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SATELLITE COMMUNICATION SYSTEM FOR LOCAL-AREA COVERAGE

BACKGROUND
This invention relates to a system for voice and data communication, and more
5 particularly to a system for satellite communication in rural, remote, or sparsely
populated areas, in areas lacking a conventional telephone infrastructure, and in areas
such as airports and convention centers that are frequented by international travelers.
These areas can be called generally "local areas”.
Modern telephone networks have evolved mainly to address the need for service
10 in densely populated, highly developed metropolitan areas. Thus, in many less
developed countries where there is no concentrated need for service, no communication
infrastructure exists to support telephone service. In developed countries, telephone
service is typically provided under a governmental mandate that requires universal
service for metropolitan and rural subscribers. Because today's telephone networks are
15  optimized for densely populated areas, the mandated universal télephone service is
| inherently uneconomic when used in rural, remote, or sparsely populated areas. Several
attempts have been made to solve these problems.
One possible solution is the use of microwave links to extend the reach of
conventional telephone technology employed in metropolitan -areas to rural, remote, or
20  sparsely populated areas. This approach is inadequate for less developed countries that
have no communication infrastructures to support the microwave links. Even for a
country that has a communication infrastructure, maintenance is prohibitively expensive
with this approach because th'e. equipment required to extend the existing telephone
technology to rural areas is remotely located, sometimes in unpopulated areas, and
25  therefore is exposed to vandalism and natural hazards. The maintenance expense is
further increased by the long travel-times needed for service personnel to reach the
remotely, possibly inconveniently, located equipment. Moreover, the small subscriber

.pool in a rural area makes it uneconomic to extend a wireline neiwork to such an area.



These areas can be call ed generally "l ocal areas". Moder n
t el ephone networks have evolved nainly to address the need for service 10
in densely popul ated, highly devel oped netropolitan areas. Thus, in nany

| ess devel oped countries where there is no concentrated need for
service, NQygofEy cation infrastructure exists to suamsetosssd ephone
service. |In devel oped countries, tel ephone service is typically
provi ded under a governnental mandate that requires universal ‘Service

for netropolitan and rural subscribers. Because today's tel ephone networks
are 15 optim zed for densely popul ated areas, the mandated uni versal

t el ephone service is i nherently unegonomi ¢ when used in rural,
renote, or sparsely popul ated areas. Sevefal attenpts have been nade
to solve these probl ens. One possible solution is the use of

m crowave |links tq extend e reach of . ,conventi,ongl, tel.ephone

t echnol ogy enpl oyéﬂ'o rﬁ%‘fiﬁ’g@{‘ﬁ“{’ﬁﬁ tﬁ; H%f.s°fth.thFRPr"%?F,a“F'éW§’ﬂl§',m%? mitters,
sparsely popighél dhéve@8ed for Polfce e AidCther emereABAeAics ] 1B/prdvideoshereh oped
countries that have no communi cation infrastructures to support the

mi crowave | i §R¥eragey diemenerg] lack of a well develgpedicammymication: infrastrictias foon

i nf i " » bl ' ; ; :
appr oach. becsmseRid s RARIRIL Fadfl Qtcal i EPIbIE LRAAR ephons peclbik IPSTE
t echnol og§ t ds a serimus dmawdack of thie salotidny Funthert, tcbroeidemiffivient geographiosoverige,d

areas, and 25 herefore is osed .t o, vandal i sm and nat ur al hazards.’ The
mai nt enance %@:‘i@@“ﬁ“&“sms w°$‘§8‘f’ﬁ°e'r°qerﬂ‘,"?l8 d by the long travel-tines

needed for servicq B8 peRHA solRiochaSHR usE6F a cellular faﬂf@%ﬁr@tﬁﬁz IRRSHirtling
i nconveni ently, |ocated equi prent. Mreover, the small subscri ber

pool in a rufdephepenetwarksshaweveredlllnssystemschays evalvedo wildressithenasds ofor k t o

such an ar €3ahighly developed, densely populated areas. Thus, as with wireline networks, less

10  developed countries lack the communication infrastructures for supporting cellular
service. In developed countries, the cell sizes in cellular systems have steadily decreased
in order to maximize economic efficiency in high-use, densely populated urban
environments. In contrast, the adaptation of cellular radio systems for rural, remote, or
sparsely populated areas would require large cells; thus, cellular radio systems have

15 generally been recognized as less attractive alternatives to satellite communication
systems if the latter are available. '

A variant of the cellular radio solution is a multi-line terminal that permits
multiple subscribers to gain access to a cellular system using conventional wireline
telephones. This approach is explained in detail in U.S. Patent Application

20 No. 08/505,665 to Henry et al., entitled "Analog Fax and Modem Requests in a D-AMPS
Multi-Line Terminal System", filed on July 21, 1995, which is expressly incorporated
here by reference. While this approach does not require subscribers to replace their
analog wireline phones with digital cellular phones, it does not remove the inefficiencies
noted above in applying cellular radio technology to rural areas.

25 Figure 1A illustrates another possible solution that employs a satellite
communication system. In Figure 1A, one of a plurality of subscriber units 100
communicates with a satellite system 200 via an antenna 150. The satellite system 200
comprises at least a single geostationary satellite or a plurality of non-geostationary

satellites. The satellite system 200 may operate, for example, in the manner of today's
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Inmarsat or in the manner proposed for the Iridium, Odyssey, or ACES systems. The
satellite system 200 also communicates with an earth station 400 via an antenna 450.
The earth station 400 transmits traffic from the satellite to a public network, such as a
PSTN, or from the network to the satellite via a gateway switch 500.

Various aspects of conventional earth stations and satellite systems are described
in the literature, including David Calcutt and Laurie Tetley, Satellite Communications:
Principles and Applications, chapters 8 and 9 (1994); and U.S. Patents No. 4,901,307 to
Gilhousen et al.; No. 5,446,756 to Mallinckrodt; and No. 5,455,823 to Noreen et al.
Information is transmitted according to various modulation and access schemes,

including amplitude, frequency, and phase modulations, and frequency division, time

division, and code division multiple access.

15

20

25

A significant disadvantage of the conventional satellite approach is that it
imposes a high demand on the transmission capacity of the satellite transponders because

the subscribers' local traffic and signaling arc routed through the satellite. "Local traffic"

 is traffic between subscriber units 100. Consequently, this approach is primarily used to

supplement existing wireline or cellular systems, rather than to provide the basic
communication infrastructure. In practice, this approach is typically limited to
supporting roughly 1,000-to-20,000 subscribers per satellite, simultaneously, in contrast
to a conventional central office switch or a private branch exchange (PBX) that can
simultaneously support in excess of 100,000 subscribers.

Other disadvantages of the conventional satellite approach arise from the
constraints under which satellite systems operate. These constraints include the limited
electrical power available aboard a satellite and the limited radio bandwidth used for
interference-free communication with the earth station. Of course it will be appreciated
that even some terrestrially based radio signal repeaters suffer the same constraints,
which can arise from an inaccessible and remote location of the repeater.

