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Systems and methods of satellite communications for moving terminals, including but not limited to on-the-move and mobile
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(57) Abrege(suite)/Abstract(continued):

diameter less than 50 cm), open standard waveforms to secure availabllity from several suppliers, payment for service only when
using the terminal, Interference avoidance to adjacent satellites, and low cost. Low cost Is achieved In part by operating at
frequency bands that are currently operated by terrestrial microwave links so that existing low cost microwave components are
utilized. The system also Includes an Interference elimination system that continuously monitors for Interference to adjacent
satellites from a user terminal's uplink signal. If Iinterference Is detected, the Interference elimination system remedies the
Interference by performing one or more of the following: shutting down the Iinterfering terminal(s), changing transmission
parameters, changing the beam coverage on ground, changing the frequency of the affected traffic, or moving the satellite to a
new orbital position. The interference elimination system may also transit the interference information to a control center.
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are currently operated by terrestrial
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continuously monitors for interference
to adjacent satellites from a user ter-
minal's uplink signal. If interference is
detected, the interference elimination
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performing one or more of the following: shutting down the interfering terminal(s), changing transmission parameters, changing
the beam coverage on ground, changing the frequency of the affected traffic, or moving the satellite to a new orbital position. The
interference elimination system may also transit the interference information to a control center.
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SYSTEMS AND METHODS FOR MOBILE SATELLITE COMMUNICATIONS

FIELD OF THE INVENTION
[0001] This invention relates to systems and methods for satellite communications.
BACKGROUND OF THE INVENTION

(0002] Market demand for satellite services with continual connectivity communications using
on-the-move and mobile terminals is rapidly increasing. Many customer segments are
interested in using open standard technologies to secure such connectivity availability from
several suppliers, in a manner similar to that implemented by the cellular mobile phone industry
via Global System for Mobile Communications (“GSM”), for example. However, current
terminals available for on-the-move and mobile applications are expensive, often use
proprietary single source spread spectrum waveforms, and come in large, bulky, and heavy

formats that require larger vehicles for transportation.

[0003] It is problematic to use small antennas for transmitting open standard waveforms using
channel access methods such as frequency division multiple access (“FDMA?), time division
multiple access (“TDMA”), multiple frequency time division multiple access (“MF-TDMA”),
and all other types of non spread spectrum waveforms. Small antennas have broad antenna
lobes and hence transmit power over a large angular region, causing harmful interference to
adjacent satellites. This interference problem is illustrated in Figures 1 and 2. Figures 1 and
2 show the satellite arc of a crowded frequency band 100, 200 over the Earth’s horizon 102,
202. The beam 104 from a standard sized satellite communication antenna 106 to a target
satellite 108 transmits power over a small enough angular region to avoid causing interference
to adjacent satellites 110. In contrast, because the beam 204 from a smaller antenna 206 to a
target satellite 208 has a broader angular region, adjacent satellites 210 are subjected to

interference.

[0004] The “pay-when-use” billing method (i.e., paying for services only when actually using
the service) for fixed satellite service (“FSS”) capacity and mobile ad hoc environments often
forces customers to pay for larger bandwidth and longer duration than what is desired or
necessary. The pay-when-use billing structure of a mobile satellite service (“MSS”) is

expensive because MSS uses lower frequency bands, including L-band, with limited total

CONFIRMATION COPY
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accessible satellite spectrum. Further, these systems also have low bandwidth throughput capability.

[0005] There 1s, therefore, increasing but unmet demand for a satellite service solution that enables

mobile and on-the-move terminals with certain features.

SUMMARY OF THE INVENTION

[0006] Embodiments of systems and methods according to the present invention address, at least in
part, the above-described needs by providing reliable satellite communications systems for moving
terminals, including but not limited to on-the-move and mobile terminals (e.g., on-the-pause
terminals), and methods for implementing the same, according to various aspects of the present
invention. By combining smaller antennas, high data throughput, open standard waveforms, flexible
payment options, interference detection and avoidance, and low cost components, mobile and on-

the-move satellite services can achieve mainstream status amongst new consumer segments.

