the paging information

to the at least one of the plurality of terrestrial receivers; and

the at least one control station being determining where to deliver the
paging information and operational parameters and operational protocols to
deliver the paging information to the plurality of terrestrial receivers,

wherein the control station includes a memory for storing the operational
parameters, and wherein the operational parameters comprise at least
information representing a preferred paging frequency for the at least one
of the plurality of terrestrial receivers operative in the system.

12. A paging communication system, comprising:

a plurality of terrestrial receivers, at least some of which receive
paging information from at least one satellite and from at least one of a
plurality of terrestrial stations;

the plurality of terrestrial stations communicating the paging information
with the at least one satellite, and adapting the paging information so as
to be compatible with at least one of the plurality of terrestrial

receivers;

the at least one satellite communicating the paging information to the at
least one of the plurality of terrestrial stations and at least one
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I'east one of the plurality of terrestrial stations and at -l-east_one 23

control station, and further directly transmitti i'ng information
to the at | east one of the plurality of terrest-riml iﬁﬂr " t he at
| east one control station determning where to d RE Yagi

I nformati on and operational paramneters28nd operational protocols to deliver
the paging information to the plurality of terrestrial receivers, wherein
the at | east one control station includes a nenory for storing the

oper at i onalcoptrot station, and durthen direcily transprittingi the gaging inforvhatioronpr i se at

I t inf ti ' f . ' t | f the at | t
one_of ¢ ho Bt aFIeapt onore e Blrelly of ResetuRCReRUeRE A8 T the systom

the at least one control station determining where to deliver the paging
information and operational parameters and operational protocols to
deliver the paging information to the plurality of terrestrial receivers,
wherein the at least one control station includes a memory for storing the
opefational protocols, and wherein the operational protocols comprise at
least information representing a preferred paging protocol for the at

least one of the plurality of terrestrial receivers operative in the

system. '
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