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SATELLITE-BAND SPRECTRUM UTHAZATION FOR
REDUCED OR MINIMUM INTERFERENCE

OGO 1]

Iield of the lovention
10002} This inventian refates 1o wireless communications systems and

nicthods, and more particularly to satethte communications systems and methods.

Backgeround

j()i)!lﬁ[ Satellite radioterminal communications systems amd mathods are
widely used for radioferminal communications. Sateliite radioterminud
communicattons systems and methods generatly employ at least one space-hased
compeonent. such as one or more satelhites that is/are configured to wirclessly
communieatie with a plaraiity of satellite radioterminals.

{04 ] A satellite radiotermnmal communications systent or method may
utilize o single antenna patlern (e @ wlobal beam) to cover an entire area scrved by
the system, Alternatively or in addition, in cellwdar satelbie rachiotermimal
communications systems and methods, mudtiple antenna patterns (e beams or
cells) are provided, cach of which can serve substantially distinet geographical
arcas (n an c)\»'cx';tfl service region, to colleetively serve an overall sateliife footprint,
Thuse, a cellular architlecture simifar to that uscd in conventional terresteianl celiular
radioterminal systems and methods can be imph—:ﬁmnlcd it ceftuiar satethte-based
systems and methods, The satcllite typicatly communteates with radioterimmals
over it bidirectional communications pathway. with radioterminal communication
signals heing communicated from the satetlite to the radioterminal over o down-
hink, torward-link or forward sctl'vicfc: Hnk, and from the radioterminal to the satellite
over an up-link, return-link or return service hink.

{0005} The overall design and operation of celtular satelhite

cacdioterminal systems and methods are well known to those having skill in the art,
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and need not be described turther herein. Moreover, as used herein, thé term
"radioterminal” includes cellular and/or satellite radioterminals with or without a
multi-line display; Personal Communications System (PCS) terminals that may
éombine 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 and/or 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 and/or in space. A "radioterminal” also may be referred to herein as a
"radiotelephone,” "terminal," or "wireless user device".

[0006]  Asis well known to those having skill in the art, terrestrial
networks can enhance cellular satellite radioterminal system availability, efficiency
and/or economic viability by terrestrially reusing at least some of the frequency
bands that are allocated to cellular satellite radioterminal systems. In particular, it
1s known that 1t may be ditficult for cellular satellite radioterminal systems to
reliably serve densely populated areas, because the satellite signal may be blocked
by high-rise structures and/or may not penetrate into buildings. As a result, the
satellite band spectrum may be underutilized or unutilized in such areas. The use
of terrestrial retransmission of all or some of the satellite band ﬁ'equenciés can
reduce or eliminate this problem.

[0007]  Moreover, the capacity of the overall system can be increased
significantly by the introduction of terrestrial retransmission, since terrestrial
frequency reuse can be much denser than that of a satellite-only system. In fact,
capacity can be enhanced where it may be mostly needed, i.e., in and/or proximate
to densely populated urban, industrial, and/or commercial areas. As aresult, the
overall system can become much more economically viable, as it may be able to
serve a much larger subscriber base. Finally, satellite radioterminals for a satellite
radioterminal system having a terrestrial compdnent within the same satellite

frequency band and using substantially the same air interface for both terrestrial



CA 02576521 2013-07-23

and satellite communications ¢can be more cost ellvetive and/or sesthetically
appealing. Conventional dual band and/or dul modc alternatives, such as the well
known Thuraya, Indium and/or Globalstar dual mode satellite andZor {errestrial
mdirri'eic:plmtw systems, may duphieate some components, which may tead o
inereased cost, size and/or weight ol the radioterminal.

{GOOR ] Linnted States Patent No. 6,684,057 wssued January 27, 2004, to
(he present inventor Karabinis, and entitied Systems and Methods for Terrestrial
Rewse of Cellular Satelhite Fregueney Spectrum, describes that a satelfite
radioterminal frequency can be reused terrestrially by an ancillary terrestrial
network even within the same satellite cell, using interference cancellation
lechnigues, In particulur, the satelbite radiotermnal system according to some
cmbodiments of LS, Patent No. 6,684,057 1ncludes a space-bused component that
ts configured Lo reeeive wireless communications from a first radioterminal in g
satelhite footprint over o sateltite radioterminal freuuency band, and an ancillary
tereestrial network that s configured 1o recove wireless communications from o
second radioterminal i the satellite footprint over the satetine radioterminal
frequency band. The space-based component also reecives the wireless
communications from the second radioternunad in the satellite footprint over the
sutellite radioterminal frequencey band as interference, along with the wircless
communications that ure reecived from the first radioterminal in the satellite
footprint over the satellite radioterminal {requency band. An interference reducer 1s
responsive to the space-based component and to the ancillary terrestrial network
that 15 conligured to reduce the interlerence from the wireless communications that
arc reecived by the space-based compaonent irom the first radioterminal 1o the
satetlite footprint over the satellite radioterminal frequency band, using the wircless
comunuications that arc received by the anatlary terrestinial network from the
scecond radioferminal i the satetlite !1"131;)l'illl over the satelbite radioterminal
[requency band,

{0009 Uhmited States Patent Application Publication No, 2005/0054761
Al. published March 20, 2003 to the present inventor Karabims and entitled Spatia
Guardbands 1or Terrestrial Reuse ol Satethte Frequencies, describes satelhite

caclioternal systems that include a space-hased
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component that s confi gtxrg'tﬁl o provide wircless radioterminal communications in
a satelite footprint over a satelbite radioterminal f'ruqm:ncy band. The satellite
footprint 1s divided nto a plurality ol satetlite cells, in which sateltite eadioterminal
frequencies ol the satelhite radiotermunal frequency band are spatially rensed. An
ancHlary tervestnial network s configured to terresteially reuse at least one of the
mellary radioterminal frequencies that is used in a satelfite cell in the satetlite
footprint, oulside the cell and in some L:l1'}l"»<ﬂ]ii‘ﬂt:l1l:~e scparated thereltrom by a
spatial guardband. The spattal guardband may be suthiciently larae to reducc or
prevent interference between the al least one of the satellite radioterminal
requencies that s used i the satethte cell in the satetbite footprint, and the at least
one of the satetlite radioterminal frequencics that is tarestrially reused outside thie
satelite celt and separated therefrom by the spatial guardbund. The spatial
suardband may be about half a radius of o satellite cell in width,

0010} Linited States Patent Application Pubhication No. US
20030054815 Al published March 200 2003 to the present inventor Karabims, wd
entitled Methods and Systems tor Modilying Satetlite Antenna el Patterns in
Response to Perrestnal Reuse of SateHue Fregquoencies, deseribes that spage-basecd
wireless radioternminal communications are provided s satcliite footprint over
safelite radioterminad frequency Dand. The satelite footprint s divided into satethite
cells in which satellite radioterminal frequencies o' the satelioe radiotermmnal
frequency band are spatially reused. Af teast one of the satellite radiotenmpal
frequencies that s assigned to a given satedlite cell m the sutellite tootprmt 1s
terrestrially reused outside the given satellite celll A radiation pattern of at feast the
piven satetite cell 18 modiiied o reduce tnterterence with the at feast one ol the
satellite radioterminal {requencies that is errestrially reused outside the given

satelitte cell.

Summary
10011 According (o somue embodiments of the present mvention,
methods of operating, a first and/or a sceond conmmunications system providing,
COMMUNICAtIONS service over a geographic arca may be provided. More
particularty, a measure of aggregate interference reachany a sarclite of the second

communications system substantially from devices of the first communications
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system may be generated. The measure of aggregate interference reaching the
satellite of the second communications system may then be transmitted to an
element of the first communications system.

[0012]  According to some other embodiments of the present invention,
methods of operating a first and/or a second communications system providing
communications service over a geographic area may be provided. More

- particularly, a measure of an aggregate interference reaching a satellite of the
second communications system may be received at the first communications
system. A transmission of an element of the first communications system rﬁay
then be altered responsive to receiving the measure of the aggregate interference
reaching the satellite of the second communications system.

[0013]  According to still other embodiments of the present invention,
methods of operating a first and/or a second communications system providing
communications service over a geographic area may be provided. More
particularly, a measure of interfering signals to the second communications system
substantially generated by transmissions of the first communications system may
be received at the first communications system from the second communications
system. An interference recerved at a satellite of the second communications
system may then be reduced responsive to the measure of interfering signals
recerved from the second communications system. ‘

[0014] According to yet other embodiments of the present invention,
methods of operating a first and/or a second communications system providing
communications service over a geographic area may be provided. More
particularly, a measure of aggregate interference reaching a satellite of the second
communications system substantially from devices of the first communications
system may be generated. In addition, interference received at a satellite of the
second communications system may be reduced responsive to the measure of
aggregate interference reaching the satellite of the second communications system
substantially from devices of the first communications system.

[0015]  According to more embodiments of the present invention,
methods of operating a first and/or a second communications system providing
communications service to a plurality of radioterminals over a geographic area
may be provided. Interference from the first communications systém received at a

radioterminal of the second communications system may be measured. Moreover,
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the measure of interference received at the radioterminal may be transmitted to an
element of the second communications system.

[0016] According to still more embodiments of the present invention, a
radioterminal may include an antenna, a receiver coupled to the antenna, and a
controller coupled to the recerver. More particularly. the receiver may include a front-
end filter configured to attenuate frequencies outside a band of frequencies for
communication with the radioterminal. In addition, the receiver may be coupled
between the antenna and the controller, and the controller may be configured to
process communications received through the antenna and receiver.

[0016a]  In accordance with an aspect ot an embodiment, there 1s provided a
method of operating a second communications system providing communications
service over a geographic area wherein a first communications system provides
communications service over at least a portion of the geographic area, the method
comprising: generating a measure of aggregate interference reaching a satellite of the
second communications system substantially from devices of the first
communications system based on signals received at the satellite of the second
communtcations system; and transmitting the measure of aggregate interference
reaching the satellite of the second communications system to an element of the first
communications system.

|0016b] In accordance with another aspect of an embodiment, there is
provided a method of operating a first communications system providing
communications service over a geographic area wherein a second communications
system provides communications service over at least a portion of the geographic
area, the method comprising: receiving a measure of an aggregate interference
reaching a satellite of the second communications system at the first communications
system, wherein the measure of aggregate interference is based on signals received at
the satellite of the second communications system; and altering a transmission of an
element of the first communications system responsive to receiving the measure of the
aggregate interference reaching the satellite of the second communications system.

|0016¢]  In accordance with yet another aspect of an embodiment, there is
provided a method of operating a first communications system providing
communications service over a geographic area wherein a second communications

system provides communications service over at least a portion of the geographic

6
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area, the method comprising: receiving at the first communications system from the
second communications system a measure of interfering signals to the second
communications system substantially generated by transmissions of the first
communications system; and reducing an interference received at a satellite of the
second communications system responsive to the measure of interfering signals
recetved from the second communications system.

