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- SYSTEMS AND METHODS OF WAVEFORM AND/OR INFORMATION
SPLITTING FOR WIRELESS TRANSMISSION OF INFORMATION TO ONE OR
MORE RADIOTERMINALS OVER A PLURALITY OF TRANSMISSION PATHS

AND/OR SYSTEM ELEMENTS

RELATED APPLICATION
[0001] This application claims the benefit of and priority to U. S. Provisional
Patent Application No. 60/692,758 entitled "Systems And Methods Of Waveform
And/Or Information Splitting For Wireless Transmission Of Information To One Or
More Radioterminals Over A Plurality Of Transmission Paths And/Or System
Elements," filed June 22, 2005, the disclosure of which is hereby incorporated herein

by reference as if set forth in its entirety.

FIELD OF THE INVENTION
[0002] This invention relates to wireless communications systems and
methods, and more particularly to satellite and terrestrial wireless communications

systems and methods.

BACKGROUND

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

[0004] A satellite radiotelephone communications system or method may
utilize a single satellite antenna pattern (beam or cell) covering an entire service
region served by the system. Alternatively or in combination with the above, in
cellular satellite radiotelephone communications systems and methods, multiple
satellite antenna patterns (beams or cells) are provided, each of which can serve a
substantially distinct service region in an overall service region, to collectively
provide service to the overall service region. Thus, a cellular architecture similar to
that used in conventional terrestrial cellular radiotelephone systems and methods can
be implemented in cellular satellite-based systems and methods. The satellite

typically communicates with radiotelephones over a bidirectional communications
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pathway, with radiotelephone communications signals being communicated from the
satellite to the radiotelephone over a downlink or forward link (also referred to as
forward service link), and from the radiotelephone to the satellite over an uplink or
return link (also referred to as return service link). In some cases, such as, for
example, in broadcasting, the satellite may communicate information to one or more
radioterminals unidirectionally.

[0005] The overall design and operation of cellular satellite radiotelephone
systems and methods are well known to those having skill in the art, and need not be
described further herein. Moreover, as used herein, the term "radiotelephone”
includes cellular and/or satellite radiotelephones with or without a multi-line display;
Personal Communications System (PCS) terminals that may combine a
radiotelephone with data processing, facsimile and/or data communications
capabilities; Personal Digital Assistants (PDA) that can include a radio frequency
transceiver and/or a pager, Internet/Intranet access, Web browser, organizer, calendar
and/or a global positioning system (GPS) receiver; and/or conventional laptop and/or
palmtop computers or other appliances, which include a radio frequency transceiver.
A radiotelephone also may be referred to herein as a "radioterminal”, a "mobile
terminal" or simply as a "terminal". As used herein, the term(s) “radioterminal,”
“radiotelephone,” mobile terminal” and/or “terminal” also include(s) any other
radiating user device/equipment/source that may have time-varying or fixed
geographic coordinates and/or may be portable, transportable, installed in a vehicle
(aeronautical, maritime, or land-based) and/or situated and/or configured to operate
locally and/or in a distributed fashion over one or more terrestrial and/or extra-
terrestrial location(s). Furthermore, as used herein, the term "space-based
component” or “space-based system” includes one or more satellites at any orbit
(geostationary, substantially geostationary, medium earth orbit, low earth orbit, etc.)
and/or one or more other objects and/or platforms (e. g., airplanes, balloons,
unmanned vehicles, space crafts, missiles, etc.) that has/have a trajectory above the
earth at any altitude.

[0006]  Terrestrial networks can enhance cellular satellite radiotelephone
system availability, efficiency and/or economic viability by terrestrially using/reusing
at least some of the frequencies that are allocated to cellular satellite radiotelephone
systems. In particular, it is known that it may be difficult for cellular satellite

radiotelephone systems to reliably serve densely populated areas, because satellite
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signals may be blocked by high-rise structures and/or may not penetrate into
buildings. As a result, satellite spectrum may be underutilized or unutilized in such
areas. The terrestrial use/reuse of at least some of the satellite system frequencies can
reduce or eliminate this potential problem.

[0007]  Moreover, the capacity of an overall hybrid system, comprising space-
based (i.e., satellite) and terrestrial communications capability, may be increased by
the introduction of terrestrial frequency use/reuse of frequencies authorized for use by
the space-based component, since terrestrial frequency use/reuse may be much denser
than that of a satellite-only system. In fact, capacity may be enhanced where it may
be mostly needed, i.e., in densely populated urban/industrial/commercial areas. As a
result, the overall hybrid system may become more economically viable, as it may be
able to serve more effectively and reliably a larger subscriber base.

[0008] One example of terrestrial reuse of satellite frequencies is described in
U.S. Patent 5,937,332 to co-inventor Karabinis entitled Satellite Telecommunications
Repeaters and Retransmission Methods, the disclosure of which is hereby
incorporated herein by reference in its entirety as if set forth fully herein. As
described therein, satellite telecommunications repeaters are provided which receive,
amplify, and locally retransmit the downlink/uplink signal received from a
satellite/radioterminal thereby increasing an effective downlink/uplink margin in the
vicinity of the satellite telecommunications repeater and allowing an increase in the
penetration of uplink and downlink signals into buildings, foliage, transportation
vehicles, and other objects which can reduce link margin. Both portable and non-
portable repeaters are provided. See the abstract of U.S. Patent 5,937,332.

[0009] Satellite radiotelephones for a satellite radiotelephone system or
method having a terrestrial communications capability by terrestrially using/reusing at
least some of the same satellite frequency band and using substantially the same air
interface for both terrestrial and satellite communications may be cost effective and/or
aesthetically appealing. Conventional dual band/dual mode radiotelephone
alternatives, such as the well known Thuraya, Iridium and/or Globalstar dual mode
satellite/terrestrial radiotelephones, duplicate some components (as a result of the
different frequency bands and/or air interface protocols between satellite and
terrestrial communications), which leads to increased cost, size and/or weight of the
radiotelephone. See U.S. Patent 6,052,560 to co-inventor Karabinis, entitled Satellite
System Utilizing a Plurality of Air Interface Standards and Method Employing Same.
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[0010] Satellite radioterminal communications systems and methods that may
employ tetrestrial use and/or reuse of satellite frequencies by an Ancillary Terrestrial
Network (ATN) comprising at least one Ancillary Terrestrial Component (ATC) are
also described in U.S. Patent Nos. 6,684,057 to Karabinis, entitled Systems and
Methods for Terrestrial Reuse of Cellular Satellite Frequency Spectrum; 6,785,543 to
Karabinis, entitled Filters for Combined Radiotelephone/GPS Terminals; 6,856,787 to
Karabinis, entitled Wireless Communications Systems and Methods Using Satellite-
Linked Remote Terminal Interface Subsystems; 6,859,652 to Karabinis et al., entitled
Integrated or Autonomous System and Method of Satellite-Terrestrial Frequency
Reuse Using Signal Attenuation and/or Blockage, Dynamic Assignment of
Frequencies and/or Hysteresis; and 6,879,829 to Dutta et al., entitled Systems and
Methods for Handover Between Space Based and Terrestrial Radioterminal
Communications, and For Monitoring Terrestrially Reused Satellite Frequencies At a
Radioterminal to Reduce Potential Interference, and in U.S. Patents 6,892,068,
6,937,857, 6,999,720 and 7,006,789; and Published U.S. Patent Application Nos. US
2003/0054761 to Karabinis, entitled Spatial Guardbands for Terrestrial Reuse of
Satellite Frequencies; US 2003/0054814 to Karabinis et al., entitled Systems and
Methods for Monitoring Terrestrially Reused Satellite Frequencies to Reduce
Potential Interference; US 2003/0073436 to Karabinis et al., entitled Additional
Systems and Methods for Monitoring Terrestrially Reused Satellite Frequencies to
Reduce Potential Interference; US 2003/0054762 to Karabinis, entitled Multi-
Band/Multi-Mode Satellite Radiotelephone Communications Systems and Methods;
US 2002/0041575 to Karabinis et al., entitled Coordinated Satellite-Terrestrial
Frequency Reuse; US 2003/0068978 to Karabinis et al., entitled Space-Based
Network Architectures for Satellite Radiotelephone Systems; US 2003/0153308 to
Karabinis, entitled Staggered Sectorization for Terrestrial Reuse of Satellite
Frequencies; and US 2003/0054815 to Karabinis, entitled Methods and Systems for
Modifying Satellite Antenna Cell Patterns In Response to Terrestrial Reuse of
Satellite Frequencies, and in Published U.S. Patent Application Nos. 2004/0121727,
2004/0142660, 2004/0192395, 2004/0192200, 2004/0192293, 2004/0203742,
2004/0240525, 2005/0026606, 2005/0037749, 2005/0041619, 2005/0064813,
2005/0079816, 2005/0090256, 2005/0118948, 2005/0136836, 2005/0164700,
2005/0164701, 2005/0170834, 2005/0181786, 2005/0201449, 2005/0208890,
2005/0221757,2005/0227618, 2005/0239457, 2005/0239403, 2005/0239404,
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2005/0239399, 2005/0245192, 2005/0260984, 2005/0260947, 2005/0265273,
2005/00272369, 2005/0282542, 2005/0288011, 2006/0040613, 2006/040657 and
2006/0040659; all of which are assigned to the assignee of the present invention, the
disclosures of all of which are hereby incorporated herein by reference in their
entirety as if set forth fully herein.

