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(57) ABSTRACT 

A satellite radiotelephone system includes a space-based 
component, a plurality of ancillary terrestrial components, 
and a plurality of radiotelephones. The space-based compo 
nent is con?gured to provide Wireless radiotelephone com 
munications using satellite radiotelephone frequencies. The 
plurality of ancillary terrestrial components include a plu 
rality of ancillary terrestrial component antennas con?gured 
to provide Wireless radiotelephone communications using at 
least one of the satellite radiotelephone frequencies in a 
radiation pattern that increases radiation beloW the horizon 
compared to above the horiZon. The plurality of radiotele 
phones are con?gured to communicate With the space-based 
component and With the plurality of ancillary terrestrial 
components. Each radiotelephone also includes a GPS sig 
nal processor and a GPS mode ?lter that is con?gured to 
suppress energy at (1575.42-A) MHZ, Where 0<A§ 16.42 
MHZ. Related radiotelephones and methods are also dis 
cussed. 

39 Claims, 14 Drawing Sheets 
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FILTERS FOR COMBINED 
RADIOTELEPHONE/GPS TERMINALS 

CROSS-REFERENCE TO PROVISIONAL 
APPLICATION 

This application claims the bene?t of priority from pro 
visional Application No. 60/393,191, ?led Jul. 2, 2002, 
entitled Filters For Combined Satellite Radiotelephone/GPS 
Terminals. In addition, this application claims the bene?t of 
priority as a continuation-in-part application from regular 
US. application Ser. No. 10/074,097, ?led Feb. 12, 2002, 
Which is now US. Pat. No. 6,684,057 entitled Systems and 
Methods for Terretrial Reuse of Cellular Satellite Frequency 
Spectrum, Which claims the bene?t of priority from provi 
sional Application No. 60/322,240, ?led Sep. 14, 2001, 
entitled Systems and Methods for Terrestrial Re-Use of 
Mobile Satellite Spectrum. Each of these applications is 
assigned to the assignee of the present application, and the 
disclosures of each of these applications are hereby incor 
porated herein by reference in their entirety as if set forth 
fully herein. 

FIELD OF THE INVENTION 

This invention relates to radiotelephone communications 
systems and methods, and more particularly to terrestrial 
cellular and satellite cellular radiotelephone communica 
tions systems and methods. 

BACKGROUND OF THE INVENTION 

Satellite radiotelephone communications systems and 
methods are Widely used for radiotelephone communica 
tions. Satellite radiotelephone communications systems and 
methods generally employ at least one space-based 
component, such as one or more satellites that are con?gured 
to Wirelessly communicate With a plurality of satellite radio 
telephones. 
A satellite radiotelephone communications system or 

method may utiliZe a single antenna beam covering an entire 
area served by the system. Alternatively, in cellular satellite 
radiotelephone communications systems and methods, mul 
tiple beams are provided, each of Which can serve distinct 
geographical areas in the overall service region, to collec 
tively serve an overall satellite footprint. Thus, a cellular 
architecture similar to that used in conventional terrestrial 
cellular radiotelephone systems and methods can be imple 
mented in cellular satellite-based systems and methods. The 
satellite typically communicates With radiotelephones over a 
bidirectional communications pathWay, With radiotelephone 
communication signals being communicated from the sat 
ellite to the radiotelephone over a doWnlink or forWard link, 
and from the radiotelephone to the satellite over an uplink or 
return link. 

The overall design and operation of cellular satellite 
radiotelephone systems and methods are Well knoWn to 
those having skill in the art, and need not be described 
further herein. Moreover, as used herein, the term “radio 
telephone” includes cellular and/or satellite radiotelephones 
With or Without a multi-line display; Personal Communica 
tions System (PCS) terminals that may combine a radiotele 
phone With data processing, facsimile and/or data commu 
nications capabilities; Personal Digital Assistants (PDA) 
that can include a radio frequency transceiver and a pager, 
Internet/intranet access, Web broWser, organiZer, calendar 
and/or a global positioning system (GPS) receiver; and/or 
conventional laptop and/or palmtop computers or other 
appliances, Which include a radio frequency transceiver. 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
As is Well knoWn to those having skill in the art, terrestrial 

netWorks can enhance cellular satellite radiotelephone sys 
tem availability, ef?ciency and/or economic viability by 
terrestrially reusing at least some of the frequency bands that 
are allocated to cellular satellite radiotelephone systems. In 
particular, it is knoWn that it may be difficult for cellular 
satellite radiotelephone systems to reliably serve densely 
populated areas, because the satellite signal may be blocked 
by high-rise structures and/or may not penetrate into build 
ings. As a result, the satellite spectrum may be underutiliZed 
or unutiliZed in such areas. The use of terrestrial retrans 
mission can reduce or eliminate this problem. 