[0016d] In accordance with yet another aspect ot an embodiment, there is
provided a method of operating at least one communications system providing
communications service over a geographic area, the method comprising: generating a
measure of aggregate interference reaching a satellite of a second communications
system substantially from devices of a first communications system wherein the
measure of aggregate interference 1s based on signals received at the satellite ot the
second communications system; and reducing interference received at a satellite of the
second communications system responsive to the measure of ageregate interference
reaching the satellite of the second communications system substantially from devices
of the first communications system by altering a transmission from at least one of the
devices of the first communications system responsive to the measure of aggregate
interference reaching the satellite of the second communications system.

|0016€¢] In accordance with yet another aspect of an embodiment, there is
provided a communications system providing communications service over a
geographic area, the communications system comprising: a satellite configured to
provide a communications link with at least one radioterminal in the geographic area:
and a controller contigured to generate a measure of aggregate interference reaching
the satellite of the communications system substantially from devices of another
communications system based on signals received at the satellite of the
communications system, and to transmit the measure of aggregate interference
reaching the satellite of the communications system to an element of the other
communications system.

|00161]  In accordance with yet another aspect of an embodiment, there is
provided a communications system providing communications service over a
geographic area, the communications system comprising: at least one satellite
configured to provide a communications link with at least one radioterminal in the
geographic region; and a controller coupled to the at least one satellite and the at least

one radioterminal, the controller being configured to receive a measure of an

oa
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aggregate interference reaching a satellite of another communications system, wherein
the measure of aggregate interference 1s based on signals received at the satellite of
the other communications system, and to alter a transmission from the at least one
satellite and the at least one radioterminal responsive to receiving the measure of the
aggregate interference reaching the satellite of the other communications system.

10016g] In accordance with yet another aspect of an embodiment. there is
provided a communications system providing communications service over a
geographic region. the communications system comprising: at least one satellite
configured to provide a communications link with at least one radioterminal in the
ceographic region; and a controller coupled to the at least one satellite and the at least
one radioterminal. the controller being configured to receive a measure of intertering
signals to another communications system substantially generated by transmissions
from/to the at least one satellite and the at least one radioterminal. and to reduce
interference received at a satellite of the other communications system responsive to
the measure of interfering signals.

|0016h| In accordance with yet another aspect of an embodiment. there is
provided a method of operating first and second radioterminal communications
systems including respective first and second elements providing communications
service to a plurality ot radioterminals over a geographic area, the method comprising:
providing communications between a radioterminal and the second element of the
second radioterminal communtcations system; generating a measure of interference
from the first radioterminal communications system including the first element to the
radioterminal of the second radioterminal communications system including the

second element, wherein the first radioterminal communications system is a source of
the interterence to the radioterminal of the second radioterminal communications

system; transmitting the measure of interference to an element of the second
radioterminal communications system via the second element; and transmitting the
measure of interference from the second radioterminal communications system
including the second element to the first radioterminal communications system
including the first element.

[00161]  In accordance with yet another aspect of an embodiment, there is
provided a method of operating first and second radioterminal communications
systems including respective first and second elements providing communications

service to a plurality of radioterminals over a geographic area, the method comprising:

6b
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providing communications between a radioterminal and the second element of the
second radioterminal communications system; generating a measure of interference
from the first radioterminal communications system including the first element to the
radioterminal of the second radioterminal communications system including the
second element, wherein the first radioterminal communications system is a source of
the interference to the radioterminal of the second radioterminal communications
system; transmitting the measure of interference to a ground based element of the
second radioterminal communications system via the second element; and
transmitting the measure of interference from the second radioterminal
communications system including the sccond element to the first radioterminal

communications system including the first element.

Brief Description Of The Drawings

[0017] Figure 1 1s a diagram 1llustrating communications systems
according to embodiments of the present invention.

[0018] Figure 2 1s a diagram illustrating bandwidth sharing between
communications systems according to embodiments of the present invention.

[0019] Figure 3 1s a diagram itllustrating communications systems
according to additional embodiments of the present invention.

[0020] Figure 4 1s a block diagram illustrating radioterminals according to

embodiments of the present invention.

Detailed Description

[0021] Specific exemplary embodiments of the invention now will be

described with reference to the accompanying drawings. This invention may,

however, be embodied in many ditferent forms and should not be construed as limited
to the embodiments set forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully convey the scope of the
invention to those skilled in the art. In the drawings, like designations refer to like
elements. It will be understood that when an element is referred to as being
"connected”, "coupled” or "responsive” to another element, it can be directly
connected, coupled or responsive to the other element or intervening elements may be
present. Furthermore, "connected”, "coupled” or "responsive” as used herein may

include wirelessly connected, coupled or responsive.

6C
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[0022]  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

" n

understood that the terms "includes,”" "comprises,”" "including" and/or
"comprising,” when used 1n 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.

[0023]  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 rneaniné that 1s consistent with their meaning in the
context of the relevant art and the present disclosure, and will not be interpreted in
an 1dealized or overly formal sense unless expressly so defined herein.

[0024] It will be understood that although the terms first and second
may be 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 radiotelephone below could be termed a second
radiotelephone, and similarly, a second radiotelephone may be termed a first
radiotelephone 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".

[0025]  Moreover, as used herein, "substantially the same" band(s)
means that two or more bands being compared substantially overlap in frequency,
but that there may be some areas of non-overlap, for example at a band end(s).
"Substantially the same" air interface(s) means that two or more air interfaces
being compared are similar but need not be identical. Some differences may exist
In one air interface (1.€., a satellite air interface) relative to another (i.e., a terrestrial
air interface) to account for and/or accommodate different characteristics that may

exist between, for example, a terrestrial and satellite communications

environments. For example, a different vocoder rate may be used for satellite
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communications compared 1o the vocoder rate that may be used for terrestrial
cotnnuntcations (L.e., for tcrru::striﬁl cmmzmnia:alit.ms.. VOICC MAY be Compresscd
{"vocoded") to approximately 9 o 13 kbps, whereas for satelhite communications
vocoder rate of 2 10 4 kbps, for example. may be used); a ditferent forward erTor
correchion coding, different interleaving dc;atln; and/or difterent spread-spectnim
codes may also be used, lor example. for satetlite communications compared to the
codimy, mterleaving deptly, and/or spread spectrum codes (1o, Waidsh codes, long
codes, and/or frequency hopping codes) that may be used for terrestrial
commmunicilions.

100206] Terrestrial reuse of satellite band [requencies, by radioterminals
anl/or terrestrial in[‘ruslruclurc-cmn;.}mwnls (also referred o as base stations,
ancitlary terrestrial components or ATCs. and/or ancillary terrestrial networks or
A'TNS), may siu’hjecl a satethite system to up-hink and/or down-link interference.
Interference into a satellite and/or satailite galeway receiver, reterred (o as up-hnk
mterference (also referred o as return-hink mterference), may be generated, mn part,
by trunsmissions of radioferminals that are communieating with at least ong

tereestrial tnfrastructure component (base station) using at least some frequencies
of a satellite up-Hnk band and/or by transmissions of huse stations that may also be
using at least some of the satellite up-link band frequencies to communicite with
racioterminals, A terrestriad infrastructure component (base station) may also be
using at least some of the satetlite up-hnk {retum lirtk) band {requencies to
communicate with radioterminals as discussed, forexample in United States Patent
No. 6,684.057. 10 Karabinis, entitled Systems and Methods for Terrestrial Reuse of
Cellular Satellite Frequeney Spectrum, Interference into satellite radiotermina
receivers., referred to as downslink interference (also referred to as forward-link
interterence), may oceur from transmissions ot base stations aned/or mdi(‘n'\crminals
that are radiating at feast some frequencies of a satelite down-hnk hand, A
radioterminal may also be using at least some of the satellite down-tink (forward-
Hink) band frequencics 1o communicate wilh at least one tereestrial infrastructure
component (base station) as discussed, for example. in United States Continuation-
m«Part Patent /-'\pplic:iliun No. 1(/730.660. to Karabinis, entitlod Systems and
Methods for Terrestrial Reuse of Cellular Satellite Frequency Spectrum in a Time-

Dvision Duplex Mode, filed
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December 8, 2003 and assipned 1o the assignec ot the present ipvention. According
(o embadiments of the present invention, systems and mcthods may be t.l:-it;':d.b}’ .z
first and/or a seccond system operator, who may be concurrently operating a first and
sceond system, respectively, to reduce or chinmnate up-link and/or down-fink
interterence therebetween, Morcover, cach system may include o spice-bhasadd
and/or a ground-based sub-system, and each system oy use one or more blocks of
trequencics, of a given band ol frequencies (such as an 1-band of frequencies, $-
hand of Frequencies and/or any other band of frequencies). over avertapping and/or
separate geographic regions to provide serviees via the space-based and/or ground-
based sub-system.,

10027] some embodinents ol the present invention will he deseribed
herein relative to the terms "hiest” and "sceond” systems. For convenienee and for
Hustrative purposes the first system, and/or components thercot, may also be
referred to as "MSV™" and may, in some embodiments, correspond fo a gystem
provided by Mobile Satellite Ventures, LP (the assignec ol the present imnvention).
The seeond system and/or components theeeot may he referred 1o as "non-MS V" or
"famarsat.” However, if will be understood that the invention s not imitad (o
applications mvolving combinations ol MSV and non-MSV or Inmarsaf systems,
and that un y 1rst aed sceond system may be cncompassed by the designations MSY
and non-MSV or Imnarsal. Furthermore, as used beretn, the tenn "measure” of o
siven signal {reals valued, complex- valued, scalur, vector, mutnix, and/or ol any
other characteristic or dimension), and/or ol any other physical or imaginary entity,
includes any entity, obscrvable and/or imaginary. that is related to, and/or derived
from (via natural or man-induced processes) from the given signad (r'-alé-v:.llucd.‘
complex-vatued, scalar, vector, matrix, and/or of any other charicrenstic or
Jdimension), and/or the other physical or imaginary enti x It will also be understood
that even thouesh some embodiments of the present invention may b deseribed 1
terms of Leband systas and spectrum, the tvention nwy be applicd to any other
(such as non-L-band) system andior spectruim.

| (0028} According to embodiments of the present invention. monitornng
and control ot up—li'nk inter{erence may he provided. Relerring to Figure 1 (8

wircless communications system may utilize L-band spectrum, and at least some of
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the down-timk bund frequencies ol an L-band (t.e., trom 1525 Mz 1o 1559 MEHz)
may be used by a first satellite 101 that may be operated by a lirst sateHite oprator
(i.c., Maobile satetlite Ventures, 1P "MSV"} 1o transmit information 1o af Iu.;x:e:i O
satelhite radioterminal in the geographic region 111 of the Birst sateliite 101, The al
teast some of the down-tink band frequencies of the L-band (or & subset thercot)
may also be used by a terrestrial infrastructure component, such as a base station,
AECL ATN, and/or a sub-system thercof, 1o transmil information fo at feast one
racholerminal, The at [east one radiotermimal may be a stund-alone terrestrial-only
radioterminal or an integrated radioterminal that may comprise at feast some of the
functionality ot a stand-alone terrestrial-only radiotermanal and at least some of the
funcitonality of a satelitte radioterminal, The terrestral mbrastructure component
may be part o an overad! infrastructure of an Ancillary Terrestrial Compouent
(ATCY and part of an overall Ancillary Terrestrial Network (A'TNY comprising 4
plurality of A'TCs. As used herein, the teem Ancillary Terrestrial Component (ATC)
My also be relerred (o as a base station, and a piuraltty of ATCs may be included
i ATN. .

