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MULT-BEAM COMMUNICATION SYSTEM 
AND METHOD 

FIELD 

0001. The embodiments described herein relate to cell 
patterns of multi-beam satellite communication systems and 
in particular flexible frequency reuse beam patterns for multi 
beam satellite communication systems. 

BACKGROUND 

0002 Satellite communications systems are proliferating 
as new communications technology is developed, and as con 
Sumer demand for wireless satellite communications 
increases. The increased demand for wireless data traffic has 
created a need for higher capacity communications systems. 
As the spectrum that is allocated to satellite communications 
is limited, frequency spectrum has become a valuable com 
modity. Ideally, a satellite system will cover as much territory 
as possible using the least amount of allocated bandwidth 
possible while compromising capacity as little as possible. 
0003. A common method used in the art of multi-beam 
communications systems is to reuse a given frequency in as 
many of the beams from an orbital location as possible, rather 
than using a unique frequency for each additional beam. Any 
frequency reuse pattern must, however, take into account that 
the capacity per bandwidth can be compromised by interfer 
ence between proximal or adjacent spot beams of common 
frequencies. Additionally sharing satellite transmit power 
between beams is often a key limitation on the achievable 

U.S. 

0004. In today's evolving market, another very desirable 
quality of a frequency reuse pattern is to provide both short 
term and long-term flexibility in allocating capacity and sat 
ellite transmit power between the spot beams in the frequency 
reuse pattern. Short-term flexibility allows a provider to 
respond, for example, to changes in capacity requirements 
due to variations in time Zones. Long-term flexibility is desir 
able to provide for new capacity requirements as new tech 
nologies are developed and marketed. Achieving such flex 
ibility has often been restricted by the frequency reuse 
approaches of current systems. Finally, here is also interest 
from operators in the long term growth potential of a system. 

SUMMARY 

0005. The embodiments described herein provide in one 
aspect, a method for accommodating changes in capacity 
requirements in the service area of at least one satellite com 
prising: 
0006 subdividing the service area into at least two inter 
leaved sets of cells; 
0007 assigning one of two orthogonal polarizations to 
each set of cells, such that adjacent cells from different sets 
alternate in polarization; 
0008 providing for flexible allocation of satellite transmit 
power to at least one cell in at least a first set of cells; 
0009 providing for flexible allocation of bandwidth and 
frequency to at least one cell in, at least, the first set of cells, 
and providing that no two adjacent cells within the sets of 
cells share a common frequency at any given time; and, 
0010 reallocating satellite transmit power, bandwidth and 
frequency among the cells of at least the first set of cells, 
independently of the satellite transmit power, bandwidth and 
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frequencies of the cells in other sets of cells, in response to 
changes in capacity requirements in the service area. 
0011. The embodiments described herein provide in 
another aspect a method for accommodating changes in 
capacity requirements in a service area covered by at least two 
orbital slots, the method comprising: 
0012 subdividing the service area into at least two inter 
leaved sets of cells; 
0013 providing for at least two sets of beams from a first 
satellite in a first orbital slot to service at least two of the 
interleaved sets of cells; 
0014 assigning a polarization to each set of beams from 
the at least one satellite in the first orbital slot, such that the 
sets of beams servicing the interleaved sets of cells from the 
first orbital slot alternate in polarization; 
00.15 providing for at least one set of beams from a second 
satellite in a second orbital slot to service at least one of the at 
least two interleaved sets of cells; 
0016 assigning a polarization to each set of beams from 
the second satellite such that the sets of beams servicing 
interleaved sets of cells from the second orbital slot alternate 
in polarization, and such that, for a set of cells serviced by two 
sets of beams from the first and second orbital slots, the two 
sets of beams are of orthogonal polarization; 
0017 providing for flexible allocation of satellite transmit 
power to at least one cell; 
0018 providing for flexible allocation of bandwidth and 
frequency to at least one cell, and providing that no two beams 
from a common orbital slot servicing two adjacent cells 
within a set of cells share a common frequency at any given 
time; and, 
0019 reallocating satellite transmit power, bandwidth and 
frequency in the cells of at least one set of cells serviced from 
the first orbital slot, independently of the satellite transmit 
power, bandwidth and frequencies of the cells in other sets of 
cells serviced from the first orbital slot, and independently of 
the satellite transmit power, bandwidth and frequencies of the 
cells in all sets of cells serviced from the second orbital slot, 
in response to changes in capacity requirements in the service 
aca. 

0020. The embodiments described herein provide in 
another aspect a method for accommodating changes in 
capacity requirements in a service area covered by at least two 
orbital slots, the method comprising: 
0021 subdividing the service area into at least two inter 
leaved sets of cells; 
0022 providing for at least two sets of beams from a first 
satellite in a first orbital slot to service at least two of the 
interleaved sets of cells; 
0023 assigning a polarization to each set of beams from 
the at least one satellite in the first orbital slot, such that the 
sets of beams servicing the interleaved sets of cells from the 
first orbital slot alternate in polarization; 
0024 providing for at least one set of beams from a second 
satellite in a second orbital slot to service at least one of the at 
least two interleaved sets of cells; 
0025 assigning a polarization to each set of beams from 
the second satellite such that the sets of beams servicing 
interleaved sets of cells from the second orbital slot alternate 
in polarization, and such that, for a set of cells serviced by two 
sets of beams from the first and second orbital slots, the two 
sets of beams have the same polarization; 
0026 providing for flexible allocation of satellite transmit 
power to at least one cell; 
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0027 providing for flexible allocation of bandwidth and 
frequency to at least one cell, and providing that no two beams 
from a common orbital slot servicing two adjacent cells 
within a set of cells share a common frequency at any given 
time; and, 

0028 reallocating satellite transmit power, bandwidth 
and frequency in the cells of at least one set of cells 
serviced from the first orbital slot, independently of the 
satellite transmit power, bandwidth and frequencies of 
the cells in other sets of cells serviced from the first 
orbital slot, and independently of the satellite transmit 
power, bandwidth and frequencies of the cells in all sets 
of cells serviced from the second orbital slot, in response 
to changes in capacity requirements in the service area. 

0029. The embodiments described herein provide in 
another aspect, method of using a flexible frequency reuse 
pattern to accommodate changing capacity requirements in a 
satellite service area wherein the method comprises: 
0030) establishing a flexible frequency reuse pattern com 
prising at least two interleaved sets of co-polarized cells, 
wherein no two adjacent cells of a single set may share a 
common frequency, and wherein the polarization of each set 
of cells is orthogonal to the polarization of the adjacent inter 
leaved sets of cells; and, 
0031 reallocating satellite transmit power, bandwidth and 
frequency among the cells of at least one set, independently of 
the satellite transmit power, bandwidth and frequencies of 
other sets, in response to changes in capacity requirements in 
the service area. 
0032. The embodiments described herein further provide 
in another aspect a transmitting system for transmitting to at 
least apart of a set of cells withina frequency reuse pattern for 
a multi-beam satellite communications system, comprising: 
0033 a flexible filtering stage, having an uplink input, and 
a plurality of outputs for transmitting signals from the flexible 
filtering stage, wherein the flexible filtering stage is config 
ured to flexibly allocate frequencies and bandwidths among 
the outputs; 
0034 a flexible amplification stage coupled to the outputs 
of the flexible filtering stage for variably amplifying the sig 
nals provided at each of the plurality of outputs; and, 
0035 a plurality of co-polarized polarizing antenna feeds 
coupled to the flexible amplification stage for transmitting the 
amplified signals as beams to a co-polarized set of cells, 
wherein the transmitting system allocates and reallocates fre 
quencies, bandwidths, and satellite transmit power levels 
among the cells of the set of cells in response to capacity 
requirements on the ground. 
0036 Further aspects and advantages of the embodiments 
described herein will appear from the following description 
taken together with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0037 For a better understanding of the embodiments 
described herein and to show more clearly how they may be 
carried into effect, reference will now be made, by way of 
example only, to the accompanying drawings which show at 
least one exemplary embodiment, and in which: 
0038 FIG. 1 is a graphical representation of the intensity 
of a satellite beam along a cross-section of the satellite beam; 
0039 FIG. 2 is a graphical representation of the intensity 
of three adjacent satellite beams along a cross-section of the 
three adjacent satellite beams; 
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0040 FIG.3 is a schematic top view of an exemplary prior 
art satellite frequency reuse pattern; 
0041 FIG. 4A is a graphical representation of the intensity 
of an orthogonally polarized component of a polarized satel 
lite beam along a cross-section of the polarized satellite 
beam; 
0042 FIG. 4B is a graphical representation of the intensity 
of two adjacent polarized satellite beams along a cross-sec 
tion of the two adjacent polarized satellite beams; 
0043 FIG. 5A is a schematic top view of an exemplary 
satellite frequency reuse pattern of the prior art; 
0044 FIG. 5B is a schematic top view of an alternative 
exemplary satellite frequency reuse pattern of the prior art; 
0045 FIG. 6A is a schematic top view of an exemplary 
adjustment of the satellite frequency reuse pattern of FIG.5B; 
0046 FIG. 6B is a schematic top view of another exem 
plary adjustment of the satellite frequency reuse pattern of 
FIG. 5B; 
0047 FIG. 7A is a schematic top view of an alternative 
frequency reuse pattern. 
0048 FIG. 7B is a schematic top view of another alterna 
tive frequency reuse pattern. 
0049 FIG. 7C is a schematic top view of another alterna 
tive frequency reuse pattern. 
0050 FIG. 8A is a schematic illustration of an exemplary 
transmitting system for transmitting a co-polarized set of 
cells in a frequency re-use pattern. 
0051 FIG.8B is a schematic illustration of the bandwidth 
available to the exemplary transmitting system of FIG. 8A. 
0052 FIG. 8C is a schematic illustration of the bandwidth 
of FIG. 8B as it is allocated and amplified in the exemplary 
transmitting system of FIG. 8A. 
0053 FIG.8D is a schematic illustration of the bandwidth 
of FIG. 8B as it is reallocated and amplified in the exemplary 
transmitting system of FIG. 8A when an adjustment is made 
to the spot beam pattern. 
0054 FIG. 9A is a schematic illustration of another exem 
plary transmitting system for transmitting a co-polarized set 
of cells in a frequency re-use pattern. 
0055 FIG.9B is a schematic illustration of an exemplary 
flexible channelization filtering and Switching unit that may 
be used at the flexible filtering stage of FIG.9A. 
0056 FIG. 9C is a chart showing a summary of the pos 
sible combinations of allocations of sub-bands to the output 
channels of the transmitting system of FIG.9A. 
0057 FIG. 10A shows a schematic illustration of an exem 
plary implementation of the transmitting system of FIG. 8A. 
0.058 FIG. 10B shows another exemplary frequency reuse 
pattern. 
0059 FIG. 10C is a chart illustrating the power, spectrum, 
and capacity configurations of a set of exemplary polarizing 
antenna feeds of the apparatus of FIG. 1A. 
0060 FIG. 11A is a schematic diagram of a first transmit 
ting system corresponding to a first satellite, and a second 
transmitting system, corresponding to a second, collocated 
satellite. 
0061 FIG. 11B shows an exemplary embodiment of a 
two-satellite system. 
0062 FIG. 11C shows an exemplary embodiment of a 
two-satellite system. 
0063 FIG. 12A shows a schematic diagram of an exem 
plary frequency reuse pattern serviced by satellites in more 
than one orbital slot. 
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0064 FIG. 12B shows a schematic diagram of another 
exemplary frequency reuse pattern serviced by satellites in 
more than one orbital slot. 
0065. It will be appreciated that for simplicity and clarity 
of illustration, elements shown in the figures have not neces 
sarily been drawn to scale. For example, the dimensions of 
Some of the elements may be exaggerated relative to other 
elements for clarity. 

