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PREDICTION OF UPLINK INTERFERENCE POTENTIAL GENERATED BY AN
ANCILLARY TERRESTRIAL NETWORK AND/OR RADIOTERMINALS

RELATED APPLICATION
[0001] The present application claims the benefit of United States Provisional
Application Serial No. 60/636,594, filed December 16, 2004 and hereby incorporated by

reference herein in its entirety.

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

and more particularly to satellite communications systems and methods.

BACKGROUND OF THE INVENTION

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

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

[0005] The overall design and operation of cellular satellite radioterminal 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 "radioterminal” includes cellular
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and/or satellite radioterminals with or without a multi-line display; Personal
Communications System (PCS) terminals that may combine a radioterminal with data
processing, facsimile and/or data communications capabilities; Personal Digital
Assistants (PDA) that can include a radio frequency transceiver and/or a pager,
Internet/Intranet access, Web browser, organizer, calendar and/or a global positioning
system (GPS) receiver; and/or conventional laptop and/or palmtop computers or other
appliances, which include a radio frequency transceiver. As used herein, the term
"radioterminal" also includes any other radiating user device/equipment/source that may
have time-varying or fixed geographic coordinates, and may be portable, transportable,
installed in a vehicle (aeronautical, maritime, or land-based), or situated and/or
configured to operate locally and/or in a distributed fashion at any other location(s) on
earth, above the earth and/or in space. A "radioterminal" also may be referred to herein

noan

as a "radiotelephone,” "terminal”, "wireless terminal” or "wireless user device".
Furthermore, as used herein, the term "base station" or “ancillary terrestrial component”
includes any radiating device that is configured to provide communications service to one
or more radioterminals and may have time-varying or fixed geographic coordinates, may
be portable, transportable, installed in a vehicle (aeronautical, maritime, or land-based), or
situated and/or configured to operate locally and/or in a distributed fashion at any other
location(s) on earth, above the earth-and/or in space.

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

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

for the satellite communications. See, for example, U.S. Patent 6,052,560, issued April
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18, 2000, entitled Satellite System Utilizing a Plurality of Air Interface Standards and
Method Employing the Same, by the present inventor Karabinis. In general, regardless of
the air interface or interfaces that are used, each satellite cell generally uses at least one
carrier/channel to provide service. Thus, a return service link and/or a forward service
link may use one or more carriers/channels to provide service.

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

[0009] Terrestrial networks can enhance cellular satellite radioterminal system
availability, efficiency and/or economic viability by terrestrially using/reusing at least
some of the frequencies that are allocated to cellular satellite radioterminal systems. In
particular, it is known that it may be difficult for cellular satellite radioterminal systems to
reliably serve densely populated areas, because satellite signals may be blocked by high-
rise structures and/or may not penetrate into buildings. As a result, satellite frequencies
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.

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

[0011] Satellite radioterminal communications systems and methods that may
employ terrestrial use of satellite frequencies are described in U.S. Patent Nos. 6,684,057
to Karabinis, entitled Systems and Methods for Terrestrial Reuse of Cellular Satellite
Frequency Spectrum; 6,785,543 to Karabinis, entitled Filters for Combined
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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 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
2003/0224785 to Karabinis, entitled Systems and Methods for Reducing Satellite Feeder
Link Bandwidth/Carriers In Cellular Satellite Systems; US 2002/0041575 to Karabinis et
al., entitled Coordinated Satellite-Terrestrial Frequency Reuse; US 2003/0068978 to
Karabinis et al., entitled Space-Based Network Architectures for Satellite Radiotelephone
Systems; US 2003/0153308 to Karabinis, entitled Staggered Sectorization for Terrestrial
Reuse of Satellite Frequencies; and US 2003/0054815 to Karabinis, entitled Methods and
Systems for Modifying Satellite Antenna Cell Patterns In Response to Terrestrial Reuse of
Satellite Frequencies, 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.

[0012] Some satellite radiotelephone systems and methods may employ
interference cancellation techniques to allow terrestrial reuse of satellite frequencies. For
example, as described in U.S. Patent 6,684,057, cited above, a satellite frequency can be
reused terrestrially by an ancillary terrestrial network even within the same satellite cell,
using interference cancellation techniques. In particular, a system according to some
embodiments of U.S. Patent No. 6,684,057 includes a space-based component that is
configured to receive wireless communications from a first radiotelephone in a satellite
footprint over a satellite radiotelephone frequency band, and an ancillary terrestrial

network that is configured to receive wireless communications from a second
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radiotelephone in the satellite footprint over the satellite radiotelephone frequency band.
The space-based component also receives the wireless communications from the second
radiotelephone in the satellite footprint over the satellite radiotelephone frequency band
as interference, along with the wireless communications that are received from the first
radiotelephone in the satellite footprint over the satellite radiotelephone frequency band.
An interference reducer is responsive to the space-based component and to the ancillary
terrestrial network that is configured to reduce the interference from the wireless
communications that are received by the space-based component from the first
radiotelephone in the satellite footprint over the satellite radiotelephone frequency band,
using the wireless communications that are received by the ancillary terrestrial network
from the second radiotelephone in the satellite footprint over the satellite radiotelephone
frequency band.

[0013] Other radiotelephone systems and methods can monitor terrestrial reuse of
satellite-band frequencies to reduce potential interference. For example, as described in
Published U.S. Patent Application No. US 2003/0054814 Al, cited above, radiation by an
ancillary terrestrial network, and/or satellite radiotelephones that communicate therewith
are monitored and controlled, to reduce and preferably prevent intra-system interference
and/or interference with other satellite radiotelephone systems. In particular, a satellite
radiotelephone system includes a space-based component that is configured to wirelessly
communicate with first radiotelephones in a satellite footprint over a satellite
radiotelephone frequency band, and an ancillary terrestrial network that is configured to
wirelessly communicate with second radiotelephones in the satellite footprint over at least
some of the satellite radiotelephone frequency band, to thereby terrestrially reuse the at
least some of the satellite radiotelephone frequency band. Wireless radiation by the
ancillary terrestrial network and/or the second radiotelephones at the space-based
component is monitored, and the radiation by the ancillary terrestrial network and/or the
plurality of second radiotelephones is adjusted in response to the monitoring. Intra-system
interference and/or interference with other satellite systems thereby may be reduced or
prevented. See the Abstract of U.S. Published Patent Application US 2003/0054814 A1l.

[0014] Finally, additional systems and methods may be used to monitor
terrestrially reused satellite frequencies to reduce potential interference. For example, as
described in Published U.S. Patent Application No. US 2003/0073436 Al, cited above, a
satellite radiotelephone system includes a space-based component, an ancillary terrestrial

network, a monitor and a controller. The space-based component is configured to
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wirelessly communicate with radiotelephones in a satellite footprint over a satellite
radiotelephone frequency band. The satellite footprint is divided into satellite cells in
which subsets of the satellite radiotelephone frequency band are spatially reused in a
spatial reuse pattern. The ancillary terrestrial network is configured to wirelessly
communicate with radiotelephones in the satellite footprint over at least some of the
satellite radiotelephone frequency band, to thereby terrestrially reuse the at least some of
the satellite radiotelephone frequency band. The monitor is configured to monitor
wireless radiation at the space-based component that is produced by the ancillary
terrestrial network and/or the radiotelephones in satellite cells that adjoin a satellite cell
and/or in the satellite cell, in at least part of the subset of the satellite radiotelephone
frequency band that is assigned to the satellite cell for space-based component
communications. The controller is configured to adjust the radiation by the ancillary
terrestrial network and/or the radiotelephones, in response to the monitor. See the
Abstract of U.S. Published Patent Application U.S. 2003/0073436 Al.

[0015] A Mobile Satellite System (MSS) 100 is shown in Figure 1. The MSS 100
includes at least one gateway 102 that includes an antenna 104 and gateway electronics
106 that can be connected to other networks 108 including terrestrial and/or other
radiotelephone networks. The gateway 102 also communicates with at least one Space-
Based Component (SBC) 110, such as a satellite, over a satellite feeder link 109.