(029] AVTCs are deseribed. for cxample. i LS, Patent No. 0,084,057
to Rarabinis, entiticd Systems and Methods [or Tervestrial Reuse of Cellular
Satellite Frequeney Spectran ud Published ULS, Patent Apphication Nos LS
200370054760 to Karabints. entitled Systems and Methods for Tereestrial Reuse of
Cellulur SatcHite Frequency Spectrum: US 200370054761 to Kurubnns, entitled
Spatial Guardbands for Terrestrial Reuse of Satelhite Frequencies: Us
I003/0054814 1o Karabinis et al., entitled Systems and Methods [or Nonttornng
Terrestrialty Reused Satellite Frequencies (o Reduce Potential Interferencel Us
20030084762 to Karabinis, entitled Multi-Band/Multi-Moaode Satethite
Radiotelephone Communications Systems and Mcthods: US 2003/0153267 1o
Karahinis, entitted Wircless Communications Systems and Mcoethods Liging
Satellite-Finked Remote Terminal Interface Subsystems: US 200370224785 1o
Karabinis, entitled Systems and Methods for Redueing Satellite Feeder Link
Buandwidth/Carriers I Cellutar Satellite Systems; US 200200415375 to Kurabinis ¢t
af. entitled Coordinated Satethite-"Terrestrial Frequency Reuse: 1S 2002/0000942 to
IKarabinis ¢t al., entitled Integrated or Autonomous Systern and Mcothod of Satelinte-
Terrestrial Frequencey Reuse Using Signal Attenuation andior Blockage, Dynamic

Assignment ol Frequencies and/or Hysteresis,
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LIS 20030068978 to Karabints ot al.. cotitled Space-Based Netwaork Archntectures
or Satetlite Radiotcliephone Systems; US 2003/0143949 to Karabinis, entjtfed
FFilters for Combined Rudiotelephone/GPS Termingls, US 2003/0153308 1o
Ka‘l‘:lhin_is, entitled Staggered Scetorization for Terrestnial Reuse of Satcllite
Frequencies: and LIS 200370054815 1o Karabims, entitled Methods and Systems tor
Maoditying Satellite Antenna Cell Patierns In Response to Tarrestrial Reuse of
Satetlite Frequencies, all of which are assigned to the assignee ol the present
INVENHon.

{130 Continuing with system embodiments utibizing, L-band spectrum,
at Teast some of the up-link hand frequencies of an L-band (for example, trom
1626.5 Mz to 160605 MHZ) may be used by at least one satelhte radioterminal 1o
trunsimit information to the first satellite 101, The at least some of the up-link band
frequencies of the L-hand (or a subset thereof) may also be used by the suteHite
cadiotorminal anddor by at feast one other radioterminai to transmit infonuation o at
least one torrestrial intrastructure component that may be part ol an overatl
infrastructure of an Anctllary Terresinal Component {(ATC) aned part ol'ml averall
Ancillary Terresirial Network (ATN) comprising a plurality o ATCs. The satetlite
radioterminal may he a stand-alone satcllite-only radioterminal or it may COINPTISe
~at feast some of the functionadity of o stand-alone ferrestrial-only radhoternunal and
at feast some of the functionatity of a satelhite radioterminal. The at least one other
radioterminal may be i stund-alone terrestrial-only radioterminal or an mlegrated
radioterininal that may comprise at least some of the functionality ol a stund-alonc
terrestrial-only radioterminal and at least some of the lunclionality of a satellite
radioterminal, |

10031 Continuing with system embodiments utifizing, 1.-band
spectrum, a sceond satellite 102 that may be operated by a second safellife oporator
(... nmuarsat) and/or the radioterminal(s) thercot may be using at least some of
the f-band frequencies that are also uxed by the fivst satelhite 10T and/or (her
radioterminals thereol o communicate. Spuui.t’ically, at least some of the up-link
band l'rcqucmzies used by the satellite radioterminals communicating with the
second satellite 102 may also be frequencies that arce used by at least one
radioterminal cmnmunic:.al‘ing, with the first satellite 101 and/or the at least one

terrestrial infrastructure component. As such, the second satellite 102 may recerve
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a level of interterence from the emissions of the at least one radiotermial
communicating with the first sawcllite 101 and/or the at teast one terrestrial
infrastructure componant.

[6032] According to embaodiments of the present invention, the sceond
satellite 102, which may be an Inmarsat 4 :»'z:tlcl'lil'e.. may torm at least one beam
(satellite ceft) over o geographic region spanning an ensemble of radioterminal
cmissions that pre itended Tor the st satetlite 101 and/or the at feast one
terrestrial infrastruciure componend, Refernng to fngure 1, 2 acographic regon 111
lubeled "Geograpbie Regron of Satetlite Coverage (MSY bystem)” is shown.
Within this geoaraphic region 1 the First SatcHite 101 (MSV Sarcllite) is
providing communications scrvices (o satellite radioterminals. Included in the
CGeographic Region | of Satelhite Coverage (MSV System) s a geographic reglon
112 labeled "Geographic Region of Satellite & ATC Coverage (MSV System).”
Within this gﬁngmphic region |12, communteations services may be provided to
raciioterminals by the First Sateltite 101 (MSV Sateltite) and/or by mtrastructure
componends (hase stations) that may reuse at least some of the satellie band
Froy USNCICs.

0033 The al teast ape beam 15 (satellite eell) that may be tormed by
the Sceond Satetlife 102 (nmarsal Satethite) substantially over the Geographic
Region of Satellite & ATC Coverage (MSV System), as iHustrated o Figure o may
be conh guﬁ:d o detect and/or cxl\imam 4 moeasure of apgrepate imterference
rcaching the Sccond Satetlite 102 (nmarsat Satcliite) from radioterminal and/or
infrastructure cComponent CImissons originating E‘rmﬁ stthstantially within the \
Cieographic Region of Satellite & ATC Coverage (MSV System) and arc intended
for the First Satetlite 101 (MSV Satcilite) and/or the at least one (erresteral
mtrastructure component, Techinigues for detecting and/or estimating aguregate
interference may be found, for example, in Published U.S. Patent Application Nos,
1S 2003/00548 14 to Karabinis ¢f al.. entitled Systems and Mcthods for Monitormg
Terrestrintly Reused S:’iiclliw Frequencics o Reduce Potential Interlerence, and US
2003/00 73436 to Karabinis ¢f al., entitled Additional Systems and Methods {or
Monttoring Ferrestrialty R t.;:ll::scr(! Satcllite Frequencies to Reduce Potential
tnterierence:; both of which are assigned to the assipnee of the present invention,
The Second Satelhice 102 (Inmarsat Sateltiite) undf’nrio\lher system element(s)

associated with the Second Satellite 102 (Inmarsat Satetiite),
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and/or other system element(s) associated with the Second Satellite 102 (Inmarsat
Satellite), such as a satellite gateway, may be configured to further process the
detected and/or estimated measure of aggregate interference reaching the Second
Satellite 102 (Inmarsat Satellite) and relay a measure of the further processed
detected and/or estimated measure of aggregate interference reaching the Second
Satellite 102 (Inmarsat Satellité) and/or the detected and/or estimated measure of
aggregate interterence reaching the Second Satellite 102 (Inmarsat Satellite) to a
system element associated with the First Satellite 101 (MSV Satellite) and/or the at
least one terrestrial infrastructure component, ATC, or ATN associated with the
First Satellite 101 (MSV Satellite). Responsive to the received measure of the
further processed detected and/or estimated measure of aggregate interference
reaching the Second Satellite 102 (Inmarsat Satellite) and/or the detected and/or
estimated measure of aggregate interference reaching the Second Satellite 102
(Inmarsat Satellite) having approached, equaled, or exceeded a predetermined
threshold, the at least one terrestnal infrastructure component, ATC, ATN, and/or
at least one radioterminal that 1s substantially within the Geographic Region of
Satellite & ATC Coverage (MSV System) and is associated with the First Satellite
101 (MSV Satellite) may be configured to reduce a level of transmitted radiation.

[0034]  The at least one beam 115 (satellite cell) that may be formed by
the Second Satellite 102 (Inmarsat Satellite) substantially over the Geographic
Region of Satellite & ATC Coverage (MSV System), as illustrated in Figure 1,
may be a receive-only beam. The receive-only beam may provide to the Second
Satellite 102 (Inmarsat Satellite) and/or other system element(s) associated with
the Second Satellite 102 (Inmarsat Satellite), such as a satellite gateway, a measure
of an aggregate signal power that 1s reaching the Second Satellite 102 (Inmarsat
Satellite), representative of at least one emission occurring substantially within the
Geographic Region of Satellite & ATC Coverage (MSV System), as illustrated in
Figure 1, over a band of frequencies that is used by at least one radioterminal
and/or the at least one terrestrial infrastructure component.

[0035] In some embodiments, the Second Satellite 102 (Inmarsat
Satellite), a satellite gateway(s) associate with the second satellite 102, and/or other
system component(s) thereof may be equipped with an interference reducer to
reduce interference in signals that are intended for the Second Satellite 102

(Inmarsat Satellite), caused by MSV System emissions (occurring from within any
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- peographic regron of satelfite andior ATC MSV system coverage). interforence
reducers are known to those ot skill m the art and need not be discussed further
heremn. Embodiments of interference reducers for réducing interference in satellitg
syslcms are disclosed for example, in the proviousty referenced Hojted States Patent
NO.6,084,057, 1o Kanthinis, entitted Systems and Methods tor Terrestrial Reuse of
Cellular Sarethte Frequency Spectrom, published Jan. 27, 2004: in Litthy I"n‘cf:ht
Application No. 1{¥890.758. to Karabinis of al., entitted Intra- and/or Inter-System
Interterence Reducing Systems and Methods for Satellite Communications
Systemis, hied fuly 14, 2004; and in Provisional Patent Apphication No. 60/573.991
to Karabms, entitled Systems and Methods for Monttoning Selected Ferrestrially
Reused Satcthie Freguency Stenals 1o Reduce Potentiad Interterence, tiled May 24,
2004 all of which are assimed to the assience of the present invention.