DETAILED DESCRIPTION 

0066. It will be appreciated that for simplicity and clarity 
of illustration, where considered appropriate, reference 
numerals may be repeated among the figures to indicate cor 
responding or analogous elements or steps. In addition, 
numerous specific details are set forth in order to provide a 
thorough understanding of the exemplary embodiments 
described herein. However, it will be understood by those of 
ordinary skill in the art that the embodiments described herein 
may be practiced without these specific details. In other 
instances, well-known methods, procedures and components 
have not been described in detail so as not to obscure the 
embodiments described herein. Furthermore, this description 
is not to be considered as limiting the scope of the embodi 
ments described herein in any way, but rather as merely 
describing the implementation of the various embodiments 
described herein. 
0067 Reference is first made to FIG. 1, which is a graphi 
cal representation of the intensity of an exemplary satellite 
beam 10, used in the prior art, along a cross-section of the 
exemplary satellite beam 10 where the x-axis is the distance 
on the ground from the boresite of the beam. The satellite 
beam 10 has a main lobe 12, and a series of side lobes 14. The 
intensity of the side lobes 14 is significantly lower than the 
intensity of the main lobe 12. The portion of the satellite beam 
10 that provides the effective spot beam 18 to cover a terres 
trial spot beam coverage area is the centre section 16 of the 
main lobe 12. 
0068 A common method of providing coverage to a ser 
Vice area of one or more satellites is to divide the coverage 
area into interleaved or adjacent cells. Often, each cell will 
correspond to a spot beam from a multi-beam satellite. How 
ever, in other embodiments, a cell may correspond to more 
than one spot beam from one or more multi-beam satellites. 
0069. Reference is now made to FIG. 2, which is a graphi 
cal representation of the intensity versus distance of a cross 
section of multiple adjacent satellite beams 10 in an exem 
plary frequency reuse pattern 20. Only the first set of side 
lobes 36 of each beam are shown in FIG. 2. When providing 
continuous coverage of the coverage area, the spot beams 18 
must be interleaved or adjacent to one another. Only the 
centre section 16 of the main lobe 12 of each satellite beam 10 
is used as the spot beam 18 forming the spot beam pattern 20, 
such that there is a region of overlap 22 of the main lobes 12 
of adjacent satellite beams 10. 
0070 Capacity is determined from the transmission link 
budgets and depends on the ratio of signal to noise-interfer 
ence in the link. For large multi-beam systems using high 
levels of frequency reuse, capacity is largely limited by inter 
ferences between beams using the same frequencies, since 
high frequency reuse will result in levels of interference that 
are significantly greater than noise levels. This is particularly 
true for all systems operating with adaptive coding and modu 
lation where modulation and coding is adjusted to provide the 
highest spectral efficiency (which equates to the highest ratio 
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of signal to noise-interference) and therefore maximum 
capacity for a given bandwidth. 
0071. Where two adjacent satellite beams 10 have a com 
mon frequency, the interference in the regions of overlap 22 
of the main lobes 12 is at a level that significantly reduces 
capacity of the spot beams. As a result, in a typical frequency 
reuse pattern 20, two spot beams 18 of the same frequency are 
separated by at least one spot beam 18 of a different fre 
quency. Where two spot beams 18 of the same frequency are 
separated by one spot beam 18 of a different frequency, the 
spot beams 18 still experience some interference from side 
lobes 14, but the relatively low intensity of the side lobes 14 
limits the interference, for many purposes, to an acceptable 
level, and the capacity of the spot beams is not seriously 
compromised. 
(0072. The intensity of the three satellite beams 10 shown 
in FIG. 2 is uniform. If there is an imbalance of power flux 
densities (PFD), where power flux density is used herein to 
refer to power/(unit bandwidth unit area), between proximal 
(but not necessarily adjacent) co-frequency spot beams, then 
the transmit beam with the lowest PFD will be disadvantaged 
as it will have relatively higher interference levels from the 
higher PFD beams since the ratio of beam side lobe to beam 
peak is fixed for each beam. The capacity of the co-frequency 
beam with the lowest PFD will suffer due to the higher levels 
of interference. As a result, in a typical spot beam pattern 20 
employing frequency reuse, it is of considerable importance 
to maintain equal PFD betweenbeams of the same frequency. 
In the best case, the PFD's of proximal beams are uniform. 
However, limitations of components of a communications 
system may make exact uniformity of PFD's difficult to 
achieve. It is therefore important that the PFD's are substan 
tially uniform, or as close to uniformity as can be practically 
achieved. 

0073. Reference is now made to FIG. 3, which shows an 
exemplary prior art frequency reuse pattern 24. The cells of 
the exemplary prior art frequency reuse pattern 24 shown in 
FIG.3 do not overlap, for clarity of illustration. However, this 
leaves areas 25 between cells that are not covered by a cell. In 
an application of the illustrated prior art frequency reuse 
pattern 24, the cells would overlap sufficiently to provide full 
coverage of the entire coverage area. 
0074 As described above with respect to FIG. 2, in order 
to maximize the capacity of the cells in the prior art frequency 
reuse pattern 24, no two cells of the same frequency and 
polarization are located adjacent to one another. In the prior 
art frequency reuse pattern 24 of FIG. 2, frequency reuse 
reduces the number of cell frequencies required to cover a 
coverage area with acceptable levels of interference to three. 
A cell of a first frequency 26 must be surrounded on all sides 
by cells of a second frequency 28 and cells of a third fre 
quency 30. In turn, the cells of the second frequency 28 must 
be surrounded by cells of the first frequency 26 and cells of the 
third frequency 30, and cells of the third frequency 30 must be 
surrounded by cells of the first frequency 26 and cells of the 
second frequency 28. 
0075. The resulting pattern of cells 18 cannot be adjusted 
without causing interference problems and a resulting loss of 
capacity. For example, if a beam of the first frequency 26 is 
replaced with a beam of the second frequency 28, the beam 
will have unacceptable levels of interference from three adja 
cent beams of the same second frequency 28. In order to 
change the frequency of a particular cell without causing 
interference problems, the entire frequency pattern of the 
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cells must be shifted, or a fourth frequency must be intro 
duced to the prior art frequency reuse pattern 24. 
0.076 Reference is now made to FIG. 4A, which shows a 
graphical representation of the intensity versus distance of a 
polarized satellite beam 32, of polarization P. produced by a 
pair of polarizing transmit and receive antennas, where the 
x-axis is the distance on the ground from the boresite of the 
beam. The polarized satellite beam 32 includes a polarized 
main lobe 34, polarized side lobes 36, and a polarized centre 
section 38, which acts as the effective polarized spot beam 40. 
The intensity of the polarized side lobes 36 is significantly 
lower than the intensity of the polarized main lobe 34. The 
polarized satellite beam 32 also includes a cross-polarized 
component 42, of a polarization Q, due to interference and 
deficiencies in polarization, transmission, and reception in 
the transmit and receive antennas. Polarization Q is orthogo 
nal to polarization P. The intensity level of the cross-polarized 
component 42 of the satellite beam 32, which has the polar 
ization Q, can be made significantly lower than the intensity 
level of the co-polarized components 34, 36,38, which share 
the polarization P. without loss of aperture efficiency due to 
the ability of both the satellite antennas and ground-based 
terminals to generate beams with good cross-polarization 
isolation. 