[0016] The SBC 110 is configured to transmit wireless communications to a
plurality of ancillary terrestrial radioterminals 120a, 120b in a satellite footprint that
includes one or more satellite cells 130 over one or more satellite forward link (downlink)
frequencies fp. The SBC 110 is configured to receive wireless communications from, for
example, a first radioterminal 120a in the satellite cell 130 over a satellite return link
(uplink) frequency fy.

[0017] The MSS 100 also includes an Ancillary Terrestrial Network (ATN) that
includes at least one Ancillary Terrestrial Component (ATC) 140. The ATC 140 can
include a base station transceiver that is configured to service radioterminals within its
service area cell by terrestrially reusing satellite frequencies that are used by the SBC
110. For example, as shown in Figure 1, the ATC 140 is configured to transmit wireless
communications to a second radioterminal 120b within ATC cell 150 over a satellite
downlink frequency f'p which may be the same as the satellite downlink frequency fp, and
to receive from the second radioterminal 120b over a satellite uplink frequency f'y which

may be the same as the satellite uplink frequency fy, Accordingly, the radioterminal 120a
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may be communicating with the SBC 110 while the radioterminal 120b may be
communicating with the ATC 140 over a frequency range that at least partially overlaps.
The gateway 102 may communicate with the ATC 140 over a terrestrial link 160.

[0018] Because the satellite uplink and downlink frequencies fy, fp, f'y, fp may at
least partially overlap, communications between the SBC 110 and the first radioterminal
120a can interfere with communications between the second radioterminal and the ATC
140 and vice versa. Moreover, communications between the second radioterminal and
the ATC 140 can also interfere with communication by components of another MSS. For
example, as shown in Figufe 1, another MSS includes a SBC 170 that communicates with
a radioterminal 172 over satellite communication frequencies that at least partially
overlap with and/or are adjacent to the satellite uplink and downlink frequencies fy, fp,
f'y, fpused by the MSS 100. The radioterminal 172 is configured to communicate with
the SBC 170 and it may be further configured to terrestrially communicate with an ATN
using satellite frequencies such as explained above for the radioterminals 120a-b. The
radiated signals from the radioterminals 120a-b and ATC 140 may interfere with
communications between the SBC 170 and the radioterminal 172. When MSSs have
adjacent or overlapping cells and are owned or controlled by different entities, it may be
more difficult to employ some of the interference cancellation techniques described above
and such interference to an MSS may be considered more objectionable when it-is caused
by another MSS owned/controlled by another entity.

(0019] The Federal Communications Commission has proposed to reduce/avoid
such interference to MSSs through the regulation of the terrestrial use/reuse of satellite
frequencies based on an analytical model it developed to define limits on uplink
interference potential to an L-band MSS from the deployment of an ATN. See, Report
and Order and Notice of Proposed Rulemaking, FCC 03-15, Flexibility for Delivery of
Communications by Mobile Satellite Service Providers in the 2 GHz Band, the L-Band,
and the 1.6/2.4 Bands, IB Docket No. 01-185, Adopted: January 29, 2003, Released:
February 10, 2003, hereinafter referred to as "Order FCC 03-15". Also, see
Memorandum Opinion and Order and Second Order on Reconsideration, FCC 05-30, In
the matter of Flexibility for Delivery of Communications by Mobile Satellite Service
Providers in the 2 GHz Band, the L-Band, and the 1.6/2.4 GHz Bands, IB Docket No. 01-
185, Adopted: February 10, 2005, Released: February 25, 2005.
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SUMMARY OF THE INVENTION

[0020] Some embodiments of the present invention provide a method of
predicting an uplink interference potential to a Mobile Satellite System (MSS) generated
by Ancillary Terrestrial Components (ATCs) of an Ancillary Terrestrial Network (ATN)
and/or radioterminals (ATC radioterminals) that are configured to terrestrially use/reuse
satellite frequencies that are used and/or authorized for use by the MSS. Measurements
are made of a power (or a measure thereof) transmitted by and/or received at one or more
radioterminals communicating with at least one terrestrial network and/or transmitted by
and/or received at the at least one terrestrial network communicating with the one or more
radioterminals using terrestrial frequencies that are at least partially outside a range of the
satellite frequencies. The uplink interference potential to the MSS generated by terrestrial
use/reuse of satellite frequencies by the ATN and/or the radioterminals is predicted
responsive to the measured power (or measure of the power). In some embodiments, the
measurements of the power (or a measure thereof) transmitted by and/or received at the
one or more radioterminals communicating with the at least one terrestrial network and/or
transmitted by and/or received at the at least one terrestrial network communicating with
the one or more radioterminals are stored in a digital storage medium and subsequently
are used by a data reduction algorithm to predict the uplink interference potential.

[0021] In some further embodiments, the predicted uplink interference potential
may be used to define a maximum output power that can be transmitted by the
radioterminals and/or the ATCs when in a geographic area within the radio horizon of
(i.e., having a line-of-sight with) the SBC of the MSS, responsive to the predicted uplink
interference potential. The predicted uplink interference potential may be used when
determining placement of ATC antennas in a geographic area responsive to the predicted
uplink interference potential. A maximum number of radioterminals that can
simultaneously communicate with the ATCs may be defined based on the predicted
uplink interference potential. The predicted uplink interference potential may be used to
influence decisions by the radioterminals and/or the ATN of when to carry out handoff of
radioterminals between one of the ATCs and a space-based component of the ATN.
Selection among differing coding techniques and/or communications modes that are used
by the radioterminals and the ATCs for communications therebetween may be influenced
based on the predicted uplink interference potential. The predicted uplink interference
potential may be used to influence selection of a range of satellite frequencies that are

terrestrial used/reused for communications between the radioterminals and the ATN.
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[0022] In some further embodiments, the prediction of uplink interference
potential to the MSS is updated using a transmitted and/or received power measurement
from at least one radioterminal and/or the ATN that terrestrially uses/reuses satellite
frequencies that are used and/or authorized for use by the MSS. The maximum number
of radioterminals that can simultaneously communicate with the ATCs of the ATN may
be controlled responsive to the updated prediction of uplink interference potential to the
MSS. Selection among a plurality of different coding techniques and/or communications
modes used by the radioterminals and the ATCs for communications therebetween may
be controlled responsive to the updated prediction of uplink interference potential to the
MSS. Selection of a range of satellite frequencies that are terrestrially used/reused for
communications between the radioterminals and the ATCs may be controlled responsive
to the updated prediction of uplink interference potential to the MSS. A maximum output
power from radioterminals and/or the ATCs may be controlled responsive to the updated-
prediction of uplink interference potential to the MSS.

[0023] In some other embodiments of the present invention, an ancillary
terrestrial network (ATN) includes a plurality of ATCs and an interference controller.
The ATCs are configured to communicate with a plurality of ATC radiotelephones over
satellite frequencies that are used and/or authorized for use by a MSS. The interference
controller is configured to control the ATCs and/or ATC radiotelephones that
communicate with the ATCs responsive to a prediction of uplink interference potential to
a MSS based on measurements of power transmitted by and/or received at one or more
radioterminals communicating with at least one terrestrial network and/or transmitted by
and/or received at the at least one terrestrial network communicating with the one or more
radioterminals using terrestrial frequencies that are at least partially outside a range of the

satellite frequencies and/or satellite frequencies.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024] Figure 1 is a schematic diagram of a mobile satellite system comprising
terrestrial use/reuse of at least some frequencies used and/or authorized for use by the
mobile satellite system.
[0025] Figure 2 is a table that compares power level measurements gathered in
different environments of the Washington D.C. area, in accordance with some
embodiments of the present invention, compared to what is defined by the Federal

Communication Commission's model in Order FCC 03-15.
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[0026] Figure 3 is a schematic diagram that illustrates a communications system
and methods that predict uplink interference potential according to some embodiments of
the present invention.

[0027] Figure 4 is a flowchart of operations and methods for predicting the uplink
interference potential to a MSS according to some embodiments of the present invention.