{0036} It will be untterstood by those having skl in the art that :.-:&.ixw.:
modifications may be applied to the interference reducer embodiments that are
disclosed m the immediately above referenced Patent, Patent Application, and
Provistional Patent Application when applymg an interference reducer cinbodiment
(of the Patent,’ Patent Application, and/or Provisional Patent Application) to
reducing interference of a signal intended for an tnmarsat ateltite, For example,
whereas i the cmbodiments disclosed i the above referenced Patent, Putent
Application, and Provisional Patent Application, the inferference reducer may be
contipurad 10 operate on a desired signal that s intended lor an M5V satellite
("Sienal of satellite cell 8™ in Figure 3 of the above referenced Patent Appheation:
signal "t," of the "Satellite Radiotelephone Link” in.l" izare 1 of the above
referenced Patent), the interference reducer, in accordance with embodiments of the
present invention, may be configured to operate on a desired signal that iy intended
for an Inmarsat satelitte. !f'u'l‘lhcnm)rc, whereas in the embodiments disclosed m the
above referenced Patent, Patent Apphication, and Provisional Patent Application,
the interference reducer may be conhigured to operate at an MSV system focation
(such as at an MSV satellite sateway and/or other MSV facility), the interference
reducer. in accordance with the embodinients of the present invention, may he
confignured 1o operate at an Inmarsat system location (such as at an humarsat satelhie

eateway and/or other Inmarsat fucihty). In
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addition to the above, at least some of the signals “T, U, V, W, X, Y, A3, A5, A7,
B4, B6, B7” that are shown in Figure 3 of the above referenced Patent Application
and/or the signal “142” shown in Figure 1 of the above referenced Patent, may be
transported to an Inmarsat system location to be used as inputs to the interference
reducer. In some embodiments, the interference signal input(s) “T, U, V, W, X, Y,
A3, A5, A7, B4, B6, B7” that are shown 1n Figure 3 of the above referenced Patent
Application and/or the signal “142”” shown in Figure 1 of the above referenced
Patent, and/or a desired signal plus interference (that may be provided to an
Inmarsat system location by an Inmarsat satellite) may be delay-equalized to
substantially align in time the interfering signal path(s) provided via the MSV
satellite relative to the intefference signal path(s) provided via the Inmarsat
satellite. In some embodiments, the satellite 102 of the Inmarsat satellite system
may form spot beams (that may be receive-only spot beams) over ATC areas of the
MBSV system and may thus provide to the interference reducer measures of the
interfering signals. In some embodiments, measures of the interfering signals are
provided by an MSV satellite and an Inmarsat satellite. In other embodiments, a
desired signal plus interference that may be provided to an Inmarsat system facility
(such as an Inmarsat satellite gateway), by an Inmarsat satellite, may be
transported t0 a MSV system tacility (such as an MSV satellite gateway) and the
interference reducer may be configured to be functionally operative at the MSV
system facility to reduce interference of a signal that is intended for an Inmarsat
satellite.

[0037]  In addition, or in alternatives, monitoring and control of down-
link interference may be provided according to embodiments of the present
invention. In accordance with system embodiments addressed earlier, utilizing L-
band spectrum, portions of the down-link band frequencies of an L-band (for
example, from 1525 MHz to 1559 MHz) may be used by a first system and a
satellite (for example, satellite 101) thereof that may be operated by a first satellite
operator (i.e., Mobile satellite Ventures, LP “MSV”) to transmit information to at
least one satellite radioterminal. The portions of the down-link band frequencies of
the L-band (or a subset thereof) may also be used by at least one terrestrial
Infrastructure component (1.e., an ATC) that may be operated by and/or associated
with the first system and the satellite thereof (MSV system), to transmit

information to at least one radioterminal. A radioterminal of a second system
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(such as a satellite radioterminal of an Inmarsat system including satellite 102)
may be operative while proximate to a terrestrial infrastructure component of the
first system that 1s radiating at least some frequencies of the portions of the down-
link band frequencies of the L-band (or a subset thereof) to communicate with at
least one radioterminal. As such, the radioterminal of the second system may
experience Interference, such as overload interference and/or inter-modulation
interference.

[0038]  In some embodiments, a radioterminal may be operatively
configured with signaling capability, such as, for example, in-band signaling
capability, so as to inform a system, and/or a component thereof, such as a satellite
gateway and/or other coinponent of the system, of a Bit Error Rate (BER) measure
at fhe radioterminal. In response to the BER measure received by the system, the
system (1. €., a satellite and/or a satellite gateway) may provide a different amount
of power to the radioterminal (such as more power to the radioterminal if the BER
measure 1s, for example, greater than a first predetermined threshold, or less power
to the radioterminal 1f the BER measure is, for example, smaller than a second
predetermined threshold; where the first and second predetermined thresholds may
be the same or different) relative to the power delivered to the radioterminal by the

“system prior to the reception by the system of the BER measure transmitted by the
radioterminal via a signaling channel.

[0039]  In other embodiments, in response to the BER measure received
by the system from the radioterminal, and following a predetermined increase in
power level to the radioterminal for the purpose of establishing a BER measure
that may be wifhin an acceptable range, the system may command the
radioterminal to utilize a different down-link (forward-link) carrier and/or channel,
if the radioterminal continues to report to the system a BER measure that is not
within the predetermined range and is inferior to the system’s Quality of Service
(QoS) standard for the service being provided by the radioterminal. The different
down-link (forward-link) carrier may be chosen from an available pool of carriers,
and/or the different down-link (forward-link) carrier may be chosen at a maximum
or near maximum frequency distance relative to a frequency or frequencies used by
the at least one terrestrial infrastructure component, ATC, and/or ATN of the first

system.
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[0040] In yet other embodiments, in response to the BER measure
received by the system from the radioterminal, the system may command the
radioterminal to utilize a different down-link (forward-hink) carrier and/or channel
without first attempting to provide more power to the radioterminal. In some
embodiments, the system may process at least two BER measures (a sequence of
BER measui'es) before sending more power to the radioterminal and/or
commanding the radioterminal to utilize a different down-link (forward-link)
carrier. In some embodiments, one or more down-link (forward-link) signaling
carriers/channels may be provided by a system (i. e., Inmarsat) at a frequency
separation that 1s maximally-distant, or near maximally-distant, from a down-link
(forward-link) band of frequencies used by another system (1. e., MSV).

[0041]  In additional embodiments of the present invention, to further
reduce the potential of down-link interference, two systems (for example, a first
system including satellite 101 and a second system including satellite 102) that are
using a band of frequencies, such as an L-band of frequencies, may partition the
band of frequencies into relatively large and contiguous blocks of spectrum, as
1llustrated in Figure 2, and use the blocks of spectrum in accordance with a
minimum or substantially minimum interference potential criterion. As illustrated
in Figure 2, a first relatively large contiguous block of down-link frequencies 201
(labeled “MSV ATC and/or Satellite Operations,” which may be, for example,
approximately 10 MHz in bandwidth) may be used by MSV to offer satellite and
ATC service(s). Still reterring to Figure 2, a second block of frequencies 203
(labeled “INMARSAT Operations”) may be, for example, approximately 17 MHz
in bandwidth. The second Block of frequencies 203 labeled "INMARSAT
Operations” may be used by Inmarsat to offer satellite services with, for example, a
first sub-block of frequencies 203a (that may be closest in frequency to the first
block of frequencies 201 used by MSV for satellite and/or ATC operations)
allocated, for example, by Inmarsat to maritime and/or land-mobile operations;
followed by, for example, a second sub-block of frequencies 203b that may be
allocated by Inmarsat to aeronautical operations; and followed by, for example, a
third sub-block of frequencies 203¢ that may be allocated by Inmarsat to land-
mobile and/or aeronautical operations. Following the INMARSAT Operations
block (i.e., the second block of frequencies 203), as illustrated in Figure 2, a third
block of frequencies 205 (labeled “MSV Satellite Operations,” which may be, for

17



CA 02576521 2007-02-08
WO 2006/020793 PCT/US2005/028595

example, approximately 7 MHz in bandwidth) may be used by MSV for satellite
services only. In some embodiments, at least a portion of the third block of
frequencies 205 may also be used by MSV to provide ATC communications.
[0042]  In accordance with the illustrative embodiment relating to L-
band spectrum usage by two system operators (as depicted in Figure 2 and
described immediately above), at least some of the land-mobile operations of
[nmarsat comprising land-mobile radioterminals that may be most susceptible to
down-link interference, comprising, for example, a class of radioterminals
configured for high-speed data mode(s) (such as Inmarsat radioterminals of
type/class GAN, R-BGAN, and/or BGAN), may be allocated down-link carrier
frequencies 1n the third Inmarsat sub-block 203¢ and/or at a maximum or near
maximum frequency distance away from MSV’s ATC operations. At least some
aeronautical operations of Inmarsat may also be conducted over the third Inmarsat
sub-block 203¢ and/or at a maximum, or near maximum, frequency separation
from MSV’s ATC operations. Owing to the mobility aspects of some land-mobile
radioterminals (and/or some non-land-mobile radioterminals), at least some
radioterminals communicating with satellite 102 may be operative, from time-to-
time, from locations proximate to base station/ATC emissions generated by the
communications system including satellite 101. The at least some radioterminals
that may be operative proximate to such locations may include at least one
radioterminal that may be relatively more susceptible to down-link interference
than other radioterminals. (A radioterminal providing a high-speed data service,
for example, may be more susceptible to down-link interference than a
radioterminal providing, for example, a voice service and/or low-speed data
service.) The at least one radioterminal that may be relatively more susceptible to
down-link interference than the other radioterminals may be allocated a down-link
carrier frequency in the third Inmarsat sub-block and/or at a maximum or near
maximum frequency distance away from MSV’s ATC operations. This may be
accomplished a priori by the system, during a call set-up procedure between the
radioterminal and the system, prior to establishing an initial communications
channel, via recognition by the system of a radioterminal profile/identity/service,
or 1t may be accomplished a posteriori, after an initial communications channel has
been established and a measure of unacceptable performance has been provided to

the system by the radioterminal, as described earlier.
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[0043] In further embodiments of the invention, an operator (Inmarsat)
of a system including the satellite 102 may deploy at least one terrestrial
infrastructure component, ATC, and/or ATN in parts of, all, or substantially all ot
the geographic area that an operator (MSV) of a system including the satellite 101
plans to, and/or has deployed, at least one terrestrial infrastructure component,
ATC, and/or ATN. Having done so, the second system operator (Inmé.rsat) may
also configure at least some of the radioterminals that are capable 6f
communicating with the satellite 102 of the second system to also be capable of
communicating with the at least one terrestrial infrastructure component, ATC,
and/or ATN of the second and/or first system, and/or a terrestrial infrastructure of
any other system. As such, a radioterminal of the second system (that may be
operative proximate to at least one terrestrial infrastructure component, ATC,
and/or ATN of the first system, and may thus be subjected to down-link
interference) may establish a communications link with the at least one terrestrial
infrastructure component, ATC, and/or ATN of the second and/or first system,
and/or the terrestrial infrastructure of the any other system (instead of
communicating via a satellite) to minimize, or eliminate the potential of down-link
and/or up-link interference.

