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MULTI-ANTENNA SATELLITE SYSTEM WITH WIRELESS

INTERFACE TO VEHICLE

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application is a non-provisional, and claims the benefit of the following

commonly assigned U.S. Provisional Patent Applications, which are all incorporated by

references for all purposes:

U.S. Provisional Patent Application No. 60/884,143, filed 01/09/07 entitled
“MIMO Satellite Subscriber Terminal” (Attorney Docket No. 017018-011600US;
Client Reference No. VS-0215);

U.S. Provisional Patent Application No. 60/884,134, filed 01/09/07 entitled
“Dynamic Switching Between Antennas” (Attorney Docket No. 017018-
011700US; Client Reference No. VS-0216);

U.S. Provisional Patent Application No. 60/884,146, filed 01/09/07 entitled
“Antenna Configuration for Wireless Multipath Signal Reception of Satellite
Signals” (Attorney Docket No. 017018-011800US; Client Reference No. VS-
0217);

U.S. Provisional Patent Application No. 60/884,142, filed 01/09/07 entitled
“MIMO Antenna with Gain on Horizon for Satellite Communications” (Attorney
Docket No. 017018-011900US; Client Reference No. VS-0218);

U.S. Provisional Patent Application No. 60/ 884,153, filed 01/09/07 entitled
“Satellite Terrestrial Hybrid with Additional Content on Terrestrial” (Attorney
Docket No. 017018-012000US; Client Reference No. VS-0219);

U.S. Provisional Patent Application No. 60/884,190, filed 01/09/07 entitled “Use
of Different Coding and Modulation for Satellite MIMO” (Attorney Docket No.
017018-012100US; Client Reference No. VS-0220);

U.S. Provisional Patent Application No. 60/884,181, filed 01/09/07 entitled
“Satellite Terrestrial Hybrid Using Same Frequency and MIMO” (Attorney
Docket No. 017018-012200US; Client Reference No. VS-0221);

U.S. Provisional Patent Application No. 60/884,180, filed 01/09/07 entitled “Two
Satellites on Same Frequency to MIMO Subscriber Terminals” (Attorney Docket
No. 017018-012300US; Client Reference No. VS-0222);
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e U.S. Provisional Patent Application No. 60/884,150, filed 01/09/07 entitled
“Coordinated Multiple Antenna Array for MIMO Communication with Satellite
and Terrestrial Signals” (Attorney Docket No. 017018-012400US; Client
Reference No. VS-0223);

e U.S. Provisional Patent Application No. 60/884,152, filed 01/09/07 entitled
“Multi-Antenna System with Wireless Interface to Vehicle” (Attorney Docket No.
017018-012500US; Client Reference No. VS-0224);

e U.S. Provisional Patent Application No. 60/884,139, filed 01/09/07 entitled
“Dynamic Switching between Different Sets of Antennas and Associated
Subscriber Terminals” (Attorney Docket No. 017018-012600US; Client
Reference No. VS-0225);

e U.S. Provisional Patent Application No. 60/884,147, filed 01/09/07 entitled “Base
Station Reduction in Mobile Satellite Systems” (Attorney Docket No. 017018-
012700US; Client Reference No. VS-0226);

e U.S. Provisional Patent Application No. 60/884,182, filed 01/09/07 entitled
“Delay Tolerant MIMO Using Rolling Pilots” (Attorney Docket No. 017018-
012900US; Client Reference No. VS-0227);

e U.S. Provisional Patent Application No. 60/884,130, filed 01/09/07 entitled
“Directional Analog Beam Forming” (Attorney Docket No. 017018-013100US;
Client Reference No. VS-0231);

e U.S. Provisional Patent Application No. 60/884,188, filed 01/09/07 entitled
“Switch Transceiver Between One MIMO or n Independent SISO” (Attorney
Docket No. 017018-013200US; Client Reference No. VS-0232);

e U.S. Provisional Patent Application No. 60/884,140, filed 01/09/07 entitled
“MIMO Antenna with Polarization Diversity for Satellite Communications”
(Attorney Docket No. 017018-013300US; Client Reference No. VS-0233);

e U.S. Provisional Patent Application No. 60/884,137, filed 01/09/07 entitled
“Scalable Satellite Deployment” (Attorney Docket No. 017018-013400US; Client
Reference No. VS-0234);

e U.S. Provisional Patent Application No. 60/884,156, filed 01/09/07 entitled
“Signal Processing for Diverse Antenna Elements” (Attorney Docket No. 017018-
013500US; Client Reference No. VS-0235);
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e U.S. Provisional Patent Application No. 60/884,136, filed 01/09/07 entitled
“Signal Scanning for Determination of Dynamic Switching Between Antennas”
(Attorney Docket No. 017018-013600US; Client Reference No. VS-0236);

e U.S. Provisional Patent Application No. 60/884,138, filed 01/09/07 entitled “State
Based Dynamic Switching Between Antennas” (Attorney Docket No. 017018-
013700US; Client Reference No. VS-0237);

e U.S. Provisional Patent Application No. 60/884,120, filed 01/09/07 entitled
“Layered Space-Time Processing” (Attorney Docket No. 017018-013800US;
Client Reference No. VS-0229);

e U.S. Provisional Patent Application No. 60/884,210, filed 01/09/07 entitled
“MIMO Mobile Satellite System” (Attorney Docket No. 017018-013900US;
Client Reference No. VS-0238); and

e U.S. Provisional Patent Application No. 60/956,113, filed 08/15/07 entitled
“Satellite MIMO System” (Attorney Docket No. 017018-013910US; Client
Reference No. VS-0238-2).

[0002] This disclosure relates without limitation in general to satellite communication and

to satellite communication with wireless devices within a vehicle among other things.

BACKGROUND
[0003] Wireless communication devices have become ubiquitous. Consumer and business
communication devices, such as cell phones, computers, personal digital assistants (PDAs),
smart phones, etc are configured with wireless connectivity. These data networks may
include cellular networks, high speed data networks, Wi-Fi networks, or WiMax networks,
for example. However, these devices must be used within the wireless network coverage area
and/or within a given distance from a wireless network access point such as a cell tower or a
wireless router. Outside the coverage area, these devices do not provide wireless network

connectivity.