Figure 1B illustrates a variant of the conventional satellite communication system
depicted in Figure 1A. In this variant, PBXs 510, 520 are used with wideband, high-
capacity satellite earth stations 410, 420, respectively. In such a system, PBXs 510, 520

5
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is an example of this variant. The patent describes a system having one or more satellite
or terrestrial repeater stations and one or more central stations that communicate
information among mobile or fixed, local or remote users. The satellite repeater stations
can communicate directly with the users or indirectly through a central station and the

15 terrestrial repeaters to the users. The system preferentially uses the satellite repeaters to
interconnect users, especially rural users, although as users come within range of
terrestrial repeaters, those users can be linked through the terrestrial repeaters. The
patent also mentions that the users can be linked directly.

Thus, there is a need for a communication system that can efficiently provide

20  service to subscribers in urban environments with poor telecommunication infrastructure,
in rural, remote, or sparsely populated areas, and in special areas, such as airports and
other transportation hubs. Such a communication system would ideally be adaptable to a
wide variety of circumstances and population densities, thereby enabling it to serve

efficiently both rural and urban needs.
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SUMMARY

According to this invention, a system is provided for efficient communication in
rural, remote, or sparsely populated areas, in areas lacking a conventional telephone
infrastructure, and in special areas such as airports where traffic is relatively localized.

5§  Subscribers in such areas communicate with a satellite system via a simple, highly
modular entry node located in the area to be served.

In one aspect of the invention, the system comprises a plurality of subscriber units
for providing the subscribers with access to the system; an entry node for communicating
with the subscriber units via respective locat access loops; a satellite system for

10 communicating with the entry node via a respective radio frequency link; an earth station
for communicating with the satellite system via a respective radio frequency link; and an
interface for connecting the earth station to a remote communication network, such as a
PSTN. The entry node provides a communication channe! through which a first
subscriber unit can communicate with a second subscriber unit, and the entry node

15 provides a communication channel through which a third subscriber unit can
communicate with the remote communication.network. The entry node internally
switches local traffic between subscribers and connects traffic to outside circuits via
wireless links with the satellite system, as appropriate. The outside circuits are
connected to the subscriber units through the cooperative operation of the satellite

20 system, the entry-node controller in the entry node, and the earth station.

In one aspect of the invention, the entry node comprises a plurality of transceivers
for exchanging communication signals with the subscriber units via the respective local
access loops; means for switching communication signals among the subscriber units and
the remote communication network; and an entry node controller for exchanging

25 communication signals with the satellite system and for controlling the switching means.

In other aspects of the invention, the entry-node controller and the earth station
each comprise control circuitry and a plurality of single-channel wireless transceivers for
communicating with the satellite system. The single-channel wireless transceivers

provide individual circuits via wireless links through the satellite system. Each such link
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decoded. Traffic is converted from the satellite mode to the subscriber mode, and vice
versa, within the subscriber unit, rather than within the entry node, thereby avoiding
possible detrimental effects due to tandem speech coder/decoders (codecs). Either the
entire baseband signal or only compressed speech data may be sent to the subscriber unit

15  for processing, any remaining processing having been done at the entry node.

BRIEF DESCRIPTION OF THE DRAWINGS
These and other objects and advantages of the invention will be understood by
reading this description in conjunction with the drawings, in which:
20 Figures 1A, 1B illustrate conventional satellite communication systems;
Figure 2 illustrates a communication system according to the invention;
Figure 3 illustrates an entry node that may be employed in the communication
system depicted in Figure 2;
Figures 4A, 4B illustrate different embodiments of entry-node controlters
25 according to the invention;
Figure 5 illustrates another communication s-ystem according fo the invention;
Figure 6 illustrates an entry node that may be employed in the communication

system depicted in Figure 5; and
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-4- internally switch local traffic between the subscriber
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t he di sadvantage of requiring either expensive, conplex earth stations 410,
420 or conpl ex and expensi ve subscriber units 100 for
comunicating with the satellites. Also, such 5 systens are
typically optim zed for densely popul ated environnments, particularly |arge
commercial office parks or large private €brporate networks. Because

wi deband, hi gh- ’ capacity earth stations are required, the cost
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systems depicted in Figures 2 and 5.

DETAILED DESCRIPTION
5 Figure 2 illustrates a communication system in accordance with the invention.

Subscriber units 110 provide subscribers with access to the communication system, and
each unit 110 may comprise, for example, a conventional cordless telephone. The
subscriber units 110 are connected to a simple, highly modular entry node 600 by
respective local access loops, which are illustrated in Figure 2 as wireless radio links

10  between the subscriber units 110 and an antenna 625 for the entry node 600. The local
access loops may operate, for example, according to the Digital European Cordless
Telecommunications (DECT) standard, the Global System for Mobile Communication
(GSM) standard, or other known or compatible standards for wireless communications,
such as the standards used for specialized private mobile radio applications. Although

15  Figure 2 illustrates the local access loops as wireless radio loops, it will be appreciated
that the local access loops may include terrestrial optical fiber, coaxial cable, or copper
wire loops. In addition, it will be appreciated that the subscriber units 110 may include
conventional wireline and other telephones.

Traffic from the subscriber units 110 is carried to and from the satellite

20 system 200 by the entry node 600, which is located in a local area to be served by the
system. The entry node 600 internally switches local traffic among the subscribers and
connects traffic between the subscribers in the local area and outside circuits through the
satellite system as appropriate. The entry node 600 communicates with the satellite
system 200 via a suitable antenna 675, and the satellite system communicates with an

25  earth station 400 via an antenna 450. A communication interface 520 connects the earth
station 400 to a remote network, such as a PSTN, a public land mobile network (PLMN),
a public switched data network (PSDN), or other remote network, and thus facilitates
communication between the subscribers in the local area of the entry node 600 and the

outside circuits of the remote network. Communication between the terrestrial and
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10  be shared with other applications. It will be appreciated that the satellite system 200 is
representative of a wide variety of signal repeaters that suffer from limitations of
electrical power and signal bandwidth. Thus, although this description is given in terms
of earth-orbiting satellites, it should be interpreted as relating to terrestrially based signal
repeaters as well.

15 Figure 3 is a block diagram of an entry node 600 employed in the communication
S)'!stem depicted in Figure 2. The entry node 600 comprises a plurality of transceivers
610 for providing point-to-point wireless links for the local access loops, or other suitable
means for interfacing the entry node to subscriber units connected to the entry node by
optical fiber, coaxial cable, or copper wire local access loops. The transceivers 610

20 and/or interfacing means provide communication signals to and from the subscriber units
to a PBX 620, which switches that traffic between the transceivers 610 and an entry-node
controller 630. The entry-node controller 630 controls the transmission and reception
through antenna 675 of traffic between the satellite system 200 and the entry node 600.