[0044]  In other embodiments of the invention, in order to further reduce
or eliminate the potential of down-link interference, two systems that are using a
band of frequencies, such as an L-band of frequencies, and may have partitioned
the band of frequencies into relatively large and contiguous blocks of spectrum, as
illustrated in Figure 2, may incorporate filtering, such as band-pass, low-pass,
high-pass, notch filtering and/or any other type of filtering, into at least some
radioterminals to reduce further or eliminate the potential of interference. At least
some radioterminals configured to communicate with the satellite 102 of the
second system (Inmarsat system) may, for example, be configured with a receiver
filter that attenuates at least some frequencies of the “MSV ATC and/or Satellite
Operations” frequency block 201 more than frequencies of the “INMARSAT
Operations” block 203. The filter may be a front-end filter (operatively configured
at the Radio Frequency (RF) section of the radioterminal receiver; before and/or
after the receiver Low Noise Amplifier (LNA)), or the filter may be operatively
distributed between the RF, Intermediate Frequency (IF), and/or base-band

sections of the radioterminal receiver. A filter characteristic, such as an
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attenuation response of the filter, may be operationally responsive to a geographic
location of the radioterminal. For example, if the radioterminal is operative in
North America (or proximate to North America) the filter attenuation response
may be configured to attenuate at least some of the frequencies occupying the
“MSV ATC and/or Satellite Operations” frequency block and/or any other MSV
frequency block; otherwise, the filter may be switched out and/or by-passed, or
may be altered in at least one characteristic. In some embodiments, at power-on of
a radioterminal the radioterminal may be configured to function with the filter by-
passed (or switched out), totally or partially. In other embodiments, radioterminals
of a first system (MSV) may also be configured with a band-pass, low-pass, high-
pass, notch and/or any other type of receiver-chain filter characteristic (distributed
or lumped) that attenuates frequencies that lie outside of one or more MSV
frequency blocks.

' [0045]  According to embodiments of the present invention shown in
Figure 3, a first wireless communications system may include a satellite 301, an
ancillary terrestrial network (ATN) including a plurality of ancillary terrestrial
components (ATCs) 321a-c (also referred to as base stations), a satellite gateway
323, and a communications system controller 327. The satellite 301 may provide
communications services over a relatively large geographic region 311, and the
ATN (including ATCs 321a-¢) may provide communications services over a
smaller geographic region 312. Accordingly, each of the radioterminals 325a-c of
the first wireless communications system may be configured to establish .
communication links with the satellite 301 and/or with an ATC 321a-¢c. As shown
in Figure 3, the radioterminal 325a outside the geographic region 312 may
establish a communications link with the satellite 301 while the radioterminals
3235b-c 1nside the geographic region 312 may establish communications with one
or more ATCs 321a-c. Moreover, a system controller 327 may coordinate
operations of the first communications system. While a single contiguous
geographic region 312 for ATC communications (using ATCs 321a-¢) is shown
inside the larger geographic region 311 for satellite communications (using
satellite 301), a plurality of separate geographic regions may be provided for ATC
communications, and/or a geographic region for ATC communications or portions
thereot may be outside the geographic region 311 for satellite communications.

Moreover, an aggregate geographic region of ATN/ATC coverage may be less
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than, the same as, or larger than an aggregate geographic region of satellite
coverage.

[0046]  If the radioterminal 325a moves to the geographic region 312,
the radioterminal 325a may establish a communications link with one or more of
the ATCs 321a-c. If either of the radioterminals 325b-c i1s moved outside the
geographic region 312, the moved radioterminal(s) 325b and/or 325¢ may establish
a communications link with the satellite 301. While radioterminals 325b-c may
establish communications links with the satellite 301 while in the geographic
region 312, communications links with ATCs may be preferred to increase system
capacity and/or quality of service.

[0047] In addition, a second wireless communications system may
include a satellite 302, a satellite gateway 333, and an interference reducer 337.
The satellite 302 may provide communications services for radioterminals 335a-c.
Moreover, the interference reducer may reduce up-link interference received at the
satellite 302 resulting from transmissions of ATCs 321a-c, radioterminals 325a-c,
and/or satellite 301 of the first communications system. In addition, the first and
second communications systems of Figure 3 may be operated by different system
operators. While the interterence reducer 337 is shown as a separate functional
block, functionality of the interference reducer 337 and/or portions thereof may be
implemented at the satellite 302, at the satellite gateway 333, at the controller 327
of the first communications system, at the satellite 301 of the first communications
system, at the satellite gateway 323 of the first communications system, and/or at

~an ATC 321a-c of the first-communications system. The interference reducer 337,
for example, may be provided as a portion of a controller of the communications
system including the satellite 302 and the satellite gateway 333.

[0048] Monitoring and control of up-link interference may thus be
provided for the second communications system wherein the first and second
communications systems use similar frequencies. More particularly, the first
satellite 301 may use L-band spectrum, ahd at least some of the down-link band
frequencies of an L-band (e.g., from 1525 MHz to 1559 MHz) may be used by a
first satellite 301 that may be operated by a first satellite operator (e.g., Mobile
satellite Ventures, LP “MSV?”) to transmit information to at least one satellite
radioterminal (such as one or more of radioterminals 325a-c¢) in the geographic

region 311 of the first satellite 301. The at least some of the down-link band
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frequencies of the L-band (or a subset thereof) may also be used by one or more of
the ATCs 321a-c to transmit information to at least one of the radioterminals 325a-
¢ in the geographic region 312 of the ATN. Each of the radioterminals 325a-¢ may
be a stand-alon;: terrestrial-only radioterminal or an integrated radioterminal that
may comprise at least some of the functionality of a stand-alone terrestrial-only
radioterminal and at least some of the functionality of a satellite radioterminal.
[0049] Continuing with system embodiments using L-band spectrum,
at least some of the up-link band frequencies of an L-band (for example, from
1626.5 MHz to 1660.5 MHz) may be used by one or rﬁore of the radioterminals
325a-c¢ to transmit information to the first satellite 301. The at least some of the
up-link band frequencies of the L-band (or a subset thereof) may also be used by
the radioterminals 325a-c to transmit information to at least one of the ATCs 321a-
¢ that may be part of an overall Ancillary Terrestrial Network (ATN) including a
larger number of ATCs. One of the radioterminals 321a-c may be a stand-alone
satellite-only radioterminal or it may comprise at least some of the functionality of
a stand-alone terrestrial-only radioterminal and at least some of the functionality of
a satellite radioterminal. Another of the radioterminals 325a-¢ may be a stand-
alone terrestrial-only radioterminal or an integrated radioterminal that may
comprise at least some of the functionality of a stand-alone terrestrial-only
radioterminal and at least some of the functionality of a satellite radioterminal.
[0050] Continuing with system embodiments utilizing L-band
spectrum, the second satellite 302 that may be operated by the second satellite
operator (e.g., Inmarsat) and/or the radioterminal(s) 335a-c thereof may be using at
least some of the L-band frequencies that are also used by the first satellite 301
-and/or the radioterminals 325a-c thereof to communicate. Specifically, at least
some of the up-link band frequencies uséd by the radioterminals 335a-c
communicating with the second satellite 302 may also be frequencies that are used
by at least one of the radioterminals 325a-c communicating with the first satellite
301 and/or with at least one of the ATCs 321a-c. The second satellite 302 may
thus receive up-link interference from emissions/transmissions of at least one of
the radioterminals 325a-c communicating with the first satellite 301 and/or at least
one of the ATCs 321a-¢. In some embodiments, at least one of the ATCs 321a-c
may also be using at least some of the up-link frequencies used by the

radioterminals 335a-¢ communicating with the second satellite 302 to
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conununtcate with af least one of the radioterminals 3254-¢. The second satellite
302 may thus also reecive gp-tink interterencee from emissions/transmissions of at
least one af the ATCs 321a-c.

FOOST] Accarding (o ecmbodiments of the present invention, the second
satellite 302 (which may be an Inmarsat 4 satellite) may form at [east one beam 315
(satcllste ecll or antenna pattern) over a geographic region spanning an ensemble of
raciotermmnal and/or A'TC emissions that are intended [or the first satetlite 301, the
ATCs 321 h-¢ and/or the radioterminalx 323a-¢, Within the geographic region 311,
the st satellite 307 (MSV Satellite) may provide communications services 1o
satellite radioterminals of the first communications svstem {such as radioterminals
325a-¢). As shown, the geogruphic region 312 may be included in the geographic
region 3L Within the geographic region 312, communications services may be
provided o one or more of radioterminals 3250-¢ by the fiest satelhite 301 (MSV
SSatellie) and/or by the ATCs 32 1a-c that may reusce at least some of the satellite
hand Trequencies.