[0011] Many of the above-cited patents and publications can reduce or
eliminate intra-system interference that is caused by terrestrial use and/or reuse of
satellite frequencies by an ancillary terrestrial network. However, inter-system
interference also can be caused by terrestrial use and/or reuse of satellite frequencies
by an ancillary terrestrial network and/or radioterminals communicating therewith,
due to, for example, the potential production of out-of-band and/or out-of-channel
emissions by a radioterminal that is transmitting over a satellite frequency band.

[0012] A problem that may arise with satellite communications is the
availability of feeder link bandwidth and/or the availability of downlink bandwidth at
a satellite. Thus, a radioterminal that is used for both terrestrial-based
communications and satellite communications may suffer decreased performance
when communicating with a space-based component of a cellular satellite
communications system with terrestrial frequency reuse if sufficient bandwidth is not

available to/from a satellite serving the radioterminal.

SUMMARY

[0013] Methods of transmitting an information signal in a satellite
communications system according to some embodiments of the invention include
splitting the information signal into a first signal component and a second signal
component, transmitting the first signal component to a first system element of the
satellite communications system, transmitting the second signal component to a
second system element of the satellite communications system, combining the first
signal component and the second signal component to form a combined signal, and
recovering the information signal from the combined signal.

[0014] The methods may further include transmitting the first signal
component from the first system element to a destination terminal, and transmitting
the second signal component from the second system element to the destination
terminal. Combining the first signal component and the second signal component

may be performed at the destination terminal.
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[0015]  The methods may further include transmitting the first signal
component from the first system element to the second system element. Combining
the first signal component and the second signal component may be performed at the
second system element. The recovered information signal may be transmitted from
the second system element to the destination terminal. The first system element may
include a first satellite, the second system element may include a second satellite, and
the destination terminal may include a radioterminal and/or a satellite gateway.

[0016] The methods may further include forming an analog waveform
representative of the information signal, and splitting the information signal may
include splitting the analog waveform into a first waveform and a second waveform.
Transmitting the first signal component may include transmitting the first waveform,
and transmitting the second signal component may include transmitting the second
waveform.

[001 71 Splitting the analog waveform may include filtering the analog
waveform, and transmitting the first waveform may include modulating a first carrier
signal with the first waveform and transmitting the modulated carrier signal to the
first system component. Transmitting the second waveform may include modulating
a second carrier signal with the second waveform and transmitting the modulated
carrier signal to the second system component.

[0018] The methods may further include transmitting the first signal
component from the first system element to the second system element.

[0019] A bandwidth of the recovered information signal may exceed a
bandwidth capability of one of the first system element or the second system element.

[0020]  The information signal may include a digital information signal, and
splitting the information signal may include splitting the digital information signal
into a first digital information stream and a second digital information stream.
Transmitting the first signal component may include transmitting the first digital
information stream to the first system element, and transmitting the second signal
component may include transmitting the second digital information stream to the
second system element.

[0021]  The methods may further include interleaving and/or encoding the
digital information signal prior to splitting the digital information signal into the first

digital information stream and the second digital information stream.
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[0022]  The methods may further include transmitting the first digital
information stream from the first system element and transmitting the second digital
information stream from the second system element. Transmitting the first digital
information stream from the first system element may include applying a first
orthogonal spreading code to the first digital information stream, and transmitting the
second digital information stream from the second system element may include
applying a second orthogonal spreading code to the second digital information stream.

[0023]  Transmitting the first signal component from the first system element
to the destination terminal may include transmitting a portion of the first signal
component to the destination terminal using a first carrier frequency, and transmitting
the second signal component from the second system element to the destination
terminal may include transmitting a portion of the second signal component to the
destination terminal using a second carrier frequency after the portion of the first
signal component has been received. The first carrier frequency and the second
carrier frequency may be the same frequency.

[0024] In some embodiments, the first carrier frequency and the second carrier
frequency may include different frequencies, and transmitting the first signal
component from the first system element may include transmitting in a first time slot
of a first TDMA channel and transmitting the second signal component from the
second system element may include transmitting in a second time slot of a second
TDMA channel. |

[0025] The first carrier frequency and the second carrier frequency may
include different carrier frequencies, and transmitting the portion of the first signal
component may include transmitting in a first time slot and transmitting the portion of
the second signal component may include transmitting in a second time slot that may
be spaced apart in time from the first time slot.

[0026] The methods may further include tuning a receiver of the destination
terminal to the first carrier frequency, receiving the portion of the first signal
component from the first system element, tuning the receiver of the destination
terminal to the second carrier frequency, and receiving the portion of the second
signal component from the second system element.

[0027]  Receiving the first signal component may include tuning a receiver of

the destination terminal to the first carrier frequency and receiving data transmitted in
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the first time slot, and tuning the receiver to the second carrier frequency and
receiving data transmitted in the second time slot.

[0028] Receiving data transmitted in the first time slot may include receiving
data transmitted in the first time slot of a first frame transmitted on the first carrier
frequency, and receiving data transmitted in the second time slot may include
receiving data transmitted in the second time slot of a first frame transmitted on the
second carrier frequency. The methods may further include, after receiving data
transmitted in the second time slot of the first frame on the second carrier frequency,
tuning the receiver to the first carrier frequency and receiving data transmitted in the
first time slot of a second frame transmitted on the first carrier frequency.

[0029] A communications system according to some embodiments of the
invention includes a waveform generator configured to generate an analog waveform
representative of an information signal, and a waveform splitter configured to split the
analog waveform into a first signal component and a second signal component,
configured to transmit the first signal component to a first system element of the
communications system, and configured to transmit the second signal component to a
second system element of the communications system.

[0030] The first system element may include a first satellite and the second
system element may include a second satellite. The first satellite may be configured
to transmit the first signal component,-and the second satellite may be configured to
transmit the second signal component.

[0031] The communications system may further include a radioterminal
configured to receive the first signal component and the second signal component and
configured to combine the first signal component and the second signal component to
form a combined signal. The radioterminal may be further configured to recover the
information signal from the combined signal.

[0032] The second satellite may be configured to receive the first signal
component from the first satellite, and the second satellite may be further configured
to combine the first signal component and the second signal component to form a
combined signal and to transmit the combined signal.

[0033]  The first satellite may be configured to transmit the first signal
component to the second satellite, and the second satellite may be configured to

combine the first signal component and the second signal component, configured to
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recover the information signal from the combined first signal component and second
signal component, and configured to transmit the recovered information signal.

[0034] The communications system may further include a radioterminal
configured to receive the first signal component and the second signal component and
configured to recover the information signal from the first signal component and the
second signal component.

[0035] The radioterminal may be configured to combine the first signal
component and the second signal component and to recover the information signal
from the combined first signal component and second signal component.

[0036] The waveform splitter may be configured to filter the analog waveform
to obtain a first waveform component and a second waveform component, and the
waveform splitter may be further configured to modulate a first carrier signal with the
first waveform component and transmit the modulated carrier signal to the first
system component, and the waveform splitter may be configured to modulate a
second carrier signal with the second waveform component and transmit the
modulated carrier signal to the second system component.

[0037] A communications system according to further embodiments of the
invention includes an information splitter configured to split an information signal
into a first information signal component and a second information signal component,
a first transmitter configured to transmit the first information signal component to a
first system element of the communications system, and a second transmitter
configured to transmit the second information signal component to a second system
element of the communications system.

[0038] The communications system may further include a first waveform
generator configured to generate a first analog waveform representative of the first
information signal component, and a second waveform generator configured to
generate a second analog waveform representative of the second information signal
component. The first transmitter may be configured to transmit the first analog
waveform and the second transmitter may be configured to transmit the second analog
waveform.

[0039] The first system element may include a first satellite and the second
system element may include a second satellite. The first satellite may be configured
to receive the first information signal component and to transmit the first information

signal component, and the second satellite may be configured to receive the second
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information signal component and to transmit the second information signal
component.

[0040] The first satellite may be configured to transmit the first information
signal component to the second satellite, and the second satellite may be configured to
combine the first information signal component and the second information signal
component, configured to recover the information signal from the combined first
information signal component and second information signal component, and
configured to transmit the recovered information signal.

[0041] The communications system may further include a radioterminal
configured to receive the first information signal component and the second
information signal component and configured to recover the information signal from
the first signal component and the second signal component.

[0042] The radioterminal may be configured to combine the first information
signal component and the second information signal component and to recover the
information signal from the combined first signal component and second signal
component.

[0043] The first satellite may be configured to transmit the first information
signal component in a transmission channel, and the second satellite may be
configured to transmit the second information signal in the same transmission channel
after the transmission of the first information signal component has finished.

[0044] The first satellite may be configured to transmit the first information
signal component in a first time slot in a first transmission channel, and the second
satellite may be configured to transmit the second information signal component in a
second time slot in a second transmission channel.

[0045] The first time slot of the first transmission channel and the second time
slot of the second transmission channel may be separated by a sufficient time interval
to permit a receiver to tune between a frequency of the first transmission channel and
a frequency of the second transmission channel.

[0046]  The first satellite may be configured to spread the first information
signal component using a first orthogonal spreading code and the second satellite may
be configured to spread the second information signal component using a second
orthogonal spreading code.

[0047] The communications system may further include a radioterminal

including a receiver including a first correlator configured to detect an information
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signal component spread using the first orthogonal spreading code and a second
correlator configured to detect an information signal component spread using the
second orthogonal spreading code.

[0048] The receiver of the radioterminal hlay further include a first slicer
configured to generate an estimate of the first information signal component from an
output of the first correlator, a second slicer configured to generate an estimate of the
second information signal component from an output of the second correlator, and an
information combiner configured to combine the estimate of the first information
signal component with the estimate of the second information signal component to
recover the information signal.