Figure 4A is a block diagram of one embodiment of an entry-node controller 630

25  in accordance with the invention. As shown in Figure 4A, the entry-node controller
comprises a plurality of single-channel transceivers 632, each of which may be an
electronic circuit card of the type usually found in hand-held radio telephones designed
for direct-access satellite communications. The transceiver cards 632 may be

conveniently disposed in a suitable casing 633, and the cards operate under.the control of
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Subscri bers in such areas communicate with a satellite systemvia a sinple,

hi ghly nodul ar entry node |ocated in the area to be served.
In one aspect of the invention, the systemconprises a plurality of
subscriber units 9-

a control circuit 634, which selects the appropriate available transceiver for transmitting
and receiving traffic. The functionality of a suitable transceiver is generally described in
the Noreen et al. patent cited above. The control circuit 634 manages the transceiver
cards 632 and controls any signaling or signal format conversions that may be needed for
5 establishing and terminating calls from and to the PBX 620 through the satellite

system 200. The control circuit 634 also controls operations of the transceivers 610 in
establishing and terminating calls from and to the subscriber units 110. Thus, the
functions performed by the control circuit 634 are similar to the functions of the control
unit described in U.S. Patent Application No. 08/505,665, which was cited and

10  incorporated by reference above.

Each single-channel transceiver 632 provides an individual circuit through the
satellite system 200 via a suitable wireless link to the satellite. Each such circuit
comprises a single-channel transceiver 632 at the entry node 600, a wireless channel
through a transponder in the communication satellite system 200, a second wireless

15  transceiver at the earth station 400, and the remote network connected through the
communication interface 520. A circuit may, for example, be configured to carry a
traditional full-duplex, 64 kilobits/sec, pulse code modulation (PCM) telephone
conversation between a subscriber unit 110 connected to the entry node 600 and the
remote network. In this example, the 64 Kbits/sec data stream from the subscriber unit

20  would be compressed into a 4 Kbits/sec data stream for transmission to the satellite, and
the 4 Kbits/sec data stream from the satellite would be decompressed into a 64 Kbits/sec
data stream for transmission to the subscriber unit. Compression/decompression would
be carried out by voice coder/decoders (vocoders, or speech codecs) in the single-channel
transceiver 632 assigned to the communication circuit by the control circuit 634 and in a

25  transceiver 410 in the earth station 400,

Figure 4B is a block diagram of another entry-node controller 630' in accordance
with the invention. The entry-node controller 630' comprises a control circuit 634' and a
transceiver and frequency translator 636 for converting the frequency of signals

exchanged in the local access loop to the frequency of signals exchanged through the
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the subscribers, in order to execute supervisory functions during calls. The control
signals may be carried by a control channel that is transmitted either separately, in place
of, or multiplexed together with the data messages. '
Figure 5 illustrates a communication system in accordance with another aspect of
15  the invention, in which an isolated subscriber unit 120 is employed. The unit 120 may
comprise, for example, a wireless base station such as that used in a conventional PLMN.
A local access loop between the wireless base station 120 and an entry node 600’ is
advantageously a point-to-point wireless link or a conventional wire loop. Access to the
wireless base station 120 may be controlled by a device 122, which may accept coins or
20 other currency, credit cards, debit cards, or the like, so that a user can access the wireless
base station and place calls without having an individual subscription to the
communication system. The subscriber unit 120 may advantageously be located in a
public place, such as an airport or other transportation terminal. ‘It will be understood
that the communication protocols used for a system that accepts currency may differ
25  from the protocols used for a system that accepts credit cards in that a protocol is needed
for the communications related to the creditor’s authorization of the use of the credit
card. Such authorization is not necessary when currency is used.
As in the system illustrated in Figure 2, the entry node 600" is connected to the

subscriber unit 120 by a wireless link through an antenna 625 and to the satellite
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connects a first wireless transceiver at the entry node, a w rel ess channel
t hrough a transponder in the satellite system a second wireless
transcei ver wéowkpiearth station, and a renote networBCTAPFPRO
connected. t hrough the comruni cation interface. In yet ather
aspects of the invention, the entry-node controller translates 5
frequencies used in the |ocal access |oops, which may be wire-line or
wireless, to frequencies used in the wireless links to the satellite
system and vice versa, and decodes -11- -

system 200 by a wireless link through an antenna 675. The satellite system
communicates with an earth station 400 via an antenna 450, and a communication
interface 520 connects the earth station 400 to a remote network, such as a PSTN,
PLMN, PSDN, or other remote network.

5 Figure 6 is a block diagram of the entry node 600' that may be employed in the
communication system depicted in Figure 5. The entry node 600’ comprises a pluratity
of transceivers 610' and a plurality of satellite mode transceivers 650. In contrast to the
systems illustrated in Figures 2, 3, 4A, and 4B in which signals from the satellite are
processed and converted from the satellite mode (e.g., 4 Kbit/sec) to the subscriber mode

10  (e.g., 64 Kbit/sec) in the entry node by vocoders in the single~channel transceivers 632,
the transceivers 610' do not include vocoders. In this embodiment, the vocoders reside in
the subscriber unit 120, and signals are not converted until they arrive at the subscriber
unit 120. Thus, for example, a suitable signal processing circuit in the subscriber
unit 120 controls the decompression and compression of traffic sent to and from the

15  subscriber unit 120, as well as the decoding and encoding of speech data. This reduces
the amount of conversion required in the system and thus maintains a high quality signal
by avoiding degradation that would otherwise be introduced by the operation of tandem
speech codecs. Some of the problems caused by tandem speech codecs are described in
U.S. Patent Application No. 08/498,410 filed on July 5, 1995, by J. Lantto for "Cail

20  Forwarding in a Mobile Communication System". This also reduces the amount of
circuit hardware required in the entry node.

Figure 7 illustrates an earth station 400 that may be employed in the
communication systems shown in Figures 2 and 5. The earth station 400 comprises
control circuitry 420 and a plurality of single-channel transceivers 410 for

25 communicating with the satellite system 200 via the antenna 450. In addition, the earth
station 400 advantageously comprises an uninterruptible power supply 430. For reasons
that are apparent from the functions carried out by the earth station, the earth station may
be called a "gateway". |



and responds to call-signaling data. I n anot her aspect of the
i nvention, a subscriber unit that provides access to the systemis
connected to the entry node via a |ocal access |oop. The satellite signal
is 10 frequency-translated as required and sent to the subscriber unit
wher e t he t b bia7is decoded. Traffic is converted frrmvusemossstel lite
node to the subscriber node, and vice versa, Wwthin the subscriber
unit, rather than within the entry node, thereby avoiding possibl e
detrinmental effects due to tandem speech coder/decoders (codecs). Either

t he entire baseband signal or only conpressed speech data nmay be sent
to the subscriber unit 15 for processingy. any renai ning processing having
been done at the entry node. BRI EF DESCRI PTI ON
OF THE DRAW NGS These and ot her objects and advantages of the
invention wll be j IAS ol i
conjunction with tﬁg%g&:ﬁqﬁgg&)ﬁeﬁ 6\%?2?1&8‘0#}&&&& ﬂﬂ%%ﬁ%dai&r%}esgﬂgkﬁ y1b§

i | lustrate coconvenientlyadisposeddh kicasing4l2m ¥he cantral wireyity 2@ controls the switching