Moreover, the capacity of the overall system can be 
increased signi?cantly 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., densely populated urban/industrial/commercial areas. 
As a result, the overall system can become much more 
economically viable, as it may be able to serve a much larger 
subscriber base. Finally, satellite radiotelephones for a sat 
ellite radiotelephone system having a terrestrial component 
Within the same satellite frequency band and using substan 
tially the same air interface for both terrestrial and satellite 
communications can be more cost effective and/or aestheti 
cally appealing. Conventional dual band/dual mode 
alternatives, such as the Well knoWn Thuraya, Iridium and/or 
Globalstar dual mode satellite/terrestrial radiotelephone 
systems, may duplicate some components, Which may lead 
to increased cost, siZe and/or Weight of the radiotelephone. 
One eXample of terrestrial reuse of satellite frequencies is 

described in US. Pat. No. 5,937,332 to the present inventor 
Karabinis entitled Satellite Telecommunications Repeaters 
and Retransmission Methods, the disclosure of Which is 
hereby incorporated herein by reference in its entirety as if 
set forth fully herein. As described therein, satellite tele 
communications repeaters are provided Which receive, 
amplify, and locally retransmit the doWnlink signal received 
from a satellite thereby increasing the effective doWnlink 
margin in the vicinity of the satellite telecommunications 
repeaters and alloWing an increase in the penetration of 
uplink and doWnlink signals into buildings, foliage, trans 
portation vehicles, and other objects Which can reduce link 
margin. Both portable and non-portable repeaters are pro 
vided. See the abstract of US. Pat. No. 5,937,332. 

In vieW of the above discussion, there continues to be a 
need for systems and methods for terrestrial reuse of cellular 
satellite frequencies that can alloW improved reliability, 
capacity, cost effectiveness and/or aesthetic appeal for cel 
lular satellite radiotelephone systems, methods and/or sat 
ellite radiotelephones. 

SUMMARY OF THE INVENTION 

According to embodiments of the present invention, a 
satellite radiotelephone system can include a space-based 
component, a plurality of ancillary terrestrial components, 
and a plurality of radiotelephones. The space-based compo 
nent can be con?gured to provide Wireless radiotelephone 
communications using satellite radiotelephone frequencies. 
The plurality of ancillary terrestrial components can include 
a plurality of ancillary terrestrial component antennas con 
?gured to provide Wireless radiotelephone communications 
using at least one of the satellite radiotelephone frequencies 
in a radiation pattern that increases radiation beloW the 
horiZon compared to above the horiZon. The plurality of 
radiotelephones can be con?gured to communicate With the 
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space-based component and With the plurality of ancillary 
terrestrial components, and the radiotelephones can also 
include a GPS signal receiver/processor and a GPS mode 
?lter con?gured to selectively suppress energy at and/or 
beloW (1575.42-A) MHZ, Where 0<A§16.42 MHZ. 

The GPS mode ?lter can be con?gured to suppress at least 
10 dB of energy for at least one value of A. More 
particularly, the GPS mode ?lter can be con?gured to 
selectively suppress at least 10 dB of energy at and/or beloW 
(1575.42-A) MHZ. The GPS mode ?lter can be further 
con?gured to suppress energy at frequencies less than 
(1575.42-A) MHZ, and A can be greater than at least 1 MHZ. 
Accordingly, the GPS mode ?lter can be a high pass ?lter. 

In addition, the radiotelephones can be further con?gured 
to suppress processing of GPS signals during intervals of 
time When actively communicating With the space-based 
component and/or one of the ancillary terrestrial compo 
nents. The Wireless radiotelephone communications can be 
processed Without being subjected to the GPS mode ?lter. 

