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portion of the one or more microwave communication

signals to a second earth-based gateWay antenna system.
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NETWORK-ACCESS SATELLITE
COMMUNICATION SYSTEM
RELATED APPLICATIONS

[0001]

This application claims the bene?t under 35 U.S.C.

§ 119(e) of US. Provisional Application Ser. No. 60/840,
809 ?led Aug. 29, 2006.
TECHNICAL FIELD

[0002]

This invention relates generally to communication

systems, and more particularly to a netWork-access satellite

communication system.
BACKGROUND

[0003]

Commercial satellites have historically been opti

miZed for broadcast applications, Where data are transmitted
from a broadcast center on the earth up to a satellite in space,

and the satellite retransmits these signals doWn to a popu
lation of receive-only earth stations or satellite terminals on
the earth. Traditional broadcast satellites are characterized

access satellite systems are architecturally different from
traditional one-Way broadcast satellite systems in that each
earth terminal is, in effect, carrying on a tWo-Way private
conversation With the satellite netWork and generally has no

interest in “hearing” signals being transmitted to and from
any other earth terminals on the netWork.
[0007] A satellite With a more highly focused antenna
beam limited in area to an individual customer’s immediate
local area s a much more ef?cient Way for transmitting data
to this particular customer than a traditional broadcast

satellite. Similarly, in the earth-to-space direction, if a
receiver on a satellite is focused in on a much narroWer

geographical region that covers just the customer’s imme
diate area, less poWer is required for that customer’s earth
terminal to transmit information to the highly focused
receiver on the satellite.

[0008]

Modern netWork-access satellites are characteriZed

by tWo features. First, modern netWork-access satellites
provide “tWo-Way” communications betWeen satellites in
space and terminals on the earth that have both transmit and

receive capability. Second, modern netWork-access satellites
are designed With antennas that cover the geographic area of
interest on the earth With many smaller antenna beams, often

by tWo features. First, traditional broadcast satellites provide
“one-Way” communications, such that the recipient of the
data (i.e. the end-user) is equipped With a receive-only

tightly packed together to provide fall coverage across the

terminal that has no ability to transmit a signal back up to the

of small antenna beams that collectively cover a large
geographic area, such as the continental US. For tWo-Way

satellite. Second, traditional broadcast satellites are designed
for Wide geographic coverage using antennas or combina
tions of antennas on the satellite With beams that cover large

regional, national, or continental areas.

[0004]

A typical business goal for traditional broadcast

satellite operators is to provide as much data as possible

(e.g., hundreds of television channels) to a large number of
end-users or customers. For content of national or interna

tional interest (e.g., televised sports, movies and neWs), a
satellite operator may choose to broadcast the same data to
an entire country or even to an entire continent. A video

broadcast satellite, With a single antenna beam covering the
continental US. and providing hundreds of television chan
nels to US. customers, is a good example of a traditional
broadcast satellite. For regional content, some broadcast
satellites have several antenna beams that effectively divide

the earth terminal population into large regional groups such
that certain combinations of the broadcast data content are
transmitted to each group. In both cases, the broadcast
satellite system provides one-Way communications to cus
tomers over a large geographic area.

area of interest Without any gaps. For example, some mod

ern netWork-access satellites transmit tightly packed clusters

netWork-access communications, by using a number of
“spot-beams” over their coverage area, spot-beam satellites
have signi?cant advantages over satellites that have a single
beam over the coverage area. For example, spot-beam
satellites require less satellite transmitter poWer per cus
tomer. As another example, less transmitter poWer is
required for earth terminals to transmit to spot-beam satel

lites, alloWing for smaller and less expensive earth termi
nals. Additional advantages include the ability to reuse the
same frequency bands and channels throughout the spot
beam pattern and associated coverage area, dramatically
higher non-broadcast capacity per satellite to provide more
compelling services to more customers, and dramatically
loWer satellite cost per customer. For example, the capacity
of a spot-beam satellite to support a large population of

end-users may be greatly enhanced by frequency reuse
techniques, Whereby the same frequency bands and channels
are used over and over again in non-adjacent spot-beams.
For example, a satellite operator may have a 500 MHZ
bandWidth allocation for space to earth transmissions