BRIEF SUMMARY
[0004] Embodiments of the invention include various wireless satellite communication
devices and methods. A wireless satellite communication device according to one
embodiment of the invention includes at least one satellite antenna and at least one local

antenna. This wireless satellite communication device provides network connectivity for one
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or more or local wireless devices through a satellite. Using the satellite antenna the wireless
satellite communication device communicates with a gateway through at least one satellite

and communicates with one or more local wireless devices with the local antenna.

[0005] For example, the wireless satellite communication device may provide wireless
connectivity between a laptop used within an automobile and a gateway through a satellite.
The gateway may be coupled with the Internet. The wireless satellite communication device
may communicate with the laptop using Wi-Fi and with the satellite with any type of satellite
communication protocol. Accordingly, the wireless satellite communication device may
include at least one satellite antenna and a local Wi-Fi antenna. As another example, a
wireless satellite communication device acts as a wireless satellite access point for wireless

communication devices within the vicinity.

[0006] In one embodiment, the present disclosure provides for a multiple antenna vehicular
communications interface. Multiple antennas in communication with a satellite and/or
terrestrial antenna may be coupled with a local antenna wirelessly in communication with the

vehicle, vehicle systems, and/or wireless communications devices within or near the vehicle.

[0007] According to another embodiment of the invention, a wireless satellite
communication device is provided that may include one or more satellite antennas, one or
more local antennas and circuitry. The satellite antenna may be configured to communicate
with one or more satellites and/or terrestrial receivers. The local antenna may be configured
to communicate with one or more wireless communication devices within the vicinity of the
wireless satellite communication device. The circuitry may couple the satellite antenna with
the local antenna and may be configured to receive data from the satellite antenna and
transmit the data with the local antenna. The wireless satellite communication device may
also include a battery configured to provide power to at least the satellite antenna, the local
antenna, and the circuitry. The battery may be a rechargeable battery. The wireless satellite
communication device may also include a solar panel configured to provide electrical power

to at least the satellite antenna, the local antenna, and/or the circuitry.

[0008] The circuitry included with the wireless satellite communication device may be
configured to receive data from a satellite through the satellite antenna with a first channel
access protocol and transmit the data with the local antenna with a second channel access
protocol. The circuitry may also be configured to receive data from the local antenna and

transmit the data to a satellite through the satellite antenna. The circuitry may also be
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configured to receive data from the local antenna with a second channel access protocol and
transmit the data to a satellite through the satellite antenna with a first channel access

protocol.

[0009] In various embodiments, the local antenna of the wireless satellite communication
device may be configured to communicate with the one or more wireless user devices using
an IEEE 802.11 standard. The wireless satellite communication device may be coupled with
the exterior of a vehicle, for example, using one or more magnets. The local antenna may be

coupled with the exterior and/or the interior of the vehicle.

[0010] A wireless satellite communication device comprising one or more satellite
antennas, a local antenna, circuitry and at least one solar panel is provided according to one
embodiment of the invention. The one or more satellite antennas may be configured to
communicate with one or more satellites. The local antenna may be configured to
communicate with one or more wireless communication devices within the vicinity of the
wireless satellite communication device. The circuitry may be coupled with the satellite
antenna and the local antenna. The circuitry may be configured to receive data from the
satellite antenna and transmit the data to the wireless communication devices with the local
antenna. The solar panel may be configured to convert solar radiation to electric power and
the solar panel may be coupled with the satellite antenna, the local antenna, and the circuitry.
The wireless satellite communication device may also include a battery configured to store
electrical power from the solar panel that is coupled with the satellite antenna, the local

antenna, and the circuitry.

[0011] A wireless satellite communication device coupled with a vehicle is also disclosed
according to one embodiment of the invention. The wireless satellite communication device
may include a vehicle including an exterior and an interior, a satellite antenna, a local
antenna, and circuitry. The satellite antenna may be coupled with the exterior of the vehicle
and configured to communicate with a satellite. The local antenna may be configured to
communicate with one or more wireless communication devices within the vehicle. The
circuitry may be coupled with the satellite antenna and the local antenna. The circuitry may
be configured to receive data from the satellite antenna and transmit the data to the wireless
communication devices with the local antenna. The local antenna may be coupled with the

interior and/or the exterior of the vehicle.
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[0012] A method for providing wireless satellite communication with wireless devices
within a vehicle is also provided according to one embodiment of the invention. The method
may include receiving data from one or more satellites through one or more satellite antennas
coupled with the vehicle and transmitting the data to one or more wireless communication
devices within or near the vehicle through at least one access point coupled with the vehicle.
The method may further include receiving data from one or more wireless communication
devices through an access point; and transmitting the data to one or more satellites through

one or more satellite antennas.

[0013] Further areas of applicability of the present disclosure will become apparent from
the detailed description provided hereinafter. It should be understood that the detailed
description and specific examples, while indicating various embodiments, are intended for

purposes of illustration only and do not limit the scope of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] FIG. 1A shows a couple of wireless satellite communication devices in
communication with a gateway through a satellite according to one embodiment of the

invention.

[0015] FIG. 1B shows a couple of wireless satellite communication devices in
communication with a gateway utilizing two satellite dishes through two satellites according

to one embodiment of the invention.

[0016] FIG. 1C shows a wireless satellite communication device in communication with a
gateway through a satellite and/or one or more terrestrial repeaters according to one

embodiment of the invention.

[0017] FIG. 1D shows a wireless satellite communication device in communication with a
gateway through a satellite and/or one or more terrestrial repeaters according to one

embodiment of the invention.

[0018] FIGs. 2A and 2B each show a multiple-input multiple-output (MIMO) transmitter

and receiver according to embodiments of the invention.

[0019] FIG. 3 shows a wireless satellite communication device coupled with a car in
communication with a gateway through a satellite and/or terrestrial repeater according to one

embodiment of the invention.
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[0020] FIG. 4A shows a wireless satellite communication device with a single satellite and
a local antenna coupled with a vehicle in communication with a single satellite according to

one embodiment of the invention.