0077 FIG. 4B shows a graphical representation of the 
intensity versus distance of a cross-section of the first polar 
ized satellite beam 32 of FIG. 4A, of polarization P. adjacent 
to a second polarized satellite beam 44 of the same frequency 
as the first polarized satellite beam 32, but of the opposite 
polarization, Q, in a spot beam pattern. In order to provide a 
clearer illustration, only the first set of side lobes 36 of each 
beam have been included in FIG. 4B. Similarly to the first 
polarized satellite beam 32, the second polarized satellite 
beam 44 has a main lobe 46, side lobes 48, a centre section 50 
of the main lobe, and a polarized effective spot beam 52. 
0078. The first polarized satellite beam 32 contains a 
cross-polarized component 42 of polarization Q, and the sec 
ond polarized satellite beam 44 also contains a cross-polar 
ized component 54 of polarization P. The cross-polarized 
component 42 of the first polarized satellite beam 32 is of the 
same polarization, Q, as the second polarized beam 44. Simi 
larly, the cross-polarized component 46 of the second polar 
ized satellite beam 44 is of the same polarization, P. as the first 
polarized satellite beam 32. The intensity level of the cross 
polarized component of each polarized spot beam is low 
enough that it does not cause significant interference with the 
signal of the adjacent cross-polarized beam in the regions of 
overlap 56 between the cross-polarized component of each 
satellite beam with the main lobe of the adjacent polarized 
satellite beam. Two adjacent beams may be of a common 
frequency without significant interference so long as the 
beams are orthogonally polarized. 
0079 Reference is made to FIG. 5A, which shows an 
exemplary embodiment of a frequency reuse pattern 58 for at 
least one multi-beam satellite known in the prior art. The 
frequency reuse pattern 58 is comprised of a plurality of 
interleaved rows of cells. Each cell may correspond to one 
spot beam from a multi-beam satellite. Alternatively, each 
cell may correspond to more than one spot beam from one or 
more multi-beam satellites. The cells of the exemplary prior 
art frequency reuse pattern 24 shown in FIG.3 do not overlap, 
for clarity of illustration. However, this leaves areas 25 
between cells that are not covered by a cell. In an application 
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of the illustrated prior art frequency reuse pattern 24, the cells 
would overlap sufficiently to provide full coverage of the 
entire coverage area. 
0080. The rows comprise a first type of row 60 in which 
every cell in the row has first polarization, P, and a second type 
of row 62 in which every cell in the row has a second polar 
ization, Q. The first and second polarizations, P and Q, are 
orthogonal polarizations. The frequency reuse pattern 58 
shown in FIG. 5A consists offive rows offive cells. However, 
it will be appreciated by those skilled in the art that the 
frequency reuse pattern 58 may be made arbitrarily large by 
adding additional cells to the pattern, limited only by the 
requirement that the rows of the frequency reuse pattern 58 
alternate in polarization. 
0081 Reference is now made to FIG. 5B, which shows an 
exemplary embodiment of a frequency reuse pattern 64 of the 
prior art for at least one multi-beam satellite, in which fre 
quency reuse is maximized without compromising the capac 
ity of each cell, as is known in the prior art. In the frequency 
reuse pattern of FIG. 5B, the number of frequencies required 
to cover a coverage area without a significant loss of capacity 
due to interference between cells is reduced to two frequen 
cies. The frequency reuse pattern 64 of FIG. 5 comprises five 
interleaved rows 66, 68, 70, 72, 74 of cells. Each row 66, 68, 
70, 72, 74 is composed of five cells having a common polar 
ization. The rows 66, 68, 70, 72, 74 alternate in polarization. 
The cells 76, 78 in the first row 66, third row 70 and fifth row 
74 of beams have a first polarization. The cells 80, 82 in the 
second row 68 and fourth row 72 have a second, orthogonal 
polarization. 
I0082 Each cell in the frequency reuse pattern 64 is of one 
of two frequencies, and is polarized in one of the two possible 
orthogonal polarizations. This produces a first type of cell 76 
of a first frequency and a first polarization, a second type of 
cell 80 of the first frequency and a second polarization 80, 
where the second polarization is orthogonal to the first polar 
ization, a third type of cell 78 of a second frequency and the 
first polarization, and a fourth type of cell 82 of the second 
frequency and the second polarization. 
I0083. The cells 76, 78,80, 82 areassigned to a row accord 
ing to the polarization of the row and the cell. Within each 
co-polarized row 66, 68, 70, 72, 74, the cells are arranged in 
alternating frequencies. For example, in the first row 66, the 
cells alternate between the first type of cell 76, of the first 
frequency and first polarization, and the third type of cell 78, 
of the second frequency and the first polarization. In the next 
row in the frequency reuse pattern 64, the second row 68, the 
cells alternate between the second type of cell 80, of the first 
frequency and the second polarization, and the fourth type of 
cell 82, of the second frequency and the second polarization. 
This pattern is repeated in the remaining rows 70, 72, 74. 
I0084 As described with respect to FIG. 4B, two adjacent 
cells in the frequency reuse patterns shown in FIGS.5A and 
5B with opposite polarizations may share a frequency with 
out significant interference. This means that the frequencies 
of the cells in a given co-polarized row are independent of the 
frequencies of the cells in the adjacent cross-polarized row. 
0085. Reference is now made to FIG. 6A, which shows an 
exemplary adjustment 84 of the frequency reuse pattern 64 of 
FIG. 5B in an exemplary embodiment of the present inven 
tion. The adjustment 84 of the frequency reuse pattern 64 may 
be made while the satellite is in orbit. In FIG. 6A, the fre 
quency of a cell 85 in the third row 70 has been switched from 
the first frequency to the second frequency without changing 
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the polarization of the cell, so that the cell at that location has 
been changed from the first type of cell 76 to the third type of 
cell 78. In order to comply with the requirement for reduced 
interference that two adjacent cells may not share a common 
frequency and polarization, the frequencies of the other cells 
in the third row 70 have also been adjusted. The polarization 
of the cells in the third row 70 have not been changed. In 
contrast to the prior art, the distribution of frequency over the 
cells in all of the other rows 66, 68, 72, 74 of the frequency 
reuse pattern 84 is not affected by the changes in the third row 
T0. 