[0007] In an embodiment of one aspect of the present invention, system components and functions
may include one or more of the following features and advantages: mechanism for selecting a
sparsely populated frequency band; adaptive coverage (e.g., via steerable transmit and recetve spot
beams or more advanced dynamic beam forming methods to produce high sensitivity receive
beams); a mobile service; user terminal antennas to actively track the satellite(s) in the system; small
satellites (e.g., 800 kg launch mass or less) that are dedicated for this service (see, for example,
commonly assigned and copending U.S. Patent Application number 11/623,799, is referenced herein
for further information); and mechanisms for continuously adapting the coverage and/or changing

orbital location to avoid interference if new satellites enter the frequency band with minimal angular

separation. A potential advantage of such an embodiment i1s that 1t may result in a specialized

service that 1s not directed to a mass market, but is a niche service with dedicated users.

[0007a] In another embodiment, the present invention relates to a satellite communications system
for mobile terminals, the system comprising: a satellite configured to recetve an uplink signal from
one or more mobile user terminals and to transmit a downlink signal to one or more mobile target
terminals 1n a satellite communications network, wherein: the one or more mobile user or target
terminals comprise a small antenna having an aperture area with a diameter of less than 50 cm, and

wherein the satellite comprises: a regenerative payload, a demodulator for demodulating the uplink
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signal received by the satellite, an onboard computer, and a payload interface, wherein the payload
interface is coupled to the regenerative payload, the onboard computer and an onboard interference
elimination system to enable an onboard interference analysis of the uplink signal after it has been

demodulated, and wherein the system is optimized for a link margin of 5 dB or less.

[0007b] In another embodiment, the present invention relates to a method of implementing a
satellite communications system for mobile terminals, comprising the steps of: providing a satellite
configured to receive an uplink signal from one or more mobile user terminals and to transmit a
downlink signal to one or more mobile terminals in a satellite communications network, wherein the
one or more mobile terminals comprises a small antenna having an aperture areca with a diameter of
less than about 50 cm, the satellite comprising: a regenerative payload, a demodulator for
demodulating the uplink signal received by the satellite, an onboard computer, and a payload
interface, wherein the payload interface is coupled to the regenerative payload, the onboard
computer and an onboard interference elimination system to enable an onboard interference analysis
of the uplink signal after it has been demodulated; and activating the one or more mobile user
terminals to send the uplink signal to the satellite, or activating the target terminal to receive the

downlink signal from the satellite; wherein the satellite communications system 1s optimized for a

link margin of 5 dB or less.

[0007¢] In another embodiment, the present invention relates to a method of operating a satellite
communications system for mobile terminals, wherein the satellite communications system
comprises: a mobile user terminal comprising a small antenna having an aperture area with a
diameter of less than about 50 cm, and one or more satellites having a regenerative payload, a
demodulator for demodulating an uplink signal sent by the mobile user terminal and received by the
satellite, an onboard computer and a payload interface, wherein the payload interface is coupled to
the regenerative payload, the onboard computer and an onboard interference elimination system to
enable an onboard interference analysis of the uplink signal after it has been demodulated, and the
satellite communications system 1s optimized for a link margin of 5 dB or less, the method
comprising the steps of: adjusting the satellite communications system from a first frequency band
to a second frequency band that 1s less populated than the first frequency band; monitoring for

interference towards adjacent satellites from the uplink signal; and remedying the interference when

the interference to the adjacent satellites from the uplink signal 1s detected.
2a
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[0008] In another of its aspects, systems and methods according to the present invention may
dynamically select orbital positions to minimize the interference for certain coverage it such

interference 1s detected.

User terminals and/or target terminals may, in embodiments of the present invention, be equipped

with antennas that are small enough to be transported for a majority of on-the-move

2b
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and mobile applications. These antennas may operate at lesser populated frequencies within the
K u-band to facilitate high data throughput while also maintaining a smaller fundamental length

scale for all system components.

[0010] The satellite system equipment may advantageously be less costly because a chosen
frequency band may also be operated by terrestrial microwave links, and much of the existing
equipment currently utilized for such links can be modified for use in embodiments of

invention.

(0011} Furthermore, billing methods may also be improved according to aspects of the present
invention. Existing pay-when-use billing structures of FSS may be adopted at reduced overall

costs because the Ku-band has greater accessibility than the other frequency bands currently

used by FSS.

[0012] Systems and methods according to the present invention may also utilize regenerative
payload on the system satellites in order to improve the link budget. This feature in
combination with high sensitivity receive beams may advantageously reduce harmful

interference towards adjacent satellites.

10013} The regenerative payload can also be configured, in accordance with the present
invention, to comport with open standard waveforms, which improves the availability rate of

on-the-move and mobile communications.