[0021] FIG. 4B shows a wireless satellite communication device with two satellite antennas
in communication with two satellites and a local antenna coupled with a vehicle according to

one embodiment of the invention.

[0022] FIG. 5 shows a vehicle with a wireless satellite communication device including a
satellite antenna coupled with the exterior of the vehicle and a local antenna coupled with the

interior of the vehicle according to one embodiment of the invention.

[0023] FIG. 6A shows a vehicle with a wireless satellite communication device including a
satellite antenna coupled with the exterior of the vehicle, a local antenna coupled with the

interior of the vehicle, and a solar panel according to one embodiment of the invention.

[0024] FIG. 6B shows a close up of the wireless satellite communication device shown in

FIG. 6A.

[0025] FIG. 7 shows a wireless satellite communication device including a satellite antenna
coupled with the exterior of the vehicle and a local antenna coupled with the interior of the

vehicle according to one embodiment of the invention.

[0026] FIG. 8A shows a vehicle with a wireless satellite communication device including a
satellite antenna coupled with the exterior of the vehicle, a local antenna coupled with the

exterior of the vehicle, and a solar panel according to one embodiment of the invention.

[0027] FIG. 8B shows a close up of the wireless satellite communication device shown in

FIG. 8A.

[0028] FIG. 9 shows a block diagram of a wireless satellite communication device

according to one embodiment of the invention.

[0029] FIG. 10 shows another block diagram of a wireless satellite communication device

according to one embodiment of the invention.

[0030] FIG. 11 shows a vehicle with a wireless satellite communication device including a
satellite antenna coupled with the exterior of the vehicle, a local antenna coupled with the

exterior of the vehicle, and a battery according to one embodiment of the invention.
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[0031] FIG. 12A shows a wireless satellite communication device with solar panels

covering the surface of the device according to one embodiment of the invention.

[0032] FIG. 12B shows another wireless satellite communication device with solar panels

covering the surface of the device according to one embodiment of the invention.

[0033] FIG. 13 shows a block diagram of data flow between the Internet and a wireless
communication device using a wireless satellite communication device according to one

embodiment of the invention.

[0034] In the appended figures, similar components and/or features may have the same
reference label. Further, various components of the same type may be distinguished by
following the reference label by a dash and a second label that distinguishes among the
similar components. If only the first reference label is used in the specification, the
description is applicable to any one of the similar components having the same first reference

label irrespective of the second reference label.

DETAILED DESCRIPTION
[0035] The ensuing description provides preferred exemplary embodiment(s) only, and is
not intended to limit the scope, applicability or configuration of the disclosure. Rather, the
ensuing description of the preferred exemplary embodiment(s) will provide those skilled in
the art with an enabling description for implementing a preferred exemplary embodiment. It
being understood that various changes may be made in the function and arrangement of

elements without departing from the spirit and scope as set forth in the appended claims.

[0036] A wireless satellite communication device is disclosed according to one
embodiment of the invention that provides wirelessly satellite network connectivity. The
wireless satellite communication device may connect one or more wireless user devices with
a satellite network. The wireless satellite communication device may include one or more
local antennas configured to communicate with wireless user devices within the vicinity of
the wireless satellite communication device. The wireless satellite communication device
may also include a satellite antenna configured to communicate with a gateway through a
satellite. The satellite antenna may provide network access through the gateway. For
example, a wireless user device may connect to the Internet through the wireless satellite

communication device.
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[0037] According to one embodiment of the invention wireless user devices may connect
with a wireless satellite communication device within a vehicle. In such embodiments the
local antenna may be a vehicle antenna. The vehicle antenna may be coupled with either the
interior or the exterior of the vehicle. Thus, passengers within the vehicle may access
network resources through the wireless satellite communication device. The vehicle may

include an automobile, train, airplane, a boat or the like.

[0038] In another embodiment of the invention the wireless satellite communication device

may be a portable wireless satellite communication device that is not coupled with a vehicle.

[0039] Moreover, embodiments of the invention may also provide for a multiple input
multiple output (MIMO) satellite system. Referring to FIG. 1A, an embodiment of a MIMO
satellite system 100-1 is shown. Multiple antennas 127 coupled with each wireless satellite
communication device 130 allow MIMO techniques to be used. MIMO systems can operate
with both spatial multiplexing and diversity benefits. In this embodiment, a gateway 115 is
coupled with a network 120, for example, the Internet. The gateway 115 uses a satellite dish
110 to bi-directionally communicate with a satellite 105 on a feeder link. An upstream
forward link 135 communicates information from the gateway 115 to the satellite 105, and a
downstream return link 140 communicates information from the satellite 105 to the gateway

115. Although not shown, there may be a number of gateways 115 in the system 100.

[0040] The satellite 105 could perform switching or be a bent-pipe. Information bi-
directionally passes through the satellite 105. The satellite 105 could use antennas or phased
arrays when communicating. The communication could be focused into spot beams or more
broadly cover a bigger geographical area, for example, the entire continental US (CONUS).
Satellites 105 have trouble reaching wireless satellite communication devices 130 through
foliage or other obstructions. At certain frequencies, even weather and other atmospheric

disturbances can cause a satellite signal to fade.

[0041] The wireless satellite communication devices 130 in this embodiment are bi-
directionally coupled to the satellite 105 to provide connectivity with the network 120. Each
wireless satellite communication device 130 can receive information with a shared forward
downlink 150 from the satellite 105, and transmit information is sent on a number of return
uplinks 145. Each wireless satellite communication device 130 can initiate an return uplink

145 to send information upstream to the satellite 105 and ultimately the gateway 115.
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[0042] This embodiment has multiple antennas on the wireless satellite communication
device 130. The wireless satellite communication device 130 can be in a fixed location or
can be mobile. In this embodiment, the wireless satellite communication device 130 interacts
with a single transceiver in the satellite 105. Other embodiments could allow the wireless
satellite communication device 130 to interact with multiple transceivers that may be
orbitally located or non-orbitable (e.g., air, ground or sea based). Some embodiments of the

wireless satellite communication device 130 allow switching between these modes.