I0086 Although the PFD's of the cells are not shown in 
FIG. 6A, where power flux density is used herein to refer to 
power/(unit bandwidth unit area), the PFD's of proximal 
cells of the same type are Substantially uniform. Each change 
in type of a given cell is therefore accompanied by an adjust 
ment of the satellite transmit power in the beam to that cell to 
maintain PFD and prevent a loss of capacity to proximal cells 
of the same type. 
0087. The frequency reuse pattern 84 shown in FIG. 6A 
consists of five rows of five cells. However, it will be appre 
ciated by those skilled in the art that the frequency reuse 
pattern 84 may be made arbitrarily large by adding additional 
cells to the pattern, limited only by the requirement that the 
rows of the frequency reuse pattern 84 alternate in polariza 
tion, and that the cells within each row alternate infrequency. 
0088. It will be appreciated by those skilled in the art that 
the exemplary adjustment 84 shown in FIG. 6A of the fre 
quency reuse pattern 64 of FIG. 5B is one of a multitude of 
patterns that may be created by Switching the frequencies and 
satellite transmit powers of the cells in the frequency reuse 
pattern 64. The only limitations on switching the types of the 
cells are that no two cells of the same type may be adjacent; 
the frequencies of the cells in each co-polarized row must 
alternate, and the polarizations of the rows of cells must also 
alternate. In addition, the satellite transmit power to the 
switched beams should be adjusted to ensure PFD is rela 
tively unchanged so that proximal cells of the same type do 
not lose capacity through interference. The frequency reuse 
pattern 64 can be adjusted to accommodate capacity require 
ments on the ground by moving frequencies and satellite 
transmit power along each co-polarized row of cells, without 
restrictions from the frequencies of and satellite transmit 
power to the cells in the adjacent cross-polarized rows. 
0089 Reference is now made to FIG. 6B, which shows an 
exemplary alternative adjustment 86 of frequency reuse pat 
tern 64 of FIG. 5B. The alternative adjustment 86 of the 
frequency reuse pattern 64 may be made while the satellite is 
in orbit, in order to adjust to capacity requirements on the 
ground. In FIG. 6B, many of the cells have been switched 
from the first frequency to the second frequency, or from the 
second frequency to the first frequency without changing the 
polarization of the cell in question, resulting in a Switch in 
type of beam from the first type of cell 76 to the second type 
of cell 78 or vice versa, or from the third type of cell 80 to the 
fourth type of cell 82 or vice versa. In addition, the frequency 
or bandwidth of some of the cells has been switched to a third 
frequency and/or bandwidth, or a fourth frequency and/or 
bandwidth. The additional frequencies and bandwidths have 
resulted in a fifth type of cell 88, of a third frequency and the 
first polarization, a sixth type of cell 90, of the third frequency 
and the second polarization, a seventh type of cell 94, of a 
fourth frequency and the first polarization, and an eighth type 
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of cell 92, of the fourth frequency and the second polarization. 
None of the cells have changed polarization. 
0090 The resulting frequency reuse pattern 86 has been 
significantly changed from the original frequency reuse pat 
tern shown in FIG.5B. However, as with the pattern shown in 
FIG.SB, each of the cells in the rows of cells 66, 68, 70, 72, 
74 is polarized, with the first row 66, thirdrow 70 and fifth row 
74 of a common first polarization, and the second row 68 and 
the fourth row 72 of a common polarization orthogonal to the 
first polarization. Within each of the rows 66, 68,70, 72,74 no 
two adjacent cells are of a common frequency. 
(0091 Although the PFD's of the cells are not shown in 
FIG. 6B, the PFD's of proximal cells of the same type are 
Substantially uniform. Each change in type of a given cell is 
therefore accompanied by an adjustment of the satellite trans 
mit power in the beam to that cell to maintain PFD levels and 
prevent a loss of capacity to proximal beams having the same 
frequency. 
0092. The frequency reuse pattern 86 shown in FIG. 6B 
consists of five rows of five cells. However, it will be appre 
ciated by those skilled in the art that the frequency reuse 
pattern 86 may be made arbitrarily large by adding additional 
cells to the pattern, limited only by the requirement that the 
rows of the frequency reuse pattern 86 alternate in polariza 
tion, that the cells within each row alternate in frequency, and 
that the PFD's of proximal cells of the same type are substan 
tially uniform. 
(0093. It will be appreciated by those skilled in the art that 
the frequency reuse pattern 86 shown in FIG. 6B is one of a 
multitude of patterns that may be created by switching the 
frequencies, bandwidths and satellite transmit power of the 
cells in the frequency reuse pattern according to the require 
ments for reducing interference and maximizing capacity as 
described above. The frequency reuse pattern 64 can be 
adjusted to accommodate capacity requirements on the 
ground by moving frequencies, bandwidth and satellite trans 
mit power between the cells within each co-polarized row of 
cells, without restrictions from the frequencies used in and 
power transmitted to the cells in the adjacent cross-polarized 
OWS. 

(0094. The frequency reuse patterns of FIGS. 6A and 6B 
consist of interleaved rows. However, the principles of opera 
tion of the frequency reuse patterns may be generalized to a 
much broader set of constraints, of which the above-de 
scribed patterns are one embodiment, providing for highly 
flexible frequency reuse patterns that may be adjusted in-orbit 
to accommodate changing capacity requirements on the 
ground. Specifically, the frequency reuse pattern may be 
broadly defined by subdividing the service area into at least 
two interleaved sets of cells, wherein the cells from different 
sets are interleaved. In addition, no two adjacent cells within 
a given set of cells may share a common frequency at any 
given time. In the above examples, the interleaved sets of cells 
are the rows of cells, but numerous configurations of inter 
leaved sets of cells may comply with the above definition. 
Frequency reuse is maximized by any configuration in which 
each cell within a set of cells is adjacent to a maximum of two 
other cells from that set. 
0.095 The frequency reuse pattern is further broadly 
defined by requiring that each set of cells is assigned one of 
two orthogonal polarizations, and that adjacent sets of cells 
alternate in polarization. Finally, each satellite beam servic 
ing each cell has flexible frequency, bandwidth and satellite 
transmit power. 
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0096. In a frequency reuse pattern broadly defined accord 
ing to the above limitations, changing capacity requirements 
in the service area may be accommodated by providing that 
the allocation of bandwidth, frequency and satellite transmit 
power from a satellite beam service each cell is flexible. 
According to this definition, flexible allocation of bandwidth, 
flexible allocation of frequency, and flexible allocation of 
satellite transmit power are defined as allocations that can be 
changed one orbit according to commands, permitting real 
location of bandwidth, frequency and satellite transmit 
power, allowing the movement of satellite transmit power, 
frequency, and bandwidth around within each set of cells. The 
reallocation of satellite transmit power, frequency and band 
width within each set of cells is unconstrained by the satellite 
transmit power, frequencies, and bandwidths of the cells of 
the other sets of cells, due to the orthogonal polarization. 
0097. For optimal performance, the power transmitted to 
each cell is adjusted as frequencies are reallocated, in order to 
maintain a Substantially uniform PFD among proximal cells 
having the same frequency and polarization. Reference is 
made to FIGS. 7A,7B and 7C, which show three examples of 
alternative cell patterns which may be substituted for a pattern 
of interleaved rows of alternating polarization while still 
complying with the broad requirements described above. 
0098 FIG. 7A shows a schematic top view of an exem 
plary alternative frequency reuse pattern 95 of interleaved 
sets of cells forming concentric rings 96.98 of cells, wherein 
the rings 96.98 alternate in polarization. The frequency reuse 
pattern95 of FIG.7A can be adjusted to accommodate capac 
ity requirements on the ground by moving frequencies and 
satellite transmit power around each concentric circle of cells, 
without restrictions from the frequencies and satellite trans 
mit power of the cells in the adjacent cross-polarized concen 
tric circles. 
0099. Similarly, FIG. 7B shows a schematic top view of 
another exemplary alternative frequency reuse pattern 99 of 
sets of cells forming chevrons 100, 102 of cells, wherein the 
chevrons alternate in polarization. The frequency reuse pat 
tern of FIG. 7B can be adjusted to accommodate capacity 
requirements on the ground by moving frequencies and sat 
ellite transmit power within each interleaved chevron 100, 
102 of cells, without restrictions from the frequencies used in 
and power transmitted to the cells in the adjacent cross 
polarized chevrons. 
0100 Similarly, FIG. 7C shows a schematic top view of 
another exemplary alternative frequency reuse pattern 101 
that requires only a first set of cells 103 and a second set of 
cells 105 covering the entire service area. The exemplary 
frequency reuse pattern 101 comprises a first set of cells 103 
having a number of generally parallel arms. A second set of 
cells 105 has a similar shape having a number of generally 
parallel arms. The arms of the first set of cells 103 are inter 
digitized with the arms of the second set of cells 105. The first 
set of cells 103 has a polarization that is orthogonal to the 
polarization of the second set of cells 105. The satellite trans 
mit power, frequency and bandwidth can be moved across a 
large area of the service coverage in a set of cells, without 
restrictions from the frequencies used in and power transmit 
ted to the cells of the other set. 