The satellite radiotelephone frequencies can include a 
satellite doWnlink frequency band and a satellite uplink 
frequency band and GPS signals can be transmitted from 
GPS satellites over a GPS frequency band betWeen the 
satellite doWnlink and uplink frequency bands. More 
particularly, the satellite doWnlink frequency band can 
include frequencies betWeen 1525 MHZ and 1559 MHZ, and 
the satellite uplink frequency band can include frequencies 
betWeen 1626.5 MHZ and 1660.5 MHZ. The GPS frequency 
band can include frequencies betWeen 1559 MHZ and 1605 
MHZ. 

According to additional embodiments of the present 
invention, a radiotelephone can include a radio front end, a 
signal processor, and a GPS mode ?lter. The radio front end 
can be con?gured to provide Wireless radiotelephone com 
munications With a space-based component using satellite 
radiotelephone frequencies, to provide Wireless radiotele 
phone communications With a plurality of ancillary terres 
trial components using at least one of the satellite radiotele 
phone frequencies, and to receive global positioning satellite 
(GPS) signals from a plurality of global positioning satel 
lites. The signal processor can be con?gured to determine a 
measure of location of the radiotelephone using GPS signals 
received at the radio front end When providing GPS mode 
operations and to process communications that are received 
at and/or transmitted from the radio front end When provid 
ing Wireless radiotelephone communications. The GPS 
mode ?lter can be coupled betWeen the radio front end and 
the signal processor and con?gured to ?lter GPS signals 
from the radio front end before being provided to the signal 
processor. More particularly, the GPS mode ?lter can be 
con?gured to suppress energy at and/or beloW (1575 .42-A) 
MHZ, Where 0<A§ 16.42 MHZ, and A can be greater than at 
least 1 MHZ. 

According to particular embodiments, Wireless radiotele 
phone communications are not subjected to the GPS mode 
?lter. The GPS mode ?lter can be con?gured to suppress at 
least 10 dB of energy at and/or beloW (1575.42-A) MHZ, 
and the GPS mode ?lter can be more particularly con?gured 
to suppress at least 10 dB of energy at (1575.42-A) MHZ and 
at frequencies less than (1575.42-A) MHZ. Accordingly, the 
GPS mode ?lter can be a high pass ?lter. Processing of GPS 
signals at the signal processor can be suppressed When 
actively providing radiotelephone communications With the 
space-based component and/or one of the ancillary terres 
trial components. 

The satellite radiotelephone frequencies can include a 
satellite doWnlink frequency band and a satellite uplink 
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4 
frequency band and GPS signals can be transmitted from 
GPS satellites over a GPS frequency band betWeen the 
satellite doWnlink and uplink frequency bands. More 
particularly, the satellite doWnlink frequency band can 
include frequencies betWeen 1525 MHZ and 1559 MHZ, and 
the satellite uplink frequency band can include frequencies 
betWeen 1626.5 MHZ and 1660.5 MHZ. The GPS frequency 
band can include frequencies betWeen 1559 MHZ and 1605 
MHZ. 

According to still additional embodiments of the present 
invention, satellite radiotelephone communications can be 
provided at a radiotelephone comprising a radio front end 
that is con?gured to provide Wireless radiotelephone com 
munications With a space-based component using satellite 
radiotelephone frequencies, that is con?gured to provide 
Wireless radiotelephone communications With a plurality of 
ancillary terrestrial components using at least one of the 
satellite radiotelephone frequencies, and that is con?gured to 
receive global positioning satellite (GPS) signals from a 
plurality of Global positioning satellites. Energy can be 
suppressed at and/or beloW (1575.42-A) MHZ for GPS 
signals received from the radio front end (Where 0<A§ 16.42 
MHZ) during GPS mode operations, and a measure of 
location of the radiotelephone can be determined using the 
GPS signals having suppressed energy at (1575.42-A) MHZ 
during GPS mode operations. During Wireless radiotele 
phone communications, communications that are received at 
and/or transmitted from the radio front end can be processed. 
More particularly, A can be greater than at least 1 MHZ. 