[0028] Figure 5 is a block diagram of a communications system and methods that

is/are configured in accordance with some embodiments of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS ACCORDING TO THE
INVENTION

[0029] Specific exemplary embodiments of the invention now will be described
with reference to the accompanying drawings. This invention may, however, be
embodied in many different forms and should not be construed as limited to the
embodimenfs set forth herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully convey the scope of the
invention to those skilled in the art. In the drawings, like numbers refer to like elements.
It will be understood that when an element is referred to as being "connected" or
"coupled" to another element, it can be directly connected or coupled to the other element
or intervening elements may be present. Furthermore, "connected" or "coupled" as used
herein may include wirelessly connected or coupled.

[0030] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used herein, the
singular forms "a", "an" and "the" are intended to include the plural forms as well, unless
expressly stated otherwise. It will be further understood that the terms "includes,"
"comprises," "including" and/or "comprising," when used in this specification, specify the
presence of stated features, integers, steps, operations, 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.

[0031]  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 will
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not be interpreted in an idealized or overly formal sense unless expressly so defined
herein.

[0032] 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
space-based component below could be termed a second space-based component, and
similarly, a second space-based component may be termed a first space-based component
without departing from the teachings of the present invention. As used herein, the term
"and/or" includes any and all combinations of one or more of the associated listed items.
The symbol "/" is also used as a shorthand notation for "and/or".

[0033] Moreover, as used herein, the term "substantially the same", as applied, for
example, to frequency bands, means that two or more frequency bands being compared
substantially overlap, but that there may be some areas of non-overlap, for example at a
band end and/or elsewhere. Moreover, the term "substantially the same", as applied to air
interfaces, means that two or more air interfaces (i.e., wireless protocols) being compared
are similar but need not be identical. A first air interface, for example, may be based on
and may be similar with (in at least one protocol layer) a second air interface. Some
differences may exist in one air interface relative to another air interface to, for example,
accommodate, adjust and/or compensate one or more aspects/concerns/differences that
may be associated with, for example, a satellite system relative to a terrestrial system, a
first satellite system relative to a second satellite system, a first terrestrial system relative
to a second terrestrial system and/or for any other reason(s). For example, a first vocoder
rate such as, for example, 4 kbps or 2 kbps, may be used by a first air interface that is
providing satellite communications compared to a second vocoder rate (e.g., 12 kbps, 16
kbps or 32 kbps) that may be used by a second air interface that is providing terrestrial
communications. Different forward error correction codes, different interleaving depths,
different carrier/channel bandwidths and/or different spread-spectrum codes, etc., may
also exist between two or more “substantially the same” air interfaces as long as each of
the two or more air interfaces comprises a commoh essential element (i.e., a kernel).

[0034] As explained above, the Federal Communications Commission has
proposed in Order FCC 03-15 to reduce/avoid uplink interference to L-band MSSs
through the regulation of the terrestrial use/reuse of satellite frequencies based on an
analytical model (referred to herein as "Commission's model") it developed that defines

uplink interference limits. In the ATC Order, the Commission used its analytical model
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to define limits on ATN deployment in the United States such that the uplink interference
potential (as defined by the Commission's model) to a co-channel L-band MSS may not
exceed 0.7% AT/T. See Order FCC 03-15, Appendix C2, Table 2.1.1.C, at 206. In
defining uplink interference, the Commission’s model takes into account several
interference mitigation mechanisms, such as outdoor blockage, power control, vocoder
factor, voice activity, and polarization isolation. The largest interference mitigation
contributor is power control to which the Commission's model attributes 20 dB of average
interference suppression. The remaining interference mitigation mechanisms (outdoor
blockage, vocoder factor, voice activity, and polarization isolation) are assigned
significantly lower average values: Outdoor blockage = 3.1 dB; vocoder factor = 3.5 dB;
voice activity = 1 dB; polarization isolation = 1.4 dB.

[0035] According to the Commission’s model for power control, a radioterminal
that is operating outdoors will emit, on average, 20 dB less than its maximum Effective
Isotropic Radiated Power (EIRP). Thus, for example, if a GSM radioterminal is
manufactured to a specification of 0 dBW maximum EIRP (as the Commission’s model
in Order FCC 03-15 assumes), the radioterminal will only emit -20 dBW (+10 dBm)
average EIRP when operating outdoors. Similarly, for a CDMA radioterminal that is
manufactured, for example, to a specification of -7 dBW maximum EIRP (See cdma2000
specifications), the radioterminal will emit -27 dBW (+3 dBm) average EIRP when
operating outdoors.

[0036] Some embodiments of the present invention may arise from a recognition
that the amount of interference to an MSS that is generated by ATCs of an ATN and/or
by ATC/ATN radioterminals that terrestrially use/reuse satellite frequencies can vary
significantly based on variation in the environment of the geographic areas of
deployment. Moreover, because of the significance of power control in the determination
of uplink interference potential to an MSS, the accuracy of predicting uplink interface
may be significantly improved by basing the prediction, at least in part, on actual
measurements of radiated power by one or more radioterminals and/or terrestrial
networks in an area that may at least partially be visible by a “victim” MSS. As will be
appreciated, improving the uplink interference prediction may enable more effective
planning for deployment of ATNs and control of existing ATNs.

[0037] Accordingly, some embodiments of the present invention can predict
uplink interference potential that is generated by an ATN and/or radioterminals that

terrestrially use/reuse satellite frequencies based on measurements of radiated power from
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one or more radioterminals and/or one or more terrestrial networks that communicate
using terrestrial frequencies that are at least partially outside a range of the satellite
frequencies. The terrestrial frequencies may be, for example, cellular and/or PCS
frequencies used by wireless telephone networks. In some embodiments, the output
power and/or received power of a cellular and/or PCS radioterminal, which may be
operated outdoors, and/or of a terrestrial network may be measured as the radioterminal
traverses routes in a given area. An average output power level and/or an average
received power level of the radioterminal and/or terrestrial network may then be derived
from the measurements. The measured output and/or input power levels may then be
used to predict the uplink interference potential that will be generated by an ATN and/or
radioterminals that terrestrially use/reuse satellite frequencies in the given area. The
prediction may further use mathematical analysis, simulation and/or modeling techniques,
such as to interpolate and/or extrapolate among the measured power levels and associated
geographic locations where the measurements were taken. Moreover, after the ATN is
actually deployed, the prediction may be updated and/or refined using measurements that
are taken from one or more actual radioterminals that are communicating with the ATN
by terrestrially using/reusing satellite frequencies.

[0038] In an exemplary embodiment of the present invention, Mobile Satellite
Ventures, LP (MSV), the assignee of the present application, commissioned LCC
International, Inc. (“LCC”) to conduct measurements in the Washington D.C. area using
an existing PCS network and radioterminal equipment thereof using PCS terrestrial
frequencies that are outside a range of satellite frequencies to predict the potential for
uplink interference to a MSS that may be generated by terrestrial use/reuse of satellite
frequencies in that area by an ATN and/or radioterminals thereof. The measurements by
LCC were also compared to what was defined by the Commission's model to assess the
differences therebetween.

[0039] More particularly, LCC recorded the output power of a cdma2000
radioterminal as it was driven around in dense-urban, urban, suburban, highway, and even
rural environments in the Washington D.C. area, while communicating with radio base
stations of a PCS network, including while the radioterminal was handed-off at times
from one base station to another. The data recorded by LCC represented the power
delivered to the antenna port of the radioterminal by the Power Amplifier (PA) of the

radioterminal. This quantity, as recorded, included the effect of power control but did
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not include the effect of voice activity (because a continuous voice stream was applied to
the terminal).

[0040] It was determined that for a cdma2000 radioterminal operating outdoors
and having a maximum output power capability of approximately -7 dBW the
Commission’s model defined an average emitted power of +3 dBm (-27 dBW), for a
Washington D.C. dense-urban area, while the data recorded by LCC indicated that the
average PA output of the radioterminal was -6.22 dBm, which is 9.22 dB less than that
predicted by the Commission’s model. Consequently, even if the spatially-averaged
antenna gain of the radioterminal is 0 dBi, although‘ unlikely, the Commission’s model
appears to be very conservative by overstating, at least for the Washington D.C. area
having a dense-urban environment, the interference to an MSS by the terrestrial use/reuse
of satellite frequencies in that area.