0101. It will be appreciated by those skilled in the art that 
the frequency reuse patterns of the present invention are not 
restricted to the patterns shown in FIGS. 7A, 7B and 7C, but 
may be expanded to other patterns that can be adjusted 
according to the same principles. 
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0102. It will furthermore be appreciated by those skilled in 
the art that the frequency reuse patterns of the present inven 
tion may be projected by one multi-beam satellite, or by more 
than one multi-beam satellite. Each cell may correspond to 
one spot beam, or to more than one spot beam. In the second 
case, the more than one spot beam may originate at one or at 
more than one satellite. In addition to reallocating frequency, 
bandwidth and satellite transmit power among the cells of the 
frequency reuse pattern while the satellite(s) are in orbit, the 
number of satellites may be changed. For example, in one 
case, the frequency reuse pattern could initially be projected 
by just one satellite, and a second satellite may be Subse 
quently launched. The addition of the second satellite may 
increase the capacity of the cells, or may increase the number 
of cells, or both. 
(0103 FIG. 8A shows a schematic illustration of an exem 
plary generic transmitting system 104 for transmitting to a 
co-polarized set of cells of the frequency reuse pattern shown 
in any of FIGS.5A-7C from a single satellite where each cell 
corresponds to one beam. The system comprises a common 
uplink channel 106, which transmits a broadbandwidth of 
uplink channels to a flexible filtering stage 108. At the flexible 
filtering stage 108, the uplink channels are separated into 
sub-bands of the available bandwidth of the uplink channel. 
The Sub-bands are allocated among a first downlink channel 
110, a second downlink channel 112, and a third downlink 
channel 114, where each downlink channel 110, 112, 114 
comprises at least one sub-band of the bandwidth of the 
uplink channel 106. The downlink channels 110, 112, 114 are 
then transmitted to a flexible amplification stage 116. At the 
flexible amplification stage 116, the signals of each downlink 
channel 110, 112, 114 are amplified to provide gain to each 
signal. The amplified downlink channels are each respec 
tively transmitted to one of a first polarizing antenna feed 118, 
a second antenna feed 120 and a third polarizing antenna feed 
122, where each polarizing antenna feed 118, 120, 122 cor 
responds to a beam servicing one cell in a set of co-polarized 
cells on the ground. 
0104. It will be understood by those skilled in the art that, 
while the generic transmitting system 104 of FIG. 8A com 
prises only three downlink channels 110, 112, 114, and three 
corresponding polarizing antenna feeds 118, 120, 122, this is 
for the purpose of illustration only. A transmitting system 
may have any number of downlink channels and antenna 
feeds, without departing from the spirit of the invention. 
0105. It will be understood by those skilled in the art that 
the transmitting system 104 shown in FIG. 8A produces one 
co-polarized set of beams servicing a set of cells in a fre 
quency reuse pattern. A multi-beam communications system 
in at least one embodiment of the present invention may 
require more than one transmitting system 104 to produce a 
frequency reuse pattern comprising a plurality of beams Ser 
vicing interleaved sets of cells of alternating polarization. The 
multi-beam communications system may require one or more 
transmitting systems 104 per co-polarized set of the fre 
quency reuse pattern. Since the frequency and satellite trans 
mit power adjustments in a co-polarized set of the pattern are 
independent of the frequency and satellite transmit power 
adjustments of the other sets, the more than one transmitting 
systems 104 work in parallel, but essentially independently of 
one another, to provide the entire frequency reuse pattern. 
0106 Reference is now made to FIG. 8B, which shows a 
schematic illustration of the bandwidth 124 available to a 
generic transmitting system 104. The available bandwidth 
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spans X MHz. The available bandwidth is divided into nine 
sub-bands A, B, C, D, E, F, G, H, J of the bandwidth, where 
each sub-band spans Z MHz. As described above, the sub 
bands A, B, C, D, E, F, G, H, Jare allocated among the cells 
at the flexible filtering stage of the generic transmitting sys 
tem in order to allocate a desired capacity to each of the cells 
in a given co-polarized set. It will be understood by those 
skilled in the art that, while the number of sub-bands of the 
available bandwidth in FIG. 8B is nine, this is for the purpose 
of illustration only. The available bandwidth may be divided 
into any number of Sub-bands, without departing from the 
spirit of the invention. 
0107 Reference is now made to FIG. 8C, which shows a 
schematic illustration of the bandwidth 124 as it is allocated 
and amplified in a generic transmitting system. The common 
uplink channel transmits a broad bandwidth 124 of uplink 
channels to a flexible filtering stage 108. At the flexible fil 
tering stage, the sub-bands A, B, C, D, E, F, G, H, J of the 
available bandwidth are allocated to the three downlink chan 
nels 110, 112, 114, where a first three sub-bands A, B, C are 
allocated to the first downlink channel 110, a fourth sub-band 
D is allocated to the second downlink channel 112, and the 
remaining five sub-bands E, F, G, H, J are allocated to the 
third downlink channel 114. The amplifying stage 116 results 
in a gain to each of the sub-bands A, B, C, D, E, F, G, H, J. 
0108 Reference is now made to FIG. 8D, which shows a 
schematic illustration of the bandwidth 124 as it is reallocated 
and amplified in a generic transmitting system, after the fre 
quency reuse pattern of the beams servicing a co-polarized set 
of cells shown in FIG. 8C has been adjusted to reallocate 
capacity among the cells within the set. At the flexible filter 
ing stage 108, the sub-bands A, B, C, D, E, F, G, H, J of the 
available bandwidth are reallocated to the three downlink 
channels 110, 112,114, such that the first two sub-bands A, B, 
are allocated to the first downlink channel 110, the third 
through the sixth sub-bands C, D, E, F are allocated to the 
second downlink channel 112, and the remaining three Sub 
bands G, H, I are allocated to the third downlink channel 114. 
The amplifying stage results in again to each of the Sub-bands 
A, B, C, D, E, F, G, H, J. 
01.09 Reference is now made to FIG. 9A, which shows 
another embodiment of a transmitting system 126 for trans 
mitting beams to a co-polarized set of cells of the frequency 
reuse pattern shown in any of FIGS. 5A-7C from a single 
multi-beam satellite where each cell corresponds to one 
beam. The system comprises a common uplink channel 106. 
which transmits the broadbandwidth 124 uplink channels of 
FIG. 8B to a flexible filtering stage 108. At the flexible filter 
ing stage, the uplink channels are separated into the Sub 
bands, A to J, of FIG. 8B. The sub-bands A, B, C, D, E, F, G, 
H. J are allocated among a first downlink channel 128, a 
second downlink channel 130, a third downlink channel 132, 
and a fourth downlink channel 134, where each downlink 
channel 128, 130, 132,134 comprises at least one sub-band of 
the bandwidth 124 of the uplink channel 106. 
0110. In the transmitting system of FIG.9A, the flexible 
filtering stage 108 can transmit any of the four sub-bands A to 
D to the first downlink channel 128. The flexible filtering 
stage 108 can transmit any of the five sub-bands C to G to the 
second downlink channel 130, can transmit any of the four 
sub-bands E to H to the third downlink channel 132, and can 
transmit any of the three sub-bands G to J to the fourth 
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downlink channel 134. However, the flexible filtering stage 
108 may not transmit a particular sub-band to more than one 
downlink channel. 
0111. The downlink channels are then transmitted to a 
flexible amplification stage 116. At the flexible amplification 
stage 116, the sub-bands of each downlink channel 128, 130, 
132, 134 are amplified to provide a gain to each signal. The 
amplified downlink channels are each respectively filtered by 
a wide-band output filter 136, 138,140,142, then transmitted 
to one of a first polarizing antenna feed 144, a second antenna 
feed 146, a third polarizing antenna feed 148, and a fourth 
polarizing antenna feed 150, where each polarizing antenna 
feed 144, 146, 148, 150 corresponds to a beam servicing one 
cell in a set of co-polarized cells on the ground. 
0112 Reference is now made to FIG.9B, which shows an 
exemplary flexible channelization filtering and Switching unit 
152 that may be used at the flexible filtering stage 108 of the 
transmitting system 126 of FIG.9A. The flexible channeliza 
tion filtering and switching unit 152 comprises a filter input 
154 that receives the common uplink channel. The flexible 
channelization filtering and Switching unit 152 comprises a 
bank of nine individual waveguide cavity filters 156, wherein 
each of the nine waveguide cavity filters 156 corresponds to 
one of the nine sub-bands A, B, C, D, E, F, G, H, J of the 
available bandwidth 124. The waveguide cavity filters 156 
each have a waveguide cavity output 158, which transmits the 
filtered signal of the corresponding Sub-band to a Switch 
matrix 160. The switch matrix 160 has four matrix outputs 
162, 164, 166, 168, wherein each of the four matrix outputs 
162 corresponds to one of the four downlink channels 128, 
130, 132, 134 of the transmitting system 126. 
0113. Each of the waveguide cavity outputs 158 connects 
to a node 170 on at least one of the four matrix outputs 162, 
164, 166, 168. The nodes 170 determine which of the sub 
bands A, B, C, D, E, F, G, H, J may be allocated to a given 
output channel 162, 164, 166, 168. For example, in the trans 
mitting system 126 of FIG.9A, only the first downlink chan 
nel 128 may be allocated the A sub-band and the B sub-band. 
Therefore, the waveguide cavity outputs 158 corresponding 
to the A sub-band and the B sub-band share a common node 
170 on the first matrix output 162, which corresponds to the 
first downlink channel 128. The waveguide cavity output 158 
corresponding to the G sub-band has nodes on the second 
164, third 166 and fourth 168 matrix outputs, such that the G 
sub-band may be allocated to any one of the second 130, third 
132 or fourth 134 downlink channel. 

0114 Reference is now made to FIG. 9C, which is a chart 
showing a Summary of the possible combinations of alloca 
tions of sub-bands to the four output channels of the trans 
mitting system of FIG. 9A. The transmitting system may 
adjust the frequency reuse pattern on the ground in order to 
flexibly allocate capacity among the cells of a co-polarized set 
by Switching from one combination of allocations shown in 
the chart of FIG. 9C to another combination of allocations. 
The chart of FIG.9C demonstrates the degree of flexibility in 
allocating frequency among the cells in a co-polarized set that 
is achievable in an exemplary transmitting system of the 
present invention. It will be understood by those skilled in the 
art that the limitations of the transmitting system and the 
corresponding chart may be changed in other embodiments. 
0115 FIG. 10A shows an example of an implementation 
171 of the generic transmitting system 104 of FIG. 8A for 
transmitting beams to a co-polarized set of cells of the fre 
quency reuse pattern shown in any of FIGS. 5A-7C from a 
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single multi-beam satellite, where each cell corresponds to a 
single beam. The apparatus comprises a flexible channeliza 
tion filtering and Switching unit 172 that transmits signals at 
a variety of frequencies at multiple filter and Switching out 
puts 174, and that, on command, Switches the frequency of 
the signal at a chosen filtering and Switching output 174. The 
filtering and Switching outputs 174 are each connected 
through one of a first set of parallel switches 176 to at least one 
flexible high power amplifier 178. The switches 176 and 180 
can either be set so that 1 filter output can be connected to 2 
amplifiers operating in parallel providing 2 times the power to 
support 2 times the filter bandwidth or the switches can be set 
so that 2 narrower filter outputs can each be connected to a 
single amplifier. The flexible high power amplifiers 178 may 
be Traveling Wave Tube Amplifiers, Solid State Power 
Amplifiers, Multi-port Amplifier(s) or any other suitable flex 
ible high power amplifier known in the art. 
0116. The flexible high power amplifiers 178 are con 
nected to a second set of parallel switches 180. Each of the 
second set of parallel switches 180 is connected to one of a set 
of wideband output filters 182, which are in turn each con 
nected to one of a set of polarizing antenna feeds 184, 186, 
188. The polarizing antenna feeds 184, 186, 188 are co 
polarized, and produce a co-polarized set of beams servicing 
cells within a set in a frequency reuse pattern on the ground. 
As indicated by the dotted lines 190, the circuit components 
increased in different embodiments to accommodate addi 
tional signal paths to additional polarizing antenna feeds. 
0117. In the transmitting system 171 for transmitting a 
co-polarized set of a frequency reuse pattern shown in FIG. 
10A, the first set of parallel switches 176 and the second set of 
parallel switches 180 are each configured such that two of the 
flexible high power amplifiers 178 may be used in parallel to 
double the amplification of a signal. In FIG. 10A, a first 
amplifier 192 and a second amplifier 194 are used in parallel. 
It will be appreciated by those skilled in the art that the 
switches may be substituted for other types of switches with 
out departing from the spirit of the invention. Similarly, the 
transmitting system may or may not provide the option of 
using two amplifiers in parallel for one signal without depart 
ing from the spirit of the invention. In addition, Matrix ampli 
fiers (MPA) or otherforms of distributed amplification can be 
used to provide flexible reallocation of satellite transmit 
power without the need of output switches (180) or flexible 
individual HPAS. 