H0052] The at Teast one beam 315 (satetlite coll or antenna pattern) may
boe {ommed by the sceond (coe., Inmarsat) satelbite 302 substintiafly over the
seographte regron 312 over which the ATCs 32 Ha-c operate, as shown i Figure 3,
Morcover, the bemm 3153 may be conligured to detect and/or estamate @ mcasure ol
agerepate interferene l'(?i'll.’fl'li!-lg.', the second (e.g., Inmarsat) satellite 302 from
ridhoterminal and/or ATC emussions originating from substantiatly within the
Greographic Regton 312 that are intended tor nchiotermunals 325a-¢, ATCs 321a-¢
and/or satctlite 301 ot the first communications system ineluding sateliite 301
and/or the ATN including ATCs 32 a-¢ Techmaues for detecting and/or
estimating, ageregate interference may be found, for example, in Published ULS.
Patent Apph "thi(‘m Nog, US 20030054814 to Karabinis et at., entitled Svstems and
Mcthods tor Monitoring Torrestnally Reused Satethite Fregquencics to Reduce
Potential Interferenee, and US 2003700734360 to Karabinis ¢t al., entitled Additional
Systems and Methods for Monitonng Terresterally Reused Satellite Freguencies to
Raeduce Potential Interference. Fhe second (... Inmarsat) sateflite 302 and/or other
system element(s) associated with the second (e, Inmarsat) satellite 302, such as
the satelhite gateway 333, and/or the interference reducer 337, may be configured 16

[urthier process the detected
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and/or estimated measure of aggregate interference reaching the second (e.g.,
Inmarsat) satellite 302 and relay a measure of the further processed detected and/or
estimated measure of aggregate intefference reaching the second (e.g., Inmarsat)
satellite 302 and/or the detected and/or estimated measure of aggregate
interference reaching the second (e.g., Inmarsat) satellite 302 to a system element
(such as the controller 327) associated with the first (e.g., MSV) satellite 301
and/or at least one terrestrial infrastructure component, ATC, or ATN associated
with the first (e.g., MSV) satellite 301. Responsive to the received measure of the
further processed detected and/or estimated measure of aggregate interference
reaching the second (e.g., Inmarsat) satellite 302 and/or the detected and/or
estimated measure of aggregate interference reaching the secénd (e.g., Inmarsat)
satellite 302 having approached, equaled, or exceeded a predetermined threshold,
the at least one terrestrial infrastructure component, ATC, ATN, and/or at least one
radioterminal that is substantially within the Geographic Region 312 of Satellite &
ATC Coverage ( of the first communications system including satellite 301 and
ATCs 321a-¢) and is associated with the first satellite 301 may be configured to
reduce a level of transmitted radiation.

[0053]  The at least one beam 315 (satellite cell or antenna pattern) that
may be formed by the Second Satellite 302 substantially over the Geographic
Region 312 of Satellite & ATC Coverage, as illustrated in Figure 3, may be a
receive-only beam. The receive-only beam may provide to the second (e.g.,
Inmarsat) satellite 302 and/or other system element(s) associated with the second
(e.g., Inmarsat) satellite 302, such as a satellite gateway 333, and/or the
interference reducer 337, a measure of an aggregate signal power that is reaching
the second (e.g., Inmarsat) satellite 302, representative of at least one emission
occurring substantially within the Geographic Region 312 of Satellite & ATC
Coverage (e.g., MSV System), as illustrated in Figure 3, over a band of frequencies
that is used by at least one radioterminal and/or at least one terrestrial infrastructure
component (such as one or more of ATCs 321a-c).

[0054] In some embodiments, the second (e.g., Inmarsat) satellite 302, a
satellite gateway(s) 333 associate with the second satellite 302, and/or other system
component(s) thereof may be equipped with an interference reducer 337 to reduce
interference in signals that are intended for the second (e.g., Inmarsat) satellite 302,

caused by emissions from the first communications system from one or more ot
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radioterminads 323a~-¢ and/or ATCS 321 a-o (occurrmg from within any geographic
region of satellite 301 and/or ATC 5 yslc'm coverage of the lirst communications
system associated with the fiest satelhite 3013 Interlerence reducers are knnown o
those of skill in the art and need not be discussed further herein, Embodiments of
interterence reducers tor reducing interference m satelhite systems are disclosced for
example, in the previously relerenced United States Patent No. 6,684 057, 0
Katabinis, entitled Syvstems and Methods for Terresirial Reuse of Celtular Satelhite
Frequencey Spectrum, published Jag, 27, 2004 to Utility Patent Application No,
HO/890L758, to Karabis ¢t b, entitied Intra- and/or Inler-System Interference
Reducing Systems and Mcethods for Satellite Conununtcations Systems, fided July
4, 2004 in Provisional Patent Application No, 60/573 4991, to Karabinis, entitled
Svystemy and Mcothods for Montoring Sclected Terrestnally Reused Satetlite
Freguency Stpnals to Reduce Potential Interference, liled May 24, 2004, and in
Utility Patent Application No, 117133, 102 to Karabinis entitled Systems and
victhods for Monitoring Scleeted Terrestrially Reused Satellite Frequency Nignals |
1o Reduce Potential Interterence, filed May 19, 2005,

00835} L will be understoad by those having skl m the art thal some
maodifications may be applied to the interforence reducer embodiments that are
disclosed in the mamediately above relerenced Patent, Patent Apphications, iand
Provigional Patent Application when applying an interlerence reducer enmbodiment
(ot the Putent, Patent Applications, and/or Provisional Patent Application) to
reducing mterference of a signad mtended for the second je.g., Inmarsat) satellife
302, For example, whereas in embodiments disclosed in the above referenced
Patent, Patent Applications, and Provisionat Patent Application, the interferenee
reducer mav be configured to operate on o desired signat that 1s intended for the
first (e.o., MSV) satellite 301 ("Signal of satellite cell 8" in Figure 3 of the abave
Creferenced Patent Application Nao HYSQ0,758: signat ",7 ot the "Sateilite
Radiotclephone Link” in Figure 1 of the above reterenced Patent No, 6,684.057),
the interference reducer 337, a accordance with embodiments of the present
invention, may be configured to operate on a desired signal that is mtended for the
second [e.p., Inmarsat) satellite 302, Furthermore, whereas in the embodiments

disclosed in the above referenced Patent, Matent Applications, and Provisional
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Patent Application, the interference reducer may be configured to operate at an
MSYV system location (such as at an MSV satellite gateway and/or other MSV
facility), the interference reducer 337, in accordance with the embodiments of the
present invention, may be configured to operate at an Inmarsat system location
(such as at an Inmarsat satellite gateway and/or other Inmarsat facility). In
addition to the aboVe, at least some of the signals “T, U, V, W, X, Y, A3, A5, A7,
B4, B6, B7” that are shown 1n Figure 3 of the above referenced Patent Application
No. 10/890,758 and/or the signal “142” shown in Figure 1 of the above referenced
Patent No. 6,684,057, may be transported to an Inmarsat system location to be used
as inputs to the interference reducer 337. In some embodiments, the interference
signal input(s) “T, U, V, W, X, Y, A3, A5, A7, B4, B6, B7” that are shown 1n
Figure 3 of the above referenced Patent Application No. 10/ 890;758 and/or the
signal “142” shown 1n Figure 1 of the above referenced Patent No. 6,684,057,
and/or a desired signal plus interference (that may be provided to an Inmarsat
system location by an Inmarsat satellite) may be delay-equalized to substantially
align in time the interfering signal path(s) provided via the first (e.g., MSV)
satellite relative to the interference signal path(s) provided via the Inmarsat
satellite. In some embodiments, the second (e.g., Inmarsat) satellite 302 may form
spot beams (that may be receive-only spot beams) over ATC areas of the first (e.g.,
MSV) system and may thus provide to the interference reducer 337 measures of
the interfering signals. In some embodiments, measures of the interfering signals
are provided by the first (e.g., MSV) satellite 301 and the second (e.g., Inmarsat)
satellite 302. In other embodiments, a desired signal plus interference that may be
provided to a system facility of the second (e.g., Inmarsat) system (such as satellite
gateway 333), by the second (e.g., Inmarsat) satellite 302, may be transported to a
system facility of the first (e.g., MSV) system (such as satellite gateway 323) and
the interference reducer 337 may be configured to be functionally operative at the
MSYV system facility to reduce interference of a signal that is intended for the
second (e.g., Inmarsat) satellite 302.

[0056] In addition, or in alternatives, monitoring and control of down-
link interference may be provided according to embodiments of the present
invention. In accordance with system embodiments addressed earlier, utilizing L-
band spectrum, portions of the down-link band frequencies of an L-band (for

example, from 1525 MHz to 1559 MHz) may be used by a first communications
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system and a satellite (for example, satellite 301) thereof that may be operated by a
first satellite operator (e.g., Mobile satellite Ventures, LP “MSV”) to transmit
information to at least one satellite radioterminal (such as radioterminals 325a-c).
The portions of the down-link band frequencies of the L-band (or a subset thereof)
may also be used by at least one terrestrial infrastructure component (e.g., ATCs
321a-c) that may be operated by and/or associated with the first communications
(e.g., MSV) system and the satellite 301 thereof, to transmit information to at least
one of the radioterminals 325a-c. A radioterminal of a second communications
system (such as satellite radioterminal 335a of the second communications system
including satellite 302, such as an Inmarsat system) may be operative while
proximate to a terrestrial infrastructure component (such as ATC 321c¢) of the first
communications system that is radiating at least some frequencies of the portions
of the down-link band frequencies of the L-band (or a subset thereof) to
communicate with at least one radioterminal (such as radioterminal 325¢). As
such, the radioterminal 335a of the second communications system may
experience interference, such as overload interference and/or inter-modulation
interference.

[0057] In some embodiments, the radioterminal 335a of the second
communications system may be operatively configured with signaling capability,
such as, for example, in-band signaling capability, to inform a system component,
such as the satellite 302, satellite gateway 333, and/or another component of the
communications system, of a Bit Error Rate (BER) measure at the radioterminal

- -335a. Inresponse to the BER measure received by the second communications
system, the second communications system (e.g., the satellite 302 and/or the
satellite gateway 333) may provide a different amount of power for transmissions
to the radioterminal 335a (such as more power for transmission to the
radioterminal 335a 1f the BER measure is, for example, greater than a first
predetermined threshold, or less power to the radioterminal 335a if the BER
measure 1s, for example, smaller than a second predetermined threshold; where the
first and second predetermined thresholds may be the same or different) relative to
the power delivered for transmission to the radioterminal 335a by the second
communications system prior to the reception by the second communications
system of the BER measure transmitted by the radioterminal 335a via a signaling

channel.
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[0058]  In other embodiments, in response to the BER measure received
by the second communications system from the radioterminal 335a, and following
a predetermined increase in power level for transmission to the radioterminal 335a
for the purpose of establishing a BER measure that may be within an acceptable
range, the second communications system may command the radioterminal 335a to
utilize a different down-link (forward-link) carrier and/or channel, if the
radioterminal 335a continues to report to the system a BER measure that is not
within the predetermined range and is inferior to the system’s Quality of Service
(QoS) standard for the service being provided by the radioterminal 335a. The
different down-link (forward-link) carrier and/or channel may be chosen from an
available pool of carriers and/or channels, and/or the different down-link (forward-

“link) carrier and/or channel may be chosen at a maximum or near maximum
frequency distance relative to a frequency or frequencies used by at least one
terrestrial infrastructure component and/or radioterminal such as ATCs 321a-¢
and/or radioterminals 325a-c.

[0059] In yet other embodiments, in response to a BER measure
received by the satellite 302 from the radioterminal 335a, the system may
command the radioterminal 335a to utilize a different down-link (forward-link)
carrier and/or channel without first attempting to provide more power for
transmission to the radioterminal 335a. In some embodiments, the second
communications system may process at least two BER measures (i.e., a sequence
of BER measures) before sending more power for transmissions to the
radioterminal 335a and/or c_:_o_mmanding‘the radioterminal 335a to utilize a
different down-link (forward-link) carrier and/or channel. In some embodiments,
one or more down-link (forv?ard-link) signaling carriers/channels may be provided

' by the second (e.g., Inmarsat) satellite 302 at a frequency separation that is
maximally-distant, or near maximally-distant, from a down-link (forward-link)
band of frequencies used by the ATCs 312a-c of the first communications (e.g.,
MSV) system.