[0049] Some embodiments of the invention provide a satellite of a satellite
communications system including an antenna configured to receive a first information
signal component from a satellite gateway and a second information signal from a
second satellite, and a control unit configured to combine the first information signal
component and the second information signal component, conﬁgured to recover an
information signal from the combined first information signal component and second
information signal component, and configured to transmit the recovered information
signal.

[0050] The control unit may be further configured to decode and/or de-
interleave the first information signal component and/or the second information signal
component.

[0051] The control unit may be further configured to recover the information
signal from the decoded and/or de-interleaved first information signal and/or the
decoded and/or de-interleaved second information signal.

[0052] Some embodiments of the invention provide a satellite gateway of a
satellite communications system, the satellite gateway including a waveform
generator configured to-generate an analog waveform representative of an information
signal, and a waveform splitter configured to split the analog waveform into a first
signal component and a second signal component, configured to transmit the first
signal component to a first system element of the communications system, and
configured to transmit the second signal component to a second system element of the
communications system.

[0053] The waveform splitter may be configured to filter the analog waveform

to obtain a first waveform component and a second waveform component, and the
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waveform splitter may be further configured to modulate a first carrier signal with the
first waveform component and transmit the modulated carrier signal to the first
system component. The waveform splitter may be further configured to modulate a
second carrier signal with the second waveform component and transmit the
modulated carrier signal to the second system component.

[0054] A satellite gateway of a satellite communications system according to
further embodiments of the invention includes an information splitter configured to
split an information signal into a first information signal component and a second
information signal component, a first transmitter configured to transmit the first
information signal component to a first system element of the communications
system, and a second transmitter configured to transmit the second information signal
component to a second system element of the communications system.

[0055] The satellite gateway may further include a first waveform generator
configured to generate a first analog waveform representative of the first information
signal component, and a second waveform generator configured to generate a second
analog waveform representative of the second information signal component. The
first transmittér may be configured to transmit the first analog waveform and the
second transmitter may be configured to transmit the second analog waveform.

[0056] A radioterminal according to some embodiments of the invention
includes a housing, an antenna supported by the housing, and a communications
module coupled to the antenna and configured to receive a first signal component and
a second signal component, configured to combine the first signal component and the
second signal component to form a combined signal, and configured to recover an
information signal from the combined signal.

[0057] The communications module may further include a first correlator
configured to detect an information signal component spread using a first orthogonal
spreading code and a second correlator configured to detect an information signal
component spread using a second orthogonal spreading code.

[0058]  The communications module may further include a first slicer
configured to generate an estimate of the first information signal component from an
output of the first correlator, a second slicer configured to generate an estimate of the
second information signal component from an output of the second correlator, and an

information combiner configured to combine the estimate of the first information
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signal component with the estimate of the second information signal component to
recover the information signal.

[0059] The communications module may be configured to receive a portion of
the first signal component, configured to tune a receiver of the communication
module to a second carrier frequency, and configured to receive a portion of the
second signal component.

[0060] The communications module may be further configured to receive the
first signal component in a first timeslot using a time division multiple access protocol
and to receive the second signal component in a second timeslot using the time
division multiple access protocol.

[0061] The communications module may be further configured to tune a
receiver of the communications module to a first carrier frequency and receive data
transmitted in the first time slot, and configured to tune the receiver to a second
carrier frequency and receive data transmitted in the second time slot.

[0062] The radioterminal may further include a waveform generator
configured to generate an analog waveform representative of an information signal,
and a waveform splitter configured to split the analog waveform into a first signal
component and a second signal component, configured to transmit the first signal
component to a first system element of the communications system, and configured to
transmit the second signal component to a second system element of the
communications system.

[0063] The waveform splitter may be configured to filter the analog waveform
to obtain a first waveform component and a second waveform component, and the
waveform splitter may be further configured to modulate a first carrier signal with the
first waveform component and transmit the modulated carrier signal to the first
system component, and the waveform splitter may be configured to modulate a
second carrier signal with the second waveform component and transmit the
modulated carrier signal to the second system component.

[0064] The radioterminal may further include an information splitter
configured to split an information signal into a first information signal component and
a second information signal component, a first transmitter configured to transmit the
first information signal component to a first system element of the communications
system, and a second transmitter configured to transmit the second information signal

component to a second system element of the communications system.
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[0065] The radioterminal may further include a first waveform generator
configured to generate a first analog waveform representative of the first information
signal component, and a second waveform generator configured to generate a second
analog waveform representative of the second information signal component, the first
transmitter may be configured to transmit the first analog waveform and the second
transmitter may be configured to transmit the second analog waveform.

[0066] A satellite gateway of a satellite communications system according to
some embodiments of the invention includes an antenna and a communications
module coupled to the antenna and configured to receive a first signal component and
a second signal component and configured to combine the first signal component and
the second signal component to form a combined signal, and configured to recover an
information signal from the combined signal.

[0067] The communications module may further include a first correlator
configured to detect an information signal component spread using a first orthogonal
spreading code and a second correlator configured to detect an information signal
component spread using a second orthogonal spreading code.

[0068] The communications module may further include a first slicer
configured to generate an estimate of the first information signal component from an
output of the first correlator, a second slicer configured to generate an estimate of the
second information signal component from an output of the second correlator, and an
information combiner configured to combine the estimate of the first information
signal component with the estimate of the second information signal component to
recover the information signal.

[0069]  The communications module may be configured to receive a portion of
the first signal component, configured to tune a receiver of the communication
module to a second carrier frequency, and configured to receive a portion of the
second signal component.

[0070]  The communications module may be further configured to receive the
first signal component in a first timeslot using a time division multiple access protocol
and configured to receive the second signal component in a second timeslot using the
time division multiple access protocol.

[0071]  The communications module may be further configured to tune a

receiver of the communications module to a first carrier frequency and receive data
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transmitted in the first time slot, and configured to tune the receiver to a second
carrier frequency and receive data transmitted in the second time slot.

[0072] The communications module may include a receiver configured to
receive a first and second waveforms, a waveform combiner configured to combine
the first waveform and the second waveform to form a combined signal, and a
detector configured to recover an information signal from the combined signal.

[0073] A satellite gateway according to some embodiments of the invention
includes a receiver configured to receive a first signal and a second signal, a detector
configured to detect a first information stream from the first signal and a second
information stream from the second signal, and a combiner configured to combine the
first information stream and the second information stream to form a combined

information stream.

BRIEF DESCRIPTION OF THE DRAWINGS

[0074] The accompanying drawings, which are included to provide a further
understanding of the invention and are incorporated in and constitute a part of this
application, illustrate certain embodiment(s) of the invention. In the drawings:

[0075] Figures 1-4 are schematic diagrams of satellite communications
systems and methods according to embodiments of the invention;

[0076] Figure 5 is a graph illustrating an information signal including two
frequency components;

[0077] Figure 6 is a block diagram of a radiotelephone according to
embodiments of the invention;

[0078] Figure 7 is a block diagram of a satellite according to embodiments of
the invention;

[0079] Figure 8 is a graph illustrating communications on a first frequency
band according to some embodiments of the invention;

[0080] Figure 9 is a graph illustrating communications in timeslots on
multiple frequency bands according to some embodiments of the invention; and

[0081]  Figure 10 is a block diagram of a receiver of a radioterminal according

to some embodiments of the invention.
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DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0082]  Specific exemplary embodiments of the invention now will be
described with reference to the accompanying drawing. This invention may,
however, be embodied in many different forms and should not be construed as limited
to the embodiments set forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully convey the scope of the
invention to those skilled in the art. It will be understood that when an element is
referred to as being "connected" or "coupled" to another element, it can be directly
connected or coupled to the other element or intervening elements may be present.
Furthermore, "connected” or "coupled” as used herein may include wirelessly
connected or coupled.

[0083] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used herein,
the singular forms "a", "an" and "the" are intended to include the plural forms as well,
unless expressly stated otherwise. It will be further understood that the terms
"includes," "comprises," "including” and/or "comprising," when used in this
specification, specify the presence of stated features, integets, steps, operations,
elements, and/or components, but do not preclude the presence or addition of one or
more other features, integers, steps, operations, elements, components, and/or groups
thereof.

[0084] Unless otherwise defined, all terms (including technical and scientific
terms) used herein have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictionaries, should be interpreted
as having a meaning that is consistent with their meaning in the context of the
relevant art and the present disclosure, and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.

[0085] It will be understood that although the terms first and second are used
herein to describe various elements, these elements should not be limited by these
terms. These terms are only used to distinguish one element from another element.
Thus, a first satellite below could be termed a second satellite, and similarly, a second
satellite may be termed a first satellite without departing from the teachings of the

present invention. As used herein, the term "and/or" includes any and all
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combinations of one or more of the associated listed items. The symbol "/" is also
used as a shorthand notation for "and/or".

[0086]  Conventional wireless communications systems and methods may
include a plurality of system elements each of which may be configured and/or
authorized to radiate/transmit a specific set of frequencies. It may be desirable for the
wireless communications system/method to communicate information to one or more
radioterminals using a specific system element and a communications waveform
including an aggregate bandwidith that exceeds a capability of the specific system
clement due to the aggregate bandwidth of the communications waveform exceeding
a limit and/or due to the specific system element utilizing a portion of its
configuration capability and/or authorized set of frequencies to radiate/transmit one or
more other waveforms. For example, it may be desirable for the wireless
communications system/method to communicate ihformation to a radioterminal
having a first bandwidth that exceeds an available amount of feeder link and/or
downlink spectrum available to a satellite serving the radioterminal.