[0043] The physical layer between the satellite and the wireless satellite communication
device operates in single-input multiple-output (SIMO) for the downlink and multiple-input
single-output (MISO) for the uplink. MISO and SIMO are two degenerated cases of MIMO,
where MISO has a single transmitter and SIMO has a single receiver. Generally, MIMO
involves multiple transmit and/or receive engines coupled to respective antennas. In various
embodiments, the antennas are configured to have independent fading with a spacing distance
of 4, %2 or a full wavelength. The system 100 includes at least one of spatial multiplexing,
transmit diversity methods (e.g., space-time coding, code reuse multiple access, etc.), and/or
beamforming technologies. Various embodiments can use any number or permutation of

these features in implementing the system 100.

[0044] Generally, transmission diversity sends some or all of the same information on two
distinguishable channels. Physical separation, angular diversity, code division, frequency
division, time division, or other techniques can be used to distinguish the channels and
increase the gain. Spatial multiplexing generally allows greater throughput by sending
partially or fully unique data down a number of channels in parallel. There is an interplay
between increases in gain from use of diversity and increases in throughput using spatial
multiplexing. For example, diversity can be emphasized to achieve increases in gain at the

expense of throughput.

[0045] Referring next to FIG. 1B, another embodiment of a satellite system 100-2 is
shown. This embodiment has two satellites 105 that act cooperatively as multiple
transmitters and receivers in a MIMO configuration. The satellites 105 are geographically
separated by orbit or orbital slot, but other techniques can be used to further achieve
diversity. Low earth orbit (LEO), geostationary or elliptical orbits may be variously used by
the satellites 105.

10
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[0046] With reference to FIG. 1C, yet another embodiment of the satellite system 100-3 is
shown. This embodiment uses a number of terrestrial repeaters (or regional repeaters) 165.
The terrestrial repeaters 165 are distributed around to allow enhanced coverage. At any given
moment, a subscriber may be able to communicate with a few terrestrial repeaters 165 and/or
the satellite 105. A service link between the terrestrial repeater antenna 125 and the satellite
105 allow relaying activity on a terrestrial link(s) 154. Some type of diversity is used to
distinguish the satellite signal(s) from the repeater signal(s).

[0047] The wireless satellite communication device 130 achieves MIMO benefits by using
both satellite(s) and terrestrial repeater(s). The terrestrial repeater 165 can be located
anywhere sub-orbital (e.g., a balloon, an aircraft, ground-based, on buildings, ship-mounted,
on a High Altitude Platform (HAP), etc.). This embodiment shows the terrestrial repeater
having a multiple terrestrial antenna 123, but other embodiments could have a single
terrestrial antenna 123 for each terrestrial repeater 165. Even though this embodiment only

shows a single satellite 105, other embodiments could have multiple satellites 105.

[0048] Referring to FIG. 1D, still another embodiment of the satellite system 100-4 is
shown. This embodiment uses terrestrial repeaters that can use either a service link 145-1,
150 or a network connection to relay communication of the terrestrial link 154, Each
terrestrial repeater 165 in this embodiment uses a single transceiver and antenna 123 for
terrestrial communication. An algorithm can divide traffic between the service link and

network link when both are available.

[0049] Turning to FIG. 2A, a system 200 is shown which illustrates a variety of alternative
communication schemes that may be leveraged in the system 100 set forth related to FIG. 1.
The system includes a set of transmitters 204 and a receiver (€.g., a user terminal of FIG. 1).
The system includes two diverse (e.g., spatial, angular, or polarization diversity) antennas
(215-a and 215-b) for the transmitters. In one embodiment, one antenna (e.g., 215-a) ison a
satellite (e.g., 105-a) and the other antenna (e.g., 215-b) is at a base station 110. In one
embodiment, one antenna (e.g., 215-a) is on a first satellite (e.g., 105-a) and the other antenna
(e.g., 215-b) is at a second satellite (e.g., 105-b). The antennas (215) may, in other

embodiments, be one the same satellite.

[0050] Each antenna (215, 225) may be made up of one or more individual antenna
elements. Each antenna may be a fixed or phased array of, for example, monopoles or

reflectors, or any other type or configuration know in the art. A variety of types of beam

11
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forming may be used by adaptively controlling the processing of patterns, orientations, and

polarizations to improve performance, as discussed below or known in the art.

[0051] In one embodiment, the transmitters 250 process two separate data streams at the
DSPs 205, and then perform a D/A conversion , upconvert, and amplify each stream using RF
transmit components 210 to create the separate signals. Each signal 220 is transmitted at the
same time using each respective antenna (215-a and 215-b). At the user terminal 208 diverse
(e.g., spatial, angular, or polarization diversity) antennas (225-a and 225-b) each receive a
copy of each signal, and process the signals. RF receive components 230 amplify,

downconvert, and perform A/D conversion, and DSPs 235 process each digitized signals.

[0052] In one embodiment, various techniques are used (e.g., by the systems 100, 200 of
FIGs. 1 or 2) to process data streams. In one embodiment, diversity techniques (e.g.,
selection combining, equal gain combining, maximal ration combining (MRC), certain space-
time codes, or hybrid methods) are used. In another embodiment, spatial multiplexing
techniques may be used to process independent data streams. In other embodiments, spatial
multiplexing techniques may be used in combination with diversity techniques and/or space-
time codes. A variety of techniques may be used, including various space-time block codes,
space-time trellis codes, super-orthogonal space time trellis codes, differential space-time
modulation, decision feedback equalization combined with zero forcing or minimum mean
square error (MMSE) (e.g., Bell Labs Layered Space-Time (BLAST) architectures), and

combination techniques.

[0053] FIG. 2B shows a system similar to the one shown in FIG. 2A. In this embodiment,
however, the transmitter 204 includes a single DSP 250-B and the user terminal 208 includes
a single DSP 235-B. These single DSPs 250-B, 235-B may provide the joint processing of
the signals received from the radios 230. Thus, these DSPs 250-B, 235-B may provide
MIMO functionality.