[0060] In additional embodiments of the present invention, to further
reduce the potential ot down-link interference, two systems (for example, a first
communications system including satellite 301 and a second communications
system including satellite 302) that are using a band of frequencies, such as an L-

band of frequencies, may partition the band of frequencies into relatively large and
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contiguous blocks of spectrum, as illustrated above in Figure 2, and use the blocks
of spectrum 1n accordance with a minimum or substantially minimum interference
potential criterion. As illustrated in Figure 2, a first relatively large contiguous
block of down-link frequencies 201 (labeled “MSV ATC and/or Satellite
Operations,” which may be, for example, approximately 10 MHz in bandwidfh)
may be used by MSV to offer satellite and ATC service(s) using Satellite 301 |
and/or ATCs 321a-c. Still referring to Figure 2, a second block of frequencies 203
(labeled “INMARSAT Operations) may be, for example, approximately 17 MHz
in bandwidth. The second block of frequencies 203 labeled "INMARSAT
Operations" may be used by Inmarsat to offer satellite services with, for ex.ample, a
first sub-block of frequencies 203a (that may be closest in frequency to the first
block of frequencies 201 used by MSV for satellite and/or ATC operations)
allocated, for example, by Inmarsat to maritime and/or land-mobile operations
using satellite 302; followed by, for example, a second sub-block of frequencies
203b that may be allocated by Inmarsat to aeronautical operations using satellite
302; and followed by, for example, a third sub-block of frequencies 203¢ that may
be allocated by Inmarsat to land-mobile and/or aeronautical operations using
satellite 302. Following the INMARSAT Operations block (e.g., the second block
of frequencies 203), as illustrated in Figure 2, a third block of frequencies 205
(labeled “MSV Satellite Operations,” which may be, for example, approximately 7
MHz in bandwidth) may be used by MSV {for satellite services only using satellite
301. In some embodiments, at least a portion of the third block of frequencies 205
~ may also be used by MSV for the provision of ATC/ATN communications.

[0061] In accordance with the illustrative embodiment relating to L-
band spectrum usage by two system operators (as depicted in Figure 2 and
described immediately above), at least some of the land-mobile operations of the
second (e.g., Inmarsat) system comprising land-mobile radioterminals (such as
radioterminals 335a-c) that may be most susceptible to down-link interference (1.e.,
overload and/or inter-modulation interference), comprising, for example, a class of
radioterminals configured for high-speed data mode(s) (such as Inmarsat
radioterminals of type/class GAN, R-BGAN, and/or BGAN), may be allocated
down-link carrier frequencies in the third Inmarsat sub-block 203¢ and/or at a
maximum or near maximum frequency distance away from ATC/ATN operations

of the first (e.g., MSV) system using ATCs 321a-c. At least some aeronautical
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operations of the second (e.g., Inmarsat) system may also be conducted over the
third Inmarsat sub-block 203¢ and/or at a maximum, or near maximum, frequency
separation from ATC/ATN operations of the first (e.g., MSV) system using ATCs
321a-c. Owing to the mobility aspects of some land-mobile radioterminals
(and/or some non-land-mobile radioterminals), at least some of the radioterminals
335a-c communicating with satellite 302 may be operative, from time-to-time,
from locations proximate to base station/ATC emissions (such as emissions
generated by one or more of ATCs 312a-c) generated by the communications
system 1ncluding satellite 301. The at least some radioterminals that may be
operative proximate to such locations may include at least one radioterminal that
may be relatively more susceptible to down-link interference than other
radioterminals. (A radioterminal providing a high-speed data service, for example,
may be more susceptible to down-link interference than a radioterminal providing,
for example, a voice service and/or low-speed data service.) The at least one
radioterminal that may be relatively more susceptible to down-link interference
than the other radioterminals may be allocated a down-link carrier frequency in the
third Inmarsat sub-block 203¢ and/or at a maximum or near maximum frequency
distance away from MSV’s ATC operatiohs using ATCs 321a-¢. This may be
accomplished a priori by the system, during a call set-up procedure between the
radioterminal (such as one of the radioterminals 335a-c) and the system (including
the satellite 302), prior to establishing an initial communications channel, via
recognition by the system of a radioterminal profile/identity/service, or it may be
accomplished a posteriori, after an initial communications channel has been
established and a measure of unacceptable performance has been provided to the
system (including the satellite 302) by the radioterminal (such as one of the
radioterminals 335a-c), as described earlier.

[0062]  In further embodiments of the invention, an operator (e.g.,
Inmarsat) ot a system including the satellite 302 may deploy at least one terrestrial
Infrastructure component, ATC, and/or ATN in parts of, all, or substantially all of
the geographic region 312 that an operator (e.g., MSV) of a system including the
satellite 301 plans to, and/or has deployed, at least one terrestrial infrastructure
component, such as at least one of ATCs 321a-¢. Having done so, the second
communications system operator (e.g., Inmarsat) may also configure at least some

of the radioterminals (such as radioterminals 335a-c) that are capable of
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communicating with the satellite 302 of the second communicafions system to also
be capable of communicating with the at least one terrestrial infrastructure
component, ATC, and/or ATN of the second and/or first communications system,
and/or a terrestrial infrastructure of any other system. As such, a radioterminal
335a of the second communications system including satellite 302 (that may be
operative proximate to at least one terrestrial infrastructure component such as
ATC 321c¢ of the first communications system, and may thus be subjected to down-
link interference) may establish a communications link with the at least one
terrestrial infrastructure component (such as ATC 321c¢) of the second and/or first
communications system, and/or the terrestrial infrastructure of the any other
system (instead of communicating via a satellite) to minimize, or eliminate the
potential of down-link and/or up-link interference. '
[0063] In other embodiments of the invention, in order to further reduce
or eliminate the potential of down-link interference, two systems (such as first and
second communications systems respectively including the satellites 301 and 302)
that may use a band of frequencies (such as an L-band of frequencies) may
partition the band of frequencies into relatively large and contiguous blocks of
spectrum, as illustrated in Figure 2. Moreover, at least some radioterminals (such
as radioterminals 335a-c of the second communications system) may incorporate
filtering (such as band-pass, low-pass, high-pass, notch and/or any other type of
filtering) to substantially reduce further and/or eliminate potential interference.
[0064] As shown 1n Figure 4, at least some radioterminals 335
configured to communicate with the satellite 302 of the second communications
(e.g., Inmarsat) system may, for example, be configured with a receiver filter 401
that attenuates at least some frequencies of the “MSV ATC and/or Satellite
Operations” frequency block 201 and/or at least some frequencies of any other
MSV frequency block, more than frequencies of the “INMARSAT Operations”
block 203. More particularly, the radioterminal 335 may include a controller 407,
a transmitter 411, a receiver 403, an antenna 415, and a user interface 409. In
addition, the receiver 403 may include a filter 401 and a Low Noise Amplifier
(LNA) 405 with the filter 401 provided, in some embodiments, between the
antenna 415 and the LNA 403. In applications requiring only reception, the
transmitter 411 may be omuitted. In radiotelephone applications, the user interface

409 may include a microphone, a speaker, a display, and a keypad. In applications
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not providing voice communications, a microphone and/or a speaker may be
omitted from the user interface 409.

[0065]  The filter 401 may be a front-end filter (operatively configured
at a Radio Frequency (RF) section of the radioterminal receiver 403; before and/or
after the receiver Low Noise Amplifier (LNA) 405), or the filter 401 may be
operatively distributed between RF, Intermediate Frequency (IF), and/or base-band
sections of the radioterminal 335 receiver 403. A filter characteristic, such as an
attenuation response of the filter 401, may be operationally responsive to a
geographic location of the radioterminal 335 and/or a level of interference received
at the radioterminal 335. For example, 1f the radioterminal 335 is operative 1n
North America (or proximate to North America) the filter 401 attenuation response
may be configured to attenuate at least some of the frequencies occupying the
“MSV ATC and/or Satellite Operations” frequency block (e.g., block 201 of
Figure 2) and/or at least some of the frequencies of any other MSV frequency
block. If the radioterminal 335 is operative outside North America, the filter 401
may be switched out and/or by-passed, or may be altered in at least one
characteristic. The controller 407, for example, may determine a location of the
radioterminal 335 responsive to information/signaling received from the satellite
302 and/or responsive to information/signaling received from a Global Positioning
Satellite (GPS) system and/or other radio positioning system. In combination with
the above or in an alternative, the controller 407 may determine a location of the
radioterminal 335 responsive to information provided by a user through the user
interface 409. Accordingly, the controller 407 may switch-out and/or by-pass the
filter 401 when the radioterminal 335 is in a geographic area of relatively low
expected interference so that the filter 401 is not coupled between two or more
elements of receiver 403 such as, for example, the antenna 415 and the LNA 405.
When the radioterminal 335 is in a geographic area of relatively high expected
interference, the controller 407 may switch-in the filter 401 so that the filter 401 1s
coupled between the antenna 415 and the LNA 4035 and/or coupled between two or
more elements of the receiver 403 that may or may not include the antenna 415
and/or the LNA 405.

[0066] In some embodiments, at power-on of the radioterminal 335 the
radioterminal 335 may be configured to function with the filter 401 by-passed (or
switched-out), totally or partially. After power-on of the radioterminal 335, the
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controller 407 may monitor a level of received interference at the radioterminal
335. If the received level of interference at the radioterminal 335 excéeds a
predetermined threshold, the controller 407 may switch-in the filter 401 so that the
filter 1s coupled between two or more elements of the receiver 403 such as, for
example, between the antenna 415 and the LNA 405, as illustrated in F igure 4. If
the received interference is less than the predetermined threshold, the controller
407 may switch-out and/or by-pass the filter 401 so that the filter 401 is not
coupled between any two or more elements of the receiver 403. Monitoring the
level of received interference at the radioterminal 335 may comprise detecting
and/or estimating (at the radioterminal and/or elsewhere) a power level received at
the radioterminal 335 over a frequency interval (sub-band) that is used by MSV to
provide ATC/ATN communications.

[0067]  In other embodiments, radioterminals (such as one or more of
radioterminals 325a-c) of the first communications (e.g., MSV) system of Figure 3
may also be contfigured with a band-pass, low-pass, high-pass, notch and/or any
other type of receiver-chain filter characteristic that attenuates frequencies that lie
outside of one or more MSV frequency blocks.

