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SATELLITE COMMUNICATIONS SYSTEMS, COMPONENTS AND METHODS
FOR OPERATING SHARED SATELLITE GATEWAYS

FIELD OF THE INVENTION

[0002] This invention relates to wireless communications systems and
methods, and more particularly to satellite communications systems, methods, and

computer program products.

BACKGROUND

[0003] Satellite communications systems and methods are widely used for
radioterminal communications. Satellite radioterminal communications systems and
methods generally employ at least one space-based component, such as one or more
satellites, that is/are configured to wirelessly communicate with a plurality of satellite
radioterminals.

[0004] A satellite radioterminal communications system or method may
utilize a single antenna pattern (or beam) covering an entire area served by the
system. Altematively or in combination with the above, in cellular satéllite
radioterminal communications systems and methods, multiple antenna patterns
(beams or cells) may be provided, each of which may be confi gin‘ed to serve a
substantially distinct geo graphical area 1n an overall service region, to collectively
serve an overall satellite footprint. Thus, a cellular architecture similar to that used in
conventional terrestrial cellular/PCS radioterminal systems and methods can be
implemented 1n cellular satellite-based systems and methods. The satellite typically
communicates with radioterminalé over a bidirectional communications pathway,
with radioterminal communications signals being communicated from the satellite to
a radioterminal over a downlink or forward link, and from the radioterminal to the
satellite over an uplink or return link. The downlink and uplink may be collectively

referred to as service links.
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[0005] The overall design and operation of cellular satellite radioterminal

systeins and methods are well known to those having skill in the art, and need not be
described further herein. Moreover, as used herein, the term "radioterminal"” includes
cellular and/or satellite radioterminals with or without a multi-line display; Personal
Communications System (PCS) terminals that may combine a radioterminal with data
processing, facsimile and/or data communications capabilities; Personal Digital
Assistants (PDA) that can include a radio frequency transceiver and/or a pager,
Internet/Intranet access, Web browser, organizer, calendar and/or a global positioning
system (GPS) receiver; and/or conventional laptop and/or palmtop computers or other
appliances, which include a radio frequency transceiver. As used herein, the term
"radioterminal” also includes any other radiating user device/equipment/source that
may have time-varying or fixed geographic coordinates, and may be portable,
transportable, installed in a vehicle (aeronautical, maritime, or land-based), or situated
and/or configured to operate locally and/or 1n a distributed fashion at any other
location(s) on earth and/or in space. A "radioterminal” also may be retferred to herein
as a "radiotelephone," "terminal", "wireless terminal" or "wireless user device".

[0006] Cellular satellite communications systems and methods may deploy
hundreds of cells, each of which corresponds to one or more space-based component
antenna patterns (spot beams), collectively spanning a space-based component
footprint corresponding to a service area. It will be understood that a large number of
cells may be generally desirable, since the frequency reuse and the capacity of a
cellular satellite communications system or method may both increase in direct
proportion to the number of cells. Moreover, for a given space-based component
footprint or service area, increasing the number of cells may also provide a higher
gain per cell, which can increase the link robustness and improve the quality ot
service.

[0007] The uplink and downlink communications between the wireless
terminals and the satellite may utilize one or more air interfaces, including proprietary
air interfaces and/or conventional terrestrial cellular interfaces (and/or modifications
thereof), such as Time Division Multiple Access (TDMA), Orthogonal Frequency
Division Multiple Access (OFDMA) and/or Code Division Multiple Access (CDMA)
air interfaces. A single air interface may be used throughout the cellular satellite
system. Alternatively, multiple air interfaces may be used for the satellite

communications. See, for example, U.S. Patent 6,052,560, 1ssued April 18, 2000,
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entitled Sarellite System Utilizing a Plurality of Air Interface Standards and Method
Employing the Same, by the present inventor Karabinis. In general, regardless of the
air interface or interfaces that are used, each satellite cell (i.e., each space-based
component cell) generally uses at least one carrier frequency to provide service.
Thus, one or more return service links and/or one or more forward service links may
use one or more carrier frequencies to provide service.