[0041] It was also found that for a Washington D.C. urban area tested, the average
power output of the radioterminal PA was -3.55 dBm, which is 6.55 dB less than the
Commission’s model defined. Again, even if the spatially-averaged antenna gain of the
radioterminal is 0 dBi, it appears that the Commission’s model is again very conservative
by overstating, for the Washington D.C. urban environment, the interference to an MSS
by the terrestrial use/reuse of satellite frequencies. For a Washington D.C. suburban area
that was tested, it was found that the ‘average power output of the radioterminal PA was
1.56 dBm, which is 1.44 dB less than the Commission’s model defined. For the highway
routes that were tested, it was found that the average power output of the radioterminal
PA was -1.39 dBm, which is 4.39 dB less than the Commission’s model defined. Finally,
for the rural area that was tested, it was found that the average power output of the
terminal’s PA was 5.07 dBm, which is 2.07 dB more than the Commission’s model
defined.

{0042] The data was collected while a continuous voice stream was applied to the
radioterminal. Accordingly, as explained above, the measurements recorded by LCC do
not include the effect of variation in voice activity on the average output power of the
radioterminal. The measurements do, however, include the effect of a user's body on the
radiated signals, which was simulated by taking the measurements while the
radioterminal was strapped to a side of a simulated human head. The simulated head was
filled with materials designed to exhibit RF absorption properties substantially similar to
a human head. The radioterminal compensated for the absorptive characteristics of the

simulated head by radiating, on average, a 3 dB higher power level. See Effects on
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Portable Antennas of the Presence of a Person, IEEE Transactions on Antennas and
Propagation, Vol. 41, No. 6, June 1993. Although the Commission’s model does not
account for the effect of a user's body on the radiated signals in its definition of the
average output power of a radioterminal, the measurements recorded by LCC, which
included the effect of a human head, are consistently lower (with the exception of the
rural environment) than the levels defined by the Commission’s model. As explained
above, the Commission’s model defined 9.22 dB and 6.55 dB higher output power than
was actually measured for the dense-urban and urban environments, respectively. For
suburban and highway environments, the Commission’s model defined 1.44 dB and 4.39
dB higher power levels, respectively, than was actually measured. Figure 2 is a table that
compares the LCC measurements in the tested environments of the Washington D.C. area
to what is defined by the Commission's model.

[0043] It appears from the LCC measurements that the Commission’s model
overstates the average output power of a radioterminal for all types of environments
where ATN may be deployed. Consequently, if an ATN were to be deployed in the
Washington D.C. area with at least some ATC base stations substantially co-located with
and/or using the same tower infrastructure of the PCS network base stations that were
involved in the LCC measurements of the dense-urban, urban, suburban, and/or highway
environments, the average level of uplink interference that would be generated by a
radioterminal operating outdoors would be less, and may be significantly less, than the
level of uplink interference that would be defined by the Commission’s model. This
finding may be significant in reducing and/or minimizing a deployment cost of the ATN
associated with establishing base station sites (i.e., ATC sites). Accordingly, an ATN
comprising a plurality of ATCs may be deployed such that at least one (and preferably
many, if not all) of the ATC base stations (i.e., the ATCs) are substantially co-located
with and/or use the same base station tower infrastructure of one or more existing
cellular/PCS networks. Moreover, because the measurements of radioterminal output
power were taken with a PCS terminal communicating with terrestrial network base
stations at PCS frequencies, and propagation loss with distance in the L-band is less
compared to propagation loss with distance at PCS frequencies, additional interference
suppression will be afforded by an L-band ATN.

[0044] The measurements recorded by LCC using PCS frequencies were carried
out without use of any special-purpose vocoder, under any conditions. In particular,

under all conditions, the radioterminal communicated with the PCS network base stations
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using an Enhanced Variable Rate Codec (EVRC) which is standard in cdma2000
networks. This finding may be significant for it implies that ATN/ATC radioterminals
may be configured to communicate with ATN/ATC infrastructure (i.e., ATN/ATC base
stations) using a substantially standard cellular/PCS vocoder without generating more
interference potential to a MSS than the Commission’s model predicts/allows.
Accordingly, improved voice communications may be provided by an ATN by
configuring the ATN base stations and/or the ATN radioterminals to provide voice
communications using vocoder(s) that are substantially identical to vocoder(s) used by
other (non-ATN) wireless networks. In view of the above, it appears that the ATN base
stations and/or ATN radioterminals may also be configured to provide additional modes
of communications (i.e., in addition to voice communications) that are also substantially
identical (and possibly superior) to modes of communications used by other (non-ATN)
wireless networks. In some embodiments, the additional modes of communications may
comprise circuit-switched and/or packet-switched data modes (that may be high-speed
circuit-switched and/or high-speed packet-switched data modes), multi-media content
data modes and/or broadcast modes. Accordingly, ATN base stations (i.e., ATCs) and/or
ATN/ATC radioterminals may be configured to communicate therebetween using
frequencies of a satellite band and an air interface protocol that is substantially the same
as and/or based on a wireless air interface protocol that is used by a wireless system that
provides communications using frequencies that are substantially different than the
frequencies of the satellite band. The wireless air interface protocol that is used by the
-wireless system that provides communications using frequencies that are substantially
different than the frequencies of the satellite band may be a cdma2000, W-CDMA, GSM,
OFDM/OFDMA, hybrid CDMA/TDMA/OFDMA, Frequency Division Duplex (FDD),
Time Division Duplex (TDD) and/or any derivative thereof including circuit-switched,
packet-switched and/or push-to-talk communications capability and/or any other protocol
that may be currently specified, in the process of being specified and/or may be specified
in the future. In view of the overstated interference predictions defined by the
Commission’s model, it appears that an ATN that is authorized/allowed to generate up to
X% noise increase and/or a certain overload potential to a MSS, may, in actual (real-
world) operation, generate less interference to the MSS. Therefore, even if 3 dB of
interference suppression is lost due to a satellite being located at a high elevation relative
to the geographic coverage area of an ATN, the Commission's model would still appear to

overstate the level of interference compared to that predicted by the LCC measurements.
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[0045] Although the Commission’s model is based on 18 dB of structural
attenuation margin, it is noted that not all base stations that were involved in the LCC
measurements likely provided 18 dB of structural attenuation margin. In the dense-urban
and urban environment areas, most terrestrial network base stations may be expected to
provide 18 dB of structural attenuation margin. In contrast, in the suburban and highway
environment areas, most terrestrial network base stations may be expected to provide less -
than 18 dB structural attenuation margin. However, the LCC measurements indicate that
even in such environment areas the average output power of a radioterminal likely would
not exceed the Commission’s modei definition that a radioterminal would on average not
radiate more than 20 dB below the maximum transmission power of the radioterminal
when operating outdoors.

[0046] The methodology of gathering empirical data of a radioterminal’s output
power in outdoor environments, as explained above, and/or gathering empirical data of a
network's output power allows estimating the uplink interference potential of a specific
ATN deployment to a MSS even before the ATN is deployed, in accordance with various
embodiments of the present invention. The geographic area(s) in which data is to be
gathered can be determined by selecting cells of an existing terrestrial network that at
least partially overlap a planned deployment area of an ATN. The selected cells can, for
example, includé conventional PCS/cellular base stations that communicate using
terrestrial frequencies at least partially outside a range of the satellite frequencies of the
proposed ATN. The empirical data gathered from the selected cells of the existing
terrestrial network is used to estimate the uplink interference potential to a Space-Based
Component (SBC) of a MSS that at least partially sees (i.e., has a radio horizon that at
least partially includes) the ATN deployment area. Further exemplary embodiments of
methods and computer program products for predicting uplink interference potential to a
MSS (i.e., to a SBC 380 of a MSS) having a radio horizon spanning an area on the ground
that at least partially overlaps an ATN deployment area 310 will now be explained with
reference to Figures 3 and 4.