[0087] In some embodiments of the invention, the communications waveform
may be decomposed by a waveform splitter into a plurality of waveform components
(i.e. at least two waveform components) wherein an aggregate bandwidth of a first
waveform component is less than the aggregate bandwidth of the communications
waveform and can be accommodated by the specific system element. Accordingly,
in some embodiments of the invention, the first waveform component is routed to a
first system element and is radiated/transmitted by the first system element, and a
number of remaining waveform components (at least one) are/is routed to other
system elements and are/is radiated/transmitted by the other system elements to
thereby accomplish a substantially complete wireless transmission of the
communications waveform including the aggregate bandwidth that cannot be
accommodated by the specific system element.

[0088] It will be understood that the plurality of waveform components that
are radiated/transmitted by a corresponding plurality of system elements may be
received and processed by a device such as, for example, a radioterminal to
substantially form/recreate a measure of the communications waveform that has been
decomposed by the waveform splitter into the plurality of waveform components. In

some embodiments, no substantial information may be lost by the decomposition of
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the communications waveform by the waveform splitter into the plurality of
waveform components.

[0089]  In other embodiments of the invention, the information that is to be
communicated may be decomposed into a blurality of information components (i.e. at
least two information components), a respective one of which is routed to and
transmitted from a first system element and at least one other system element, wherein
the aggregate bandwidth of the waveform that includes a first information component
can be accommodated by the specific system element, to thereby accomplish a
substantially complete wireless transmission of the information including the
aggregate bandwidth that cannot be accommodated by the specific system element.
Thus, the information itself and/or the aggregate communications waveform
corresponding thereto may be decomposed and provided to multiple system elements,
to accommodate the bandwidth availability of the multiple system elements, and can
be transmitted by the multiple system elements to a given radioterminal (or to several
radioterminals), where the multiple waveforms are then combined to form/recreate a
measure of the information that was provided.

[0090] © Insome embodiments, the information and/or the aggregate
communications waveform corresponding thereto may be decomposed into first and
second components and provided to first and second system elements, respectively.
The first system element may transmit the first component to the second system
element, which may combine the components to form/recreate a measure of the
information that was provided. The recovered information may then be transmitted
from the second system element to a destination radiotelephone.

[0091] Figure 1 illustrates embodiments of waveform splitting for wireless
transmission of information to one or more radioterminals over a plurality of
transmission paths and/or system elements, according to exemplary embodiments of
the invention, wherein the system elements include satellites. As illustrated in Figure
1, a satellite gateway 170 includes a waveform generator 110 and a waveform splitter
120. Information received by the gateway 170 is processed by the waveform
generator 110 to form a communications waveform. The waveform generator 110
may, for example, perform the functions of Forward Error Correction (FEC)
encoding, interleaving, frame formatting, modulation, amplification, filtering,

discrete-time to continuous-time conversion (which may, in some embodiments, be
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performed by, for example, a Digital-to-Analog (D/A) converter) and/or other signal
processing functions (not necessarily in the order stated).

[0092]  The communications waveform, at the output of the waveform
generator, may have an aggregate bandwidth of B Hz, may be provided to an input of
the waveform splitter 120, as illustrated in Figure 1. The waveform splitter 120 may
be configured to decompose the communications waveform into at least a first
waveform component (waveform component 1) and a second waveform component
(waveform component 2) wherein at least the first waveform component has an
aggregate bandwidth less than B Hz. In some embodiments of the invention, the
waveform splitter may perform the functions of continuous-time to discrete-time
conversion (which may, in some embodiments, be performed by, for example, a
Sample-and-Hold (S/H) circuit and/or an Analog-to-Digital (A/D) converter), time-
domain to frequency-domain conversion (which may, in some embodiments, be
performed by a Fourier transform such as, for example, a Fast Fourier Transform
(FFT)), frequency translation, demodulation, modulation, filtering, amplification,
frequency-domain to time-domain conversion (which, in some embodiments, may be
performed by an inverse Fourier transform such as, for example, an Inverse Fast
Fourier Transform (IFFT)), discrete-time to continuous-time conversion (which may,
in some embodiments, be performed by, for example, a Digital-to-Analog (D/A)
converter) and/or other signal processing functions (not necessarily in the order
stated).

[0093] The waveform splitter may split the communications waveform into
first and second waveform components using, for example, a pair of bandpass filters.
For example, referting to Figure 5, an information signal 400 may include a low
frequency signal component 410 and a high frequency signal component 420. The
information signal may be split into its constituent components using a first bandpass
filter 415 and a second bandpass filter 425 (shown schematically as windows in the
graph of Figure 5). The low frequency signal component 410 and the high frequency
signal component 420 may be transmitted to the destination radioterminal using
separate system elements and combined at the destination radioterminal to recover the
information signal 400.

[0094]  Referring again to Figure 1, the first waveform component is
transmitted by the waveform splitter 120 through a multiplexer 123 and antenna 122

to a first satellite 150 over a first satellite feeder link 152. The second waveform
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component may be transmitted simultaneously by the waveform splitter 120 to a
second satellite 150 via a second satellite feeder link 162. In some embodiments, two
separate antennas 122, which may be configured physically proximate to, or
physically distant from, each other, may be used by the waveform splitter 120 to
transmit the first waveform component and the second waveform component to the
respective satellites 150, 160 over the respective feeder links 152, 162, as illustrated
in Figure 1. In other embodiments, the waveform splitter 120 may use a single
antenna configuration to transmit the first waveform component and the second
waveform component to the respective satellites 150, 160 over the respective feeder
links 152, 162. In some embodiments, two separate transmitters may be used to
transmit waveforms including the information components (streams) to the respective
satellites. In still other embodiments, a single transmitter and/or shared transmitter
components may be used to transmit waveforms including the information
components (streams) to the respective satellites. The first and second waveform
components may be transmitted using the same or different frequencies, polarizations,
coding/modulation schemes, spreading codes, and/or beamforming patterns.

[0095] The first and second satellites 150, 160 may be configured to receive
the first and second waveform components, respectively, as illustrated in Figure 1,
and, following further processing which may perform at least one of amplification,
filtering and frequency translation (not necessarily in that order), transmit the first
waveform component and the second waveform component over respective forward
service links 154, 164, as illustrated in Figure 1, to one or more radioterminals 140.
The first and second satellites 150, 160 may transmit the first waveform component
and the second waveform component, respectively simultaneously or sequentially.
The radioterminal 140 may be configured to receive the first waveform component
and the second waveform component over the forward service links 154, 164 and to
combine the first waveform component and the second waveform component to form
a combined waveform having an aggregate bandwidth that may be larger than the
bandwidth of either the first waveform component or the second waveform
component. The radioterminal 140 may then recover the information signal from the
combined waveform.

[0096] In some embodiments of the invention, the first satellite 150 and the
second satellite 160 may be configured to transmit the first and second waveform

components over respective forward service link frequency sets that are substantially
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contiguous, to thereby provide at the radioterminal 140 a substantially frequency-
domain ordered/aligned and/or continuous communications waveform having the
aggregate bandwidth. In other embodiments, the first satellite 150 and the second
satellite 160 may be configured to transmit the first and second waveform components
over respective forward service link frequency sets that are not substantially .
contiguous, to thereby provide at the radioterminal 140 a substantially frequency-
domain unordered/misaligned and/or discontinuous communications waveform
including the aggregate bandwidth, and the radioterminal 140 may be configured to
perform frequency-domain ordering/alignment and/or re-arranging of the received
waveform components, by frequency translating at least one of the first waveform
component and the second waveform component, to thereby form a substantially
frequency-domain ordered/aligned and/or continuous communications waveform
including the aggregate bandwidth.

[0097] In some embodiments, the first waveform component and the second
waveform component may be transmitted by the first and second satellites 150, 160,
respectively, so as to provide at the radioterminal a substantially time-domain aligned
communications waveform. However, in other embodiments, the first and second
waveform components may not be received at the radioterminal 140 in a time-domain
aligned manner, and the radioterminal 140 may be configured to perform time-domain
ordering/alignment and/or rearranging of the received waveform components by time
shifting at least one, to thereby form a substantially time-domain ordered/aligned
and/or continuous communications waveform having the aggregate bandwidth.

[0098] On the return service link (i.e. from the radioterminal 140 to the first
and second satellites 150, 160), the radioterminal may transmit a single signal to one
of the first and second satellites 150, 160. In some embodiments of the invention,
however, the radioterminal 140 may include a waveform splitter, such as the
waveform splitter 120 of the satellite gateway 170, and the radioterminal 140 may
split a waveform to be transmitted into first and second waveform components. The
radioterminal 140 may transmit the first and second waveform components over
satellite links 154, 164, to the first and second satellites 150, 160, respectively. The
first and second satellites 150, 160 may transmit the first and second waveform
components to the satellite gateway 170, which may receive the first and second
waveform components using a receiver 121 and combine the first and second

waveform components using a waveform combiner 125 to form a combined
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waveform. A detector 111 in the satellite gateway 170 detects the transmitted
information signal from the combined waveform. Alternatively, the second satellite
160 may transmit the second waveform component to the first satellite 150 via an
inter-satellite link 156. The first satellite 150 may combine the first and second
waveform components to form a combined waveform, and may transmit the
combined waveform to the satellite gateway 170.