[0014] To continuously monitor for potential interference towards neighboring satellites during
operation, systems and methods according to embodiments of the invention may also
implement a payload interface to connect an interference elimination system. The interference
elimination system, according to embodiments of the present invention, monitors the influx of

new satellites and adjusts parameters accordingly when interference is detected.

[0015] In another primary aspect, systems and methods according to the present invention
utilize or provide at least one satellite for receiving and transmitting signals in a satellite
communications system for moving terminals. In one particular embodiment, the satellite
implements a payload interface to facilitate payload communications with onboard systems

such as a regenerative payload and an onboard computer.

[0016] The payload interface, according to an embodiment of an aspect of the invention, may

comprise input ports for connecting to various onboard systems, and output ports for connecting

3



CA 02693076 2010-01-14

WO 2009/010253 PCT/EP2008/005722

10

15

20

25

to the satellite payload. The payload interface may be configured to communicate with both the

onboard systems and the satellite payload.

[0017] According to yet another embodiment of systems and methods according to the present
invention, a satellite communications system is moved to a sparsely populated frequency band
and monitors for interference towards adjacent satellites from an uplink signal from a user

terminal to a target satellite within the satellite communications system. If such interference is

detected, the system can remedy the interference through various embodiments of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Various aspects of the systems and methods according to the present invention are

described in the figures identified below and in the detailed description that follows.

[0019) Figure 1 shows a standard size satellite communications antenna avoiding interference

to adjacent satellites in a crowded frequency band with a human shown to suggest scale.

[0020] Figure 2 shows a small satellite communications antenna causing interference to

adjacent satellites in a crowded frequency band with a human shown to suggest scale.

[0021] Figure 3 shows a small satellite communications antenna avoiding interference to
adjacent satellites in a sparsely populated frequency band with a human shown to suggest scale,

in accordance with principles of the present invention.

[0022] Figure 4 shows atmospheric absorption loss (dB) as a function of frequency (GHz).
[0023] Figure 5 shows rain attenuation (dB) as a function of frequency (GHz)

10024] Figure 6a shows waveguide dimension as a function of frequency (GHz).

[0025] Figure 6b shows a minimum antenna diameter required for interference-free operations

on a satellite segment with 2° spacing between neighboring satellites as a function of frequency

(GHz).

[0026] Figure 7 shows rain attenuation (dB) and wavelength (cm) as a function of frequency

(GH2z).

[0027] Figure 8 shows a payload interface with related components in an embodiment of an

aspect of the present invention.
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[0028] Figure 9 shows basic components for measuring interference levels towards neighboring

satellites on the uplink satellite signal.

[0029] Figure 10 shows, in flowchart form, steps associated with embodiments according to various

aspects of the present invention.
DETAILED DESCRIPTION

[0030] This description, including the figures, describes embodiments that illustrate various aspects
of the present invention. These embodiments are not intended to, and do not, limit the scope of the

invention to particular details.

[0031] Commonly assigned and copending U.S. Patent Applications, identified by application
numbers: 11/623,799; 11/623,821; 11/623,877; 11/623,902; and 11/623,986, all filed on January 17,

2007 are reterenced herein for further information.

[0032] The various entities 1dentified 1in the Figures and described herein may each utilize one or
more computer processors, and the computer processors of each entity may be configured to
communicate with the computer processors of one or more of the other entities 1n order to carry out

the methods of the present invention.

[0033] Systems and methods according to the present invention address, at least in part, a solution to
the drawbacks of existing satellite systems using on-the-move and mobile terminals. Some features
and advantages associated with the present invention may include: smaller antennas (e.g., aperture
area with diameter less than 50 ¢cm); high availability communication with high transmit and receive
data rates (e.g., above 0.5 Mbps); open standard waveforms to secure availability from several
suppliers; payment for service only when using the terminal; no harmtul interterence to adjacent

satellites; and low cost.

10034] To provide for at least some of the above features and advantages described above, taken

alone or in combinations of some or all of them, one potential solution might seem to be to use
higher frequency bands leading to a decrease in wavelength and to a corresponding decrease 1n the
fundamental length scale for the components. However, as described below, this approach is not
presently believed to provide a viable alternative for services that require both high data rates and

high availability, as 1s typically the case for on-the-move and mobile services.
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[0035] The International Telecommunications Union (“ITU”) has allocated the available radio
frequency spectrum for different uses and users. The main frequency bands with more than 50
MHz of bandwidth (note: a bandwidth above approximately 50 MHz is required to provide high
bandwidth for multiple users within each spotbeam coverage) reserved for satellite
communications are C-band, X-band (government and military users), Ku-band and Ka-band.
Above Ka-band, several more satellite bands exist. However, these are not presently
considered feasible options because they suffer from even greater propagation losses and rain

attenuation than Ka-band.