[0047] Figure 3 illustrates a terrestrial communications network 300 that includes
a plurality of radioterminals 320, network base stations 330, and one or more mobile
switching centers (MSC) 332 that route communications among the base stations 330 and
other networks 334. Figure 4 is a flowchart of operations for predicting an uplink
interference potential to a SBC 380 of a MSS. Although not illustrated in Figure 3, it is to

be understood that the terrestrial network 300 would typically include other components,
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such as, for example, base station controllers. The base stations 330 are configured to

. communicate with the radioterminals 320 within their respective cells 340a-h using
terrestrial frequencies that are at least partially outside a range of satellite frequencies
used by the SBC 380 of the MSS. For example, the terrestrial frequencies may be within
a range of frequencies allocated to wireless telephone networks, such as the cellular/PCS
bands, while the SBC 380 of the MSS may communicate with radioterminals (not shown
in Figure 3) using satellite frequencies of, for example, an L-band and/or S-band.
Although the ATN deployment area 310 and cells 340a-h have been illustrated as arcuate
geographic areas for ease of illustration, it is to be understood that they may each have
any shape and that such shapes may change over time responsive to, for example,
variation of radiated power by the base stations 330 and/or radioterminals 320, variation
in coding used for communications, and/or environmental conditions. Moreover, it is to
be understood that the ATN deployment area 310 may overlap any number of cells.

[0048] The power level that is transmitted by and/or received from the
radioterminals 320 and/or the base stations 330 is repetitively measured over time, Block
400 (Figure 4); More particularly, the power levels of signals transmitted by one or more
radioterminal(s) 320 may be measured at the radioterminal(s) 320, such as at an output of
a power amplifier(s) as explained above, and/or at the receiving base station(s) 330 as a
received signal strength indication (RSSI). Similarly, the power levels of signals
transmitted by the base station(s) 330 may be measured at the base station(s) 330 and/or
at the receiving radioterminal(s) 320 as RSSI.

[0049] A time series of power level measurements can be made while the
radioterminal(s) 320 are moved across at least some of the cells 340a-h to measure a
sensitivity to variation in distance between the radioterminal(s) 320 and the
communicating base station(s) 330, handoff of the radioterminal(s) 320 between different
base stations 330, and/or variation in the amount of blockage of communications signals
experienced in communications between the base station(s) 330 and the radioterminal(s)
320.

[0050] The time series of power level measurements can additionally or
alternatively be measured over time while the base station(s) 330 and/or radioterminal(s)
320 are subjected to differing levels of communications traffic therebetween and/or while
the base station(s) 330 and radioterminal(s) 320 selectively use different coding and/or
communications modes over time in their communications. In some embodiments, the

ratio of active communications time to idle time may be varied to measure the effect of

18



WO 2006/065584 PCT/US2005/044122

communications traffic on the radiated power level(s). In some other embodiments, the
power level measurements may be made while the base station(s) 330 and/or
radioterminal(s) 320 selectively use different ones of a plurality of different vocoders to
encode and decode voice communications therebetween.

[0051]  Accordingly, the radioterminal(s) 320 may be moved (e.g., walked and/or
driven) around the ATN deployment area 310 within one of the cells 340a-h and/or
through one or more of the cells 340a-h while gathering data from a time series of power
level measurements at the radioterminal(s) 320 and/or at the base station(s) 330.
Moreover, a level] of cdmmunications traffic, communications mode and/or coding used
in the communications can be varied while gathering the power level measurement data.
The measurement data may include information that indicates the geographic location of
the radioterminal(s) 320, the communications traffic level, communications mode and/or
the coding used during communications at the time of each of the power level
measurements. The radioterminal(s) 320 may determine and store a geographic
location(s) at a time of a power level measurement(s) based on, for example, reception
and/or processing of signals of a global position system by the radioterminals 320, and/or
based on triangulation of signals (i.e., time of flight) received by the radioterminals 320
from a plurality of base stations 330. Alternatively or additionally, the radioterminal(s)
320 may be informed of a geographic location based on triangulation of signals received
at a plurality of the base stations 330 from respective ones of the radioterminal(s) 320.

[0052] The uplink interference potential to the SBC 380 of the MSS by the
terrestrial use/reuse of satellite frequencies by an ATN in the ATN deployment area 310
can be predicted (Block 410 of Figure 4) based on the power level measurement data. In
some embodiments, the power level measurement data is mapped through the recorded
geographic locations to the ATN deployment area 310. The ATN deployment area 310
may then be sub-divided into sub-areas and the power level measurement data therein
may be combined to determine, for example, a combined aggregate radiated power level,
an average radiated power level, and/or a range of radiated power levels for each of the
sub-areas. The uplink interference potential to the MSS 380 by deployment of an ATN in
each of the sub-areas can then be predicted based on the associated power level
measurement data combined for each of the sub-areas.

[0053] The prediction of uplink interference potential based on the power level
measurement data can be adjusted to compensate for the differences that may occur in a

dissipation and/or propagation loss of radiated power at the range of terrestrial
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frequencies used by the radioterminal(s) 320 and base station(s) 330 during the collection
of power level measurement data compared to the dissipation and/or propagation loss of
radiated power at the range of satellite frequencies that will be used by an ATN that will
be deployed in area 310. Accordingly, the effect of the frequency differences between the
terrestrial frequencies and the satellite frequencies on dissipation and/or propagation loss
of radiated power can be estimated and used to more accurately predict uplink
interference potential at the satellite frequencies.

[0054] The predicted uplink interference potential to the MSS 380 may be used to
define characteristics of an ATN that will be at least partially deployed in the area 310.
For example, the ATN deployment area 310 can be subdivided into geographic areas that
approximate the expected coverage area of ATC base stations that may be deployed as
part of the ATN in area 310. The combined power level measurement data in each of the
sub-areas can be adjusted based on a maximum number of radioterminals that will be
allowed to simultaneously communicate with an ATC in the sub-area. For example,
where the combined power level measurement data for a sub-area is representative of
radiated power by a single radioterminal, that data may be scaled upward to represent an
aggregate power that is expected to be radiated when a maximum number of
radioterminals are operating in that sub-area. The scaled and combined power level

- measurement data for each sub-area can be used to predict the uplink interference
potential by ATC(s) and/or radioterminals in the sub-area, and can be compared to limits
on the allowable uplink interference for that sub-area and/or for the overall ATN
deployment area 310 to determine whether the planned ATN deployment within certain
ones of the sub-areas and/or within an entire geographic area, such as, for example, a
geographic area associated with a State or a collection of States, would generate more
than an allowable uplink interference potential.

[0055] The operational characteristics of the planned ATN may be varied on a
sub-area by sub-area based on the predicted uplink interference potential for the
respective sub-area and the associated constraints on the allowed uplink interference. The
maximum number of radioterminals that will be allowed to simultaneously communicate
with an ATC in different ones of the sub-areas (e.g., the maximum number of
simultaneously traffic calls) may be increased when the predicted uplink interference
potential is at least a threshold amount below an allowable limit and may be decreased
when the predicted uplink interference is at least a threshold amount above the allowable

limit. The maximum output power that will be allowed to be transmitted by
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radioterminals and/or the ATC in different ones of the sub-areas may be varied based on
the predicted uplink interference potential for the respective sub-areas, such as by
increasing the maximum allowable output power when the predicted uplink interference
potential is at least a threshold amount below the allowable limit and decreasing the
maximum allowable output power when the predicted uplink interference is at least a
threshold amount above the allowable limit. The number of ATC base station antennas
allowed in each of the sub-areas may be defined based on the predicted uplink
interference in the respective areas and/or the location of ATC base station antennas in
the respective sub-areas may be defined based on the predicted uplink interference.
Accordingly, the predicted uplink interference can be used to define or adjust the
geographic area over which the deployed ATN may provide communications coverage
for radioterminals and/or to define or adjust an architecture associated with the ATN.

[0056] The predicted uplink interference may be used to define in the planned
ATN, such as in an MSC of the planned ATN, when to carry out handoff of
radioterminals between an ATC of the ATN and a SBC of the ATN. For example, a sub-
area that has a relatively high predicted uplink interference potential may handoff
radioterminals from ATCs in that sub-area to a SBC when a first threshold handoff value
of radioterminals need to simultaneously communicate therein, and another sub-area that
has a relatively low predicted uplink interference potential may handoff radioterminals
from ATCs in that sub-area to the SBC when a second threshold handoff value of
radioterminals, which is higher than the first threshold value, need to simultaneously
communicate. The threshold handoff values may be increased when the predicted uplink
interference potential is less than a threshold interference value, and may be decreased
when the predicted uplink interference potential is greater than a threshold interference
value.