[0099] Other embodiments of the present invention are illustrated in Figure 2,
in which the information itself may be split into two or more components
(information streams) by an information splitter 205 in a satellite gateway 270. The
information splitter 205 may encode and/or interleave the information streams before
or after splitting the information. The information streams may be provided to
respective waveform generators 210A, 210B in the satellite gateway 270, which
generate waveforms in response to the information. A first waveform generated by
the waveform generator 210A may be transmitted to a first satellite 250 by a first
transmitter 220A in the satellite gateway 270 through a multiplexer 223 and antenna
222 via a feeder link 252, and a second waveform generated by the waveform
generator 210B may be transmitted to a second satellite 260 by a second transmitter
220B in the satellite gateway 270 via a second feeder link 262. The frequencies,
protocols and/or modulation schemes used for the first feeder link 252 may be the
same as or different from those used for the second feeder link 262. Tt will be
appreciated that the data rate (bits per second) of information transmitted via the first
feeder link 252 and the second feeder link 262 may be less than the data rate of
information provided to the information splitter 205. The information splitter may
split the information into first and second information streams to be transmitted over
the first and second feeder links 252, 262, based on a determination of available
bandwidth on each of the feeder links 252, 262. Accordingly, some embodiments of
the invention may be particularly applicable when insufficient feeder link bandwidth
is available at a single satellite to provide a desired communications rate to a
radioterminal. In that case, the information (or a waveform that is representative of
the information) may be split and sent via a plurality of satellites.

[00100] The first information stream may be transmitted to a radioterminal 240
by the first satellite 250 via a first satellite downlink 254, and the second information
stream may be transmitted by the second satellite 260 via a second satellite downlink

264. The radioterminal 240 is configured to receive the first information stream and
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the second information stream and to combine the first and second information stream
to generate a measure of the original information stream.

[00101] On the return service link (i.e. from the radioterminal 240 to the first
and second satellites 250, 260), the radioterminal may transmit a single signal to one
of the first and second satellites 250, 260. In some embodiments of the invention,
however, the radioterminal 240 may include an information splitter and respective
waveform generators and transmitters, such as the information splitter 205, the
waveform generators 210A, 210B, and the transmitters 220A, 220B of the satellite
gateway 270, and the radioterminal 240 may split an information stream to be
transmitted into first and second information streams. The radioterminal 240 may
transmit the first and second information streams over satellite links 254, 264, to the
first and second satellites 250, 260, respectively. The first and second satellites 250,
260 may transmit the first and second information streams to the satellite gateway
270, which may receive the information streams using a receiver 221 and detect the
information in the received information streams using a detector 211. The detected
information streams may be combined using an information combiner 215 to form a
combined information stream. Alternatively, the second satellite 260 may transmit
the second information stream to the first satellite 250 via an inter-satellite link 256.
The first satellite 250 may combine the first and second information streams to form a
combined information stream, and may transmit the combined information stream to
the satellite gateway 270.

[00102] Further embodiments of the invention are illustrated in Figure 3, in
which information is provided to a waveform generator 310 in a satellite gateway 370,
which generates a waveform indicative of the information. The waveform is split into
first and second waveform components by a waveform splitter 320 in the satellite
gateway 370, and transmitted via respective feeder links 352 and 362 to first and
second satellites 350 and 360. The first waveform component is then transmitted via
an inter-satellite link 356 from the first satellite 350 to the second satellite 360. The
second satellite 360 may then combine the first and second waveform components to
recover the original waveform generated by the waveform generator 310, and transmit
the recovered waveform to a destination radioterminal 340. Accordingly, in the
embodiments illustrated in Figure 3, no modifications of the radioterminal 340 may
be required in order to permit the radioterminal 340 to receive two separate waveform

components. Furthermore, since recombination of the first and second waveform
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components may be performed at the second satellite 360, processing of the first and
second waveform components may be more easily conﬁgured/reconﬁgured bya
system operator. Moreover, reconstruction of the original waveform may be
simplified, as it may be easier to synchronize the operation of the first and second
satellites.

[00103]  As in the satellite gateway 170 of Figure 1, the satellite gateway 370 of
Figure 3 may also include a receiver 321 coupled to an antenna 322 through a
multiplexer 323, a waveform combiner 325 and a detector 311, that are configured to
combine a plurality of waveforms received from the first and second satellites 350,
360 to detect an information signal therefrom.

[00104] Similarly, Figure 4 illustrates embodiments in which an information
signal is split by an information splitter 405 in a satellite gateway 470 into first and
second information streams, which are respectively provided to first and second
waveform generators 410A, 410B and transmitters 420A, 420B in the satellite
gateway 470, which transmit the first and second information streams via respective
first and second satellite feeder links 452, 462 to first and second satellites 45 0, 460.
The first satellite 450 may detect the information in the first information stream and
retransmit the information stream via an inter-satellite link 456 from the first satellite
450 to the second satellite 460. The information stream may be transmitted using a
same or different modulation/encoding scheme than the modulation/encoding scheme
used to transmit the information stream to the first satellite 450. The second satellite
460 detects the information in the first and second information streams and combines
the first and second information streams to form/recover the original information
stream. The first and second information streams may be decoded and/or de-
interleaved at the second satellite 460 to recover the original information stream. The
recovered information stream is then transmitted by the second satellite to a
destination radioterminal 440.

[00105]  As in the satellite gateway 270 of Figure 2, the satellite gateway 470 of
Figure 4 may also include a receiver 421 coupled to an antenna 422 through a
multiplexer 423, a detector 411 and an information combiner 415 configured to
combine a detect a plurality of information streams received from the first and second
satellites 450, 460 and to combine the detected information streams to form a

combined information stream, respectively.
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[00106] Referring now to Figure 6, an exemplary radioterminal in accordance
with some embodiments of the present invention is illustrated. The radioterminal 10
is configured to communicate data with one or more other wireless terminals over a
wireless communication interface therebetween.

[00107] The radioterminal 10 in the illustrated embodiments includes a
portable housing assembly 12, a controller 30, a communication module 32, and a
memory 34. The radioterminal 10 further includes a user interface 22 (i.e., a man
machine interface) including a display 20, a speaker 24 (i.e., a sound transducer), and
at least one input device 26. The foregoing components of the radioterminal 10 may
be included in many conventional mobile terminals and their functionality is generally
known to those skilled in the art.

[00108] The display 20 may be any suitable display screen assembly. For
example, the display 20 may be a liquid crystal display (LCD) with or without
auxiliary lighting (e.g., a lighting panel).

[00109] The user interface 22 may include any suitable input device(s)
including, for example, a touch activated or touch sensitive device (e.g., a touch
screen), a joystick, a keyboard/keypad, a dial, a directional key or keys, and/or a
pointing device (such as a mouse, trackball, touch pad, etc.). The speaker 24
generates sound responsive to an input audio signal. The user interface 22 can also
include a microphone coupled to an audio processor that is configured to generate an
audio data stream responsive to sound incident on the microphone.

[00110] The controller 30 may support various functions of the radioterminal
10. The controller 30 can be any commercially available or custom microprocessor,
for example. The memory 34 is configured to store digital information signals and
data. )

[00111] The communication module 32 is configured to communicate data
over one or more wireless interfaces to another remote wireless terminal, such as a
satellite, as discussed herein. Accordingly, the communication module 32 can include
a satellite communication module configured to send/receive signals in a satellite
communication frequency via an antenna 40. The communication module may be
configured to receive digital information transmitted via a frequency division multiple
access (FDMA) protocol, a time division multiple access (TDMA) protocol, a code
division multiple access (CDMA) protocol, and/or an orthogonal frequency division

multiple access (OFDMA) protocol. The communication module may be configured

25



WO 2007/002270 PCT/US2006/024277

to transmit/receive signals using one or more communications protocols
simultaneously and/or non-simultaneously.

[00112] The communication module 32 can include a transceiver typically
having a transmitter circuit and a receiver circuit, which respectively transmit
outgoing radio frequency signals and receive incoming radio frequency signals, such
as voice and data signals, via an antenna. The antenna may be an embedded antenna,
a retractable antenna or any antenna known to those having skill in the art without
departing from the scope of the present invention. In particular embodiments,
however, the antenna is configured to send and receive circularly polarized, linearly
polarized and/or unpolarized signals in satellite frequency bands. The radio frequency
signals transmitted between the radioterminal 10 and the other terminal(s) may
include both traffic and control signals (e.g., paging signals/messages for incoming
calls), which are used to establish and maintain communication with another party or
destination.

[00113] Figure 7 illustrates, schematically, a satellite 700 according to some
embodiments of the invention. In general, a satellite includes a control unit 710 and
an antenna 720 configured to send/receive signals using a satellite frequency band.
The control unit 710 may include one or more transceivers configured to send/receive
signals over the antenna 720 simultaneously.

[00114] In general, there are at least three basic multiple access schemes: time
division multiple access (TDMA), code division multiple access (CDMA) and
frequency division multiple access (FDMA). In an FDMA scheme, different
transmitters are assigned different frequency bands on which to transmit, Ina TDMA
system, different transmitters are assigned different time slots (i. e., time intervals)
within a particular frequency band. Thus, in accordance with a TDMA system, a
transmitter is assigned to a particular frequency band (as in FDMA), but temporally
shares the frequency band in order to improve band utilization. In a general CDMA
scheme, multiple transmitters share a single, relatively wide frequency band, but the
transmitters may not be limited to particular time slots. Rather, each transmitter is
assigned a unique spreading code (or "chipping" code) that is in some embodiments
orthogonal to the spreading code used by each of the other transmitters. Information
transmitted by each transmitter is modulated using the transmitter's spreading code.

