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FILTERS FOR COMBINED 
RADIOTELEPHONE/GPS TERMINALS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCE TO PROVISIONAL 
APPLICATION 

This application is a reissue of US. patent application Ser. 
No. 10/353,548?led Jan. 29, 2003, issued as US. Pat. No. 
6,785,543, which claims the bene?t of priority from provi 
sional Application No. 60/3 93,191, ?led Jul. 2, 2002, entitled 
Filters For Combined Satellite Radiotelephone/GPS Termi 
nals. [In addition, this application claims the bene?t of prior 
ity 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 provisional Appli 
cation No. 60/322,240, ?led Sep. 14, 2001, entitled Systems 
and Methods for Terrestrial Re-Use of Mobile Satellite Spec 
trum. Each of these applications] The above referenced appli 
cation is assigned to the assignee of the present application, 
and [the disclosures of each of these applications are] the 
disclosure of the above referenced application is hereby 
incorporated herein by reference in [their] its entirety as if set 
forth fully herein. The disclosures of US. application Ser. No. 
10/074,097?ledFeb. 12, 2002, now US. Pat. No. 6,684,057, 
and US. application Ser. No. 60/322,240,?ledSep. 14, 20]] 
are also incorporated herein by reference in their entirety as 
if set forth fully herein. 

MULTIPLE REISSUE APPLICATIONS 

Thepresent application is one ofmultiple reissue applica 
tions seeking to reissue US. Pat. No. 6, 785,543. The other 
related reissue application is US. application Ser. No. 
12/705,135,?ledFeb. 12, 2010. 

FIELD OF THE INVENTION 

This invention relates to radiotelephone communications 
systems and methods, and more particularly to terrestrial 
cellular and satellite cellular radiotelephone communications 
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 compo 
nent, such as one or more satellites that are con?gured to 
Wirelessly communicate with a plurality of satellite radiotele 
phones. 
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 
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2 
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 satel 
lite 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 radio 
telephone systems and methods are well known to those 
having skill in the art, and need not be described further 
herein. Moreover, as used herein, the term “radiotelephone” 
includes cellular and/ or satellite radiotelephones with or 
without a multi-line display; Personal Communications Sys 
tem (PCS) terminals that may combine a radiotelephone with 
data processing, facsimile and/ or data communications capa 
bilities; 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 lap 
top and/ or palmtop computers or other appliances, which 
include a radio frequency transceiver. 
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 ter 
restrially reusing at least some of the frequency bands that are 
allocated to cellular satellite radiotelephone systems. In par 
ticular, it is known that it may be dif?cult 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 buildings. As a result, 
the satellite spectrum may be underutilized or unutilized in 
such areas. The use of terrestrial retransmission 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 satellite radiotele 
phone system having a terrestrial component within the same 
satellite frequency band and using substantially the same air 
interface for both terrestrial and satellite communications can 
be more cost effective and/or aesthetically appealing. Con 
ventional dual band/ dual mode alternatives, such as the well 
known Thuraya, Iridium and/ or Globalstar dual mode satel 
lite/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 telecommu 
nications repeaters are provided which receive, amplify, and 
locally retransmit the downlink signal received from a satel 
lite thereby increasing the effective downlink margin in the 
vicinity of the satellite telecommunications repeaters and 
allowing an increase in the penetration of uplink and down 
link signals into buildings, foliage, transportation vehicles, 
and other objects which can reduce link margin. Both, por 
table and non-portable repeaters are provided. See the 
abstract of US. Pat. No. 5,937,332. 
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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 cellu 
lar satellite radiotelephone systems, methods and/or satellite 
radiotelephones. 

SUMMARY OF THE INVENTION 

According to embodiments of the present invention, a sat 
ellite radiotelephone system can include a space-based com 
ponent, a plurality of ancillary terrestrial components, and a 
plurality of radiotelephones. The space-based component can 
be con?gured to provide wireless radiotelephone communi 
cations using satellite radiotelephone frequencies. The plu 
rality of ancillary terrestrial components can 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 radia 
tion pattern that increases radiation below the horizon com 
pared to above the horizon. The plurality of radiotelephones 
can be con?gured to communicate with the space-based com 
ponent and with the plurality of ancillary terrestrial compo 
nents, and the radiotelephones can also include a GPS signal 
receiver/processor and a GPS mode ?lter con?gured to selec 
tively 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 compo 
nent and/ or one of the ancillary terrestrial components. The 
wireless radiotelephone communications can be processed 
without being subjected to the GPS mode ?lter. 

The satellite radiotelephone frequencies can include a sat 
ellite downlink frequency band and a satellite uplink fre 
quency 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 inven 
tion, 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 communica 
tions with a space-based component using satellite radiotele 
phone frequencies, to provide wireless radiotelephone com 
munications with a plurality of ancillary terrestrial 
components using at least one of the satellite radiotelephone 
frequencies, and to receive global positioning satellite (GPS) 
signals from a plurality of global positioning satellites. 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 trans 
mitted from the radio front end when providing wireless 
radiotelephone communications. The GPS mode ?lter can be 
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4 
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 particu 
larly, 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 ofenergy 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 terrestrial 
components. 
The satellite radiotelephone frequencies can include a sat 

ellite downlink frequency band and a satellite uplink fre 
quency 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 communi 
cations with a space-based component using satellite radio 
telephone frequencies, that is con?gured to provide wireless 
radiotelephone communications with a plurality of ancillary 
terrestrial components using at least one of the satellite radio 
telephone 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 radiotelephone communications, communi 
cations 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. More 
over, 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 sat 

ellite downlink frequency band and a satellite uplink fre 
quency 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 
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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 inven 
tion. 

FIG. 2 is a block diagram of adaptive interference reducers 
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. 

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?gurable 
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 embodi 
ments 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 inven 
tion. 

FIGS. 18-21 are block diagrams of radiotelephones includ 
ing GPS signal receivers according to additional embodi 
ments 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 
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6 
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 through 
out. 

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 
communications from, for example, a ?rst radiotelephone 
120a in the satellite radiotelephone cell 130 over a satellite 
radiotelephone return link (uplink) frequency f U. An ancillary 
terrestrial network, comprising at least one ancillary terres 
trial 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 radiotelephone 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 communicating with the 
space-based component 110 while radiotelephone 120b may 
be communicating with the ancillary 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 f‘U interferes with satellite communications. This 
interference would generally be strongest when f‘ UIfU, 
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 radiotele 
phone cell, and no spatial discrimination between satellite 
radiotelephone cells would appear to exist. 

Still referring to FIG. 1, embodiments of satellite radiotele 
phone 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 radiotelephone 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 compo 
nent 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 terres 
trial component electronics system 140b. Alternatively or 
additionally, an interference reducer 170b may be provided 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 interfer 
ence reducer 170a and/or 170b. The interference 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 component 110 and is at 
least partially generated by the second radiotelephone 120b in 
the satellite radiotelephone cell 130 over the satellite radio 






