[0057] The predicted uplink interference may be used to influence selection
among differing coding techniques and/or communications modes that are used by the
radioterminals and the ATC for communications therebetween. For example, ATCs in a
first sub-area that has a relatively high predicted uplink interference potential may
communicate with radioterminals in the first sub-area using coding and/or a
communications mode that enables use of a lower transmission power, and ATCs in a
second sub-area that has a relatively low predicted uplink interference potential may
communicate with radioterminals in the second sub-area using coding and/or a

communications mode that may use a higher transmission power.
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[0058] The predicted uplink interference may be used to influence a selection of a
range of satellite frequencies for terrestrial use/reuse to provide communications between
radioterminals and an ATN or a portion thereof. For example, ATCs in a first sub-area
that has a relatively high predicted uplink interference potential may allow radioterminals
to use/reuse a first range of satellite frequencies with the ATCs in the first sub-area, and
ATCs in a second sub-area that has a relatively low predicted uplink interference
potential may allow radioterminals to use/reuse a second range of satellite frequencies
with the ATCs in the second sub-area. In some embodiments, the first range may have a
measure associated therewith that is smaller to a corresponding measure associated with
the second range. In some embodiments, the measure may be a frequency reuse
measure.

[0059] After the ATN is deployed (partially or in its entirety), the output power of
the radioterminal(s) and/or ATCs in deployment area 310 can be measured (Block 430 of
Figure 4), and may be used to update the predicted uplink interference potential to the
MSS 380 (Block 440 of Figure 4). For example, a time series of the output power
transmitted and/or received by the radioterminal(s) and/or the ATCs may be measured
and averaged to determine the average output power in the overall area 310 and/or within
sub-areas therein. The average output power may be used to update the predicted uplink
interference potential to the SBC 380 of the MSS so as to moré accurately reflect the
predicted uplink interference potential. The average output power may be scaled based
on the maximum number of radioterminals that can simultaneously communicate with
ATCs of the ATN, and used to update the predicted uplink interference potential. The
predicted uplink interference potential may also be updated based on a level of
communications traffic that was communicated between the radioterminal(s) and the
ATC(s) during the power level measurements. The predicted uplink interference
potential may also be updated based on which of a plurality of different coding techniques
and/or communications mode(s) were used for communications between the
radioterminal(s) and the ATC(s) during the power level measurements. For example,
updating of the predicted uplink interference potential may be responsive to which of a
plurality of different vocoders was used by the radioterminal(s) and the ATC(s) to encode
and decode voice communications therebetween.

[0060] The updated prediction of uplink interference potential may then be used
to control the ATN (Block 450 of Figure 4). Such use of the updated prediction of uplink

interference potential will be explained with regard to the exemplary MSS shown in
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Figure 5. The MSS includes a plurality of radioterminals 500 (only one of which has
been shown for ease of illustration), a SBC 570, an antenna 580, gateway electronics 582,
a plurality of ATC base stations 590a-c that are controlled by a base station controller
(BSC) 592, an MSC 594, and an interference controller 598. The SBC 570, antenna 580
and gateway electronics 582 may operate in a conventional manner such as was described
with regard to the corresponding components of Figure 1. The radioterminal(s) 500, at
least one ATC(s) 590a-c, the BSC 592 and/or any other component internal or external to
the system illustrated in Figure 5 is/are configured to gather a time series of
measurements of an output power that is transmitted and/or received by at least one
radioterminal 500 and/or at least one ATC 590a-c. Based on the measurements of the
output power that is transmitted and/or received by the at least one radioterminal 500
and/or the at least one ATC 590a-c an updated prediction of the uplink interference
potential may be made, as described earlier.

[0061] The interference controller 598 is configured to use the updated prediction
to control a maximum number of radioterminals 500 that are allowed to simultaneously
communicate with the ATCs 590a-c, to control an aggregate maximum output power that
will be allowed to be transmitted by the radioterminals 500 and/or the ATCs 590a-c, to
control when the radioterminals 500 are handed-off from one or more of the ATCs 590a-c
to the SBC 570 (and/or from the SBC 570 to one or niore of the ATCs 590a-c), to
influence selection among differing coding techniques and/or communications modes that
are used by the radioterminals 500 and the ATCs 590a-c for communications
therebetween, and/or to influence a selection of a range of satellite frequencies that are
terrestrially used/reused for communications between the radioterminals 500 and the
ATCs 590a-c. The interface controller 598 may also be configured to carry out the
operations described above with regard to Block 450 of Figure 4.

[0062] The radioterminals 500 may include a satellite transceiver 510, an
ancillary terrestrial transceiver 512, a GPS receiver 520, a microphone 530, a keypad 532,
a display device 536, a speaker 534, and a controller 540 which may be connected these
and other components. Although the radioterminal 500 has been illustrated with separate
satellite transceiver 510 and ancillary terrestrial transceiver 512, the transceivers 510, 512
may be combined where, for example, the combined transceiver is configured to
communicate with the SBC 570 and ATCs 590a-c using substantially the same range of
frequencies and/or components (i.e., antenna element(s), Power Amplifier (PA), Low

Noise Amplifier (LNA), filter(s), down-/up-converter(s) and/or other signal processing
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elements). The satellite transceiver 510 is configured to communicate with the SBC 570
over satellite frequencies. The ancillary terrestrial transceiver 512 is configured to
communicate with the ATCs 590a-c by using/reusing at least some of the frequencies
used and/or authorized for use by the SBC 570. The GPS receiver 520 is configured to
determine the position of the radioterminal 500 based on signals received and/or
processed from a global satellite positioning system. The controller 540 may be
configured to vary an output power emission of radioterminal 500 responsive to a power
control command(s). The power control command(s) may be generated by the
interference controller 598 based on the updated uplink interference prediction and
communicated to the controller 540 via one or more networks 596, the MSC 594, the
BSC 592, and one or more of the ATCs 590a-c. The controller 540 may also be
configured to gather a time series of measurements of an output power level of
radioterminal 500, a power level of signals received from at least one of the ATCs 590a-c
at the radioterminal 500 and/or a geographic location associated with at least one of the
measurements, and may be configured to communicate a representation of the measured
output power levels and/or associated locations to the ATCs 590a-c for use by the
interference controller 598. In some embodiments, the interference controller 598 may be
architecturally situated differently than illustrated in Figure 5 (i.e., the interference
controller 598 may be directly connected to and/or be an integral part of an ATC 590a-c,
BSC 592, MSC 594 and/or any other system element that may not be shown in the
illustrative system block diagram of Figure 5). In other embodiments, the interference
controller 598 may be external to the system illustrated in Figure 5.

[0063] Accordingly, the methodology of gathering empirical data of a output
power measures of a radioterminal in outdoor environments, as presented above, allows
estimating the uplink interference potential of a specific ATN deployment even before the
ATN is deployed, according to various embodiments of the present invention. In
particular, given an area type (i.e., dense-urban) that is currently being served by
conventional PCS/Cellular base stations, the output power of a conventional PCS/Cellular
radioterminal, operating outdoors, may be measured as the radioterminal is driven and/or
otherwise carried around over one or more (and preferably a dense grid of) routes
spanning the area. The time series of measurements thus gathered may be averaged to
derive an average output power level for the radioterminal. For a desired ATN
deployment spanning all or some of the measured area, uplink interference potential may

be estimated even prior to the ATN deployment by using, for example, the average output

24



WO 2006/065584 PCT/US2005/044122

power measured. After the ATN is deployed, specific knowledge of the simultaneous
on-the-air ATN traffic over the given area, in conjunction with an average output power
of a radioterminal may allow accurate monitoring/prediction of an uplink interference
potential. Thus, after the ATN is deployed, an average radioterminal power may be
measured again using the ATN infrastructure itself to further refine the original estimate
of uplink interference potential. The ATN and/or radioterminals may then be controlled
responsive to the updated estimate of uplink interference potential. It will be understood
by those skilled in the art that although prediction of interference potential has been
presented herein relative to a MSS, the methods/techniques disclosed herein may also be
applied to prediction of interference potential relative to any other system (terrestrial or
space-based).