Processing communications that are received at and/or 
transmitted from the radio front end during Wireless radio 
telephone communications can include processing the com 
munications Without suppressing energy of the communica 
tions at and/or beloW (1575.42-A) MHZ. In addition, 
suppressing energy at and/or beloW (1575 .42-A) MHZ can 
include suppressing at least 10 dB of energy at and/or beloW 
(1575.42-A) MHZ. More particularly, suppressing energy at 
(1575.42-A) MHZ can include suppressing at least 10 dB of 
energy at frequencies or (1575.42-A) MHZ and loWer. 
Moreover, processing of GPS signals can be suppressed 
When actively providing radiotelephone communications 
With the space-based component and/or one of the ancillary 
terrestrial components. 
The satellite radiotelephone frequencies can include a 

satellite doWnlink frequency band and a satellite uplink 
frequency band and GPS signals can be transmitted from 
GPS satellites over a GPS frequency band betWeen the 
satellite doWnlink and uplink frequency bands. More 
particularly, the satellite doWnlink frequency band can 
include frequencies betWeen 1525 MHZ and 1559 MHZ, and 
the satellite uplink frequency band can include frequencies 
betWeen 1626.5 MHZ and 1660.5 MHZ. The GPS frequency 
band can include frequencies betWeen 1559 MHZ and 1605 
MHZ. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of cellular radiotelephone 
systems and methods according to embodiments of the 
invention. 

FIG. 2 is a block diagram of adaptive interference reduc 
ers according to embodiments of the present invention. 

FIG. 3 is a spectrum diagram that illustrates satellite 
L-band frequency allocations. 

FIG. 4 is a schematic diagram of cellular satellite systems 
and methods according to other embodiments of the present 
invention. 
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FIG. 5 illustrates time division duplex frame structures 
according to embodiments of the present invention. 

FIG. 6 is a block diagram of architectures of ancillary 
terrestrial components according to embodiments of the 
invention. 

FIG. 7 is a block diagram of architectures of recon?g 
urable radiotelephones according to embodiments of the 
invention. 

FIG. 8 graphically illustrates mapping of monotonically 
decreasing poWer levels to frequencies according to embodi 
ments of the present invention. 

FIG. 9 illustrates an ideal cell that is mapped to three 
poWer regions and three associated carrier frequencies 
according to embodiments of the invention. 

FIG. 10 depicts a realistic cell that is mapped to three 
poWer regions and three associated carrier frequencies 
according to embodiments of the invention. 

FIG. 11 illustrates tWo or more contiguous slots in a frame 
that are unoccupied according to embodiments of the present 
invention. 

FIG. 12 illustrates loading of tWo or more contiguous slots 
With loWer poWer transmissions according to embodiments 
of the present invention. 

FIG. 13 is a schematic representation of an antenna of an 
ancillary terrestrial component according to some embodi 
ments of the present invention. 

FIG. 14 is a polar chart that illustrates radiation patterns 
of an antenna of an ancillary terrestrial component according 
to some embodiments of the present invention. 

FIG. 15 graphically illustrates radiation of an antenna of 
an ancillary terrestrial component according to some 
embodiments of the present invention. 

FIG. 16 is a block diagram of a radiotelephone including 
a GPS signal receiver according to some embodiments of the 
present invention. 

FIG. 17 is a spectrum diagram that illustrates operation of 
a ?lter according to some embodiments of the present 
invention. 

FIGS. 18—21 are block diagrams of radiotelephones 
including GPS signal receivers according to additional 
embodiments of the present invention. 

DETAILED DESCRIPTION 

The present invention noW Will be described more fully 
hereinafter With reference to the accompanying draWings, in 
Which typical embodiments of the invention are shoWn. This 
invention may, hoWever, be embodied in many different 
forms and should not be construed as limited to the embodi 
ments set forth herein. Rather, these embodiments are pro 
vided so that this disclosure Will be thorough and complete, 
and Will fully convey the scope of the invention to those 
skilled in the art. Like numbers refer to like elements 
throughout. 

FIG. 1 is a schematic diagram of cellular satellite radio 
telephone systems and methods according to embodiments 
of the invention. As shoWn in FIG. 1, these cellular satellite 
radiotelephone systems and methods 100 include at least one 
Space-Based Component (SBC) 110, such as a satellite. The 
space-based component 110 is con?gured to transmit Wire 
less communications to a plurality of radiotelephones 120a, 
120b in a satellite footprint comprising one or more satellite 
radiotelephone cells 130—130““ over one or more satellite 