Figure 3 111 uSkiAEi S B 1y Rourever 10 g 08 CoBmUPBgHAs Infrlagr 0. vl
conmuni cati onpe @PPTBCiMh@miﬁ&ﬂh&écﬁﬂnﬁdicﬁbﬁ §itéHfaRe is connected to the eafth SMAiGE 4A
4B illustrate different enbodi nents of entry-node controllers 25

accor di ng X o thasommyaisatioprinterface 520 and the coptre) gireuigy 420 may beeasifigdot her
comruni cati on j i iy Ods c e i
T uetr ot es ArbEEbARE iy BYscobrald ir bOUGEHHEA The communication inerfifafnd

signal conditioning and protocols for transmission over the PSTN, PLMN, PSDN, or

other remote network to which it is connected via additional gateways as necessary.
It will be understood that the invention is not limited to the particular
10  embodiments that are described above. This description contemplates any and all
modifications tilat fall within the essence of the invention as defined by the following

claims.



sys't em depi cted in Figure_5; and WO 97/ 42719
\
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Figure 7 illustrates an e may be enpl oyed in the
communi cati on systeﬁﬂ E” "ﬁmm qm;ures 2 and 5.
DETAI LED DESG® $7Rz18 PCT/US97/08340

THIS SHEET HAS BEEN

13- REPLACED _

WHAT 1S CLAIMED IS:
1. A system for communicating between subscribers and a remote network,
comprising: |
a plurality of subscriber units for providing the subscribers with access to the
5 system;
an entry node for communicating with the subscriber units via respective local
access loops; '
a satellite system for communicating with the entry node via a respective radio
frequency link;
10 an earth station for communicating with the satellite system via a respective radio
frequency link; and
an interface for connecting the earth station to a remote communication network;
wherein the entry node provides a cornmunication channel through which a first
subscriber unit can communicate with a second subscriber unit, and the entry node
15 provides a communication channe] through which a third subscriber unit can

communicate with the remote communication network.
2. The system of claim 1, wherein the local access loops are wire-line loops.
20 3. The system of claim 1, wherein the local access loops are wireless loops.

4. The system of claim 1, wherein the entry node comprises:
a plurality of transceivers for exchanging communication signals with the
subscriber units via the respective local access loops;
25 means for switching communication signals among the subscriber units and the
remote communication network; and
an entry node controller for exchanging communication signals with the satellite

system and for controlling the switching means.



5 Figure 2 illustrates a comuni cation systemin accordance with
the invention. Subscri ber units 110 provi de subscribers with access
to the communi cation system and each unit 110 nmay conprise, for
exanpl e, a conventional cordless.tel ephone. The subscriber units 110
are connect MOPH4291%i npl e, highly nodul ar entry node 600 byrPCTUS97/08340
respective | ocal access Toops, which are illustrated in Figure 2 as
wireless radio link e subscriber units 110 and an anfenna
625 for the entry n}!ﬂmmﬂnmbﬂl access | oops may operate, for
exanpl e, according e i tal kuropean Cordl '

Tel ecommuni cations (DECT) standard, the Qigbal E,ﬁﬁgnsh’fél %IBF@"
Communi cat i on (GSM standard, or other kn Qr Di bl e $tandards
for wireless conmunications, such as the standards used ftor
speci ali zed privat i Qs | ' hough. 15 Fiqure 2
illustrates the | Ogamgggsg%lé%fg@gﬁ‘ﬂ,%ﬁe\%ﬁ IP (karfée%?gyﬁlggﬁ ‘?"ﬂggcﬁg?mpf’s’\% Il be

appr eci at ed 3 plataliyhef dingiathanne eransceivegFormansmitihgsifd re@iviget ri al
optical fiber, coaxial cable, or copper wire loops. In addition, it
will be appres?'ﬁ?'ﬂﬂcffa}f?&ts'ﬁé f%%ﬁ?‘ﬁ@ﬁe SYstemsand 0 nmy i ncl ude

conventi onal wireljgmtensirdid AEsn : b Gk t he
subscri ber_units 110 is carr?ggc‘{ngbgﬁg fror%l?%heang%llt"e ﬁcfl?"‘érléﬂémegyg et 200
by the ent?y P&#B.600, which is located in a local area to be served by the
system The entry node 600 internally switches local traffic anmong the
subscri bers and connects traffic between the subscribers in the |ocal
area and outsi de of.rTheisystetnofeixit 4 Wherein the canhehititiof signsis 8xthafzed via the

appropriate. The entry node 600 commnicates with the satellite
system 200 vi ¥°RFCHYR 'Pgﬁi [3Ecess, logptbave adirst freguency andsisvals eagriegyby; therradio

conmuni cat es ﬂabdden@r[ir&ﬁhav@jﬁ%@ﬁﬁfugm. 400 via an antenna 450. A
conmuni cation interface 520 connects the earth station 400 to a

remote nellwork, such as a PSTN, a public |and nobile network (PLM),
7. The system of claim 6, wherein the entry node controller comprises:

a plurality of single channel transceivers for transmitting and receiving
communication signals from the satellite system;
a control circuit for controlling the single channel transceivers; and
15 means for converting communication signals having the first frequency to signals
having the second frequency, whereby signals having the first frequency are transmitted
to the subscriber units and signals having the second frequency are transmitted to the

satellite system.

20 8. The system of claim 1, wherein the local access loops operate according to a
publicly agreed standard for wireless communication, and the radio frequency links
operate according to a standard compatible with the publicly agreed standard for wireless
communication.

25 9. A system for exchanging communication signals among subscribers and a
remote network, comprising:
a subscriber unit for providing the subscribers with access to the system;
an entry node connected to the subscriber unit via a local access loop;

a satellite system connected to the entry node via a radio frequency link;



a public switched data network (PSDN), or other renote network, and thus

facilitates communi cati on between the subscribers in the |local area

of the entry node 600 and the outside circuits of the renote network.

Comuni cati on between the terrestrial and WO 97/ 42719

PCT/ US97/ 083W0O 97/42719 PCT/US97/08340 - -

or bi taI porti ons—ef—ic—he—eenwm—ea{—'kon system can advant ageously be carried
ccordance with t and ods described in U S

\I;’\?: ggtn t A]E)glr i Sgte : T'lllll Mlnﬁullmmm 953 f| | ed on Junsasg;egﬁéﬂé\[)&%&al by Paul

an earth station connected to the satellite system via the radio frequency link; and
an interface for connecting the earth station to the remote network;
wherein the entry node switches connections between the subscriber units and

between the subscriber units and the remote network.
10. The system of claim 9, wherein the local access loop is a wire-line loop.
11. The system of claim 9, wherein the local access loop is a wireless loop.

10 12. The system of claim 9, wherein the subscriber unit compresses
communication signals transmitted to the satellite system and decompresses

communication signals recetved from the satellite system.

13. The system of claim 9, wherein the entry node comprises:
15 a plurality of transceivers for fransmitting and receiving communication signals
from the subscriber unit; and _
a plurality of satellite mode transceivers for transmitting and receiving

communication signals from the satellite system.

20 14. The system of claim 9, wherein the local access loop operates according to a
publicly agreed standard for wireless communication, and the radio frequency link
operates according to a standard compatible with the publicly agreed standard for

wireless communication.