[0008] The above description has focused on communications between the
space-based component (one or more satellites) and the wireless terminals. However,
cellular satellite communications systems and methods also generally employ a
bidirectional feeder link for communications between a terrestrial satellite gateway
and the space-based component. The bidirectional feeder link includes a forward
feeder link from the gateway to the space-based component and a return feeder link
from the space-based component to the gateway. The forward feeder link and/or the
return feeder link each may use one or more feeder link carrier frequencies.

[0009]  Terrestrial networks can enhance cellular satellite radioterminal
system availability, efficiency and/or economic viability by terrestrially using and/or
reusing at least some of the frequencies that are allocated to cellular satellite
radioterminal systems. In particular, it 1s known that it may be difficult for cellular
satellite radioterminal systems to reliably serve densely populated areas, because the
space-based component signal may be blocked by high-rise structures and/or may not
penetrate into buildings. As a result, the satellite spectrum may be underutilized or
unutilized in such areas. The terrestrial use and/or reuse of at least some of the
satellite system frequencies can reduce or eliminate this potential problem.

[0010] Moreover, the capacity of a hybrid system, comprising terrestrial
and satellite-based connectivity and configured to terrestrially use and/or reuse at least
some of the satellite-band frequencies, may be higher than a corresponding satellite-
only system since terrestrial frequency reuse may be much denser than that of the
satellite-only system. In fact, capacity may be enhanced where it may be mostly
needed, 1.e., in densely populated urban/industrial/commercial areas where the
connectivity/signal(s) of a satellite-only system may be unreliable. As aresult, a
hybrid (satellite/terrestrial cellular) system that is configured to use and/or reuse
terrestrially at least some of the frequencies of the space-based component may
become more economically viable, as it may be able to serve more effectively and

reliably a larger subscriber base.
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(0011] Urﬁted States Patent No. 6,684,057, to inventor Kafabinis, and
entitled Systems and Methods for Terrestrial Reuse of Cellular Satellite Frequency
Spectrum, describes that a satellite frequency can be reused .
terrestrially by an ancillary terrestrial network even within the same satellite cell,
using interference cancellation techniques. In particular, a system according to some
embodiments of U.S. Patent No_. 6,684,057 includes a space-based component that is
configured to receive wireless communications from a first radiotelephone in a
satellite footprint over a satellite radiotelephone frequency band, and an ancillary
terrestrial network that is configured to receive wireless communications from a
second radiotelephone in the satellite footprint over the satellite radiotelephone
frequency band. The space-based component also receives the wireless
communications from the second radiotelephone in the satellite footprint over the
satellite radiotelephone frequency band as interference, along with the wireless
communications that are received from the first radiotelephone 1in the satellite

footprint over the satellite radiotelephone frequency band. An interference reducer is
responsive 1o the space-based component and to the ancillary terrestrial network that
1s configured to reduce the interference from the wireless c'omﬁmnications that are
received by the space-based component from the first radiotelephone in the satellite
footprint over the satellite radiotelephone frequency band, using the wireless
communications that are received by the ancillary terrestrial network from the second
radiotelephone i1 the satellite footprint over the satellite radiotelephone frequency
band.

[0012] Satellite radiotelminal communicationé systems and methods that
may employ terrestrial use of satellite frequencies are described in U.S. Patent Nos.
6,684,057 to Karabinis, entitled Systems and Methods for Terrestrial Reuse of
Cellular Satellite Frequency Spectrum; 6,785 ,543 to Karabinis, entitled Filters for
Combined R-adiozlfeleph‘one/GPS. Terminals; 6,856,787 to Karabinis, entitled Wireless
Communications Systeiﬁs and Methods Using Satéllite-—Liﬁked Remote Terminal

. Iz;rery‘ace Subsystems; 6,859,652 to Karabinis et -al., entitled Infegrated or Auz‘onoméus
System and Method of Satellite-Terrestrial Frequency Reuse Using Signal Attenuation
and/or Blockage, Dynamic Assignment of Frequencies and/or Hysteresis; and

6,879,829 to Dutta et al., entitled Systems and Methods for Handover Between Space