[00115] A radioterminal and/or a satellite gateway according to some

embodiments of the invention may include a dual mode communication module that
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is configured to transmit/receive signals using one or more communications protocols
(such as FDMA, CDMA, TDMA, etc.) simultaneously and/or non-simultaneously.
Accordingly, a radioterminal or satellite gateway according to some embodiments of
the invention may receive a first information stream using a first communication
protocol and a second information stream using a second communication protocol that
is different from the first communication protocol. The radioterminal or satellite
gateway may combine the first and second information streams to provide a combined
information stream.

[00116] Some examples of transmission and reception of the first and second
information streams to a destination radioterminal are illustrated in Figures 8 and 9,
which are exemplary graphs of frequency versus time for a frequency division .
multiple access (FDMA) communications system and a time division multiple access
(TDMA) communications system, respectively. For example, referring to Figure 8, a
downlink channel of a FDMA communications system may be assigned to a channel
C having a predetermined bandwidth. The first and second information streams may
be transmitted by first and second satellites, respectively, in bursts over the same
channel C.

[00117] For example, the first satellite may send a first portion of the first
information stream to the destination radioterminal and/or the satellite gateway in a
first information burst 510, after which the second satellite may send a first portion of
the second information stream to the destination radioterminal and/or the satellite
gateway in a second information burst 520. The satellites may alternate sending
information bursts to the destination radioterminal on the same channel C. The first
information burst 510 may include a synchronization header S1 and a data field D1.
The synchronization header S1 may permit the radioterminal to synchronize its
receiver with the timing of the first information burst. Similarly, the second
information burst 510 may include a synchronization header S2 and a data field D2.
The synchronization header S2 may permit the radioterminal to synchronize its
receiver with the timing of the second information burst. The satellites may alternate
sending information bursts, and the destination radioterminal may re-synchronize to
each information burst.

[00118] A time division multiple access (TDMA) scenario is illustrated in
Figure 9. As shown there, a TDMA system defines a plurality of channels C1, C2,
each of which may be logically divided into a plurality of repeating time slots S1-S4.
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Each satellite may be assigned a time slot in the same or different channel, and the
destination radioterminal and/or satellite gateway is configured to receive data on
both time slots and combine the data to recover the original information stream. As
illustrated in Figure 9, the satellites may transmit on different channels in time slots
that may be separated by a sufficient time interval to allow the destination
radioterminal and/or satellite gateway to re-tune and re-synchronize between the time
slots. For example, the first satellite may be assigned to transmit the first information
stream using time slot S1 on channel C1, while the second satellite may be assigned to
transmit the second information stream using time slot S4 on channel C2. The time
interval between the end of the time slot S1 on channel C1 and the start of the time
slot S4 on channel C2 is shown as T1, and the time interval between the end of the
time slot S4 on channel C2 and the start of the time slot S1 on channel C1 is shown as
T2. Both time intervals T1 and T2 may be long enough to permit the destination
radioterminal and/or satellite gateway to retune its receiver to channel C1 or C2 and
re-synchronize to the information stream transmitted thereon.

[00119] In acode division multiple access (CDMA) system, both the first and
second information streams may be transmitted simultaneously in the same frequency
space, but may be spread using different orthogonal spreading codes. For example,
the first information stream transmitted by the first satellite may be transmitted using
a first orthogonal spreading code, and the second information stream transmitted by
the second satellite may be transmitted using a second orthogonal spreading code,
different from the first orthogonal spreading code. In that case, the receiver of the
destination radioterminal may be configured as shown in Figure 10. As shown
therein, a receiver 600 for a destination radioterminal and/or a satellite gateway may
include an antenna 610 configured to receive communication signals in a CDMA
frequency band. Received signals are provided to a demodulator 620, which converts
the received signals to baseband. First and second pilot searchers 630, 650 are
configured to search for pilot signals transmitted by the first and second satellites,
respectively, in order to obtain timing information relative to information signals
transmitted by the first and second satellites. The timing information is used by first
and second correlators 640, 660 to correlate the received signals with known
spreading codes used by the first and second satellites. The output of the correlators

640, 660 is passed though first and second slicers 670, 680, which respectively
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generate first and second received information streams that are combined in an
information combiner 690 to provide a recovered information signal.

[00120] It will be understood by one skilled in the art that although the above
description of embodiments including satellites is presented in terms of two satellites
and two waveform components, more than two satellites and more than two
respective waveform components may be used in some embodiments of the invention.
It will also be appreciated by one skilled in the art that although satellites are used in
the above description/embodiments to represent system elements, other system
elements that are not satellites may be used in other embodiments, such as, for
example, terrestrial transmitters (i.e., base stations), ancillary terrestrial components
(ATCs), acronautical transmitters on airborne platforms, etc.

[00121] Inthe drawings and specification, there have been disclosed typical
embodiments of the invention and, although specific terms are employed, they are
used in a generic and descriptive sense only and not for purposes of limitation, the

scope of the invention being set forth in the following claims.
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What is Claimed is:

1. A method of transmitting an information signal in a satellite communications
system, comprising:

splitting the information signal into a first signal component and a second
signal component;

transmitting the first signal component to a first system element of the satellite
communications system;

transmitting the second signal component to a second system element of the
satellite communications system;

combining the first signal component and the second signal component to
form a combined signal; and

recovering the information signal from the combined signal.

2. The method of Claim 1, further comprising:

transmitting the first signal component from the first system element to a
destination terminal; and

transmitting the second signal component from the second system element to
the destination terminal;

wherein combining the first signal component and the second signal

component is performed at the destination terminal.

3. The method of Claim 1, further comprising:

transmitting the first signal component from the first system element to the
second system element, wherein combining the first signal component and the second
signal component is performed at the second system element; and

transmitting the recovered information signal from the second system element

to the destination terminal.

4. The method of Claim 1, further comprising forming an analog waveform
representative of the information signal;
wherein splitting the information signal comprises splitting the analog

waveform into a first waveform and a second waveform, and wherein transmitting the
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first signal component comprises transmitting the first waveform and transmitting the

second signal component comprises transmitting the second waveform.

5. The method of Claim 4, wherein splitting the analog waveform comprises
filtering the analog waveform, and wherein transmitting the first waveform comprises
modulating a first carrier signal with the first waveform and transmitting the
modulated carrier signal to the first system component, and wherein transmitting the
second waveform comprises modulating a second carrier signal with the second
waveform and transmitting the modulated carrier signal to the second system

component.

6. The method of Claim 1, further comprising tranémitting the first signal

component from the first system element to the second system element.

7. The method of Claim 1, wherein a bandwidth of the recovered information
signal exceeds a bandwidth capability of one of the first system element or the second

system element.

8. The method of Claim 1, wherein the information signal comprises a digital
information signal, and wherein splitting the information signal comprises splitting
the digital information signal into a first digital information stream and a second
digital information stream; and

wherein transmitting the first signal component comprises transmitting the
first digital information stream to the first system element, and wherein transmitting
the second signal component comprises transmitting the second digital information

stream to the second system element.

9. The method of Claim 8, further comprising interleaving and/or encoding the
digital information signal prior to splitting the digital information signal into the first

digital information stream and the second digital information stream.

10.  The method of Claim 8, further comprising transmitting the first digital
information stream from the first system element and transmitting the second digital

information stream from the second system element;

31



WO 2007/002270 PCT/US2006/024277

wherein transmitting the first digital information stream from the first system
element comprises applying a first orthogonal spreading code to the first digital
information stream, and wherein transmitting the second digital information stream
from the second system element comprises applying a second orthogonal spreading

code to the second digital information stream.

11.  The method of Claim 2, wherein transmitting the first signal component from
the first system element to the destination terminal comprises transmitting a portion of
the first signal component to the destination terminal using a first carrier frequency,
and transmitting the second signal component from the second system element to the
destination terminal comprises transmitting a portion of the second signal component
to the destination terminal using a second carrier frequency after the portion of the

first signal component has been received.

12.  The method of Claim 11, wherein the first carrier frequency and the second

carrier frequency comprise the same frequency.

13. The method of Claim 11, wherein the first carrier frequency and the second
carrier frequency comprise different frequencies; and

wherein transmitting the first signal component from the first system element
comprises transmitting in a first time slot of a first TDMA channel and transmitting
the second signal component from the second system element comprises transmitting

in a second time slot of a second TDMA channel.

14, The method of Claim 13, wherein the first carrier frequency and the second
carrier frequency comprise different carrier frequencies, and wherein transmitting the
portion of the first signal component comprises transmitting in a first time slot and
transmitting the portion of the second signal component comprises transmitting in a

second time slot that is spaced apart in time from the first time slot.

15.  The method of Claim 14, further comprising:
tuning a receiver of the destination terminal to the first carrier frequency;
receiving the portion of the first signal component from the first system

element;
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tuning the receiver of the destination terminal to the second carrier frequency;
and
receiving the portion of the second signal component from the second system

element.

16.  The method of Claim 15, wherein receiving the first signal component
comprises:

tuning a receiver of the destination terminal to the first carrier frequency and
receiving data transmitted in the first time slot; and

tuning the receiver to the second carrier frequency and receiving data

transmitted in the second time slot.