[0068] In the drawings and specification, there have been disclosed
embodiments of the invention and, although specific terms are employed, they are
used 1n a generic and descriptive sense only and not for purposes of limitation, the

scope of the invention being set forth in the following claims.

33



CA 02576521 2015-09-30

That Which is Claimed Is:

1. A method of operating a second communications system providing
communications service over a geographic area wherein a first communications system
provides communications service over at least a portion of the geographic area, the
method comprising:

generating a measure of aggregate interference reaching a satellite of the second
communications system substantially from devices of the first communications system
based on signals received at the satellite of the second communications system; and

transmitting the measure of aggregate interference reaching the satellite of the

second communications system to an element of the first communications system.

2. A method according to claim 1 wherein the first communications system and

the second communications system are operated by different entities.

3. A method according to claim 1 wherein the first communications system and

the second communications system are operated by a same entity.

4. A method according to claim 1 wherein the first and/or the second
communications system comprises at least one satellite and/or at least one terrestrial
component, the at least one terrestrial component and/or the at least one satellite being

configured to communicate with at least one radioterminal.

5. A method according to claim 1 wherein the first communications system
comprises at least one satellite and/or at least one terrestrial component, the first
communications system further comprising at least one radioterminal configured to

communicate with the at least one satellite and/or with the at least one terrestrial

component.

6. A method according to claim 1 wherein the first communications system and
the second communications system are both configured for communications using L band

and/or S band frequencies.

/. A method according to claim 1 wherein a portion of the aggregate interference

reaching the satellite of the second communications system comprises transmissions
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between a radioterminal and at least one of a terrestrial component and/or a satellite of

the first communications system.

8. A method according to claim 1 further comprising:

receiving the measure of aggregate interference at the first communications
system; and

altering a transmission of an element of the first communications system

responsive to the measure of aggregate interference.

9. A method of operating a first communications system providing
communications service over a geographic area wherein a second communications
system provides communications service over at least a portion of the geographic area,
the method comprising:

receiving a measure of an aggregate interference reaching a satellite of the
second communications system at the first communications system, wherein the measure

of aggregate interference is based on signals received at the satellite of the second

communications system; and
altering a transmission of an element of the first communications system

responsive to receiving the measure of the aggregate interference reaching the satellite

of the second communications system.

10. A method according to claim 9 wherein altering a transmission of an element
of the first communications system comprises altering a transmission power of the

element of the first communications system.

11. A method according to claim 9 wherein altering a transmission of an element

of the first communications system comprise altering a frequency of transmission of the

element of the first communications system.

12. A method according to claim 9 wherein the first communications system and

the second communications system are operated by different entities.

13. A method according to cilaim 9 wherein the first communications system and

the second communications system are operated by a same entity.
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14. A method according to claim 9 wherein the first and/or the second
communications system comprises at least one satellite and/or at least one terrestrial
component, the at least one terrestrial component and/or the at least one satellite being

configured to communicate with a radioterminal.

15. A method according to claim 9 wherein the first communications system
comprises at least one satellite and/or at least one terrestrial component, the at least one
satellite and/or the at least one terrestrial component being configured to communicate

with at least one radioterminal.

16. A method according to claim 9 wherein the first communications system and
the second communications system are both configured for communications using L band

and/or S band frequencies.

17. A method according to claim 9 wherein a portion of the aggregate
Interference reaching the satellite of the second communications system comprises
transmissions between a radioterminal and at least one of a terrestrial component and/or

a satellite of the first communications system.

18. A method according to claim 9 further comprising:

before receiving the measure of aggregate interference, generating the measure
of aggregate interference reaching the satellite of the second communications system;
and

before receiving the measure of the aggregate interference, transmitting the
measure of aggregate interference from the second communications system to the first

communications system.

19. A method of operating a first communications system providing
communications service over a geographic area wherein a second communications

system provides communications service over at least a portion of the geographic area,

the method comprising:
recelving at the first communications system from the second communications
system a measure of interfering signals to the second communications system

substantially generated by transmissions of the first communications system; and
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reducing an interference received at a satellite of the second communications
system responsive to the measure of interfering signals received from the second

communications system.

20. A method according to claim 19 wherein the first communications system and

the second communications system are operated by different entities.

21. A method according to claim 19 wherein the first communications system and

the second communications system are operated by a same entity.

22. A method according to claim 19 wherein the first communications system
and/or the second communications system comprises at least one satellite and/or at least
one terrestrial component, the at least one terrestrial component and/or the at least one

satellite being configured to communicate with at least one radioterminal.

23. A method according to claim 19 wherein the first communications system
comprises at least one satellite and/or at least one terrestrial component, the at least one
satellite and/or the at least one terrestrial component being configured to communicate

with at least one radioterminal.

24. A method according to claim 19 wherein the first communications system and
the second communications system are both configured for communications using L band

and/or S band frequencies.

25. A method according to claim 19 wherein a portion of the interfering signals
reaching the satellite of the second communications system comprises transmissions

between a radioterminal and at least one of a terrestrial component and/or at least one

satellite of the first communications system.

26. A method according to claim 19 wherein reducing an interference component
received at the satellite of the second communications system comprises altering a
transmission from an element of the first communications system responsive to receiving
the measure of interfering signals at the first communications system to reduce
interference from the element of the first communications system received at the satellite

of the second communications system.
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27. A method of operating at least one communications system providing
communications service over a geographic area, the method comprising:

generating a measure of aggregate interference reaching a satellite of a second
communications system substantially from devices of a first communications system
wherein the measure of aggregate interference is based on signals received at the
satellite of the second communications system; and

reducing interference received at a satellite of the second communications system
responsive to the measure of aggregate interference reaching the satellite of the second
communications system substantially from devices of the first communications system by
altering a transmission from at least one of the devices of the first communications
system responsive to the measure of aggregate interference reaching the satellite of the

second communications system.

28. A method according to claim 27 wherein the first communications system and

the second communications system are operated by different entities.

29. A method according to claim 27 wherein the first communications system and

the second communications system are operated by a same entity.

30. A method according to claim 27 wherein the first and/or the second
communications system comprises at least one satellite and/or at least one terrestrial
component, the at least one terrestrial component and/or the at least one satellite being

configured to communicate with at least one radioterminal.

31. A method according to claim 27 wherein the first communications system
comprises at least one satellite and/or at least one terrestrial component, the at least one

satellite and/or the at least one terrestrial component being configured to communicate

with at least one radioterminal.

32. A method according to claim 27 wherein the first communications system and
the second communications system are both configured for communications using L band

and/or S band frequencies.

33. A method according to claim 27 wherein a portion of the aggregate

interference reaching the satellite of the second communications system comprises
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transmissions between a radioterminal and at least one of a terrestrial component and/or

a satellite of the first communications system.

34. A method according to claim 27 wherein generating the measure of
aggregate interference comprises generating the measure of aggregate interference at
the first communications system, and receiving the measure of aggregate interference at

the second communications system from the first communications system.

35. A method according to claim 27 wherein generating the measure of
aggregate interference comprises receiving at least portions of transmissions between at
least two elements of the first communications system at the second communications
system, and generating the measure of aggregate interference responsive to the at least
portions of transmissions between the at ledst two elements of the first communications

system received at the second communications system.

36. A communications system providing communications service over a
geographic area, the communications system comprising:

a satellite configured to provide a communications link with at least one
radioterminal in the geographic area; and

a controller configured to generate a measure of aggregate interference reaching
the satellite of the communications system substantially from devices of another
communications system based on signals received at the satellite of the communications
system, and to transmit the measure of aggregate interference reaching the satellite of

the communications system to an element of the other communications system.

37. A communications system providing communications service over a
geographic area, the communications system comprising:

at least one satellite configured to provide a communications link with at least one

radioterminal in the geographic region; and

a controller coupled to the at least one satellite and the at least one radioterminal,
the controller being confiqured to receive a measure of an aggregate interference
reaching a satellite of another communications system, wherein the measure of
aggregate interference is based on signals received at the satellite of the other
communications system, and to alter a transmission from the at least one sateliite and the
at least one radioterminal responsive to receiving the measure of the aggregate

interference reaching the satellite of the other communications system.
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38. The communications system according to claim 37 further comprising at least
one terrestrial component configured to provide a communications link with the at least
one radioterminal in the geographic region, wherein the controller is further coupled to the
at least one terrestrial component and further configured to alter a transmission from the
at least one terrestrial component responsive to receiving the measure of the aggregate

interference reaching the satellite of the other communications system.

39. A communications system providing communications service over a
geographic region, the communications system comprising:

at least one satellite configured to provide a communications link with at least one
radioterminal in the geographic region; and

a controller coupled to the at least one satellite and the at least one radioterminal,
the controller being configured to receive a measure of interfering signals to another
communications system substantially generated by transmissions from/to the at least one
satellite and the at least one radioterminal, and to reduce interference received at a

satellite of the other communications system responsive to the measure of interfering

signals.

40. The communications system according to claim 37 further comprising at least
one terrestrial component configured to provide a communications link with the at least
one radioterminal in the geographic region, wherein the controller is further coupled to the
at least one terrestrial component and further configured to receive a measure of

interfering signals to another communications system substantially generated by

transmissions from/to the at least one terrestrial component.

40



CA 02576521 2007-02-08

PCT/US2005/028593

WO 2006/020793

1/4

I

I

(Wa1sAS ASW)
9beJaA0)) B11||338S JO UoIbaYy Judelboan

(WdISAS ASW)
9bRI3A0) D1V g 9I|[21eS JO uoibay d1ydesboan

Cil




CA 02576521 2007-02-08

PCT/US2005/028593

WO 2006/020793

ZHIW
0551

suoiesadp

o}l||93ES ASI

50¢

7 9.nDI4

suonetadQ [ednneuo.aY

10/pue 3IGOW-PUBT g\ 0015d0

1221]NBUOJRY

SU0IIRIRdD 1YSHYIWNI

IE0C 4e0¢

- N/

c0¢

SuolrsadQ
o|IGOW-pueT
10/pue awniiep

eL0¢

ZHW
¢S

SuoijesadQ 31112168

10/pue D1V ASW
e .

10¢



CA 02576521 2007-02-08

PCT/US2005/028593

WO 2006/020793

3/4

ttt

LEC

JERIERY
U]

T1¢E

s
‘e
-
)
a

~ N

J3]|043U0)

A4
eSCt




CA 02576521 2007-02-08
WO 2006/020793 PCT/US2005/028595

4/4

415

403

411

w 405

Receiver
407
Controller
409
User Interface

335

Figure 4



L4
1"'
*

Geographic Region of Satellite & ATC Coverage
(MSV System)

Geographic Region of Satellite Coverage
(MSV System)

Second Satellite (Inmarsat Satellite)

111



	Page 1 - abstract
	Page 2 - abstract
	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 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - abstract drawing