0118. In operation, the flexible channelization filtering 
and Switching unit 172 produces a set of signals, each at a 
Switchable frequency, at each of the filtering and Switching 
outputs 174. The signal at each of the filtering and switching 
outputs 174 is then routed through at least one of the first set 
of parallel switches 176 into at least one of the set of parallel 
flexible high power amplifiers 178. More than one variable 
amplifier 192, 194 may be used in parallel to increase the 
amplification of a signal. Alternatively, each signal may be 
routed into only one 196 of the set of parallel flexible high 
power amplifiers 178. Each amplified signal is then routed 
through at least one of the second set of parallel switches 180 
into one of the set of parallel wideband output filters 182, and 
finally into one of the set of polarized antenna feeds 184, 186, 
188 for transmission. The polarized signal transmitted by the 
antenna corresponds to beam servicing a a cell in a frequency 
reuse pattern. 
0119. At any time, in response to capacity requirements on 
the ground, the frequency of a given feed may be Switched by 
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a command to the flexible channelization filtering and switch 
ing unit 172. The amplification of the resulting switched 
signal may also be reduced or increased according to a com 
mand to the variable amplifier 178. As a result, the signal 
arriving at each of the polarized antenna feeds 184, 186,188 
may vary in both frequency and satellite transmit power, and 
each of the resulting beams and cells corresponding to each of 
the feeds 184, 186, 188 may also vary in frequency but sub 
stantially constant PFD. Any changes in frequency and satel 
lite transmit power of the signals at each of the polarized 
antenna feeds 184, 186, 188 are limited only by the require 
ments that adjacent resulting cells must not have the same 
frequency, and that the PFD's of proximal cells of the same 
frequency must be substantially uniform. 
0.120. It will be understood by those skilled in the art that 
the transmitting system 171 shown in FIG. 10A produces one 
co-polarized set of cells in a frequency reuse pattern. Since 
the transmitting system 171 can only transmit one co-polar 
ized set, a multi-beam communications system of the present 
invention requires more than one transmitting system 171 to 
produce a frequency reuse pattern comprising a plurality of 
interleaved sets of alternating polarization. In some embodi 
ments, where the sets comprise a large number of cells, the 
multi-beam communications system may require more than 
one transmitting system 171 per set of the frequency reuse 
pattern. Since the frequency and satellite transmit power 
adjustments in a co-polarized set of the pattern are indepen 
dent of the frequency and satellite transmit power adjust 
ments of the adjacent sets, the more than one transmitting 
systems 171 work in parallel, but essentially independently of 
one another, to provide the entire frequency reuse pattern. 
I0121. It will be further understood by those skilled in the 
art that the system shown in FIG. 10A is only one exemplary 
embodiment of a system that can be used to achieve a flexible 
frequency reuse pattern according to one aspect of the inven 
tion. 

0.122 Reference is now made to FIG. 10B, which shows 
another exemplary frequency reuse pattern 196 comprising a 
first cell 198 that corresponds to the first polarized antenna 
feed 184 of the transmitting system 171 of FIG.10A, a second 
cell 200 that corresponds to the second polarized antenna feed 
186 of the transmitting system 171 of FIG.1A, and a third cell 
202 that corresponds to the third polarized antenna feed 188 
of FIG. 10A. The first cell 198, second cell 200 and the third 
cell 202 form part of a co-polarized row 124 in exemplary 
frequency reuse pattern 196. The frequency and satellite 
transmit power of the first cell 198, second cell 200 and third 
cell 202 fluctuate according to the switches in frequency and 
adjustment of amplification in the apparatus of FIG. 10B. 
(0123 FIG. 10C is a chart 204 illustrating the satellite 
transmit power, spectrum and capacity configurations of a set 
of exemplary polarizing antenna feeds 184, 186, 188 of the 
system of FIG. 10A. Each of the three polarizing antenna 
feeds 184, 186, 188 can transmit a signal in a plurality of 
frequencies. For example, the first polarizing antenna feed 
184 can transmit signals at each of 288 MHz, 144MHz and 72 
MHz. The second polarizing antenna feed 186 and the third 
polarizing antenna feed 188 can transmit signals at each of 
14.4 MHZ, 72 MHZ and 36 MHz. 
0.124. At any given time, each of the polarizing antenna 
feeds may transmit a signal at one of its respective three 
possible frequencies, limited only by the requirement that no 
two feeds transmitting to adjacent copolarised cells may 
transmit signals at the same frequency, in order to reduce loss 

Page 35 of 39 Wilson Exhibit 1013



US 2008/023.3865 A1 

of capacity due to interference. In the illustrated example, the 
frequency transmitted by the second polarizing antenna feed 
186 must at all times be different from the frequencies trans 
mitted by the first polarizing antenna feed 184 and the second 
polarizing antenna feed 188. However, the first polarizing 
antenna feed 184 and the second polarizing antenna feed 188 
may transmit at a common frequency. 
0.125. The satellite transmit power level of the signal for 
each of the frequencies is substantially uniform across the 
three feeds, which satisfies the requirement that the PFD's of 
the resulting proximal cells of a common frequency be Sub 
stantially uniform. Since the capacity of a cell is dependent on 
both satellite transmit power and spectrum, the transmitting 
system 171 may switch the capacity of any of the cells 118, 
120, 122 corresponding to the polarizing antenna feeds 184, 
186, 188 by switching the satellite transmit power and spec 
trum as illustrated in FIG. 10C. 

0126. It will be appreciated by those skilled in the art that 
although the chart in FIG. 10C illustrates the properties of 
only three polarizing antenna feeds 184, 186, 188, to the 
transmitting system may be extended to include an arbitrarily 
large number of polarizing antenna feeds limited only by 
technological restrictions. It will also be appreciated that the 
values of satellite transmit power, spectrum and capacity are 
exemplary only, and may be varied without departing from 
the spirit of the invention. 
0127. It will be appreciated by those skilled in the art that, 
the transmitting systems shown in FIGS. 8A to 10C may be 
used to transmit any cell patterns consisting of interleaved 
sets of alternating polarization. For example, a transmitting 
system corresponding to those shown in FIGS. 8A to 10C 
may be used to transmit one, more than one, or part of one 
concentric circle in the cell pattern of FIG. 7A, or may be used 
to transmit one, more than one, or part of one chevron in the 
frequency reuse pattern of FIG. 7B. 
0128. The exemplary systems described above all relate to 
one satellite projecting one set of beams. However, the flex 
ibility of the frequency reuse pattern may be expanded by 
adding additional collocated satellites to the same orbital 
position. The additional satellites may provide additional sets 
of cells that can expand the coverage area by interleaving with 
the existing sets. The allocation and movement of frequency, 
bandwidth and satellite transmit power among the cells cor 
responding to the additional satellite may occur indepen 
dently of the allocation and movement of frequency, band 
width and satellite transmit power among the cells 
corresponding to the original satellite, so long as the resultant 
overall frequency reuse pattern conforms to the requirements 
outlined above. As previously noted, these parameters can be 
adjusted over time in response to changing capacity require 
ments. Accordingly, the transmitters used by these satellites 
are capable of reallocating frequency, bandwidth and satellite 
transmit power over time. 
0129. Alternatively, additional satellites may be added to 
an orbital slot to increase the capacity of the cells in the 
existing frequency reuse pattern. In order to use additional 
satellites to increase the capacity of cells in an existing fre 
quency reuse pattern, the transmitting systems of the satellites 
require an additional layer of Switching. 
0130 Reference is now made to FIG. 11A, which shows a 
schematic diagram of a first transmitting system 200 corre 
sponding to a first satellite, and a second transmitting system 
202, corresponding to a second, collocated satellite. 