17.  The method of Claim 16, wherein receiving data transmitted in the first time
slot comprises receiving data transmitted in the first time slot of a first frame
transmitted on the first carrier frequency, and wherein receiving data transmitted in
the second time slot comprises receiving data transmitted in the second time slot of a
first frame transmitted on the second carrier frequency, the method further
comprising, after receiving data transmitted in the second time slot of the first frame
on the second carrier frequency, tuning the receiver to the first carrier frequency and
receiving data transmitted in the first time slot of a second frame transmitted on the

first carrier frequency.

18. A communications system comprising:

a waveform generator configured to generate an analog waveform
representative of an information signal; and

a waveform splitter configured to split the analog waveform into a first signal
component and a second signal component, configured to transmit the first signal
component to a first system element of the communications system; and configured to
transmit the second signal component to a second system element of the

communications system.

19.  The communications system of Claim 18, wherein the first system element

comprises a first satellite and the second system element comprises a second satellite;

33



WO 2007/002270 PCT/US2006/024277

wherein the first satellite is configured to transmit the first signal component

and the second satellite is configured to transmit the second signal component.

20. The communications system of Claim 19, further comprising:

a radioterminal configured to receive the first signal component and the
second signal component and configured to combine the first signal component and
the second signal component to form a combined signal;

wherein the radioterminal is further configured to recover the information

signal from the combined signal.

21.  The communications system of Claim 19, wherein the second satellite is
configured to receive the first signal component from the first satellite, and wherein
the second satellite is further configured to combine the first signal component and
the second signal component to form a combined signal and to transmit the combined

signal.

22. The communications system of Claim 19, wherein the first satellite is
configured to transmit the first signal component to the second satellite, and wherein
the second satellite is configured to combine the first signal component and the
second signal component, configured to recover the information signal from the
combined first signal component and second signal component, and configured to

transmit the recovered information signal.

23.  The communications system of Claim 19, further comprising a radioterminal
configured to receive the first signal component and the second signal component and
configured to recover the information signal from the first signal component and the

second signal component.

24.  The communications system of Claim 23, wherein the radioterminal is
configured to combine the first signal component and the second signal component
and to recover the information signal from the combined first signal component and

second signal component.

25.  The communications system of Claim 18,
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wherein the waveform splitter is configured to filter the analog waveform to
obtain a first waveform component and a second waveform component, and wherein
the waveform splitter is further configured to modulate a first carrier signal with the
first waveform component and transmit the modulated carrier signal to the first
system component, and

wherein the waveform splitter is configured to modulate a second carrier
signal with the second waveform component and transmit the modulated carrier signal

to the second system component.

26. A communications system comprising:

an information splitter configured to split an information signal into a first
information signal component and a second information signal component;

a first transmitter configured to transmit the first information signal
component to a first system element of the communications system; and

a second transmitter configured to transmit the second information signal

component to a second system element of the communications system.

27.  The communications system of Claim 26, further comprising:

a first waveform generator configured to generate a first analog waveform
representative of the first information signal component; and

a second waveform generator configured to generate a second analog
waveform representative of the second information signal component;

wherein the first transmitter is configured to transmit the first analog
waveform and the second transmitter is configured to transmit the second analog

waveform.

28.  The communications system of Claim 26, wherein the first system element
comprises a first satellite and the second system element comprises a second satellite;
wherein the first satellite is configured to receive the first information signal
component and to transmit the first information signal component; and
wherein the second satellite is configured to receive the second information

signal component and to transmit the second information signal component.
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29.  The communications system of Claim 28, wherein the first satellite is
configured to transmit the first information signal component to the second satellite,
and wherein the second satellite is configured to combine the first information signal
component and the second information signal component, configured to recover the
information signal from the combined first information signal component and second
information signal component, and configured to transmit the recovered information

signal.

30.  The communications system of Claim 28, further comprising a radioterminal
configured to receive the first information signal component and the second
information signal component and configured to recover the information signal from

the first signal component and the second signal component.

31.  The communications system of Claim 30, wherein the radioterminal is
configured to combine the first information signal component and the second
information signal component and to recover the information signal from the

combined first signal component and second signal component.

32.  The communications system of Claim 26, wherein the first satellite is
configured to transmit the first information signal component in a transmission
channel, and wherein the second satellite is configured to transmit the second
information signal in the same transmission channel after the transmission of the first

information signal component has finished.

33. The communications system of Claim 26, wherein the first satellite is
configured to transmit the first information signal component in a first time slot in a
first transmission channel, and wherein the second satellite is configured to transmit
the second information signal component in a second time slot in a second

transmission channel.
34. The communications system of Claim 33, wherein the first time slot of the

first transmission channel and the second time slot of the second transmission channel

are separated by a sufficient time interval to permit a receiver to tune between a
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frequency of the first transmission channel and a frequency of the second transmission

channel.

35. The communications system of Claim 28, wherein the first satellite is
configured to spread the first information signal component using a first orthogonal
spreading code and the second satellite is configured to spread the second information

signal component using a second orthogonal spreading code.

36.  The communications system of Claim 35, further comprising a radioterminal
including a receiver including a first correlator configured to detect an information
signal component spread using the first orthogonal spreading code and a second
correlator configured to detect an information signal component spread using the

second orthogonal spreading code.

37.  The communications system of Claim 36, wherein the receiver of the
radioterminal further comprises:

a first slicer configured to generate an estimate of the first information signal
component from an output of the first correlator,

a second slicer configured to generate an estimate of the second information
signal component from an output of the second correlator; and

an information combiner configured to combine the estimate of the first
information signal component with the estimate of the second information signal

component to recover the information signal.

38. A satellite of a satellite communications system, comprising:

an antenna configured to receive a first information signal component from a
satellite gateway and a second information signal from a second satellite; and

a control unit configured to combine the first information signal component
and the second information signal component, configured to recover an information
signal from the combined first information signal component and second information

signal component, and configured to transmit the recovered information signal.
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39.  The satellite of Claim 38, wherein the control unit is further configured to
decode and/or de-interleave the first information signal component and/or the second

information signal component.

40.  The satellite of Claim 39, wherein the contro] unit is further configured to
recover the information signal from the decoded and/or de-interleaved first
information signal and/or the decoded and/or de-interleaved second information

signal.

41. A satellite gateway of a satellite communications system, comprising:

a waveform generator configured to generate an analog waveform
representative of an information signal; and

a waveform splitter configured to split the analog waveform into a first signal
component and a second signal component, configured to transmit the first signal
component to a first system element of the communications system; and configured to
transmit the second signal component to a second system element of the

communications system.

42.  The satellite gateway of Claim 41,

wherein the waveform splitter is configured to filter the analog waveform to
obtain a first waveform component and a second waveform component, and wherein
the waveform splitter is further configured to modulate a first carrier signal with the
first waveform component and transmit the modulated carrier signal to the first
system component, and

wherein the waveform splitter is configured to modulate a second carrier
signal with the second waveform component and transmit the modulated carrier signal

to the second system component.

43. A satellite gateway of a satellite communications system, comprising:

an information splitter configured to split an information signal into a first
information signal component and a second information signal component;

a first transmitter configured to transmit the first information signal

component to a first system element of the communications system; and
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a second transmitter configured to transmit the second information signal

component to a second system element of the communications system.

44.  The satellite gateway of Claim 43,7 further comprising:

a first waveform generator configured to generate a first analog waveform
representative of the first information signal component; and

a second waveform generator configured to generate a second analog
waveform representative of the second information signal component;

wherein the first transmitter is configured to transmit the first analog
waveform and the second transmitter is configured to transmit the second analog

waveform.

45. A radioterminal, comprising:

a housing;

an antenna supported by the housing; and

a communications module coupled to the antenna and configured to receive a
first signal component and a second signal component and configured to combine the
first signal component and the second signal component to form a combined signal,

and configured to recover an information signal from the combined signal.

46.  The radioterminal of Claim 45, wherein the communications module further
comprises a first correlator configured to detect an information signal component

spread using a first orthogonal spreading code and a second correlator configured to
detect an information signal component spread using a second orthogonal spreading

code.

47.  The radioterminal of Claim 46, wherein the communications module further
comprises:

a first slicer configured to generate an estimate of the first information signal
component from an output of the first correlator,

a second slicer configured to generate an estimate of the second information

signal component from an output of the second correlator; and
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an information combiner configured to combine the estimate of the first
information signal component with the estimate of the second information signal

component to recover the information signal.

48.  The radioterminal of Claim 45, wherein the communications module is
configured to receive a portion of the first signal component, configured to tune a
receiver of the communication module to a second carrier frequency, and configured

to receive a portion of the second signal component.

49, The radioterminal of Claim 45, wherein the communications module is further
configured to receive the first signal component in a first timeslot using a time
division multiple access protocol and configured to receive the second signal

component in a second timeslot using the time division multiple access protocol.

50. The radioterminal of Claim 49, wherein the communications module is further
configured to tune a receiver of the communications module to a first carrier
frequency and receive data transmitted in the first time slot, and configured to tune the
receiver to a second carrier frequency and receive data transmitted in the second time

slot.

51.  The radioterminal of Claim 45, further comprising:

a waveform generator configured to generate an analog waveform
representative of an information signal; and

a waveform splitter configured to split the analog waveform into a first signal
component and a second signal component, configured to transmit the first signal
component to a first system element of the communications system; and configured to
transmit the second signal component to a second system element of the

communications system.

52.  The radioterminal of Claim 51,
wherein the waveform splitter is configured to filter the analog waveform to
obtain a first waveform component and a second waveform component, and wherein

the waveform splitter is further configured to modulate a first carrier signal with the
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first waveform component and transmit the modulated carrier signal to the first
system component, and

wherein the waveform splitter is configured to modulate a second carrier
signal with the second waveform component and transmit the modulated carrier signal

to the second system component.