[0054] The above descriptions related to FIGs. 2A and 2B are examples only. In other
embodiments, there may be any combination of N transmit antennas and M receive antennas,
where N and M are each greater than or equal to one. Also, although the description above
relates to the downstream signals, the description applies to upstream, transmissions, as well,
e.g., from the user terminal 120 to satellite(s) 105, or satellite 105 and terrestrial 110,

antennas.
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[0055] FIG. 3 shows a multi-antenna satellite system with a local antenna 135 interfaced
with devices within or part of a vehicle 131 according to one embodiment of the invention. A
vehicle 131 in this embodiment includes a wireless satellite communication device 133 in
communication with a satellite 105 and/or terrestrial repeater 123 or both. The wireless
satellite communication device 133 includes two satellite antenna 134-1, 134-2 in
communication with the satellite 105 and terrestrial antenna 123, as well as a local antenna

135. The satellite antennas 134-1, 134-2 may communicate with the two or more satellites

with MIMO.

[0056] The satellite antenna 134-1, 134-2 and the local antenna 135 may be included within
a single unit. The satellite antenna 134-1, 134-2 and the local antenna 135 may be powered

by a single power cable from the vehicle.

[0057] When signals are received at the satellite antennas 134-1, 134-2 the signals may be
translated into a new communications format by a digital signal processor (DSP) and sent to
local antenna 135, according to one embodiment of the invention. The DSP may buffer
portions of the signal, clean the signal, apply MIMO algorithms, and/or other signal
processing to ensure the proper data is sent and received in the proper format to the end

system.

[0058] FIG. 4A shows a multi-antenna wireless satellite communication device with a
wireless interface to a vehicle 131 in communication with one satellite 105 according to one
embodiment of the invention. The wireless satellite communication device may also be in
communication with any combination of repeaters, satellites and/or terrestrial antennas,

and/or one or more terrestrial repeaters or any combination thereof.

[0059] FIG. 4B shows a multi-antenna satellite system with a wireless interface to a
vehicle 131 in communication with two satellites 105-1, 105-2 according to one embodiment
of the invention. The wireless satellite communication device may also be in communication
with any combination of repeaters, satellites and/or terrestrial antennas, and/or one or more

terrestrial repeaters or any combination thereof.

[0060] The local antenna in various embodiments of the invention may wirelessly
communicate with electrical systems such as, for example, an in-car computer, a radio, time-
traffic displays, weather displays, law enforcement and/or health and safety computers or
systems, global positioning systems, telemetry systems, mobile phones, gaming devices,

computers, televisions, smart phones, iPhones®, monitors, weather systems, ezc. The local
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antenna may communicate with any short distance wireless standard such as, for example,
Wireless USB, VOIP, LNA, Wi-Fi, Bluetooth, ZigBee, WLAN, IRDa, etc. Moreover, the

local antenna may simultaneously communicate with multiple devices in multiple standards.

[0061] The wireless satellite communication device 133 may be located on or within the
vehicle 131 or both. In one embodiment, the wireless satellite communication device 133 is
located within the passenger compartment of a vehicle, for example, under a seat or within
the trunk of a car. The wireless satellite communication device may partially be placed on
the exterior of the vehicle 131 with a portion on the interior; for example, the satellite
antennas 134-1, 134-2 may be placed on the exterior of an airplane while the local antenna
135 may be placed within the airplane. The wireless satellite communication device 133 may
be attached to the top, front, sides or rear of the vehicle 131. The wireless satellite
communication device 133 may placed on or near a window. For example, the wireless
satellite communication device 133 may be placed on the roof of a car near the back window.
The local antenna 135 may then be placed on the near the window for better communication
within the vehicle. There are many other combinations that will be apparent to those skilled

in the art upon reading this disclosure.

[0062] In another embodiment of the invention, the satellite antenna 134-1, 134-2 may be
placed on the exterior of the vehicle 131, and the local antenna 135 may be placed within the
vehicle 131. The satellite antennas 134-1, 134-2 may be in communication with the local
antenna with a communication cable. The communication cable may follow the power cable
to the satellite antennas 134-1, 134-2 or may communicate through the power cable. The
satellite antennas 134-1, 134-2 may communicate with the local antenna 135 within the
vehicle 131, using Ethernet standards, USB, IRBA, DSL, EIA, or other communications
standards. Data processing may occur with the satellite antennas 134-1, 134-2, which may

prepare the data for transmission at the local antenna 135.

[0063] A number of variations and modifications of the disclosed embodiments can also be
used. For example, the vehicle described in embodiments of the invention, may be a car,
train, boat, truck, bus, or airplane. Applications may extend to commercial, military or

consumer applications.

[0064] The wireless satellite communication device may act as a satellite wireless access
point. A wireless access point is typically a device that connects wireless communication

devices together to form a wireless network. Some wireless access points are connected with

14



WO 2008/086415 PCT/US2008/050621

a wired network, and can relay data between wireless devices and a wired network.
According to embodiments of the invention, the wireless satellite communication device may
act as a satellite wireless access point insofar as the wireless satellite communication device
relays data between wireless devices and a satellite network. Moreover, the wireless satellite

communication device may perform switching between multiple wireless devices or be a

bent-pipe.

[0065] FIG. 5 shows a automobile with an wireless satellite communication device 505
including a satellite antenna 510 coupled with the exterior of the automobile 500 and a local
antenna 530 coupled with the interior of the automobile 500 according to one embodiment of
the invention. The wireless satellite communication device may be coupled with circuitry
520 including signal processing, logic, memory, etc. located within the trunk of the
automobile. This circuitry 520 may be placed anywhere within or without the vehicle. The
wireless satellite communication device 505, in this embodiment of the invention, is powered
using the automobile’s power supply 525. The local antenna 530 is secured within the

interior of the automobile 500 and a wire couples the local antenna 530 with circuitry 520.