radiotelephone forWard link (doWnlink) frequencies fD. The 
space-based component 110 is con?gured to receive Wireless 
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6 
communications from, for example, a ?rst radiotelephone 
120a in the satellite radiotelephone cell 130 over a satellite 
radiotelephone return link (uplink) frequency fU. An ancil 
lary terrestrial netWork, comprising at least one ancillary 
terrestrial component 140, Which may include an antenna 
140a and an electronics system 140b (for example, at least 
one antenna 140a and at least one electronics system 140b), 
is con?gured to receive Wireless communications from, for 
example, a second radiotelephone 120b in the radiotele 
phone cell 130 over the satellite radiotelephone uplink 
frequency, denoted f‘U, Which may be the same as fU. Thus, 
as illustrated in FIG. 1, radiotelephone 120a may be com 
municating With the space-based component 110 While 
radiotelephone 120b may be communicating With the ancil 
lary terrestrial component 140. As shoWn in FIG. 1, the 
space-based component 110 also undesirably receives the 
Wireless communications from the second radiotelephone 
120b in the satellite radiotelephone cell 130 over the satellite 
radiotelephone frequency f‘U as interference. More 
speci?cally, a potential interference path is shoWn at 150. In 
this potential interference path 150, the return link signal of 
the second radiotelephone 120b at carrier frequency fU 
interferes With satellite communications. This interference 
Would generally be strongest When f U=fU, because, in that 
case, the same return link frequency Would be used for 
space-based component and ancillary terrestrial component 
communications over the same satellite radiotelephone cell, 
and no spatial discrimination betWeen satellite radiotele 
phone cells Would appear to exist. 

Still referring to FIG. 1, embodiments of satellite radio 
telephone systems/methods 100 can include at least one 
gateWay 160 that can include an antenna 160a and an 
electronics system 160b that can be connected to other 
netWorks 162 including terrestrial and/or other radiotele 
phone netWorks. The gateWay 160 also communicates With 
the space-based component 110 over a satellite feeder link 
112. The gateWay 160 also communicates With the ancillary 
terrestrial component 140, generally over a terrestrial link 
142. 

Still referring to FIG. 1, an Interference Reducer (IR) 
170a also may be provided at least partially in the ancillary 
terrestrial component electronics system 140b. Alternatively 
or additionally, an interference reducer 170b may be pro 
vided at least partially in the gateWay electronics system 
160b. In yet other alternatives, the interference reducer may 
be provided at least partially in other components of the 
cellular satellite system/method 100 instead of or in addition 
to the interference reducer 170a and/or 170b. The interfer 
ence reducer is responsive to the space-based component 
110 and to the ancillary terrestrial component 140, and is 
con?gured to reduce the interference from the Wireless 
communications that are received by the space-based com 
ponent 110 and is at least partially generated by the second 
radiotelephone 120b in the satellite radiotelephone cell 130 
over the satellite radiotelephone frequency f U. The interfer 
ence reducer 170a and/or 170b uses the Wireless communi 
cations fU that are intended for the ancillary terrestrial 
component 140 from the second radiotelephone 120b in the 
satellite radiotelephone cell 130 using the satellite radiotele 
phone frequency f U to communicate With the ancillary 
terrestrial component 140. 

In embodiments of the invention, as shoWn in FIG. 1, the 
ancillary terrestrial component 140 generally is closer to the 
?rst and second radiotelephones 120a and 120b, 
respectively, than is the space-based component 110, such 
that the Wireless communications from the second radiotele 
phone 120b are received by the ancillary terrestrial compo 
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nent 140 prior to being received by the space-based com 
ponent 110. The interference reducer 170a and/or 170b is 
con?gured to generate an interference cancellation signal 
comprising, for example, at least one delayed replica of the 
Wireless communications from the second radiotelephone 
120b that are received by the ancillary terrestrial component 
140, and to subtract the delayed replica of the Wireless 
communications from the second radiotelephone 120b that 
are received by the ancillary terrestrial component 140 from 
the Wireless communications that are received from the 
space-based component 110. The interference reduction 
signal may be transmitted from the ancillary terrestrial 
component 140 to the gateWay 160 over link 142 and/or 
using other conventional techniques. 