Sep. 25, 2008 

I0131 The first transmitting system 200 comprises an 
uplink channel 204, which transmits a first broadbandwidth, 
consisting of the sub-bands A, B, C, D, E, F, G, H, J to six 
flexible filters 206, which make up the flexible filtering stage 
of the transmitting system. In anticipation of the launch of a 
second, collocated satellite, individual filter switches 208 are 
incorporated into the first transmitting system 200 upstream 
of four of the six flexible filters 206. The flexible filters 206 
allocate the Sub-bands among six downlink channels 210. 
The first transmitting system 200 further comprises a flexible 
amplification stage 212, which amplifies the signals at the 
downlink channels and transmits the downlink channels to six 
polarizing antenna feeds 214. The six antenna feeds 214 
transmit beams servicing a first cell 216, a second cell 218, a 
third cell 220, a fourth cell 222, a fifth cell 224 and a sixth cell 
226. When all of the filter Switches 208 in the first transmit 
ting system 200 are closed, the first transmitting system 200 
projects six polarized beams to all six cells 216, 218, 220, 
222, 224, 226, and the sub-bands A, B, C, D, E, F, G, H, Jare 
allocated among the six cells. 
0.132. The second transmitting system 202 comprises an 
uplink channel 228, which transmits a second broadband 
width, consisting of the sub-bands K, L, M, N, R, S, T, U, V 
to six flexible filters 230, which make up the flexible filtering 
stage of the second transmitting system 202. Individual filter 
Switches 232 are incorporated into the second transmitting 
system 202 upstream of four of the six flexible filters 230. The 
flexible filters 230 allocate the sub-bands among six downlink 
channels 234. The second transmitting system 202 further 
comprises a flexible amplification stage 236, which amplifies 
the signals at the downlink channels and transmits the down 
link channels to six polarizing antenna feeds 238. The six 
antenna feeds 238 transmit beams servicing the third cell 220, 
the fourth cell 222, the fifth cell 224, the sixth cell 226, a 
seventh cell 240 and an eighth cell 242. 
0133. In FIG. 11A, the transmit beams are shown as 
dashed lines to indicate the relative connections between 
system components. However, in FIG. 11A, the system is not 
in operation. 
0.134 Reference is now made to FIG. 11B which shows an 
exemplary embodiment of a two-satellite system in which a 
second satellite containing the second transmitting system 
202 is deployed to add additional sets of cells to a frequency 
reuse pattern. In this case, the four filter switches 208 in the 
first transmitting system 200 are closed, as indicated by the 
solid lines extending from the antenna feeds 214, and the first 
transmitting system 200 projects beams to the first six cells 
216, 218, 220, 222, 224, 226, allocating the sub-bands A, B, 
C, D, E, F, G, H, Jamong the first six cells 216, 218, 220, 222, 
224, 226. The four filter switches 232 in the second transmit 
ting system 202 remain open, as indicated by the dashed lines 
extending from the antenna feeds 214, and the second trans 
mitting system 202 projects beams to the seventh cell 240 and 
eighth cell 242, allocating the Sub-bands K, L, and Mamong 
them. It will be understood by those skilled in the art that any 
or all of the sub-bands K, L, M, N, R, S, TU, V may be 
allocated among the seventh cell 240 and eighth cell 242 in 
this configuration. 
0.135 Reference is now made to FIG. 11C which shows an 
exemplary embodiment of a two-satellite system in which a 
second satellite containing the second transmitting system 
202 is launched to increase the capacity of existing cells in a 
frequency reuse pattern. In this case, two of the filter Switches 
208, corresponding to the fifth cell 224 and the sixth cell 226, 
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in the first transmitting system 200 are open. This allows the 
sub-bands A, B, C, D, E, F, G, H, J to be concentrated in the 
first 216, second 218, third 220 and fourth 222 cells, thereby 
increasing the capacity of the first four cells 216, 218, 220, 
222 relative to the capacity of the first four cells 216, 218, 220, 
222 when the sub-bands are allocated among six cells 216, 
218, 220, 222, 224, 226. Two of the filter switches 232 in the 
second transmitting system 202, corresponding to the third 
cell 220 and the fourth cell 222, are open. The remaining two 
of the filter switches 232, corresponding to the fifth cell 224, 
226 and the sixth cell, are closed. The second transmitting 
system 202 allocates the sub-bands K, L, M, N, R, S, T, U, V 
among the fifth 224, sixth 226, seventh 240 and eighth 242 
cells. 

0136. It will be understood by those skilled in the art that 
the transmitting systems shown in FIGS. 11A to 11C are by 
way of example only. The number of cells, number of 
switches, and possible reallocations between the satellites 
may be varied according to the requirements and limitations 
of a system in question. Furthermore, the number of trans 
mitting systems is not restricted to two and may be increased 
in other embodiments of the invention. 

0137 It will be understood by those skilled in the art that 
the use of satellites located in multiple orbital slots can be 
used to increase the communication capacity to a service area. 
Such constellations of satellites are known in theart. Provided 
that the different orbital slots are separated by a required 
minimum number of degrees, as is known in the art, beams 
from multiple satellites may be projected to the same cell, 
independent of one another to the point of sharing frequency 
and polarization, to increase capacity, so that in any cell the 
same frequency and polarization can be simultaneously ser 
viced from multiple satellites in the separate orbital slots. It is 
known in the prior art that the transmissions from one orbital 
slot will contribute as interference to the transmissions from 
the next adjacent orbital slot when common frequencies and 
polarizations are employed. The embodiments of the fre 
quency reuse patterns described herein can also be extended 
to Such constellations of satellites. 

0138 Reference is now made to FIG. 12A, which shows a 
schematic diagram of an exemplary frequency reuse pattern 
250, comprising a first set of cells 252 and a second set of cells 
254, serviced by a first satellite 256, located in a first orbital 
slot, and a second satellite 258, located in a second orbital 
slot. The first set of cells 252 and the second set of cells 254 
may be serviced simultaneously by beams transmitted by 
transmitting systems on both the first satellite 256 and the 
second satellite 258. 

0139 FIG. 12A shows a first cell 260, within the first set of 
cells 252, and a second cell 262, within the second set of cells 
254. Transmitting systems on the first satellite 256 transmit a 
first beam 264 of polarization P to the first cell 260, and a 
second beam 266 of polarization Q to the second cell 262. 
Transmitting systems on the second satellite 258 transmit a 
third beam 268 of polarization P to the first cell 262 and a 
fourth beam 270 of polarization Q to the second cell 264. The 
angular difference between the first beam 264 and third beam 
268, and the second beam 266 and fourth beam 270 is suffi 
ciently large that the interference between the beams is not 
problematic, even though the beams servicing a given cell 
have a common polarization. Frequency, bandwidth and sat 
ellite transmit power may therefore be allocated among the 
cells by the transmitting systems on the first satellite 256 
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independent of the second satellite 258, and vice versa in 
accordance with the various embodiments described herein. 
0140. Reference is now made to FIG. 12B, which shows 
an alternative embodiment of the application of a constella 
tion of satellites to a frequency reuse pattern 272. FIG. 12B 
shows a schematic diagram of an exemplary frequency reuse 
pattern 272, comprising a first set of cells 252 and a second set 
of cells 254, serviced by a first satellite 256, located in a first 
orbital slot, and a second satellite 258, located in a second 
orbital slot. The first set of cells 252 and the second set of cells 
254 may be serviced simultaneously by beams transmitted by 
transmitting systems on both the first satellite 256 and the 
second satellite 258. 
0141 FIG.12B shows a first cell 260, within the first set of 
cells 252, and a second cell 262, within the second set of cells 
254. Transmitting systems on the first satellite 256 transmit a 
first beam 274 of polarization P to the first cell 260, and a 
second beam 276 of polarization Q to the second cell 262. 
Transmitting systems on the second satellite 258 transmit a 
third beam 278 of polarization Q to the first cell 260 and a 
fourth beam 280 of polarization P to the second cell 262. Each 
of the first cell 260 and the second cell 262 is thereby illumi 
nated with two orthogonally polarized signals. The angular 
difference between the first beam 274 and third beam 278, and 
the second beam 276 and fourth beam 280 is sufficiently large 
that the interference between the beams is not problematic. 
Frequency, bandwidth and satellite transmit power may 
therefore be allocated among the cells by the transmitting 
systems on the first satellite 256 independent of the second 
satellite 258, and vice versa. Furthermore, there will be a 
statistical improvement in self-interference due to the user 
terminals having better close-to-beam crosspolar isolation 
compared to copolar isolation. 
0142. It will be understood by those skilled in the art that, 
although FIGS. 12A and 12B show systems employing two 
orbital slots, the number of satellites and orbital slots may be 
increased in other embodiments. 
0143. While various embodiments have been illustrated 
and described herein, many modifications, Substitutions, 
changes, and equivalents will now occur to those of ordinary 
skill in the art. It is, therefore, to be understood that the 
appended claims are intended to coverall such modifications 
and changes as fall within the true spirit of the invention. 