[0005] Using a traditional broadcast satellite With antenna
beams covering entire national or large regional areas to
private communications With a single terminal someWhere

beam netWork architecture, this satellite operator is limited

in the coverage area is not an efficient approach for netWork
access satellite services. For example, if a customer With a
tWo-Way earth terminal located in NeW York Wants to

sion bandWidth may be increased by dividing this bandWidth
into multiple channels, such as for example, four 125 MHZ

establish a private tWo-Way connection to the Internet,
transmitting energy from a satellite over the entire conti
nental US. to send information to a single customer in NeW
York Would be an inef?cient use of limited and costly
satellite resources.

[0006]

In recent years, satellite operators have used satel

lites to provide netWork-access services (e.g., telephony,
private netWorks, and Internet access) to a large population

assigned by the appropriate regulatory authority. In a single
to 500 MHZ of total transmission bandWidth. The transmis

channels, and assigning one channel to each of numerous

spot-beams. In this example, if the satellite utiliZes 100
spot-beams, this satellite operator could utiliZe 12,500 MHZ
of total transmission bandWidth. This ability to apply fre
quency reuse techniques to greatly increase the capacity of
a satellite netWork is a technical advantage of the spot-beam
satellite architecture.

OvervieW

of end-users or customers. In modern netWork-access satel

[0009]

lite communications systems, end-users are equipped With
earth terminals that both receive signals from a satellite and
also transmit signals back up to a satellite. Modern netWork

may reduce or eliminate problems and disadvantages asso

Particular embodiments of the present invention

ciated With previous netWork-access satellite communica
tions systems.
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[0010]

According to one embodiment, a satellite commu

nications system includes ?rst, second, and third microwave
radiators; ?rst and second signal splitters; and a selector. The
?rst microWave radiator is con?gured to direct microWave
signals to a ?rst earth-based gateWay antenna system, the
microWave signals carrying communications data from a
?rst user terminal located in a spot beam coverage region;
and the ?rst signal splitter is con?gured to collect at least a
portion of communications data from the ?rst user terminal.
The second microWave radiator is con?gured to direct
microWave signals to a second earth-based gateWay antenna

system, the microWave signals carrying communications
data from a second user terminal; and the second splitter is
con?gured to collect at least a portion of communications
data from the second user terminal. The third microWave
radiator is con?gured to direct microWave signals to a third
earth-based gateWay antenna system; and the ?rst selector is

con?gured to selectively couple the third microWave radia
tor to a selected one of the ?rst and second splitters, such that

one signal, transmitting instructions to the satellite to trans
mit at least a portion of the one or more microWave

communication signals to a second earth-based gateWay
antenna system.
[0014] According to another embodiment, a method for
use in managing satellite communication signal traf?c, com
prising: monitoring, at a satellite, a signal from a ?rst
earth-based gateWay antenna system; and in response to

detecting a performance change in the monitored signal,
transmitting one or more microWave communication signals
from the satellite to a second earth-based gateWay antenna

system.
[0015]

In certain embodiments, an additional gateWay

may be utiliZed to provide one or more bene?ts to a satellite

communications system. For example, an additional gate

Way may be used to provide improved performance by
transferring capacity from an existing gateWay to the addi
tional gateWay in periods When the existing gateWay is
experiencing problems due to, for example rain or Weather

the microWave signals directed by the third microWave

fade. As another example, an additional gateWay may be

radiator carry communications data collected from the
selected one of the ?rst and second splitters.
[0011] According to another embodiment, a satellite com

used as a backup gateWay in cases of a failure at an existing

munications system includes ?rst, second, and third feed

embodiments may provide one or more other advantages,
one or more of Which may be readily apparent to those

horns; ?rst and second directional couplers; and a sWitch.
The ?rst feed horn is con?gured to direct microWave signals
to a ?rst earth-based gateWay antenna system, the micro
Wave signals carrying communications data from a ?rst user

gateWay. Certain embodiments may provide all, some, or
none of the advantages discussed above. In addition, certain

skilled in the art from the ?gures, descriptions, and claims
included herein.

terminal located in a spot beam coverage region; and the ?rst
directional coupler is con?gured to collect at least a portion