[0036] It is also desirable that there be good availability of radio frequency (“RF”) components
in the chosen frequency band, and that these components are reasonably priced. This 1s another
reason believed to disqualify higher frequencies than Ka-band. Because higher frequency
bands are not used for commercial communication, but primarily for governmental use and
research, the components are not available at a low cost. Also, X-band components are more
expensive as a result of stressed requirements’and lower volumes. Therefore, the need for high

availability of low cost components limits the band alternatives to C-band, Ku-band, and Ka-

band.

0037} Although potential interference on adjacent satellites could be reduced by using
frequencies above Ku-band, atmospheric effects and rain attenuation become problematic.
Figures 4 and 5 graph the corresponding absorption and rain attenuation for given frequencies
in order to achieve 99.9% availability. As evidenced by these graphs, the typical link margin
required on the Ka-band (27-40 GHz) to achieve 99.9% availability is greater than 15 dB on an
uplink of 30 GHz (i.e., approximately 0.5 dB absorption plus approximately 15 dB rain
attenuation). This corresponds to an increase in output power by more than 30 times on the
uplink to maintain an equal link, and such margins are not feasible to implement in a mobile
terminal. As a temporary workaround, it is possible to accept a lower availability rate or to
decrease the bandwidth by around 30 times (e.g., from 512 kbps down to about 16 kbps) during
severe rain fades. Although this might be acceptable for certain internet services, it is not
acceptable for on-the-move and mobile services where the service must be available with a high
probability and with a specific throughput (e.g., at 512 kbps it is possible to transmit live video
content, but not at 16 kbps). Hence, Ka-band and higher frequencies are unsuitable for this

service.
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[0038] On the other hand, decreasing the frequency to, say, C-band will decrease the
atmospheric absorption and rain attenuation, but in order to generate the same data throughput,
results in larger waveguides, antennas, and other components due to the increased wavelength.
This general phenomenon is evidenced graphically in Figures 6a and 6b. As illustrated in
Figure 6a, the waveguide dimension increases exponentially as frequency decreases in order to
maintain 99.9% availability. Figure 6b demonstrates that the minimum antenna diameter
needed to ensure virtually interference-free operations on a satellite segment with 2° spacing

between neighboring satellites also increases exponentially as frequency decreases.

[0039] In order to implement a satellite system with fairly small, low cost components and high
availability, Ku-band may be a good compromise. However, the standard Ku-band (uplink
14.0-14.5 GHz) is fairly crowded and using an antenna smaller than around 50 cm is not
possible without causing harmful interference towards adjacent satellites in the band, as
illustrated in Figure 2. Therefore, although Ku-band may be preferred because it represents an
acceptable compromise for the physical parameters, it may be difficult to use with small

antennas because the band is generally crowded with existing satellites.

[0040] Systems and methods according to the present invention implement user terminals with
smaller antennas to be transported on a variety of vehicles, both large and compact, or directly
on a person, such as in a backpack, for on-the-move and mobile applications. In one
embodiment of the invention, these antennas have an aperture area with a diameter less than 50

CI.

[0041] To implement such smaller antennas with high data throughput (e.g., for voice
communications or approximately 0.5 to 8 Mbps), frequencies at Ku-band (11-18 GHz) may be
used. At Ku-band, the wavelength is approximately 2 cm, which sets the fundamental length

scale of waveguides, antennas and other components.

[0042] In order to achieve high link availability, one embodiment of an aspect of the invention
overcomes typical rain attenuation by incorporating reasonable link margins (e.g., up to 5 dB).

With such link margins, it is possible to achieve link availability per year on the order of 99.9%.

[0043] A possible rationale for operating at Ku-band is summarized in Figure 7 where the
fundamental dimension (the wavelength) 700 and the typical rain attenuation 702 is shown as a
function of frequency for a link with 99.9% availability. Figure 7 shows the two curves 700,

702 crossing at 12-13 GHz, which means that if the frequency is either increased or decreased,

7
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one of the curves will move up, i.e., away from a fairly favorable value. Hence, the crossing
region indicates where it is possible to implement reasonable link margins while simultaneously

keeping the size of standard components small.