)} 25 15. A system for exchanging communication signals among subscribers and a
remote network, comprising:
a subscriber unit for providing a subscriber with access to the system,
an entry node connected to the subscriber unit via a local access loop,

a satellite system connected to the entry node via an RF link,



- Communi cations Systemw th | nproved Frequency Re-Use", which is
i ncorporated here 5 by reference. An |rrportant advant age of .
t he conmuni cation systemillustrated in Figure 2 is that sw tching of
the |l ocal subscriber traffic is perfornmed by the entry node 600, rather

t han the sawelohmime system 200, thereby conserving the conmPCE/AIS9708H40
capacity of the satellite system Wth such efficient utilization of

capacity, the satelH-te—system200 can 10 be shared with other

applications. It wll ed that the satelllte system 200 is
representative of\\m mﬁ &(m f signal repe Agl’ EEN rom
limtations of power and_1¢| gnal ﬁ’ al t hough
this descrlptlonls glvenlnterm; of eart -orbl EQatellltes, it
should be interpreted as relating to terrestrlally based S|gnal

repeaters as well

k f
node 600 enpl oyed ﬁ“ﬁa{‘hé‘a!}%?ﬂﬁ?f’%‘s‘?féo‘ﬁe Satefee S S¥ Oé%"@%@?i’f‘g n naEI Sm (ray2

The entry node 60GnGARFRéeSRanettdd tb iRl dattif s@fiod 46 @RI r¥MOR network, 610 for
provi di ng point-to- p0| nt wireless links for the | ocal access Ioo S,

other suitable W erwﬂahﬁsemrmdﬁmyﬁa@pwgu@ﬁ@%wﬁs@ln@c@tss&rr| ber
units ConneCts%leIthuIaﬂs‘?nﬁﬂ{n{%tﬂ@%ﬁ&%etumtforﬁpéo'dﬁ:@l fiber, coaxial cable, or
copper wire local access Toops transcel vers 610 20 and/ or

interfaci g means provide conmuni catl on signals to and fromthe subscriber

units to a P 0, whi hsvm es .that traffi ef ween
transcei vers 610 ﬁﬁ%ﬁw‘ ere‘EgﬁtSY%f'Pésracgﬁ% ‘i%’éecgﬂtt‘ffy node
controller 63& roI s the transm ssion and reception t hr ough
antenna 675 of traffl c between the satellite system 200 and the entry node
600. Figure 4A is a bI ock di agram of one enbodi nent of an
entry-node controly shown
n Flgure 4A the le’/ﬁtry%gt%goggfn ﬂéﬂﬁﬁyﬂ@n{ﬂrﬁﬂgb&%@@fé&@mnﬁﬁt

10  currency, credit card, and debit card




conprises a plurality of single-channel transceivers 632, each of which may

be an electronic circuit card of the type usually found in hand-held
radi o t el ephones desi gned for. direct-access satellite conmunications.
The transceiver cards 632 may be conveniently disposed in a suitable
casi ng 633, and™MME®RHWPds operate under the control of PCT/USI7AB340
97/ 42719 - 177 ' _
PCT/ US97/ 08340 - 9-
a control circuit 634, which selects the appropriate avail able transceiver
for transmtting and recei vi pe af fapg. The functionality of a

suitabl e transceiver is generally/describgd in
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the Noreen et al. patent cited above. The control circuit 634 manages the

transcei ver cards 632 and controls any signaling or signal formt
conversions that may be needed for 5 establishing and termnating calls
fromand to the PBX 620 through the satellite system 200. The

control circui WeYHIHPso controls operations of the transcei vEEEUSTHSI4Q
establishing and termnating calls fromayd to the subscriber units 110.

Thus, the functions performed by the control circuit 634 are simlar
to the functions of the control unit described in U S. Patent
Appl i cation No. 08/505, 665, which was cited and 10 incorporated by
ref erence above. Each singl e-channel transcgver 632 provides
an individual circuit through the satellite system®00 via a
suitable wireless link to the satellite. Each such circuit conpri ses

a singl e-channel transceiver 632 at the entry node 600, a irel ess channel
t hrough a transponder in the comunication satellite systef 200, a second
wireless 15 transceiver at the earth station 400, and thejrenote network

for transm ssion to the subscri ber
be carried out by voice coder/decgders (voc egs or speech codecs) in the
si ngl e- channel transcei verZ 632 assign itaio the communication circ®t

by the control circuit 634 and i a x

connected through the conmmruni cation interface 520. circuit may,
for exanple, be configured to carry a S raditional flull-dupl ex—64
kil obits/sec, pulse code nodul ation (PCM tekephone conversat|] on
between a subscriber unit 110 connected to thx he &
renote network. In this exanple, the 64 he 82
subscriber unit 20 would be conpreSsed ealixgo
transm ssion to the satellite, and . f m
the satellite woul d be deconpressed iAlt8 & 64 KDits/sec data sfream
hi teCom:%&m on/ decomgessi on wolld,—
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25 transceiver 410 in the earth station 400. Figure 4B is a

bl ock di agram of another entry-node controller 630" in accordance
with the invention. The entry-node controller 630" conprises a control

circuit 634" and a transcei ver and frequency translator 636 for
converting the WPOHdAEy of signals exchanged in the | ockET/BFRE340
| oop to the frequency of signals exchanged3#hrough t he - WO _
97/ 42719

PCT/ US97/ 08340 -10-
antenna 675 in the wireless link to the satellite system 200.(£figure 4B

shows only one
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transceiver/translator 636, but it wll be understood that a plurality of
such devi ces woul d typically be provided.) The translator 636 can

mat ch the frequencies by m xing. an i ncom ng signal down to baseband
or to an intermedi ate frequency and then up- 5 converting to a frequency
suitable for tNeOPM2EI ng signal. ldeally, the communication PCT/USYXS3dar d
by which the wireless link to the satellit&f7operates is conpatible with_the
conmmuni cati on standard used by PBX 620 and the | ocal access |oop so that

t he control circuit 634" and the transceiver and frequency translator
636 can be sinply constructed. The conirol rcuit 634' al so provides
any decoding functionality needed for /ﬁ% ‘Adesponse to contro

signal's transmtted with data nessages betmeen the earth ation and

t he subscribers, in order to execute supervisory functhﬁé during calls.
The control signals may pe carried Dy asggntrol channgl that is
transmtted either separately,{in _place i p| exed toget her
with the data nessages. Figure 58 illustrate$ a|conmmunication
systemin accordance w th anot her aspectﬁ@mquVMﬁﬁe |nve1ti)n, in which an
i sol ated subscriber unit 120 i$ efptoyet—The—unt—I26-npy conpri se,
for exanple, a wirel ess baSe—sta{on such as (tSI.’Jat used conventi onal

i
PLIVN. A | ocal access | oop betpeen ?22 P SS Dgs ation 120 and
an entry node 600" is adyant ggeous 4@%58 -t 0- do W rel ess |ink
or a conventional wire | oop. Agces$s to the 632 wrel es
) o
a