BRIEF DESCRIPTION OF THE DRAWINGS

of communications data from the ?rst user terminal. The

second feed horn is con?gured to direct microWave signals

[0016] For a more complete understanding of the present
invention and certain of its advantages, reference is noW

to a second earth-based gateWay antenna system, the micro
Wave signals carrying communications data from a second

made to the folloWing description, taken in conjunction With
the accompanying draWings, in Which:

user terminal; and the second directional coupler is con?g

[0017]

ured to collect at least a portion of communications data
from the second user terminal. The third feed horn is
con?gured to direct microWave signals to a third earth-based

ellite communication system;
[0018] FIG. 2 illustrates example coverage regions for a
spot-beam netWork-access satellite communications system;
[0019] FIG. 3 illustrates an example payload for a spot
beam netWork-access satellite;
[0020] FIG. 4 illustrates an example doWnstream signal

gateWay antenna system; and the ?rst sWitch is con?gured to
selectively couple the third feed horn to a selected one of the
?rst and second directional couplers, such that the micro
Wave signals directed by the third feed horn carry commu
nications data collected from the selected one of the ?rst and

second directional couplers.
[0012]

According to another embodiment, a method of

mitigating microWave signal propagation loss for satellite
communications includes: transmitting a ?rst microWave
signal from a satellite to a ?rst earth-based gateWay antenna
system, using a ?rst microWave radiator, the microWave
signals carrying communications data from an earth-based
user terminal; detecting propagation loss in at least one

signal betWeen the satellite and the ?rst earth-based gateWay
antenna system; and transmitting a second microWave signal
from the satellite to a second earth-based gateWay antenna,

using a second microWave radiator, the second microWave

signal carrying communications data from the earth-based

FIG. 1 illustrates an example netWork-access sat

path through example components of a netWork-access

satellite;
[0021] FIG. 5 illustrates an example upstream signal path
through example components of a netWork-access satellite;
[0022] FIGS. 6A and 6B illustrate example upstream and
doWnstream signal paths through example components of a
netWork-access satellite;
[0023] FIGS. 7 and 8 illustrate example components that
may be used to provide incremental capacity for a netWork
access satellite;

[0024]

FIG. 9 illustrates example components that may be

used to implement non-contiguous beams;
[0025] FIGS. 10A through 10C illustrate example compo
nents that may be used to implement a utility gateWay;

user terminal.

[0026]

[0013] According to another embodiment, a method for
use in managing satellite communications, comprising:

be used to control signal poWer;
[0027] FIG. 12 illustrates an example method for use in

receiving, at a ?rst earth-based gateWay antenna system, one

FIG. 11 illustrates example components that may

controlling signal poWer;

or more microWave communication signals from a substan

[0028]

tially geostationary satellite; monitoring for a performance

be used to control signal poWer;
[0029] FIG. 14 illustrates an example method for use in

change in at least one signal from the satellite; and in
response to detecting a performance change in the at least

FIG. 13 illustrates example components that may

controlling signal poWer; and
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[0030]

FIGS. 15A through 15C illustrate example signals

associated with an example method for use in controlling

signal power.
DESCRIPTION OF EXAMPLE EMBODIMENTS

[0031]

FIG. 1 illustrates an example network-access sat

ellite communications system 100. System 100 includes
satellite 10, one or more gateways 20, and one or more user

terminals 32. In operation, system 100 provides for two-way
communications between user terminals 32 and network 70

through satellite 10 and gateway 20. Satellite 10 includes
payload 80 and one or more solar arrays 90. In certain

embodiments, satellite 10 may be a geosynchronous or

geostationary satellite although in alternative embodiments
any appropriate orbit for satellite 10 may be used. Satellite
10 represents a spot-beam network-access satellite con?g
ured to communicate with a population of user terminals 32
distributed across a de?ned coverage area. Each user termi

nal 32 in communication with satellite 10 is positioned
within at least one spot beam coverage region 30. User
terminals 32 are two-way capable and may be designed with
adequate transmit power and receive sensitivity to commu
nicate reliably with satellite 10. Satellite 10 communicates

with user terminals 32 by sending and receiving signals
through one or more spot beams 40.