[0066] FIG. 6A shows a automobile 500 with a wireless satellite communication device
505 including a satellite antenna 510 coupled with the exterior of the automobile, a local
antenna 530 coupled with the interior of the vehicle, and a solar panel 605 according to one
embodiment of the invention. The wireless satellite communication device is powered by the
solar panel 605 independent of the automobile’s power supply. The local antenna 530 is
coupled with the base of the wireless satellite communication device 505 and protrudes
through the exterior surface of the automobile into the interior of the automobile. In such an
embodiment, the wireless satellite communication device may provide at least wireless
connectivity for wireless devices within the automobile with the local antenna 530. FIG. 6B
shows a close up of the wireless satellite communication device shown in FIG. 6A. In this
embodiment, the wireless satellite communication device 505 is coupled with the automobile
using magnets 620. Various other connectors may be used that are either removable or

permanent, for example, double stick tape, screws, glue, bolts, etc.

[0067] FIG. 7 shows a wireless satellite communication device 505 including a satellite
antenna 510 coupled with the exterior of the vehicle and a local antenna 530 coupled with the
interior of the vehicle according to one embodiment of the invention. According to this

embodiment of the invention, the wireless satellite communication device is powered
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independent from the automobile power supply. The circuitry 520 or wireless satellite

communication device 505 may include a battery. The battery may be rechargeable.

[0068] FIG. 8A shows a vehicle with a wireless satellite communication device 505
including a satellite antenna 510 coupled with the exterior of the vehicle, a local antenna 805
coupled with the exterior of the vehicle, and a solar panel 605 according to one embodiment
of the invention. The wireless satellite communication device is powered using the solar
panel 605. The wireless satellite communication device may also be detachable from the
automobile. As shown in FIG. 8B the wireless satellite communication device may be
coupled with the exterior of the vehicle using magnets 620 or any other detachable material
and/or device. Accordingly, the wireless satellite communication device may be mobile,
providing wireless access to a network as long as sufficient solar energy is incident on the
solar panel. The wireless satellite communication device may also include a battery that
stores electrical energy received from the solar panel. The battery may then be used to power

the wireless satellite communication device.

[0069] According to this embodiment of the invention, the wireless satellite communication
device is powered independent of the vehicle power supply. As such, a user may remove the
wireless satellite communication device from the vehicle. The wireless satellite

communication device may be used independently from the vehicle.

[0070] The local antenna 805, according to embodiments of the invention, may have a gain
pattern designed to provide increased gain to the vehicle interior and to minimize gain outside
the vehicle. For example, the local antenna may include a patch antenna affixed with the rear
window of the vehicle (or other location). The gain of the patch antenna may provide
increased gain to the interior of the vehicle and decreased gain to the exterior of the vehicle.
The gain pattern may vary from vehicle to vehicle. The gain pattern may be quickly adjusted
when the wireless device is used on a new and/or different vehicle. The local antenna
according to embodiments of the invention may also include a dipole antenna, an adaptive
array antenna, a plurality of antennas, adaptive array antenna(s), a switched beam antenna, a

phased array, a microstrip antenna, etc.

[0071] FIG. 9 shows a block diagram of the wireless satellite communication device 510
shown in FIGs. 8A and 8B according to one embodiment of the invention. The wireless

satellite communication device 510 includes a solar panel 515, a satellite antenna 505 and a
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local antenna 820 as well as magnets 905 for connecting the wireless satellite communication

device with a vehicle.

[0072] FIG. 10 shows another block diagram of a wireless satellite communication device
according to one embodiment of the invention. A signal may be received at a satellite
antenna 1005. The signal may be filtered and passed through a low noise amplifier (LNA) at
blocks 1010 and 1015. The signal may be downconverted at block 1020. The signal may
contain data for multiple users and may require demultiplexing at block 1023. For example,
the signal may apply channel access method to allow multiple users to access the channel and
receive data. For example, data may be channalized using time division multiple access,
frequency division multiple access, spread spectrum multiple access, code division multiple
access, space division multiple access, wavelength division multiple access and/or mutli-

frequency time division multiple access.

[0073] Moreover, data may be packetized within the signal. For example, data may be
packetized using the following packetization techniques: aloha, slotted aloha, multiple access
with collision avoidance, multiple access with collision avoidance for wireless, carrier sense
multiple access, carrier sense multiple access with collision detection, carrier sense multiple
access with collision avoidance, distributed coordination function, point coordination
function, carrier sense multiple access with collision avoidance and resolution using
priorities, token passing, token ring, token bus, polling resource reservation (scheduled)
packet-mode protocols, dynamic time division multiple access, packet reservation multiple

access, and/or reservation aloha.

[0074] Data is routed at the router 1025. For wireless devices connected with the wireless
satellite communication device with the local antenna, the router 1025 may route data with
the local antenna to the connected wireless device. Data intended for other devices are
dropped at the router 1025. The router 1025 as shown is coupled with a controller 1030. The
controller may also be coupled with various other components of the wireless satellite
communication device. Data intended for connected wireless devices is multiplexed
according to the local multiplexing scheme at the multiplexer 1033. For example, if the local
antenna is configured to transmit using Wi-Fi, then the data may be multiplexed according to
the IEEE 802.11 standard. This may include, for example, the combination of single carrier

direct-sequence spread spectrum techniques and/or multi-carrier orthogonal frequency
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division multiplexing. Various other multiple access or multiplexing techniques may be

used.

[0075] The data may be upconverted at block 1035, amplified at an amplifier 1040 and
filtered at block 1045. The data may then be transmitted to various users with the local

antenna.

[0076] While the above description describes the flow of data from a satellite antenna to a
user through a local antenna, data may also be received at the local antenna and transmitted to
a satellite through the satellite antenna. Those skilled in the art will recognize that the system

may send and/or receive data at either and/or both antennas.

[0077] FIG. 11 shows a vehicle with a wireless satellite communication device including a
satellite antenna 510 coupled with the exterior of the vehicle, a local antenna 530 coupled
with the exterior of the vehicle, and a battery 1105 according to one embodiment of the
invention. Accordingly, the wireless satellite communication device is powered independent
of the vehicle power supply. The wireless satellite communication device may be coupled
with the vehicle using magnets or any other secure and/or removable connection technique.
As such, a user may remove the wireless satellite communication device from the vehicle
when the device is not in use and place the wireless satellite communication device on the

vehicle when in use.