=

L2 )

a
S
t
bhpse station 120
may be controlled by a device [22 ‘ of 20 ot her

currency, credit cards, debit tards, or VREVSOAEER SO th al user can access

the wirel ess base stmttofrsnc—ptace—catts—wthout pav| ng an

i ndi vi dual subscription to the COTITTOTT ' n [the subscri ber
unit 120 may advant ageously be|located in a pubi4 ¢ pl hce, such as an
airport or other transportatiop termnal. It gill be der sj ood
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that the comruni cation protocols used for a systemthat accepts currency
may differ 25 fromthe protocols used for a systemthat accepts credit
cards in that a protocol is needed for the conmunications related to
the creditor's authorization of the use of the credit card. Such

aut hori zati on WOMM27Wecessary when currency i s used. PCT/US97/08340i N
the systemillustrated in Figure 2, the egyry node 600" is connected to the
subscriber unit 120 by a wireless |ink through an antenna 625 and to thé&
satellite WO 97/ 42719 '

PCT/ US97/ 08340
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systén1206 by a wireless link through an antenna 675. The satellite system
communi cates with an earth station 400 via an antenna 450, and a

conmuni cati on interface 520 connects the earth station 400 to a
renote network, such as a PSTN, PLMN, PSDN, or other renote network.
5 Fiwoe®4l19 s a bl ock diagram of the entry node 60FCTUSATORIMY, pe
enpl oyed in the comruni cati on systé&Mdepicted in Figure 5. The entry
node 600" conprises a plurality of transceivers 610' and a plurality
of satellite node transceivers 650. In contrast to the syst ens
illustrated in Figures 2, 3, 4A, and 4B in which signals fromthe satellite
are processed and converted fromthe satellite node (e.g., 4
'Kbit/sec) to the subscriber node 10 (e.g., 64 Kbit/sec) in the entry node
by vocoders in the single-channel transceivers 632, t he transceivers

610" 'do not include vocoders. In this enbodi nent, the vocoders reside in
the subscriber unit 120, and signals are not converted until they arrive at
t he subscri ber unit 120. Thus, for I a suitable signa
processing circuit in the subscriber ﬁ}&?tém controls the
deconpressi on and c%npression of traffic sent to and fromthe 15

subscri ber unit 122 as well as the decodi ng and encodi ng of speech data.

Thi s reduces he anount of conversion required in the systen1%gg t hus
mai ntains a high gyality signal by avoi di ng degradati on that | d
ot herwi se be introduced by the operation of tandem speech co S.

Sonme of the probl ens caused by tandem speech codecs are described in
U S. Patent Applicgtion No. 08/498,410 filed on July 5, 1995, by J. Lantto

for "Call 20 For yar ¢rmmg—Tma—Mobrte—Commumitat T o Systent——Thi s Rl sp
reduces the amount |of circuit hardware required in the entryjnoge.
Figure 7 illustratgs an earth station 404 that fmy be enployed {n fhe
e
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comuni cation systens shown in Figures 2 and 5. The earth station 400
conpri ses control circuitry 420 and a plurality of single-channel
transcei vers 410 for 25 comuni cating with the satellite system 200 via
station 400 advant ageously

the antenna 450. In addition, the earth
conpri ses an un™@®42Udti bl e power supply 430. For reasons PCT/USPI{0834P o
apparent fromthe functions carried out by/fhe earth station, the earth _
station may be called a "gateway". WO 97/ 42719
PCT/ US97/ 08340 . -12-
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As with the transceivers 632 shown in Figure 4A t'hemmég' E(;[‘rray

be - conveniently disposed in a casing:-412.- The kohtrol circuitrly |420
controls the switching of traffic to and from}hg 2@ABRYMr o 410
and the ‘conmuni cation interface 520. It wll be pppreciated that

since the porrmmi cation interface is connected to thg eEartfrStati on, b
‘the communi cation interface 520 and the control circbitry 420 nmay he.a

unified subsystem or they may be sepayate but co-locat ed. The .
conmmruni cation interface handl es si gnal” conditioning and protocols for
transm ssi on over the, PS te network
which it is dBiSHedYsyitgh QCQUB?IT%/NBF%G%HF@M@C&@&@ e éﬁg% they are °°nne°¥e%

wi 1l e underaiaag dhifd sddiffielshuentaon fo udhiH Bét\%énqgeﬁioﬂﬁelaﬁﬁ’t{ttshﬁwsfﬂorﬂo
enbodi nent s t hat escri bed above. This description contenplates any and
al | - nbdhé disadviannage bf\zequlfrmglelth»rtdxpcnsi\necm'sﬁexl earthoftatione 41y i@ A or complsx

defined by the followin
Y and expensyw\lﬂe sgbscnber units ?bﬁor communicating with the satellites. Also, such

5 systems are typically optimized for densely populated environments, particularly large
commercial office parks or large private corporate networks. Because wideband, high-
capacity earth stations are required, the cost and the attention required of an operator make
this approach unattractive for use in rural, remote, or sparsely populated areas or for
special-purpose applications such as airport coverage.

10 The communication system described in the patent to Githousen et al. cited above is
an example of this variant. The patent describes a system havhligne or more satellite or
terrestrial repeater stations and one or more central stations that communicate information
among mobile or fixed, local or remote users. The satellite repeater stations can
communicate directly with the users or indirectly through a central station and the terrestrial

15 repeaters to the users. The system preferentially uses the satellite repeaters to intercbnnect
users, especially rural users, although as users come within range of terrestrial repeaters,
those users can be linked through the terrestrial repeaters. The patent also mentions that the
users can be linked directly.

U.S. Patent No. 4,616,108 to Yamaguchi et al. describes yet another satellite
.0, communication system in which a multi-subscriber earth station (MSE) serves a plurality of
- subscriber stations via transmission lines and a local switching system. The MSE uses
common RF gear to support various channels, requiring expensive, custom-built
equipment. --
Thus, there is a need for a communication system that can efficlently provide

25 service to subscribers in urban environments with poor telecommumcatlon infrastructure, in

_ rural, remote, or sparsely populated areas, and in special areas, such as airports and other
transportation hubs. Such a communication system would ideally be adaptable to a wide
variety of circumstances and population densities, thereby enabling it to serve efficiently

both rural and urban needs.

SUBSTITUTE SHEET



V\HAT | S CLAIVED TS: —— A system for comrunicating between .

subscri bers conpri si ng: a plu ' '

subscrl ber qmun |WWF[]|IIBMV| ding the subscribers with eirm?vprMENI\xSHEET
sy = ar emtr e« (600) for conmunicati Rt

un| ts VI a respective Iocal access | oops,_j3he e tTer&iﬁETc%&
plurality of transcel vers (610) for exchangl ng -comMurEPRAL sigdals withf
t he subscri té[f ¥d.a t he respective | oops wi t hout
requiring exc ange comuni cation signals via .a satellitte a_
satellite system (200) for communicating with the entry node via a
respective radio frequency Iink; an earth station (400) for
communi cat i ng Wkt hAshgemdo e¢qmmemsgtmgdmtwcm ubs@isecandeeremadt et odguency
l'i nk; and ..an interface (520) for connecting the earth station to a
remot e comfAMPESEon net wor k: wherei.n the entry node (600) provides
a conmmu4&i cati on Q%Lg,tg &vigiHd

commnlsc]ate vvlthcfnﬁﬂllii o%%ﬁgu scr}ﬁ%kml éoH) (lfﬁ Lf‘}’élﬁeregrl]ltB %lbhl%(f&ltlf%%&s 0
provi des atlosysteni;cati on channel through vvh| ch a third subscriber unit can

comuni cate with the renote camruni cati on: networKk.
an entry node (600) for communicating with the subscriber units via respective

local access loops, the entry node comprising a plurality of transceivers (610) for
exchanging communication signals with the subscriber units (110) via the respective local
10 access loops;
a satellite system (200) for communicating with the entfy node via a respective
radio frequency link; : ' é‘
an earth station (400) for comrﬁunicating with the satellite system via a.respective
radio frequency lihk; and
15 an interface (520) for connecting the earth station to a remote communication
. network;
wherein the entry node (600) provides a communication channel through which a
first subscriber unit can communicate with a second subscriber unit, and the entry node

(600) provides a communication channel through which a third subscriber unit can

20 communicate with the remote communication network.
2. The system of claim 1, wherein the local access loops are wire-line loops.