[0044] In addition, placing satellites 308 in geostationary or other type of geosynchronous orbit
using a part of the spectrum where there are no or very few adjacent satellites 310 operating on
the same parts of the spectrum 300 (+/- the typical terminal interference region) as illustrated in
Figure 3 could be a key factor in avoiding interference caused by a smaller antenna’s 306
broader beam 304. Making use of such a frequency band and equipping the satellite 308 with
steerable transmit and receive spot beams in addition to its overall movement capabilities, and a
regenerative payload (as needed in order to close the link with small antennas), may help to

avoid interference from adjacent satellites 302.

[0045] Therefore, an advantageous choice of frequency band may be 12.75-13.25 GHz for
uplink and 10.7-10.95 GHz, 11.2-11.45 GHz for the downlink. The frequency (12.75-13.25
GHz) is used by terrestrial microwave links and, although available for satellite
communications, is used very scarcely for that purpose. The reasons this frequency band is
relatively underdeveloped are partly regulatory and partly because of the overlap with terrestrial
microwave links. The regulatory setup makes it difficult to launch a satellite on a commercial
basis with a traditional satellite design and business case because typically the customer base
will not be large enough to sustain a sound business case. However, for a niche service with a
small satellite platform and certain flexibility it is possible to operate commercially under these

conditions.

[0046] Because the frequency band is also operated by terrestrial microwave links, the
equipment for this market is produced in large volumes (compared to satellite communication
only bands), making it is possible to utilize low cost microwave components. Hence,
embodiments of the invention enable the design and manufacture of small, low cost terminals
that provide a service with high bandwidth, low cost, and high reliability. Also, the antenna
sizes used for the microwave links comport well with a proposed size for the satellite service
(i.e., less than 50 cm). In another embodiment of the invention, these microwave link
components are reused for satellite communication links by designing the system to be
compliant with this type of equipment. By doing so, this embodiment of the present invention

may further enable the development of small and low cost satellite communication terminals.



WO 2009/010253

10

15

20

25

30

CA 02693076 2010-01-14
PCT/EP2008/005722

[0047] In another embodiment of the invention, the billing method currently used by FSS is
adopted. Because this embodiment uses the Ku-band as opposed to the L-band, which
conversely has limited total accessible satellite spectrum, the typical cost for the same billing

method should not as impedimentary.

[0048] An important component of an embodiment of the present invention is the use of a
regenerative payload on the system satellites. A regenerative payload can improve link budget,
allow mesh communication between terminals (i.e., direct connection from terminal A to
terminal B without passing through a ground based hub), save bandwidth due to the direct
communication path between terminals, and shorten delay time over the link that facilitates

interactive communication, including TCP-IP communication.

[0049] In another embodiment of the invention, the user terminals utilize high sensitivity
receive beams in conjunction with the regenerative payload on the system satellites to further a

reduction in interference levels towards neighboring satellites.

[0050] In yet another embodiment of the invention, the regenerative payload could further be
developed so that ground terminals are compatible with high data rate mobile telephones
technology, enabling the use of open standard waveforms and terminals that also use very low
cost and easily available technology on the modem and baseband side. This may be
implemented by placing a mobile phone base station in orbit onboard a system satellite with
adaptations to the satellite link, which may include delay times, typical fading scenarios, and
echo cancellation. This payload could also be cross connected to a standard satellite
communications part of the payload (such as a regenerative DVB-RCS or DVB/S2-RCS), that
would allow typical satellite communications equipment to interconnect with the mobile phone
base station directly in the satellite. Combining these features into a satellite communications
system would enable the design of a complete satellite communications terminal by reusing oft-
the-shelf products from the mobile telephone industry and microwave links. This results in a
price reduction of the satellite communications terminal by as much as a factor of 10 compared

to the least expensive satellite communications terminals available today (approximately $2000

USD for a VSAT terminal).

[0051] Referring to Figure 8, another embodiment of the invention implements a payload
interface to facilitate payload communication with various onboard systems 800. According to

one embodiment, an interface device 812 is connected to a portion of the regenerative payload
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806, such as the regenerative platform 806 that encompasses the demodulation matrix 308,
onboard processor 816, and modulator 826. This payload interface (“PLI”) 812 may also be
used to connect different applications 804, 809, 810, 814 to the payload 806 to facilitate the
transfer of otherwise incompatible data types to and from the payload 806. For example, the
PLI could be used to add and connect an interference measurement and analyzer 804, various
onboard communication equipment 809, or sensor systems 810 to the payload 806.
Additionally, the PLI 812 could, as a general interface, easily be adapted for other equipment
814 that may need to be connected to the satellite payload 806. This would facilitate an
interconnection between the satellite and other onboard equipment information 814 to be
transferred through the PLI 812 to the payload 806 and ultimately down to a ground receiving

station.