[0064] In the drawings and specification, there have been disclosed 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 predicting uplink interference potential to a mobile satellite
system (MSS) generated by ancillary terrestrial components (ATCs) of an ancillary
terrestrial network (ATN) and/or ATC radioterminals that are configured to terrestrially
use/reuse satellite frequencies, the method comprising:

measuring power transmitted by and/or received at one or more radioterminals
communicating with at least one terrestrial network and/or transmitted by and/or received
at the at least one terrestrial network communicating with the one or more radioterminals
using terrestrial frequencies that are at least partially outside a range of the satellite
frequencies; and

predicting uplink interference potential to the MSS generated by terrestrial
use/reuse of satellite frequencies by the ATN and/or radioterminals communicating

therewith responsive to the measured power.

2. The method of Claim 1, where the terrestrial frequencies used by the one
or more radioterminals and/or by the at least one terrestrial network are substantially

different from the satellite frequencies.

3. The method of Claiin 2, wherein the terrestrial frequencies are at least

partially within a band of frequencies allocated to a cellular/PCS wireless network.

4. The method of Claim 1, further comprising using the predicted uplink -
interference potential to define a maximum output power that can be transmitted by the
ATC radioterminals and/or the ATCs responsive to the predicted uplink interference

potential.

5. The method of Claim 1, further comprising using the predicted uplink
interference potential when determining placement of ATC antennas in a geographic area

responsive to the predicted uplink interference potential.
6. The method of Claim 5, further comprising limiting a number of the ATC

antennas deployed in the geographic area responsive to the predicted uplink interference

potential.
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7. The method of Claim 1, further comprising using the predicted uplink
interference potential to define a geographic area of communications coverage for the

ATN.

8. The method of Claim 1, further comprising using the predicted uplink
interference potential to define in the ATN a maximum number of ATC radioterminals

that can simultaneously communicate with the ATCs.

9. The method of Claim 8, further comprising:

increasing the maximum number of ATC radioterminals that can simultaneously
communicate with the ATCs when the predicted uplink interference potential is less than
a threshold value; and

decreasing the maximum number of ATC radioterminals that can simultaneously
communicate with the ATCs when the predicted uplink interference potential is greater

than a threshold value.

10.  The method of Claim 1, further comprising using the predicted uplink
interference potential to influence decisions by the ATC radioterminals and/or the ATN
of when to carry out handoff'of ATC radioterminals between at least one of the ATCs and

a space-based component.

11.  The method of Claim 10, further comprising:

comparing a number of ATC radioterminals that need to simultaneously
communicate in an area to a threshold handoff value to determine whether to handoff
ATC radioterminals from at least one of the ATCs to a space-based component;

increasing the threshold handoff value when the predicted uplink interference
potential is less than a threshold interference value; and

decreasing the threshold handoff value when the predicted uplink interference

potential is greater than a threshold interference value.

12.  The method of Claim 1, further comprising using the predicted uplink
interference potential to influence selection among differing coding techniques and/or
communications modes used by the ATC radioterminals and/or the ATCs for

communication therebetween.
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13.  The method of Claim 1, further comprising using the predicted uplink
interference potential to influence selection of a range of satellite frequencies that are
terrestrially used/reused for communications between the ATC radioterminals and the

ATN.

14.  The method of Claim 13, further comprising;:

increasing a measure of the range of satellite frequencies that are terrestrially
used/reused for communications between the ATC radioterminals and the ATN when the
predicted uplink interference potential is less than a threshold value; and

decreasing the measure of the range of satellite frequencies that are terrestrially
used/reused for communications between the ATC radioterminals and the ATN when the

predicted uplink interference potential is greater than a threshold value.

15.  The method of Claim 1, wherein measuring power transmitted by and/or
received at the one or more radioterminals and/or transmitted by and/or received at the at
least one terrestrial network comprises measuring a power level transmitted from the one

or more radioterminals.

16.  The method of Claim 1, wherein measuring power transmitted by and/or
received at the one or more radioterminals and/or transmitted by and/or received at the at
least one terrestrial network comprises measuring a power level received by the at least
one terrestrial network from the one or more radioterminals and/or a power level received

by the one or more radioterminals from the at least one terrestrial network.

17.  The method of Claim 1, wherein measuring power transmitted by and/or
received at the one or more radioterminals and/or transmitted by and/or received at the at
least one terrestrial network comprises measuring a power level transmitted from the at

least one terrestrial network.

18.  The method of Claim 1, wherein measuring power transmitted by and/or
received at the one or more radioterminals comprises:
sampling a power level transmitted by and/or received at the one or more

radioterminals and/or at the at least one terrestrial network over time; and
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averaging the samples to generate the measured power.

19.  The method of Claim 1, wherein predicting uplink interference potential to
the MSS is further responsive to a maximum number of ATC radioterminals that can

simultaneously communicate with the ATCs of the ATN.

20. The method of Claim 1, wherein measuring power transmitted by and/or
received at the one or more radioterminals and/or at the at least one terrestrial network is
carried out with the one or more radioterminals at least partially within a radio horizon of
the MSS relative to the one or more radioterminals and/or the at least one terrestrial

network.

21. The method of Claim 20, wherein measuring power transmitted by and/or
received at the one or more radioterminals and/or at the at least one terrestrial network
further comprises measuring power at a plurality of spaced apart locations over a
geographic area that is at least partially within the radio horizon of the MSS relative to the

one or more radioterminals and/or the at least one terrestrial network.

22. The method of Claim 21, wherein measuring power at a plurality of spaced
apart locations over the geographic area that is at least partially within the radio horizon
of the MSS comprises measuring power at a plurality of locations in the geographic area
that provide substantially different distances between the one or more radioterminals and

the at least one terrestrial network.

23. The method of Claim 21, wherein measuring power at a plurality of spaced
apart locations over a geographic area that is at least partially within the radio horizon of
the MSS comprises measuring power at a plurality of locations in the geographic area that
experience substantially different amounts of blockage of signals communicated between

the one or more radioterminals and the at least one terrestrial network.

24.  The method of Claim 21, wherein predicting uplink interference potential
to the MSS comprises adjusting influence of separate ones of the power measurements to
the prediction of uplink interference potential based on a maximum number of ATC

radioterminals that can simultaneously communicate with the ATN from the locations of
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the one or more radioterminals associated with the separate ones of the power

measurements.

25.  The method of Claim 1, wherein measuring power transmitted by and/or
received at the one or more radioterminals and/or at the at least one terrestrial network
comprises measuring power during differing levels of communications traffic between the

one or more radioterminals and the at least one terrestrial network.

26.  The method of Claim 1, wherein measuring power transmitted by and/or
received at the one or more radioterminals and/or at the at least one terrestrial network
comprises measuring power while the one or more radioterminals and the at least one
terrestrial network are using differing coding and/or communications modes over time in

their communications.

27.  The method of Claim 26, wherein measuring power while the one or more
radioterminals and the at least one terrestrial network are using differing coding and/or
communications modes over time comprises measuring power while the one or more
radioterminals and the at least one terrestrial network are selectively using different ones
of a plurality of different vocoders to encode and decode voice communications and/or

different circuit-switched and/or packet-switched data modes.

28.  The method of Claim 1, wherein predicting uplink interference potential to
the MSS comprises estimating an effect of difference(s) in frequency between the
terrestrial frequencies and the range of the satellite frequencies on dissipation of power
transmitted by the ATC radioterminals and the ATN, and using the estimated
difference(s) in the dissipation of power in the prediction of the uplink interference

potential to the MSS.

29.  The method of Claim 1, further comprising:

updating the prediction of uplink interference potential to the MSS using a
transmitted and/or received power measurement from at least one ATC radioterminal
and/or the ATN that terrestrially uses/reuses satellite frequencies that are used and/or

authorized for use by the MSS.
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30. The method of Claim 29, wherein updating the prediction of uplink
interference potential to the MSS comprises measuring an indication of the power
received at the ATN from the at least one ATC radioterminal and/or transmitted by the at

least one ATC radioterminal using/reusing satellite frequencies.