53.  The radioterminal of Claim 45, further comprising:

an information splitter configured to split an information signal into a first
information signal component and a second information signal component;

a first transmitter configured to transmit the first information signal
component to a first system element of the communications system; and

a second transmitter configured to transmit the second information signal

component to a second system element of the communications system.

54.  The radioterminal of Claim 53, further comprising:

a first waveform generator configured to generate a first analog waveform
representative of the first information signal component; and

a second waveform generator configured to generate a second analog
waveform representative of the second information signal component;

wherein the first transmitter is configured to transmit the first analog
waveform and the second transmitter is configured to transmit the second analog

waveform.

55. A satellite gateway of a satellite communications system, comprising:

an antenna; and

a communications module coupled to the antenna and configured to receive a
first signal component and a second signal component and configured to combine the
first signal component and the second signal component to form a combined signal,

and configured to recover an information signal from the combined signal.
56.  The satellite gateway of Claim 55, wherein the communications module

further comprises a first correlator configured to detect an information signal

component spread using a first orthogonal spreading code and a second correlator
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configured to detect an information signal component spread using a second

orthogonal spreading code.

57. The satellite gateway of Claim 56, wherein the communications module
further comprises:

a first slicer configured to generate an estimate of the first information signal
component from an output of the first correlator,

a second slicer configured to generate an estimate of the second information
signal component from an output of the second correlator; and

an information combiner configured to combine the estimate of the first
information signal component with the estimate of the second information signal

component to recover the information signal.

58, The satellite gateway of Claim 57, wherein the communications module is
configured to receive a portion of the first signal component, configured to tune a
receiver of the communication module to a second carrier frequency, and configured

1o receive a portion of the second signal component.

59.  The satellite gateway of Claim 55, wherein the communications module is
further configured to receive the first signal component in a first timeslot using a time
division multiple access protocol and configured to receive the second signal

component in a second timeslot using the time division multiple access protocol.

60.  The satellite gateway of Claim 59, wherein the communications module is
further configured to tune a receiver of the communications module to a first carrier
frequency and receive data transmitted in the first time slot, and configured to tune the
receiver to a second carrier frequency and receive data transmitted in the second time

slot.

61.  The satellite gateway of Claim 55, wherein the communications module
comprises:

a receiver configured to receive a first and second waveforms;

a waveform combiner configured to combine the first waveform and the

second waveform to form a combined signal; and
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a detector configured to recover an information signal from the combined

signal.

62. A satellite gateway, comprising:

a receiver configured to receive a first signal and a second signal;

a detector configured to detect a first information stream from the first signal
and a second information stream from the second signal; and

an information combiner configured to combine the first information stream

and the second information stream to form a combined information stream.
63.  The method of Claim 3, wherein the first system element comprises a first

satellite, the second system element comprises a second satellite, and the destination

terminal comprises a radioterminal and/or a satellite gateway.

43



PCT/US2006/024277

WO 2007/002270

1/7

} 34NOI4

1Nn0
NOILVIWHO4NI
A
Iy mmzﬁoo | W
| ¥3AIZ03Y RO-EAYM 40193130
(54
0 t.\wﬁ A_/I HIXITAILINK
A T
0L
HILLINSNYYL
i [+ o
INHO-3AYM
ovl _
NI NOILYIWHOANI
29l
csl
9l . «(oe

09} @%MFY




PCT/US2006/024277
2/7

WO 2007/002270

¢ 34N9ld4

1n0
NOILYIWNHOANI
A
. . ¥4
Tee 772
[ - YINIGNOD
¥3IAIFO d010313d NOILYWYOANI
—— — A
£ee g0ce
| < YOLYHINTD |
o
A @ .&/I IXF1ILINN HALLINSNYEL WHOEAVAA
A 50¢
YALIDS
NOILYIWHOANI
oIg
(144
@ HOLYYINTD [«
HA1TINSNYHL WHOJIAVM
(| ﬁ
LN 0tz

|
NI NOLLYIHOANI
2%
4t
N
792

PST
@mwﬂw w m

092



PCT/US2006/024277

WO 2007/002270

3/7

m 4%

¢9%e mr
cse
voe I\ /l 00€

£ 34N9I4

1Nno
NOILVYWHOANI
A
o [ 10
%43 e
— WIANIGNOD >
h IO WSO-EAYM #019313d
[544
0/ — :&./l HAXTIILINN
z¢ (743
z 7y 0zt [
WALLWSNWIL | f 0 o oo
M4ALLTAS WHOJTAYM
INHOA3AYM

!

96e w

09¢ 05€

NI NOILYIWHOANI




PCT/US2006/024277

4/7

WO 2007/002270

¥ 34N9I4 .

NOILYINHOSNI
A
I _ (957
%47 352
L » - H3ANIEWO
RENIEREL ¥015313d NOILYWHOANI
Y
- — o0
VA g0¢Y
< <€ HOLVHINIO |«
Y - $/I YIXT LI YILLINSNYYL ROIAYM
157
Y3LLMdS
_ NOILYW¥OANI
Vory
147
€ HOLYHINTD |t
Y3LLINSNVHL WHO4TAVM
| a
LI\ ovy _
NI NOILYWHOANYI
97
[4%17
/ 00
214 * ‘ >
215974
0S¥

09y



WO 2007/002270

5/7

MAGNITUDE
A
l"—-"B“"’1’/,-mm
425
ws A N
410 YA 420
| I |

PCT/US2006/024277

FIGURE 5

» FREQUENCY

\i/ﬂo

USER INTERFACE
22 COMM.
MODULE
DISPLAY 30
20 32
MEMORY
SPEAKER 34
24
CONTROLLER
INPUT 30
26

MOBILE TERMINAL
10

/—12

FIGURE 6



WO 2007/002270 PCT/US2006/024277

6/7
700
N
i I/— 720
CONTROL UNIT
710
FIGURE 7
FREQUENCY 510 520
A A A
. N N

C { S1 D1 S2 D2

FIGURE 8

» TIME




WO 2007/002270 PCT/US2006/024277

717
FREQUENCY -
A le—s) Lol
D

c2{ [~ [s2]s3[s4[s1]52] S8

c1{_ [ —]st[s2[s3[sa[s1]s2]| = "
1 -

» TIME

FIGURE 9

PILOT
SEARCHER
<P1>

630 Fa 600
v

_ | CORRELATOR SLICER
"Il s ™ eno

A

610

INFORMATION

DEMODULATOR PILOT COMBINER ~ (— INFORMATION
620 SEARCHER 690

<p2>
650

+ A

. | CORRELATOR SLICER
660 680

FIGURE 10



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2006/024277

CLASSIFICATION OF SUBJECT MATTER

N i6a87 15t

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4B H04Q

Documentation searched other than minimum documentation to the extent that such documents ate included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indicalion, where appropriate, of the relevant passages

Relevant to claim No.

X US 6 154 501 A (FRIEDMAN ROBERT F [UST)
28 November 2000 (2000-11-28)

the whole document

X GB 2 341 293 A (MOTOROLA LTD [GBI)

8 March 2000 (2000-03-08)

abstract

page 4, line 11 - Tine 22

page 4, line 30 - page 5, 1ine 11

page 6, line 30 - page 7, line 6

page 8, line 6 — 1ine 9

A US 2003/199246 Al (FRIEDMAN ROBERT F [US]
ET AL) 23 October 2003 (2003~10-23)
abstract; figure 2

iy

1-44,
556-63

45-54

1-63

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :

*A" document defining the general state of the art which is not
considered to be of particular relevance

*E" earlier document but published on or afterthe international
filing date

invention

which is cited to estabiish the publication date of another
citation or other special reason (as specified)

*T' later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

*X' document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered 1o
*L" document which may throw doubis on priority claim(s) or involve an inventive step when the document is taken alone

*¥* document of parlicular relevance; the claimed invention
cannot be considered to involve an inventive slep when the

European Patent Office, P.B, 5818 Patentlaan 2
NL ~ 2280 HV Rijswijk
Tel. (+31-70) 3402040, Tx. 31 651 epo nl,

*0" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
*P* document published prior to the inlernational filing date but inthe art.
later than the priority date claimed *&* document member of the same patent family
Date of the actual campletion of the internalional search Date of mailing of the international search repost
27 October 2006 06/11/2006
Name and mailing address of the ISA/ Authorized officer

Fax: (+31-70) 3403016 Draper, Alan

Form PCT/ISA/210 {second sheet) (Aprit 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2006/024277

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

GCitation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

EP 0 808 034 A2 (TRW INC [US] NORTHROP
GRUMMAN CORP [US])

19 November 1997 (1997-11-19)

abstract

column 4, line 45 - column 5, 1ine b
column 9, Tine 40 - Tine 44

Form PCT/ISA/210 {continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

information on patent family members

International application No

PCT/US2006/024277
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 6154501 A 28-11-2000 US 6549582 Bl 15-04~2003
GB 2341293 A 08-03-2000  NONE
US 2003199246 Al 23-10-2003  NONE
EP 0808034 A2 19-11-1997 DE 69730265 D1 23-09-2004
DE 69730265 T2 13-01-2005
JP 3086669 B2 11-09-2000
JP 10108267 A 24-04~1998
us 5784695 A 21-07-1998

Form PCT/SA/210 (patent tamily annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - wo-search-report
	Page 53 - wo-search-report
	Page 54 - wo-search-report