[0052] An embodiment of the interference measurement and analyzer 804 function is illustrated
in Figure 9. If an interference situation occurs, the satellite system will detect and eliminate the
interference using the implemented interference elimination system 900. This system 900
involves several possible actions to avoid and eliminate the interference. After the uplink signal
902 is received by the receiver 904, the signal is demodulated 908 to retrieve uplink parametric
measurements 910 that are transmitted via the PLI 912 to an onboard computer 914. After
demodulation 908, an onboard processor 916 extracts user terminal (not shown) information
918 by tracking the frequency and timing of the interference and similarly transmits the
information via the PLI 912 to an onboard computer 914, which may be part of an overall space
hardened computer platform 932. Using the uplink parametric measurements 910, the onboard
computer 914 uses the signal bandwidth and the signal to noise ratio (Ey/N,) 920 (which may be
converted to a carrier-to-noise ratio, C/N) to determine whether there is adjacent satellite
interference. The originating user terminal identification 922 is retrieved by the onboard
computer 914 and packaged with an interference status 924. The resulting interference status
report 936 is then transmitted back to the onboard processor 916 component of the regenerative
platform 906 that encompasses the demodulation matrix 908, onboard processor 916, and

modulator 926, via an output interface 934.

[0053] According to one embodiment of the invention, after the received signal is remodulated
926 and transmitted 928 via a downlink signal 930 to a target terminal (not shown), the
interference status and originating user terminal identification 924 is also sent through a

downlink signal 930 to a satellite control center regardless of whether or not interference is
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detected. In another embodiment, the interference status and originating user terminal

identification 924 is only sent to a satellite control center if interference is detected.

[0054] If the network control center receives notice of an interfering originating terminal, the
satellite control center may remedy the interference by performing one or more of the following
actions: shutting down the interfering terminal(s); changing transmission parameters; changing
the beam coverage on ground; changing the frequency of the affected traffic; or moving the

satellite to a new orbital position.

(0055] Overall implementation of an embodiment of a method according to the present
invention illustrated in Figure 10. First, parameters of the system, including user terminals
with small antennas, high link availability, high data rates, and low cost components, are
established 1000. As explained above, only the Ku-band 1002 frequencies are selected for an
embodiment of the invention because using the C-band 1004 would require large antennas
1006, X-band 1008 does not have low cost components 1010, and Ka-band 1012 has low link
availability 1014. If there is adjacent satellite interference 1016, a particﬁlar frequency band
range within the Ku-band, such as 12.75-13.25 GHz, with less adjacent satellites is used for the
uplink signal 1026. After operations have started 1018, the system continues to monitor for
satellite interference 1020, and if detected, the interference elimination system 900, 1022

remedies the interference per the method detailed above. Otherwise, operations continue 1024.

10056] Other objects, advantages and embodiments of the various aspects of the present
invention will be apparent to those who are skilled in the field of the invention and are within
the scope of the description and the accompanying figures. For example, but without limitation,
structural or functional elements might be rearranged, or method steps reordered, consistent
with the present invention. Similarly, processors or databases may comprise a single instance
or a plurality of devices coupled by network, databus or other information path. Similarly,
principles according to the present invention, and systems and methods that embody them,
could be applied to other examples, which, even if not specifically described here in detail,

would nevertheless be within the scope of the present invention.
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What 1s claimed 1s:

1. A satellite communications system for mobile terminals, the system comprising:
a satellite configured to receive an uplink signal from one or more mobile user terminals and

to transmit a downlink signal to one or more mobile target terminals in a satellite

communications network, wherein:

the one or more mobile user or target terminals comprise a small antenna having an
aperture area with a diameter of less than 50 ¢cm, and
wherein the satellite comprises:

a regenerative payload,

a demodulator for demodulating the uplink signal received by the satellite,

an onboard computer, and
a payload interface,
wherein the payload interface is coupled to the regenerative payload, the onboard

computer and an onboard interference elimination system to enable an onboard
interference analysis of the uplink signal after it has been demodulated, and

wherein the system is optimized for a link margin of 5 dB or less.
2. The system according to claim 1, wherein the system operates on Ku-band frequencies.