Thus, adaptive interference reduction techniques may be 
used to at least partially cancel the interfering signal, so that 
the same, or other nearby, satellite radiotelephone uplink 
frequency can be used in a given cell for communications by 
radiotelephones 120 With the satellite 110 and With the 
ancillary terrestrial component 140. Accordingly, all fre 
quencies that are assigned to a given cell 130 may be used 
for both radiotelephone 120 communications With the space 
based component 110 and With the ancillary terrestrial 
component 140. Conventional systems may avoid terrestrial 
reuse of frequencies Within a given satellite cell that are 
being used Within the satellite cell for satellite communica 
tions. Stated differently, conventionally, only frequencies 
used by other satellite cells may be candidates for terrestrial 
reuse Within a given satellite cell. Beam-to-beam spatial 
isolation that is provided by the satellite system Was relied 
upon to reduce or minimiZe the level of interference from the 
terrestrial operations into the satellite operations. In sharp 
contrast, embodiments of the invention can use an interfer 
ence reducer to alloW all frequencies assigned to a satellite 
cell to be used terrestrially and for satellite radiotelephone 
communications. 

Embodiments of the invention according to FIG. 1 may 
arise from a realiZation that the return link signal from the 
second radiotelephone 120b at f‘U generally Will be received 
and processed by the ancillary terrestrial component 140 
much earlier relative to the time When it Will arrive at the 
satellite gateWay 160 from the space-based component 110 
via the interference path 150. Accordingly, the interference 
signal at the satellite gateWay 160b can be at least partially 
canceled. Thus, as shoWn in FIG. 1, an interference cancel 
lation signal, such as the demodulated ancillary terrestrial 
component signal, can be sent to the satellite gateWay 160b 
by the interference reducer 170a in the ancillary terrestrial 
component 140, for eXample using link 142. In the interfer 
ence reducer 170b at the gateWay 160b, a Weighted (in 
amplitude and/or phase) replica of the signal may be formed 
using, for eXample, adaptive transversal ?lter techniques that 
are Well knoWn to those having skill in the art. Then, a 
transversal ?lter output signal is subtracted from the aggre 
gate received satellite signal at frequency fU that contains 
desired as Well as interference signals. Thus, the interference 
cancellation need not degrade the signal-to-noise ratio of the 
desired signal at the gateWay 160, because a regenerated 
(noise-free) terrestrial signal, for eXample as regenerated by 
the ancillary terrestrial component 140, can be used to 
perform interference suppression. 

FIG. 2 is a block diagram of embodiments of adaptive 
interference cancellers that may be located in the ancillary 
terrestrial component 140, in the gateWay 160, and/or in 
another component of the cellular radiotelephone system 
100. As shoWn in FIG. 2, one or more control algorithms 
204, knoWn to those having skill in the art, may be used to 
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8 
adaptively adjust the coef?cients of a plurality of transversal 
?lters 202a—202n. Adaptive algorithms, such as Least Mean 
Square Error (LMSE), Kalman, Fast Kalman, Zero Forcing 
and/or various combinations thereof or other techniques may 
be used. It Will be understood by those having skill in the art 
that the architecture of FIG. 2 may be used With an LMSE 
algorithm. HoWever, it also Will be understood by those 
having skill in the art that conventional architectural modi 
?cations may be made to facilitate other control algorithms. 

Additional embodiments of the invention noW Will be 
described With reference to FIG. 3, Which illustrates L-band 
frequency allocations including cellular radiotelephone sys 
tem forWard links and return links. As shoWn in FIG. 3, the 
space-to-ground L-band forWard link (doWnlink) frequen 
cies are assigned from 1525 MHZ to 1559 MHZ. The 
ground-to-space L-band return link (uplink) frequencies 
occupy the band from 1626.5 MHZ to 1660.5 MHZ. BetWeen 
the forWard and return L-band links lie the GPS/GLONASS 
radionavigation band (from 1559 MHZ to 1605 MHZ). 

In the detailed description to folloW, GPS/GLONASS Will 
be referred to simply as GPS for the sake of brevity. 
Moreover, the acronyms ATC and SEC Will be used for the 
ancillary terrestrial component and the space-based 
component, respectively, for the sake of brevity. 
As is knoWn to those skilled in the art, GPS receivers may 

be extremely sensitive since they are designed to operate on 
very Weak spread-spectrum radionavigation signals that 
arrive on the earth from a GPS satellite constellation. As a 
result, GPS receivers may to be highly susceptible to in-band 
interference. ATCs that are con?gured to radiate L-band 
frequencies in the forWard satellite band (1525 to 1559 
MHZ) can be designed With very sharp out-of-band emis 
sions ?lters to satisfy the stringent out-of-band spurious 
emissions desires of GPS. 