31. The method of Claim 29, wherein updating the prediction of uplink
interference potential to the MSS comprises measuring an indication of the power
transmitted from the ATN in communications with the at least one ATC radioterminal

using satellite frequencies.

32.  The method of Claim 29, wherein updating the prediction of uplink
interference potential to the MSS is further responsive to a maximum number of ATC

radioterminals that can simultaneously communicate with the ATCs of the ATN.

34.  The method of Claim 29, wherein updating the prediction of uplink
interference potential to the MSS comprises measuring the transmitted and/or received
power from the at least one ATC radioterminal and/or one or more of the ATCs during
differing levels of communications traffic between the at least one ATC radioterminal and

the one or more ATCs.

35.  The method of Claim 29, wherein updating the prediction of uplink
interference potential to the MSS comprises measuring the transmitted and/or received
power from the at least one ATC radioterminal and/or one or more of the ATCs while the
at least one ATC radioterminal and/or the one or more of the ATCs is/are using differing

coding and/or modes of communications with the one or more ATCs.

36.  The method of Claim 29, wherein updating the prediction of uplink
interference potential to the MSS comprises measuring the transmitted and/or received
power from the at least one ATC radioterminal and/or the one or more of the ATCs while
the at least one ATC radioterminal and/or the one or more of the ATCs is/are selectively
using different ones of a plurality of different vocoders to encode and decode voice

communications and/or different circuit-switched and/or packet-switched data modes.
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37. The method of Claim 29, further comprising controlling the maximum
number of ATC radioterminals that can simultaneously communicate with the ATCs of

the ATN responsive to the updated prediction of uplink interference potential to the MSS.

38.  The method of Claim 29, further comprising controlling selection among a
plurality of different coding techniques and/or communications modes used by the ATC
radioterminals and/or the ATCs for communications therebetween responsive to the

updated prediction of uplink interference potential to the MSS.

39.  The method of Claim 29, further comprising controlling selection of a
range of satellite frequencies that are terrestrial used/reused for communications between
the ATC radioterminals and the ATCs responsive to the updated prediction of uplink

interference potential to the MSS.

40.  The method of Claim 29, further comprising controlling maximum output
power from ATC radioterminals and/or the ATCs responsive to the updated prediction of

uplink interference potential to the MSS.

41. An ancillary terrestrial network (ATN) comprising: -

a plurality of ancillary terrestrial components (ATCs) that are configured to
communicate with a plurality of ATC radiotelephones over satellite frequencies; and

an interference controller that is configured to control the ATCs and/or ATC
radiotelephones that communicate with the ATCs responsive to a prediction of uplink
interference potential to a mobile satellite system (MSS) based on measurements of
power transmitted by and/or received at one or more radioterminals communicating with
at least one terrestrial network and/or transmitted by and/or received at the at least one
terrestrial network communicating with the one or more radioterminals using terrestrial

frequencies that are at least partially outside a range of the satellite frequencies.

42, The ATN of Claim 41, wherein the interference controller is further
configured to update the prediction of uplink interference potential to the MSS responsive
to measurements of power transmitted by the ATCs and/or power transmitted by ATC

radiotelephones communicating with the ATCs using/reusing satellite frequencies.
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43. The ATN of Claim 41, wherein the interference controller is further
configured to control a maximum number of ATC radioterminals that can simultaneously

communicate with the ATCs responsive to the prediction of uplink interference potential

to the MSS.

44. The ATN of Claim 41, wherein the interference controller is further
configured to control selection among a plurality of different coding techniques and/or
communications modes used by the ATCs and/or ATC radioterminals that communicate

therewith responsive to the prediction of uplink interference potential to the MSS.

45. The ATN of Claim 41, wherein the interference controller is further
configured to control selection among a plurality of different coding techniques and/or
communications modes used by ATC radioterminals and/or the ATCs for communication

therebetween responsive to the prediction of uplink interference potential to the MSS.

46. The ATN of Claim 45, wherein the interference controller is further
configured to control selection among a plurality of different vocoders to encode and
decode voice communications between ATC radioterminals and the ATCs and/or
different circuit-switched and/or packet-switched data modes responsive to the prediction

of uplink interference potential to the MSS.

47. The ATN of Claim 41, wherein the interference controller is further
configured to control selection of a range of satellite frequencies that are terrestrially
used/reused for communications between ATC radioterminals and the ATCs responsive

to the prediction of uplink interference potential to the MSS.

48. The ATN of Claim 41, wherein the interference controller is further
configured to control maximum output power from the ATCs and/or ATC radioterminals
communicating with the ATCs responsive to the prediction of uplink interference

potential to the MSS.

49. One or more radioterminals that communicate with one or more base
stations using frequencies of a satellite band, wherein the one or more radioterminals

communicate with the one or more base stations in at least one voice mode using at least
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one vocoder that is substantially the same as and/or is based on at least one vocoder that
is used by a terrestrial wireless system that communicates using frequencies that are
substantially different from the frequencies of the satellite band, and wherein the one or
more radioterminals communicate using frequencies of the satellite band and produce a
level of interference to a mobile satellite system that is less than or equal to a

predetermined level.

50.  One or more radioterminals that communicate with one or more base
stations using frequencies of a satellite band, wherein the one or more radioterminals
communicate with the one or more base stations using at least one data mode that is
substantially the same as and/or is based on at least one data mode that is used by a
terrestrial wireless system that communicates using frequencies that are substantially
different from the frequencies of the satellite band, and wherein the one or more
radioterminals communicate using frequencies of the satellite band and produce a level of

interference to a mobile satellite system that is less than or equal to a predetermined level.

51. One or more radioterminals that communicate with one or more base
stations using frequencies of a satellite band, wherein the one or more radioterminals
communicate with the one or more base stations using at least one air interface protocol
that is substantially the same as and/or is based on at least one air interface protocol that
is used by a terrestrial wireless system that communicates using frequencies that are
substantially different from the frequencies of the satellite band, and wherein the one or
more radioterminals communicate using frequencies of the satellite band and produce a
level of interference to a mobile satellite system that is less than or equal to a

predetermined level.

52. One or more base stations that communicate with one or more
radioterminals using frequencies of a satellite band, wherein the one or more base stations
communicate with the one or more radioterminals in at least one voice mode using at
least one vocoder that is substantially the same as and/or is based on at least one vocoder
that is used by a terrestrial wireless system that communicates using frequencies that are
substantially different from the frequencies of the satellite band, and wherein the one or

more base stations communicate using frequencies of the satellite band and produce a
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level of interference to a mobile satellite system that is less than or equal to a

predetermined level.

53.  One or more base stations that communicate with one or more
radioterminals using frequencies of a satellite band, wherein the one or more base stations
communicate with the one or more radioterminals using at least one data mode that is
substantially the same as and/or is based on at least one data mode that is used by a
terrestrial wireless system that communicates using frequencies that are substantially
different from the frequencies of the satellite band, and wherein the one or more base
stations communicate using frequencies of the satellite band and produce a level of

interference to a mobile satellite system that is less than or equal to a predetermined level.

54.  One or more base stations that communicate with one or more
radioterminals using frequencies of a satellite band, wherein the one or more base stations
communicate with the one or more radioterminals using at least one air interface protocol
that is substantially the same as and/or is based on at least one air interface protocol that
is used by a terrestrial wireless system that communicates using frequencies that are
substantially different from the frequencies of the satellite band, and wherein the one or
more base stations communicate using frequencies-of the satellite band and produce a
level of interference to a mobile satellite system that is less than or equal to a

predetermined level.

55. One or more base stations that communicate with one or more
radioterminals using frequencies of a satellite band, wherein at least one of the one or
more base stations is substantially co-located with and/or is using a tower of at least one
base station of at least one terrestrial wireless system that communicate(s) using
frequencies that are substantially different from the frequencies of the satellite band, and
wherein the one or more base stations communicate using frequencies of the satellite
band and produce a level of interference to a mobile satellite system that is less than or

equal to a predetermined level.
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