3. The system of claim 1, wherein the local access loops are wireless loops.
25 |
4. The systém of claim 1, wherein the entry node (600) further comprises:
means (620) for switching communication signals among ;he subscriber units and
the remote communication network; and
an entry node controller (630, 630") for exchanging communication signals with

30 the satelhte system (200) and for controlhng the sw1tch1ng means (620)
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2. The system of claim 1, wherein the |ocal access'Wm‘—tt—ﬁe

| oops Wof claim1, wherein thglspsah

arepvm rel ess |0T)’[5’S// The system of claim 1 as §ﬁt
node (600) furt mw means (620) for svm

conmuni cati on s st hé subscri ber uni'ts] the

conmmuni cati on net*wofk and ©an entryl‘ﬁode Contr 30, 630 ) for
exchangi ng comuni cation signals with the satell J_LSMQL-%-\‘S-@Q)—Q’M for
control ling the swi tching nmeans (620).

-14- | a4 ode
control ler ( 630) corrgir?tgss%géﬁ 618 & ‘gﬁ&}ﬁrt%%yﬁ@e coﬁg?@eréﬁéé}ﬁ@fnpnses
transcei vers (632 phoalityrefi3imngld thanfelar@sdedfeed (630Y for transmitting and receiving

communication signals from the satellite system (200); and
5 . a control circuit (634) for controllihg the single channel transceivers (632) and the

switching means (620).

- 6. The system of claim 4, wherein the communication signals exchanged via the
respective local access loops have a first frequency and signals carried by the radio

10  frequency links have a second frequency.

7. The system of claim 6, wherein the entry node contrﬁler (6307 ) compnses
a plurality of single channel transceivers (636) for transmitting and receiving
communication signals from the satellite system (200);
15 ° acontrol circuit (634) for controlling the single channel transceivers; and
means (636) for converting communication signals having the first frequency to
signalsl having the second frequency, whereby signals having the first frequency are
transmitted to the subscriber units and signals having the second frequency are

transmitted to the satellite system.

20
8. The system of claim t, wherein the local access loops operate according to a
' publiély agreed standard for wireless communication, and the radio frequency links
operate according to a standard compatible with the publicty agreed standard for wireless
communication. '
25

9. A system for exchanging communication 51gna.ls among subscribers and a

remote network, compnsmg : - : s

a subscriber unit (120) for providing the subscribers with access to the syétem;
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cerrrruni cation si QW| ite system (200); and ' a
control circuit ( for c \ ng the singl e channel transcei vers (632)
ahd the switching 6. Fre 1 aim 4,
wherein the com‘ru mm ‘ﬂ&‘ I'sx exchanged Vi i 1S bl ét&@cgt% | ocal access
| oops have a first frequéncy and signal s garr|i ed bREPIASEPadi o {requency

| i nks have a second frequency. '} Iﬁe syst em of claim®6,

wh th t f
singhe channel 1 sARHERGETEOCH sk 8H% heSBIRERE i 1a0) viailofal gicss lobo.”
conmuni cat i 8 eftry ﬁaaeccfrﬁ;]ms?ﬁ@@pﬁxedlﬁy bf irfhse¥obR T {RPDr transmitting éhcﬁ%eé&i‘ﬁl:

circuit (634) for contr ng the single channel ttanscelvers? -
means (636)comunurioaiay signals Gomthesubaciiten ugit§t20)s havi ng t he fi rst frequency

to signals havin second f ue wher eby signals having the first
frequency are trzg??éaﬁwat%@h)egw %‘i f8e e P@deamos)l"g%@ﬁ‘épwpﬁ@jil@ he
second grewgﬁfﬁﬁit ransmtted to the satellite system

The system o wherein the | ocal access | oops operate accordl ng to

a publicly agreeth airthrtaion (#00) cohniedtese tﬁ@ﬁﬁt&lﬁté@&ﬂeﬁﬂzoeﬁﬁiahh@sp@@@e(}adlo
frequency |inks operate according to a standard conpatible with the

publicly adresmgnetbrard for wirel ess
an interface (520) for connecting the earth station (200) to the remote network;

wherein the entry node (600) switches connections between the subscriber unit

10 and other subscriber units and between the subscriber unit and the remote network.
10. The system of claim 9, wherein the local access loo&;s a wire-line loop.

- 11. The system of claim 9, wherein the local access loop is a wireless loop.

15
12. The system of claim 9, wherein the subscriber unit (120) compresses
communication signals transmitted to the satellite system (200) and decompresses
communication signals received from the satellite system.
20 13. The system of claim 9, wherein the entry node (600") further comprises:

a plurality of satellite mode transceivers (650) for transmitting and receiving

communication signals from the satellite system (200).

14. The system of cllaim 9, wherein the local access loop operates according to a
25  publicly agreed standard for wireless communication, and the radio frequency link
~ operates according to a standard compatible with the publicly agreed standard for wireless

communication. .
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conmuni cat i on. wm f or exchangi ng communi cati on signals
anong subscribers and a renote network, conprising: a subscri ber
unit (120) for proM’MMH,Im i bers with access—to—the system -

an entry node (600 & ﬂmﬁﬂmhe subscri ber yiHIS SHPEY) HASaBREN focal . -
access |l oop, the entry ndde"cofprtsing a plurality of tﬂ@:ﬂag yvers |(610")
for transmitting and receiving comruni cation si gnats—to—ate—emt-be - '
subscri ber unit (}gO)rhwi t hout, _r-e(#tlji ring exchange of conmuni cation signals
via a satellite; 15- Thesystemofelam 8, whereinthe oy neds 900 selaysr eavemuricatjon
node (600") i ‘& | I Q1 e a4 =15 equency
l'ink; - éﬁ%ﬁalgzli?lﬁlgtge?lgﬁlegn%?g‘%%ytecn(r)arﬂlﬁrgésg ed t? (t)hetsﬁlgscsna eléﬁul?{ 16202 tem (200)
via a respecddcedingadi i o frequency |ink; and

5 16. The system of claim 15, wherein the system is activated on receipt of

payment.