[0078] FIGs. 12A and 12B show wireless satellite communication devices with solar
panels 510 covering the surface of the device according to one embodiment of the invention.
As shown in the figures, a wireless satellite communication device may include a satellite
antenna 505 in various shapes and/or sizes as well as a local antenna, such as, for example, a
Wi-Fi antenna. Portions of the body of the wireless satellite communication device may be
covered with solar panels, enabling surfaces of the wireless satellite communication device to
potentially collect and translate solar energy into electrical energy. While the wireless
satellite communication device is shown as box-shaped, the wireless satellite communication
device may be configured in any shape. For example, the wireless satellite communication
device may be aerodynamically shaped, ergonomically shaped and/or artistically shaped. For
example, the wireless satellite communication device may be fin or disc shaped. Moreover,
the wireless satellite communication devices may comprise a portion of a vehicle’s spoiler.
For example, the wireless satellite communication devices may include a solar panel that

covers all or portions of a spoiler on the vehicle.
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[0079] FIG. 13 shows a block diagram of data flow between the Internet 1325 and a
wireless user device 1305 according to one embodiment of the invention. Data may be
transmitted in one or both directions. Data from a wireless user device 1305 may be
transmitted to a wireless satellite communication device 1310, for example, through a
wireless network. The wireless satellite communication device 1310 may communicate the
data with a satellite 1310. The satellite 1310 in turn may then transfer the data to the gateway
1320. The gateway may be coupled with the Internet 1325 and the data is transferred to the
appropriate address on the Internet 1325. The various connections between devices may
require different and/or the same channel access schemes and/or packetization schemes. Data
may be communicated in the opposite direction from the Internet 1325 to the gateway 1320
to the satellite 1315 to the wireless satellite communication device 1310 to the wireless user
device 1305. Bandwidth may be allocated proportionally or disproportionally between the
‘uplink and downlink connections from the satellite. For example, the satellite 1315 may
transmit data to the wireless satellite communication device 1310 with a greater bandwidth

than in the opposite direction.

[0080] Specific details are given in the above description to provide a thorough
understanding of the embodiments. However, it is understood that the embodiments may be
practiced without these specific details. For example, circuits may be shown in block
diagrams in order not to obscure the embodiments in unnecessary detail. In other instances,
well-known circuits, processes, algorithms, structures, and techniques may be shown without

unnecessary detail in order to avoid obscuring the embodiments.

[0081] Implementation of the techniques, blocks, steps and means described above may be
done in various ways. For example, these techniques, blocks, steps and means may be
implemented in hardware, software, or a combination thereof. For a hardware
implementation, the processing units may be implemented within one or more application
specific integrated circuits (ASICs), digital signal processors (DSPs), digital signal
processing devices (DSPDs), programmable logic devices (PLDs), field programmable gate
arrays (FPGAs), processors, controllers, micro-controllers, microprocessors, other electronic

units designed to perform the functions described above, and/or a combination thereof.

[0082] Also, it is noted that the embodiments may be described as a process which is
depicted as a flowchart, a flow diagram, a data flow diagram, a structure diagram, or a block

diagram. Although a flowchart may describe the operations as a sequential process, many of

19



WO 2008/086415 PCT/US2008/050621

the operations can be performed in parallel or concurrently. In addition, the order of the
operations may be rearranged. A process is terminated when its operations are completed,
but could have additional steps not included in the figure. A process may correspond to a
method, a function, a procedure, a subroutine, a subprogram, etc. When a process
corresponds to a function, its termination corresponds to a return of the function to the calling

function or the main function.

[0083] Furthermore, embodiments may be implemented by hardware, software, scripting
languages, firmware, middleware, microcode, hardware description languages, and/or any
combination thereof. When implemented in software, firmware, middleware, scripting
language, and/or microcode, the program code or code segments to perform the necessary
tasks may be stored in a machine readable medium such as a storage medium. A code
segment or machine-executable instruction may represent a procedure, a function, a
subprogram, a program, a routine, a subroutine, a module, a software package, a script, a
class, or any combination of instructions, data structures, and/or program statements. A code
segment may be coupled to another code segment or a hardware circuit by passing and/or
receiving information, data, arguments, parameters, and/or memory contents. Information,
arguments, parameters, data, etc. may be passed, forwarded, or transmitted via any suitable

means including memory sharing, message passing, token passing, network transmission, etc.

[0084] Embodiments of the invention may include a wireless satellite communication
device with at least two satellite antennas communicating with at least two satellites or a
satellite and a non-orbital repeater. In one embodiment, each antenna may communicate with
a single satellite and each using a different frequency. In another embodiment, the antennas
may communicate with both satellites using the same frequency or overlapping frequencies
and/or overlapping in time using MIMO, SIMO or MISO techniques. For example, MIMO
techniques may be similar to those discussed above in relation to FIGs. 2A and 2B. Various

other MIMO techniques may also be used.

[0085] For a firmware and/or software implementation, the methodologies may be
implemented with modules (e.g., procedures, functions, and so on) that perform the functions
described herein. Any machine-readable medium tangibly embodying instructions may be
used in implementing the methodologies described herein. For example, software codes may
be stored in a memory. Memory may be implemented within the processor or external to the

processor. As used herein the term “memory” refers to any type of long term, short term,
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volatile, nonvolatile, or other storage medium and is not to be limited to any particular type of

memory or number of memories, or type of media upon which memory is stored.

[0086] Moreover, as disclosed herein, the term “storage medium” may represent one or
more memories for storing data, including read only memory (ROM), random access memory
(RAM), magnetic RAM, core memory, magnetic disk storage mediums, optical storage
mediums, flash memory devices and/or other machine readable mediums for storing
information. The term “machine-readable medium” includes, but is not limited to portable or
fixed storage devices, optical storage devices, wireless channels, and/or various other storage

mediums capable of storing that contain or carry instruction(s) and/or data.