1. A method for accommodating changes in capacity 
requirements in the service area of at least one satellite com 
prising: 

subdividing the service area into at least two interleaved 
sets of cells; 

assigning one of two orthogonal polarizations to each set of 
cells, such that adjacent cells from different sets alter 
nate in polarization; 

providing for flexible allocation of satellite transmit power 
to one or more cells in at least a first set of cells; 

providing for flexible allocation of bandwidth and fre 
quency to one or more cells in, at least, the first set of 
cells, and providing that no two adjacent cells within the 
sets of cells share a common frequency at any given 
time; and, 

reallocating satellite transmit power, bandwidth and fre 
quency among the cells of at least the first set of cells, 
independently of the satellite transmit power, bandwidth 
and frequencies of the cells in other sets of cells, in 
response to changes in capacity requirements in the ser 
vice area. 
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2. The method of claim 1, further comprising reallocating 
satellite transmit power with frequency among the cells of, at 
least, the first set of cells such that the power flux densities of 
proximal cells having the same frequency and polarization 
are substantially uniform. 

3. The method of claim 1, wherein each cell within the first 
set of cells is adjacent to a maximum of two other cells from 
the first set of cells. 

4. The method of claim 1, wherein a plurality of satellite 
beams servicing the at least two interleaved sets of cells are 
projected from one of a single satellite, and at least two 
different collocated satellites. 

5. (canceled) 
6. (canceled) 
7. A method for accommodating changes in capacity 

requirements in a service area covered by at least two orbital 
slots, the method comprising: 

subdividing the service area into at least two interleaved 
sets of cells; 

providing for at least two sets of beams from a first satellite 
in a first orbital slot to service at least two of the inter 
leaved sets of cells; 

assigning a polarization to each set of beams from the at 
least one satellite in the first orbital slot, such that the sets 
of beams servicing the interleaved sets of cells from the 
first orbital slot alternate in polarization; 

providing for at least one set of beams from a second 
satellite in a second orbital slot to service at least one of 
the at least two interleaved sets of cells; 

assigning a polarization to each set of beams from the 
second satellite such that the sets of beams servicing 
interleaved sets of cells from the second orbital slot 
alternate in polarization, and Such that, for a set of cells 
serviced by two sets of beams from the first and second 
orbital slots, the two sets of beams are of orthogonal 
polarization; 

providing for flexible allocation of satellite transmit power 
to at least one cell; 

providing for flexible allocation of bandwidth and fre 
quency to at least one cell, and providing that no two 
beams from a common orbital slot servicing two adja 
cent cells within a set of cells share a common frequency 
at any given time; and, 

reallocating satellite transmit power, bandwidth and fre 
quency among the cells of at least one set of cells ser 
viced from the first orbital slot, independently of the 
satellite transmit power, bandwidth and frequencies of 
the cells in other sets of cells serviced from the first 
orbital slot, and independently of the satellite transmit 
power, bandwidth and frequencies of the cells in all sets 
of cells serviced from the second orbital slot, in response 
to changes in capacity requirements in the service area. 

8. A method for accommodating changes in capacity 
requirements in a service area covered by at least two orbital 
slots, the method comprising: 

subdividing the service area into at least two interleaved 
sets of cells; 

providing for at least two sets of beams from a first satellite 
in a first orbital slot to service at least two of the inter 
leaved sets of cells; 

assigning a polarization to each set of beams from the at 
least one satellite in the first orbital slot, such that the sets 
of beams servicing the interleaved sets of cells from the 
first orbital slot alternate in polarization; 
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providing for at least one set of beams from a second 
satellite in a second orbital slot to service at least one of 
the at least two interleaved sets of cells; 

assigning a polarization to each set of beams from the 
second satellite such that the sets of beams servicing 
interleaved sets of cells from the second orbital slot 
alternate in polarization, and Such that, for a set of cells 
serviced by two sets of beams from the first and second 
orbital slots, the two sets of beams have the same polar 
ization; 

providing for flexible allocation of satellite transmit power 
to at least one cell; 

providing for flexible allocation of bandwidth and fre 
quency to at least one cell, and providing that no two 
beams from a common orbital slot servicing two adja 
cent cells within a set of cells share a common frequency 
at any given time; and, 

reallocating satellite transmit power, bandwidth and fre 
quency among the cells of at least one set of cells Ser 
viced from the first orbital slot, independently of the 
satellite transmit power, bandwidth and frequencies of 
the cells in other sets of cells serviced from the first 
orbital slot, and independently of the satellite transmit 
power, bandwidth and frequencies of the cells in all sets 
of cells serviced from the second orbital slot, in response 
to changes in capacity requirements in the service area. 

9. A method of using a flexible frequency reuse pattern to 
accommodate changing capacity requirements in a satellite 
service area wherein the method comprises: 

establishing a flexible frequency reuse pattern comprising 
at least two interleaved sets of co-polarized cells, 
wherein no two adjacent cells of a single set may share a 
common frequency, and wherein the polarization of 
each set of cells is orthogonal to the polarization of the 
adjacent interleaved sets of cells; and, 

reallocating satellite transmit power, bandwidth and fre 
quency among the cells of at least one set, independently 
of the satellite transmit power, bandwidth and frequen 
cies of other sets, in response to changes in capacity 
requirements in the service area. 

10. The method of claim 9, wherein the frequency reuse 
pattern is projected from one of a single satellite, at least two 
different collocated satellites and at least two different satel 
lites occupying at least two different orbital slots. 

11. (canceled) 
12. (canceled) 
13. (canceled) 
14. A transmitting system for transmitting to at least a part 

of a set of cells within a frequency reuse pattern for a multi 
beam satellite communications system, comprising: 

a flexible filtering stage, having an uplink input, and a 
plurality of outputs for transmitting signals from the 
flexible filtering stage, wherein the flexible filtering 
stage is configured to flexibly allocate frequencies and 
bandwidths among the outputs; 

a flexible amplification stage coupled to the outputs of the 
flexible filtering stage for variably amplifying the sig 
nals provided at each of the plurality of outputs; and, 

a plurality of co-polarized polarizing antenna feeds 
coupled to the flexible amplification stage for transmit 
ting the amplified signals as beams to a co-polarized set 
of cells, 
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wherein the transmitting system allocates and reallocates fre 
quencies, bandwidths, and satellite transmit power levels 
among the cells of the set of cells in response to capacity 
requirements on the ground. 

15. The transmitting system of claim 14, wherein the flex 
ible filtering stage is configured Such that any two adjacent 
outputs never have the same frequency at a given time. Such 
that of any two adjacent spot beams transmitted by that trans 
mitting system never have the same frequency at a given time. 

16. The transmitting system of claim 15, wherein at least 
one of the flexible amplification stages comprises one of 
Traveling Wave Tube Amplifiers and Solid State Power 
Amplifiers. 

17. (canceled) 
18. The transmitting system of claim 15, wherein the flex 

ible filtering stage is configured to alter the frequency and 
bandwidth of any given spot beam transmitted from a polar 
izing antenna feed while the satellite is in orbit. 

19. The transmitting system of claim 18, wherein the flex 
ible amplification stage is configured to alter the satellite 
transmit power of any given spot beam transmitted from a 
polarizing antenna feed while the satellite is in orbit in order 
to maintain constant power flux density within the beam. 

20. A multi-beam communications system comprising a 
plurality of the transmitting systems of claim 19. 

21. A multi-beam communications system of claim 20, 
wherein the co-polarized polarizing antenna feeds in each 
transmitting system are polarized in one of two orthogonal 
polarizations. 

22. The multi-beam communications system of claim 21, 
wherein the multi-beam communications system is config 
ured to transmit interleaved co-polarized sets of cells, where 
adjacent sets of cells alternate in orthogonal polarization, and 
wherein two adjacent cells within a given set of cells never 
share a common frequency at a given time. 

23. The multi-beam communications system of claim 22, 
wherein each of the transmitting systems is configured to 
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allocate and reallocate at least one of frequencies, band 
widths, and satellite transmit power levels among the cells in 
the set of cells transmitted by the polarizing antenna feeds of 
that transmitting system, in response to capacity require 
ments on the ground. 

24. The multi-beam communications system of claim 23, 
wherein the system is configured such that each of the trans 
mitting systems allocates frequencies and bandwidths among 
the outputs of that transmitting system independently of the 
other transmitting systems in the multi-beam communica 
tions system. 

25. The multi-beam communications system of claim 24, 
wherein the transmitting systems are Supported by one satel 
lite. 

26. The multi-beam communications system of claim 24, 
wherein the allocations and reallocations of at least one of 
frequencies, bandwidth and satellite transmit power occurs 
when the satellite is in orbit. 

27. The multi-beam communications system of claim 23, 
wherein the transmitting systems are located on more than 
one collocated satellite. 

28. The multi-beam communications system of claim 26, 
wherein the allocations and reallocations of at least one of 
frequencies, bandwidth and satellite transmit power occurs 
when the satellite is in orbit. 

29. The multi-beam communications system of claim 27, 
wherein the addition of an additional collocated satellite 
increases the capacity of at least one set of cells by facilitating 
concentration of frequencies among the cells. 

30. (canceled) 
31. The multi-beam communications system of claim 27, 

wherein the addition of an additional collocated satellite 
increases the number of cells. 

32. (canceled) 
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