Based and Terrestrial Radioterminal Communications, and For Monitoring

4
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Terrestrially Reused Satellite Frequencies At a Radioterminal to Reduce Potential
Interference; and Published U.S. Patent AppliCation Nos. US 2003/0054761 to
Karabinis, entitled Spatial Guardbands for Terrestrial Reuse of Satellite Frequencies;
US 2003/0054814 to Karabinis et al., entitled Systemns and Methods for Monitoring
Terrestrially Reused SatelZ ite I 7'équencz'es to Reduce Potential Interference; US
2003/0073436 to Karabinis et al., entitled Additional Systems and Methods for
Monitoring Terrestrially Reused Satellite Frequencies to Reduce Potential
Interference; US 2003/0054762 to Karabinis, entitled Multi-Band/Multi-Mode
Satellite Radiotelephone Communications Systems and Methods; US 2003/0224785 to
Karabis, entitled Systems and Methods for Reducing Satellite Feeder Link ‘
Bandwidth/Carriers In Cellular Satellite Systems; US 2002/0041575 to Karabinis et
al., entitled Coordinated Satellite-Terrestrial Frequency Reuse; US 2003/0068978 to
Karabinis et al., entitled Space-Based Network Architectures for Satellite
Radiotelephone Systems; US 2003/0153308 to Karabinis, entitled Staggered
Sectorization for Terrestrial Reuse of Satellite Frequencies; and US 2003/0054815 to
Karabinis, entitled Methods and Sj)stems for Modifying Satellite Antenna Cell
Patterns In Response to Terrestrial Reuse of Satellite reqz.tenciés,_.all of which are

assigned to the assignee of the present invention.

SUMMARY

[0013] Embodiments according to the present imnvention can be provided by
satellite communications systems, components and methods for Opérating shared
satellite gateways. Pursuant to these embodiments, a satellite communications system
can include a gateway configured to process at least first and second communications
signals associated with respective at least first and second service links and respective
at Jeast first and second feeder links of respective at least first and second space-based
components. In some embodiments according to the invention, the respective at least
first and second service links are in different frequency bands. In some embodiments
according to the invention, the respective at least first and second service links are in a
common frequency band. '

[0014]  In some embodiments according to the invention, the system further
incltides respective at least first and second gateway antennas coupled to the gateway,

wherein each of the respective at least first and second gateway antennas is
5
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configured to communicate with at least one of the respective at least first and second

space-based components. In some embodiments according to the invention, the
respective at least first and second gateway antennas are contigured to communicate
with the respective at least first and second space-based components via the respective
at least first and second feeder links in respective at least first and second frequency
bands. In some embodiments according to the invention, the respective at least first
and second gateway antennas are configured to communicate with the respective at
least first and second space-based components via the respective at least first and
second feeder links using a substantially common frequency band.

[0015] In some embodiments according to the mvention, the respective at
least first and second service links are configured to provide service to wireless
terminals via respective air-interfaces that are substantially the same. In some
embodiments according to the invention, the system further includes a single gateway
antenna coupled to the gateway, wherein the single gateway antenna 1s configured to
communicate with the respective at least first and second space-based components. In
some embodiments according to the invention, the single gateway antenna is
configured to communicate with the respective at least first and second space-based
components over separate feeder links 1n a common satellite frequency band. In some
embodiments according to the invention, the single gateway antenna is configured to
communicate with the respective at least first and second space-based components
over separate feeder links in different satellite irequency bands.

[0016] In some embodiments according to the invention, the gateway
turther includes a first filter coupled to the single gateway antenna. A low-noise
amplifier 1s coupled to an output of the first filter. A mixer 1s coupled to an output of
the low-noise amplifier and a second filter 1s coupled to an output of the mixer. In
some embodiments according to the invention, the respective at least first and second
space-based components are substantially co-located.

[0017] In some embodiments according to the invention, the respective at
least first and second service links are configured to provide service via respective
different air-interfaces to wireless terminals. In some embodiments according to the
invention, at least one element of the gateway 1s shared by the respective at least first
and second space-based components to provide a processing of the at least first and
second communications signals associated with the respective at least first and second

space-based components.
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[0018] In some embodiments according to the invention, the gateway
sarther includes at least two circuits, respectively including a first filter coupled to a
cateway antenna. A low-noise amplifier is coupled to an output of the first filter. A
mixer is coupled to an output of the low-noise amplifier and a second filter is coupled
to an output of the mixer. In some embodiments according to the invention, the
system further includes a gateway element responsive to at least one output of the
second filters of the at least two circuts.