[0087] In the appended figures, similar components and/or features may have the same
reference label. Further, various components of the same type may be distinguished by
following the reference label by a dash and a second label that distinguishes among the
similar components. If only the first reference label is used in the specification, the
description is applicable to any one of the similar components having the same first reference

label irrespective of the second reference label.

[0088] While the principles of the disclosure have been described above in connection with
specific apparatuses and methods, it is to be clearly understood that this description is made

only by way of example and not as limitation on the scope of the disclosure.
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CLAIMS
WHAT IS CLAIMED IS:

1. A wireless satellite communication device providing a satellite
communication link for wireless devices within a vehicle, comprising:

one or more satellite antennas coupled with the vehicle and configured to
communicate with one or more satellites;

one or more local antennas coupled with the vehicle and configured to
communicate with at least one or more wireless user devices within the vehicle;

circuitry coupled with the satellite antenna and the local antenna, wherein the
circuitry is configured to receive data from the satellite antenna and transmit the data with the
local antenna; and

a battery configured to provide power to at least the satellite antenna, the local

antenna, and the circuitry.

2. The wireless satellite communication device according to claim 1,
wherein the wireless satellite communication device includes at least two antennas in
communication with at least two satellites and the wireless satellite communication device

communicates with the satellites using MIMO techniques.

3. The wireless satellite communication device according to claim 1,
wherein the one or more satellite antennas are configured to communicate with one or more

satellites and one or more non-orbital repeaters.

4, The wireless satellite communication device according to claim 3,
wherein the wireless satellite communication device includes at least two antennas in
communication with at least one satellite and at least one non-orbital repeater, and the
wireless satellite communication device communicates with the satellite and the non-orbital

repeater using MIMO techniques.

5. The wireless satellite communication device according to claim 1,
wherein the circuitry is configured to receive data from a satellite through the satellite
antenna with a first channel access protocol and transmit the data with the local antenna with

a second channel access protocol.
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6. The wireless satellite communication device according to claim 1,
wherein the circuitry is configured to receive data from the local antenna and transmit the

data to a satellite through the satellite antenna.

7. The wireless satellite communication device according to claim 6,
wherein the circuitry is configured to receive data from the local antenna with a second
channel access protocol and transmit the data to a satellite through the satellite antenna with a

first channel access protocol.

8. The wireless satellite communication device according to claim 1,
wherein the local antenna is configured to communicate with one or more wireless user

devices using an IEEE 802.11 standard.

9. The wireless satellite communication device according to claim 1
further comprising at least one attachment member configured to couple the wireless satellite

communication device with the exterior of the vehicle.

10.  The wireless satellite communication device according to claim 9,

wherein the attachment member comprises one or more magnets.

11.  The wireless satellite communication device according to claim 1

>

wherein the local antenna is coupled with the exterior of a vehicle.

12.  The wireless satellite communication device according to claim 1,

wherein the local antenna is coupled with the interior of a vehicle.

13.  The wireless satellite communication device according to claim 1,

wherein the battery comprises a rechargeable battery.

14.  The wireless satellite communication device according to claim 1,

wherein the local antenna comprises a patch antenna.

15.  The wireless satellite communication device according to claim 1,

wherein the wireless satellite communication device comprises a spoiler.
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16.  The wireless satellite communication device according to claim 1,
wherein the local antenna is configured to provide increased gain within the interior of the

vehicle.

17.  The wireless satellite communication device according to claim 1

further comprising a spoiler on the exterior of the vehicle.

18. A method for providing satellite communication with wireless devices
within a vehicle, the method comprising:

receiving data from one or more satellites through one or more satellite
antennas coupled with the vehicle; and

transmitting the data to one or more wireless user devices within the vehicle

through at least one local antenna coupled with the vehicle.

19. The method according to claim 18 further comprising receiving data
from one or more non-orbital receivers through the one or more satellite antennas coupled

with the vehicle.

20. The method according to claim 18, wherein the data is received from

the one or more satellites using MIMO techniques.

21.  The method according to claim 18, wherein the local antenna is

coupled with the exterior of the vehicle.

22.  The method according to claim 18, wherein the local antenna is

coupled with the interior of the vehicle.

23.  The method according to claim 18, wherein the local antenna transmits

the data using an IEEE 802.11 standard.

24.  The method according to claim 18 further comprising:

receiving a second set of data from the one or more wireless user devices
through at least one local antenna; and

transmitting the second set of data to the one or more satellites through one or

more satellite antennas.
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25. A wireless satellite communication device providing a satellite
communication link for wireless devices within a vehicle, comprising:

one or more satellite antennas coupled with the vehicle and configured to
communicate with one or more satellites;

one or more local antennas coupled with the vehicle and configured to
communicate with at least one or more wireless user devices within the vehicle;

circuitry coupled with the satellite antenna and the local antenna, wherein the
circuitry is configured to receive data from the satellite antenna and transmit the data to the
wireless user devices with the local antenna; and

at least one solar panel configured to convert solar radiation to electric power

and the solar panel is coupled with the satellite antenna, the local antenna, and the circuitry.

26.  The wireless satellite communication device according to claim 25,
wherein the one or more satellite antennas are configured to communicate with one or more

satellites and one or more non-orbital repeaters.

27.  The wireless satellite communication device according to claim 25
further comprising a battery coupled with the satellite antenna, the local antenna, and the

circuitry and configured to store electrical power from the solar panel.

28.  The wireless satellite communication device according to claim 25,
wherein the local antenna is configured to communicate with the one or more wireless user

devices using an IEEE 802.11 standard.

29.  The wireless satellite communication device according to claim 25,
wherein the circuitry is configured to receive data from a satellite through the satellite
antenna with a first channel access protocol and transmit the data with the local antenna with

a second channel access protocol.

30.  The wireless satellite communication device according to claim 25,
wherein the circuitry is configured to receive data from the local antenna with a second
channel access protocol and transmit the data to a satellite through the satellite antenna with a

first channel access protocol.
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