Referring again to FIG. 1, some embodiments of the 
invention can provide systems and methods that can alloW 
an ATC 140 to con?gure itself in one of at least tWo modes. 
In accordance With a ?rst mode, Which may be a standard 
mode and may provide highest capacity, the ATC 140 
transmits to the radiotelephones 120 over the frequency 
range from 1525 MHZ to 1559 MHZ, and receives trans 
missions from the radiotelephones 120 in the frequency 
range from 1626.5 MHZ to 1660.5 MHZ, as illustrated in 
FIG. 3. In contrast, in a second mode of operation, the ATC 
140 transmits Wireless communications to the radiotele 
phones 120 over a modi?ed range of satellite band forWard 
link (doWnlink) frequencies. The modi?ed range of satellite 
band forWard link frequencies may be selected to reduce, 
compared to the unmodi?ed range of satellite band forWard 
link frequencies, interference With Wireless receivers such as 
GPS receivers that operate outside the range of satellite band 
forWard link frequencies. 
Many modi?ed ranges of satellite band forWard link 

frequencies may be provided according to embodiments of 
the present invention. In some embodiments, the modi?ed 
range of satellite band forWard link frequencies can be 
limited to a subset of the original range of satellite band 
forWard link frequencies, so as to provide a guard band of 
unused satellite band forWard link frequencies. In other 
embodiments, all of the satellite band forWard link frequen 
cies are used, but the Wireless communications to the 
radiotelephones are modi?ed in a manner to reduce inter 
ference With Wireless receivers that operate outside the range 
of satellite band forWard link frequencies. Combinations and 
subcombinations of these and/or other techniques also may 
be used, as Will be described beloW. 
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It also Will be understood that embodiments of the inven 
tion that Will noW be described in connection With FIGS. 
4—12 Will be described in terms of multiple mode ATCs 140 
that can operate in a ?rst standard mode using the standard 
forWard and return links of FIG. 3, and in a second or 
alternate mode that uses a modi?ed range of satellite band 
forWard link frequencies and/or a modi?ed range of satellite 
band return link frequencies. These multiple mode ATCs can 
operate in the second, non-standard mode, as long as 
desirable, and can be sWitched to standard mode otherWise. 
HoWever, other embodiments of the present invention need 
not provide multiple mode ATCs but, rather, can provide 
ATCs that operate using the modi?ed range of satellite band 
forWard link and/or return link frequencies. 

Embodiments of the invention noW Will be described, 
Wherein an ATC operates With an SEC that is con?gured to 
receive Wireless communications from radiotelephones over 
a ?rst range of satellite band return link frequencies and to 
transmit Wireless communications to the radiotelephones 
over a second range of satellite band forWard link frequen 
cies that is spaced apart from the ?rst range. According to 
these embodiments, the ATC is con?gured to use at least one 
time division duplex frequency to transmit Wireless com 
munications to the radiotelephones and to receive Wireless 
communications from the radiotelephones at different times. 
In particular, in some embodiments, the at least one time 
division duplex frequency that is used to transmit Wireless 
communications to the radiotelephones and to receive Wire 
less communications from the radiotelephones at different 
times, comprises a frame including a plurality of slots. At 
least a ?rst one of the slots is used to transmit Wireless 
communications to the radiotelephones and at least a second 
one of the slots is used to receive Wireless communications 
from the radiotelephones. Thus, in some embodiments, the 
ATC transmits and receives, in Time Division Duplex 
(TDD) mode, using frequencies from 1626.5 MHZ to 1660.5 
MHZ. In some embodiments, all ATCs across the entire 
netWork may have the stated con?guration/recon?guration 
?exibility. In other embodiments, only some ATCs may be 
recon?gurable. 

FIG. 4 illustrates satellite systems and methods 400 
according to some embodiments of the invention, including 
an ATC 140 communicating With a radiotelephone 120b 
using a carrier frequency f“U in TDD mode. FIG. 5 illus 
trates an embodiment of a TDD frame structure. Assuming 
full-rate GSM (eight time slots per frame), up to four 
full-duplex voice circuits can be supported by one TDD 
carrier. As shoWn in FIG. 5, the ATC 140 transmits to the 
radiotelephone 120b over, for example, time slot number 0. 
The radiotelephone 120b receives and replies back to the 
ATC 140 over, for example, time slot number 4. Time slots 
number 1 and 5 may be used to establish communications 
With another radiotelephone, and so on. 