3. The system according to claim 2, wherein the Ku-band frequencies are shared by satellite

communication and terrestrial microwave links.

4. The system according to claim 2, wherein the Ku-band frequencies are substantially in the range

from 12.75 to 13.25 GHz for the uplink signal.

5. The system according to claim 2, wherein the Ku-band frequencies are substantially in the range

from 10.7 to 10.95, from 11.2 to 11.45 GHz, or both, for the downlink signal.

6. The system according to claim 1, wherein microwave components are utilized by the user

terminal.

7. The system according to claim 1, wherein microwave components are utilized by the target

terminal.
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8. The system according to claim 1, wherein the one or more mobile user terminals are configured

for mobile communications.

9. The system according to claim 1, wherein the target terminal 1s configured tfor mobile

communications.

10. The system according to claim 1, wherein the one or more mobile user terminals are contigured

for on-the-move communications.

11. The system according to claim 1, wherein the target terminal is configured for on-the-move

communications.

12. The system according to claim 1, wherein data throughput of the uplink signal and the downlink

signal 1s greater than required to permit voice communications.

13. The system according to claim 1, wherein data throughput of the uplink signal and the downlink

signal 1s between 0.5 to 8.0 Mbps.

14. The system according to claim 1, wherein the satellite occupies one of the groups consisting of

(1) a geostationary orbit, and (i1) a geosynchronous orbit.

15. The system according to claim 1, wherein the satellite further comprises steerable transmit and

receive spot beams.

16. The system according to claim 1, wherein the satellite further comprises high sensitivity receive

beams.

17. The system according to claim 1, wherein one or more mobile user terminals implements a pay

to use billing method.

18. The system according to claim 17, wherein the pay to use billing method is a method

implemented by a fixed satellite service.

19. The system according to claim 1, wherein the regenerative payload 1s configured to use open

standard waveforms.
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20. The system according to claim 19, wherein the satellite further comprises an onboard mobile

phone base station.

21. The system according to claim 20, wherein the onboard mobile phone base station 1s coupled to

the regenerative payload.

22. The system according to claim 1, wherein the regenerative payload comprises a mobile phone

base station.

23. The system according to claim 1, wherein the payload interface is coupled to at least one of the
group consisting of (1) onboard communication equipment, (i1) sensor systems, and (111) other

satellite equipment.

24. The system according to claim 1, wherein the interference elimination system is configured to

detect adjacent satellite interference and generate an interference status.

25. The system according to claim 24, wherein the interference elimination system 1s configured to

transmit the interference status to a satellite control center.

26. The system according to claim 24, wherein the interference elimination system 1s configured to
transmit the interference status to a satellite control center only 1f the interference status indicates

the uplink signal 1s potentially interfering with adjacent satellites.

27. The system according to claim 24, wherein the interference elimination system performs at least
one of the group consisting of (1) shutting down the one or more mobile user terminals, (11)
changing transmission parameters, (ii1) changing beam coverage, (iv) changing frequency of
affected signal tratfic, and (v) moving the satellite to another orbital position, when the interference

status indicates the uplink signal is interfering with adjacent satellites.

28. A method of implementing a satellite communications system for mobile terminals, comprising

the steps of:
providing a satellite configured to receive an uplink signal from one or more mobile user

terminals and to transmit a downlink signal to one or more mobile terminals in a

satellite communications network, wherein the one or more mobile terminals
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comprises a small antenna having an aperture area with a diameter of less than about

50 cm,

the satellite comprising: a regenerative payload, a demodulator for demodulating the
uplink signal received by the satellite, an onboard computer, and a payload
interface, wherein the payload interface is coupled to the regenerative
payload, the onboard computer and an onboard interference elimination
system to enable an onboard interference analysis of the uplink signal after 1t

has been demodulated; and
activating the one or more mobile user terminals to send the uplink signal to the satellite, or
activating the target terminal to receive the downlink signal from the satellite;

wherein the satellite communications system 1s optimized for a link margin of 5 dB or less.

29. The method according to claim 28, wherein the system is configured to operate on Ku-band

frequencies.

30. The method according to claim 29, wherein the Ku-band frequencies are substantially in the

range from 12.75 to 13.25 GHz for the uplink signal.

31. The system according to claim 29, wherein the Ku-band frequencies are shared by satellite

communication and terrestrial microwave links.

32. The method according to claim 29, wherein the Ku-band frequencies are substantially in the

range from 10.7 to 10.95, from 11.2 to 11.45 GHz, or both, for the downlink signal.