[0019] In some embodiments according to the invention, a satellite
communications system includes a first space-based component that is conti gured to
communicate with a plurality of first wireless terminals over a first service link(s) in a
first satellite frequency band. A second space-based component is configured to
communicate with a plurality of second wireless terminals over a second service
link(s) in a second satellite frequency band and a satellite gateway is configured to
communicate with the first space-based component over a first feeder link(s) and to
communicate with the second space-based component over a second feeder link(s)
and wherein the communications with the first and second space-based component are
provided by the satellite gateway using at least one common signal processing
element that is used by the satellite gateway to communicate with the first space-
based component and to communicate with the second space-based component.

[0020] In some embodiments according to the invention, the satellite
oateway includes a first gateway antenna that is cont cured to communicate with the
first space-based component over the first feeder link(s). A, second gateway antenna
is configured to communicate with the second space-based component over the
second feeder link(s) and a common gateway electronics system is responsive to the
first gateway antenna and to the second gateway antenna.

[0021] In some embodiments according to the invention, the first satellite
frequency band is substantially the same as the second satellite frequency band. In
some embodiments according to the invention, the first feeder link(s) and the second
feeder link(s) use substantially the same feeder link frequency band. In some
embodiments according to the invention, a feeder link frequency band used by the
first feeder link(s) is different than a feeder link frequency band used by the second
feeder link(s). In some embodiments according to the invention, the first service

link(s) and the second service link(s) use substantially the same air interface. In
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some embodiments according to the invention, the first service link(s) and the second
service link(s) use different air interfaces.

[0022] In some embodiments according to the invention, the first and
second space-based components are configured to communicate with the respective
pluralities of first and second wireless terminals over the respective first and second
service links in the respective first and second satellite frequency bands using
substantially the same air interface. In some embodiments according to the invention,
the first feeder link(s) and the second feeder link(s) are in a common frequency band.
In some embodiments according to the invention, the first and second space-based
components are substantially co-located.

[0023] In some embodiments according to the invention, the satellite
sateway includes a common gateway antenna that is configured to communicate with
the first space-based component and the second space-based component over the first
and second feeder links in the common frequency band and a common gateway
electronics system that is responsive to the common gateway antenna.

[0024] In some embodiments according to the invention, a satellite
communications component includes a satellite gateway configured to provide
communications with a first space-based component over a first feeder link and to
provide communications with a second space-based component over a second feeder -
link; wherein the satellite gateway provides communications with the first and second
space-based component using at least one element that is common to the provision of
communications with the first and second space-based component.

[0025] In some embodiments according to the invention, the component
further includes a single satellite gateway antenna coupled to the satellite gateway,
wherein the single satellite gateway antenna is configured to communicate with the
first and second space-based components. In some embodiments according to the
invention, the single satellite gateway antenna is configured to communicate with the
first and second space-based components over the first and second feeder links in a
common satellite frequency band.

[0026] In some embodiments according to the invention, the single satellite
oateway antenna is configured to communicate with the first and second space-based
components over the first and second feeder links in different satellite frequency
bands. In some embodiments according to the invention, the satellite gateway further

includes a feeder link processing circuit including a first filter coupled to the single
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satellite gateway antenna. A low-noise amplifier is coupled to an output of the first
filter. A mixer is coupled to an output of the low-noise amplifier and a second filter 1s
coupled to an output of the mixer.

[0027] In some embodiments according to the invention, a method of
providing satellite communications includes processing at a satellite gateway at least
first and second communications signals associated with respective at least first and
second space-based components, wherein the at least first and second
communications signals are provided to the satellite gateway by respective at least
first and second feeder links and respective at least first and second service links of
the respective at least first and second space-based components.

[0028] In some embodiments according to the invention, the respective at
least first and second feeder links are in different satellite frequency bands. In some
embodiments according to the invention, the respective at least first and second feeder
links are in a common satellite frequency band. In some embodiments according to
the invention, the satellite communications are provided by the respective at least first
and second space-based components via respective at least first and second air-
interfaces that are different.

[0029] In some embodiments according to the invention, processing
includes relaying information to/from a first space-based component and to/from a
second space-based component via the satellite gateway. In some embodiments
according to the invention, relaying information includes relaying internet
communications, video information, and/or audio information, via the satellite
gateway.