17. The system of claim 16, wherein payment is made by one of government

currency, credit card, and debit card.
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an |nterface (520) for connecting the earth station (200) to the rer%g@(uq’—oi
net wor k; wher ein—the—entty node (600') swttche M&
subscri ber units and be bscrl ber uni m@{@ t
10.  The system 1” ﬂ“\jw““i n.the local #Ci re-line
| oop. . t'esn cl ai m93whefe n the lo%ﬁé ess | oop

re

Is a wrel ess | oop The system of nj t he
subscri ber unit (120) corrpresses comuni cati on $i Q_QQ_L_S__L.LM:H e to the

satellite syWHAM I20CHAEMED dBBDNpresses comuni ¢at'ion signals recgived from
the satellite syste n the
entry node (600) furt%éYSt%f?ﬁF?@@gmcamg%e“%ﬁnﬂ*@é%ﬁﬁaﬁdBfe”g‘)&?BT’EWP’Eke node

transceiver g, .for transm tt| ng and recel vi ng comuni cati on signals
fromthe sat eI syst em (200). The system.of claim?9,
wher ei n the I oca&pﬁ@b@sﬁsﬂmb%yé%ﬂé@) famewémaghqsa sgTibers with access to the ’

system;

an entry node (600) for-communiéaﬁng wi_th the subscriber units via respective local
access loops, the 'cntry node cbmprisi:_xg a plurality of transceivers (610) for exchanging
communication signals with thé subScn'l;er umts (110) via the respective local access loops
without requiring exchange of communication signals via a satellite;

a satellite system (200) for commumeatmg with the entry node via a respecuve radlo
frequency link; '

an earth station (400) for commumcatmg with the satellite system via a respective radio
frequency link; and
an interface (520) for connecting the earth station to a remote communication network;
wherein the entry node (600) provides a communication channel through which a first

subscriber unit can communicate with a second subscriber unit, and the entry uode (600)

provides a communication channe] through which a third subscriber unit can communicate with

the remote communication network.

2. The system of claim 1, wherein the local access loops are wire-line loops.
3. The system of claim 1, wherein the local access loops are wireless loops.-

4. The system of claiﬁl 1, wherein the entry node (600) further comprises:

means (620) for switching communication signals among the subscriber units and the
remote communication network; and _

an enfry ndde controller (630, 630°) for exchanging communication signals with the
satellite system (200) and for controlling the switching means (620).



publigly.agreed standard Tor wreless conmunicatio REHQ@CEMENW&SHEET

frequency |ink openq ﬂ| BI“E a standard co P
publicly agreed st ﬂﬂcﬂﬂ W s communi cati on. he
QAN o i
system of claim9, erel n the &ntry nodel4-600) reliays ca n
signal digitally encoded for satellite transmi ssion ~{-he--stbseri uni t
(120) for decodi gg. The system ol Slejm 4 WEerél Blefirp hodd! e
system is activated on récei pt of paynent em of

icl ai m 16, wher ei appuasiiteof single dudmlbynwﬂm(ﬁébfpetrmnmg amd:mymgcr edit
C ard, and d %Bfn}nuﬁﬁgt%n signals from the satellite system (200); and
a comntrol circuit (634) for contro]llng the single channel transceivers (632) and the

switching means (620).

6. The system of claim 4, wherein the communication signals exchanged via the
i respective local access loops have a first frequency and 31gnals carried by the radio frequency
| lmks have a second frequcncy ‘

7. The system of c1a1m 6, wherein the entry node controller (630") comprises:

a plurahty of single channel transceivers (636) for transmmmg and recelvmg
commumcatmn signals from the satellite system (200);

a control circuit (634) for controlhng the single channel transceivers; and

means (636) for converting cowmumcatlon_ s1gnals having the first frequency to signals
having the second ﬁ'equency,- wh_ereby signals hév_ing the first frequency are.transmitted to the
subscriber units and signals having the second frequency are transmitted to the satellite system.

8. The system of claim 1, wherein the local access loops operate according to 2
publicly agréed standard for wireless-communication, and the radio frequency links operate
according to a standard compatible with the publicly'agreed standard for wireless

communication.

9. A system for exchangiﬁg'communicaﬁon signals among subscribers and a remote
network, comprising: |

a subscriber unit (120) for providing the subscribers with ac_céss to the system;

an entry node (600") connected to the subscriber unit (120) via a local access loop, the
entry node comprising a plurality of transceivers (610') for transmitting and receiving
communication signals to and from the subscriber unit (120) without requiring exchange of

communication signals via a satellite;
a satellite system (200) connected to the entry node (600°) via a respective radio



-16- . . 15. The system of clai m 9, whereinm the entry node (600')

relays a comunica mﬂl “ﬂlmmm“‘dl gitally encoded for satellite
transm ssion to thl‘m (120) for "

16. The system of cl*ai m 15, %hhefei’n the —gpst em CaME 5 SHEE ei pt of
paynent . 17. The system of claim[lL6] wherein pay I s made
by one of gf¥QicheERik; currency, credit card anmgﬁg\/qg@gr

an carth station (400) conneoted to the satellite sybtelr{200)i ibe fadio

frequency link; and I
an interface (520) for connectmg the earth station (200) to the remote network;
wherein the entry node (600°) switches comnections other subscriber units and between

the subscriber unit and the remote network.
10.  The system of claim 9, wherein the local access loop is a wire-line loop.
- 11.  The system of claim 9, wherein the local access loop is a wireless loop.

12, The system of claim 9, wherein the subscziber unit (120) compresses
communication signals transmitted to the satellite system (200) and decompresses

commmunication signals reccived from the satellite system.

13.  The system of claim 9, wherein the entry node (600°) furthier comprises:
a plurality of satellite mode transceivers (650) for transmitting and receiving
communication signals from the satellite system (200).

14.  The system of claim 9, wherein the local acoess loop operates according to 2
publicly agreed standard for wireless communication, and the radio frequency link operates
according to a standard compatible with the publicly agreed standard for wireless

communication.

15.  The system of claim 9, wherein the entry node (600) relays a communication
signal digitally encoded for satellite transmission to the subscriber unit (120) for decoding.

16. . The system of claim 15, wherein the system is activated on receipt of payment.

17.  The system of claim 16, wherein payment is made by one of govémment

currency, credit card, and debit card.
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A communication system provides cfficient satellite communication in rural, remote, or sparsely populated areas, or in areas lacking
a conventional telephone infrastructure, or in special purpose uses such as airport coverage. Subscribers in such areas communicate with
the satellite via a simple, highly modular entry node located in a local area to be served. Subscriber units provide subscribers with access
to the system. The subscriber units are connected to the entry node via local access loops provided by point-to-point wireless links between
the subscriber units and the entry node. The entry node intemally switches locat traffic among subscribers and connects traffic to outside
circuits, via wireless links with the satellite, as appropriate. The outside circuits are provided by the cooperative working of the satellite,
an entry-node controller, and an earth station. The wireless links between the satellite and the entry node and the local access loops may
operate at the same or different frequencies. If they operate at different frequencies, a frequency translator in the entry-node controller
matches the different frequencics. A subscriber unit may be used to provide the subscribess with access to the system such that speech
compression and decompression takes place in the subscriber unit itself to avoid the effects of tandem coder/decoders.