33. The method according to claim 28, wherein microwave components are utilized by the one or

more mobile user terminals.

34. The method according to claim 28, wherein microwave components are utilized by the one or

more mobile target terminals.

35. The method according to claim 28, further comprising the step of configuring the one or more

mobile user terminals for mobile communications.
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36. The method according to claim 28, further comprising the step of configuring the one or more

mobile target terminals for mobile communications.

37. The method according to claim 28, further comprising the step of configuring the one or more

mobile user terminals for on-the-move communications.

38. The method according to claim 28, further comprising the step of configuring the one or more

mobile target terminals for on-the-move communications.

39. The method according to claim 28, further comprising the step of configuring data throughput
of the uplink signal and the downlink signal to be greater than that required to permit voice

communications.

40. The method according to claim 28, further comprising the step of configuring data throughput
of the uplink signal and the downlink signal to be between 0.5 to 8.0 Mbps.

41. The method according to claim 28, wherein the satellite further comprises steerable transmit and

recelve spot beams.

42. The method according to claim 28, wherein the satellite further comprises high sensitivity

receive beams.

43. The method according to claim 28, wherein the one or more mobile user terminals implements a

pay to use billing method.

44. The method according to claim 43, wherein the pay to use billing method 1s a method

implemented by a fixed satellite service.

45. The method according to claim 28, further comprising the step ot configuring the regenerative

payload to use open standard waveforms.

46. The method according to claim 45, further comprising installing an onboard mobile phone base

station on the satellite.

47. The method according to claim 46, further comprising the step of coupling the onboard mobile

phone base station to the regenerative payload.
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48. The method according to claim 28, wherein the regenerative payload comprises a mobile phone

base station.

49. The method according to claim 28, further comprising coupling the payload interface to at least
one of the group consisting of (1) onboard communication equipment, (11) a sensor system, and (111)

other satellite equipment.

50. The method according to claim 28, wherein the interference elimination system is configured to

detect adjacent satellite interference and generate an interference status.

51. The method according to claim 50, wherein the interference elimination system 1s configured to

transmit the interference status to a satellite control center.

52. The method according to claim 50, wherein the interference elimination system is configured to

transmit the interference status to a satellite control center only if the interference status indicates

the uplink signal 1s potentially interfering with adjacent satellites.

53. The method according to claim 50, further comprising the step of configuring the interference
climination system to perform at least one of the group consisting of: (1) shutting down the one or
more mobile user terminals, (11) changing transmission parameters, (i11) changing beam coverage,
(1v) changing frequency of affected signal traffic, and (v) moving the satellite to another orbital
position, when the interference status indicates the uplink signal 1s interfering with adjacent

satellites.

54. The method according to claim 28, wherein the step of providing a satellite comprises launching

the satellite into orbit.

55. The method according to claim 54, wherein the satellite is launched into one of the groups

consisting of (1) a geostationary orbit, and (11) a geosynchronous orbit.

56. A method of operating a satellite communications system for mobile terminals, wherein the
satellite communications system comprises:
a mobile user terminal comprising a small antenna having an aperture area with a diameter

of less than about 50 ¢cm, and
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one or more satellites having a regenerative payload, a demodulator for demodulating an
uplink signal sent by the mobile user terminal and received by the satellite, an
onboard computer and a payload interface,
wherein the payload interface is coupled to the regenerative payload, the onboard

5 computer and an onboard interference elimination system to enable an onboard

interference analysis of the uplink signal after it has been demodulated, and the
satellite communications system 1s optimized for a link margin of 5 dB or less,

the method comprising the steps of:
adjusting the satellite communications system from a first frequency band to a

10 second frequency band that is less populated than the first frequency band;

monitoring for interference towards adjacent satellites from the uplink signal; and
remedying the interference when the interference to the adjacent satellites from the

uplink signal 1s detected.
57. The method according to claim 56, wherein the monitoring is continuously preformed.

15 58. The method according to claim 56, wherein the interference is remedied by means of at least
one of the group consisting of (1) shutting down the mobile user terminal, (i1) changing transmission
parameters, (111) changing beam coverage, (1v) changing frequency of affected signal traffic, and (v)

moving the satellite to another orbital position.

59. The method according to claim 56, further comprising the step of transmitting interference

20 1nformation to a control center.

60. The method according to claim 56, further comprising the step of transmitting interference
information to a control center only if interference to adjacent satellites from the uplink signal is at

least one of (1) indicated and (11) detected.
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