A Broadcast Control CHannel (BCCH) is preferably 
transmitted from the ATC 140 in standard mode, using a 
carrier frequency from beloW any guard band exclusion 
region. In other embodiments, a BCCH also can be de?ned 
using a TDD carrier. In any of these embodiments, radio 
telephones in idle mode can, per established GSM 
methodology, monitor the BCCH and receive system-level 
and paging information. When a radiotelephone is paged, 
the system decides What type of resource to allocate to the 
radiotelephone in order to establish the communications 
link. Whatever type of resource is allocated for the radio 
telephone communications channel (TDD mode or standard 
mode), the information is communicated to the 
radiotelephone, for example as part of the call initialiZation 
routine, and the radiotelephone con?gures itself appropri 
ately. 
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10 
It may be dif?cult for the TDD mode to co-exist With the 

standard mode over the same AT C, due, for example, to the 
ATC receiver LNA stage. In particular, assuming a mixture 
of standard and TDD mode GSM carriers over the same 
ATC, during the part of the frame When the TDD carriers are 
used to serve the forWard link (When the AT C is transmitting 
TDD) enough energy may leak into the receiver front end of 
the same ATC to desensitiZe its LNA stage. 

Techniques can be used to suppress the transmitted ATC 
energy over the 1600 MHZ portion of the band from desen 
sitiZing the ATC’s receiver LNA, and thereby alloW mixed 
standard mode and TDD frames. For example, isolation 
betWeen outbound and inbound ATC front ends and/or 
antenna system return loss may be increased or maximiZed. 
A sWitchable band-reject ?lter may be placed in front of the 
LNA stage. This ?lter Would be sWitched in the receiver 
chain (prior to the LNA) during the part of the frame When 
the ATC is transmitting TDD, and sWitched out during the 
rest of the time. An adaptive interference canceller can be 
con?gured at RF (prior to the LNA stage). If such techniques 
are used, suppression of the order of 70 dB can be attained, 
Which may alloW mixed standard mode and TDD frames. 
HoWever, the AT C complexity and/or cost may increase. 

Thus, even though AT C LNA desensitiZation may be 
reduced or eliminated, it may use signi?cant special engi 
neering and attention and may not be economically Worth 
the effort. Other embodiments, therefore, may keep TDD 
ATCs pure TDD, With the exception, perhaps, of the BCCH 
carrier Which may not be used for traf?c but only for 
broadcasting over the ?rst part of the frame, consistent With 
TDD protocol. Moreover, Random Access CHannel 
(RACH) bursts may be timed so that they arrive at the ATC 
during the second half of the TDD frame. In some 
embodiments, all TDD ATCs may be equipped to enable 
recon?guration in response to a command. 

It is Well recogniZed that during data communications or 
other applications, the forWard link may use transmissions at 
higher rates than the return link. For example, in Web 
broWsing With a radiotelephone, mouse clicks and/or other 
user selections typically are transmitted from the radiotele 
phone to the system. The system, hoWever, in response to a 
user selection, may have to send large data ?les to the 
radiotelephone. Hence, other embodiments of the invention 
may be con?gured to enable use of an increased or maxi 
mum number of time slots per forWard GSM carrier frame, 
to provide a higher doWnlink data rate to the radiotele 
phones. 

Thus, When a carrier frequency is con?gured to provide 
service in TDD mode, a decision may be made as to hoW 
many slots Will be allocated to serving the forWard link, and 
hoW many Will be dedicated to the return link. Whatever the 
decision is, it may be desirable that it be adhered to by all 
TDD carriers used by the ATC, in order to reduce or avoid 
the LNA desensitiZation problem described earlier. In voice 
communications, the partition betWeen forWard and return 
link slots may be made in the middle of the frame as voice 
activity typically is statistically bidirectionally symmetrical. 
Hence, driven by voice, the center of the frame may be 
Where the TDD partition is draWn. 

To increase or maximiZe forWard link throughput in data 
mode, data mode TDD carriers according to embodiments of 
the invention may use a more spectrally ef?cient modulation 
and/or protocol, such as the EDGE modulation and/or 
protocol, on the forWard link slots. The return link slots may 
be based on a less spectrally ef?cient modulation and/or 
protocol such as the GPRS (GMSK) modulation and/or 






