[0030] In some embodiments according to the invention, a satellite
communications system includes a shared satellite gateway configured to relay
communications from a first subscriber of a first satellite communications service to a
second subscriber of a second satellite communications service via respective separate
feeder links provided to two separate space-based components by the shared satellite
gateway.

[0031] In some embodiments according to the invention, a method of
providing communications includes transmitting communications from a first satellite
radiotelephone to a first space-based component. The communications are relayed
from the first space-based component directly to a shared satellite gateway. The

communications are relayed from the shared satellite gateway directly to a second
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space-based component and the communications are relayed from the second

space-based component to a second satellite radiotelephone.

In accordance with an aspect of the invention, there is provided a
satellite communications system comprising: a gateway configured to process first
and second communications signals associated with respective first and second
service links and respective first and second feeder links of respective first and
second space-based components; wherein the first and second service links are
in different respective first and second satellite frequency bands, wherein each
one of the first and second service links comprises a forward service link and a
return service link both of which are in the first or second satellite frequency band,
and wherein the first and second feeder links are in different satellite frequency

bands.

In accordance with an aspect of the invention, there is provided a
satellite communications system comprising: a first space-based component that
is configured to communicate with a plurality of first wireless terminals over first bi-
directional service links which use exclusively frequencies of a first satellite
frequency band in both directions; a second space-based component that is
configured to communicate with a plurality of second wireless terminals over
second bi-directional service links which use exclusively frequencies of a second
satellite frequency band in both directions, the second satellite frequency band
being different from the first satellite frequency band; and a satellite gateway that
is configured to communicate with the first space-based component over a first

feeder link and to communicate with the second space-based component over a
second feeder link using at least one common signal processing element that is
used by the satellite gateway to communicate with the first space-based
component and to communicate with the second space-based component,

wherein the first and second feeder links are in different satellite frequency bands.

In accordance with an aspect of the invention, there is provided a
method of providing satellite communications; the method comprising: processing

at a satellite gateway first and second communications signals associated with

10
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respective first and second service links and respective first and second feeder
links of respective first and second space-based components; wherein the first
and second service links are in different respective first and second satellite
frequency bands, wherein each one of the first and second service links
comprises a forward service link and a return service link both of which are in the
first or second satellite frequency band, and wherein the first and second feeder
links are in different satellite frequency bands.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Figure 1 schematically illustrates satellite systems and methods with
shared ground infrastructure according to various embodiments of the present

Invention.

[0033] Figure 2 is a block diagram of common gateway electronic systems

and methods according to various embodiments of the present invention.

[0034] Figure 3 schematically illustrates satellite systems and methods with
shared ground infrastructure including a common gateway antenna according to

other embodiments of the present invention.

[0035] Figure 4 is a block diagram of common gateway electronic systems
and methods according to various embodiments of the present invention.

DESCRIPTION OF EMBODIMENTS ACCORDING TO THE INVENTION

[0036] Specific exemplary embodiments of the invention now will be
described with reference to the accompanying drawings. This invention may,
however, be embodied in many different forms and should not be construed as
limited to the embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art. In the drawings, like
numbers refer to like elements. It will be understood that when an element is
referred to as being “connected” or “coupled” to another element, it can be directly

connected or coupled to the other element or intervening elements may be

10a
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present. Furthermore, “connected” or “coupled” as used herein may include

wirelessly connected or coupled.

[0037] The terminology used herein is for the purpose of describing
particular embodiments only and is not intended to be limiting of the invention. As
used herein, the singular forms “a’, “an” and “the” are intended to include the
plural forms as well, unless expressly stated otherwise. It will be further

understood that the terms “includes”, “comprises”, “including” and/or “comprising”,

when used in this specification, specify the presence of stated features, integers,

steps, operations,

10b
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elements, and/or components, but do not preclude the presence or addition of one or
more other features,' integers, steps, operations, elements, components, and/or groups
thereof.

|0038]  Unless otherwise defined, all terms (including technical and
scientific terms) used herein have the same meaning as commonly understood by one
of ordinary skill in the art to which this invention belongs. It will be further
understood that terms, such as those defined in commonly used dictionaries, should be
Interpreted as havi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>