[0032]

Satellite 10 communicates with gateway 20

through signals traveling in beam 60. Gateway 20 sends and
receives signals to and from satellite 10 using gateway
antenna system 22 located within gateway region 50. Gate
way 20 is connected to one or more networks 70. Network

70 may represent a local area network (LAN), metropolitan
area network (MAN), wide area network (WAN), global
communications network such as the Internet, a telephony
network, such as the Public Switched Telephone Network
(PSTN), or any other suitable public or private network.

[0033] FIG. 2 illustrates example spot beam coverage
regions 30 for spot-beam network-access satellite commu
nications system 100. In the embodiment shown, a pattern of
spot beam coverage regions 30 is used to provide coverage
for an example satellite coverage area 34. Satellite coverage
area 34 may include land masses, water or ocean areas, or a

combination of land masses and water areas. As shown in

FIG. 2, satellite coverage area 34 represents the continental

United States and portions of Alaska. Although any appro
priate pattern may be used for spot beam coverage regions
30, in certain embodiments, spot beam coverage regions 30
may be distributed in a pattern that provides continuous
coverage throughout satellite coverage area 34. In certain
embodiments, one or more spot beam coverage regions 30
may overlap at least in part with one or more other spot beam

coverage regions 30.
[0034]

In certain embodiments, network access may be

provided to the spot beam coverage regions 30 within
satellite coverage area 34 using one or more satellites 10. In

addition, each satellite 10 providing network access to

Mar. 6, 2008

horn 88, and beacon horn 89. Each feed horn cluster 84 may
include numerous feed horns 86. In operation, microwave
signals may be transmitted by one or more feed horns 86 and
then focused onto a particular region of the earth by antenna
re?ector 82. In certain embodiments, antenna re?ector 82
may represent a Ka band transmit re?ector, a Ka band

receive re?ector, or any appropriate re?ector for directing
the transmission path of microwave signals in the appropri
ate frequency band. In certain embodiments, particular
antenna re?ectors 82 and feed horn clusters 84 may be

utiliZed to transmit signals from satellite 10, while particular
antenna re?ectors 82 and feed horn clusters 84 may be
utiliZed to receive microwave signals at satellite 10. In
alternative embodiments, satellite 10 may utiliZe one or

more of two-way antennas, direct radiating antennas, array
antennas, or other electromagnetic transducers.
[0036] In operation, through the use of multiple feed horns
86 within a feed horn cluster 84, a plurality of spot beams
40 may be projected into satellite coverage area 34, such that
each spot beam 40 de?nes a particular spot beam coverage
region 30. Similarly, each particular feed horn 86 within a
feed horn cluster 84 may operate together with antenna
re?ector 82 to receive microwave signals within a particular
spot beam 40 from one or more user terminals 32 within a

particular spot beam coverage region 30. In certain embodi
ments, one or more dedicated feed horns 86 may be used to

transmit microwave signals through one or more beams 60
to one or more gateways 20 within gateway region 50. In

alternative embodiments, when a gateway 20 is located

within a particular spot beam coverage region 30, satellite
payload 80 may be con?gured such that a particular feed
horn 86 transmits (or receives) microwave signals to (or
from) one or more user terminals 32 and gateway 20. In

certain embodiments, a gateway region 50 may be included
within or overlap with one or more spot beam coverage

regions 30. In certain embodiments, a gateway region 50
may be entirely outside satellite coverage area 34.

[0037] Although feed horns are illustrated in the drawings
and identi?ed throughout this description, in certain embodi
ments other suitable microwave radiators can be used
together or as an alternative to feed horns. For example, and

not by way of limitation, other suitable microwave radiators
may include phased arrays, direct radiating apertures, slotted
arrays, and helical radiators. Various embodiments may be
utiliZed any suitable microwave radiator without departing
from the scope of the invention.
[0038] The operation of system 100 can be separated into
a forward (downstream) direction and a return (upstream)
direction. In the downstream direction, data arrives at gate
way 20 from network 70, gateway 20 transmits that data up
to satellite 10, and satellite 10 relays that data down in a spot
beam 40 to user terminal 32 in region 30. In the upstream
direction, user terminal 32 transmits data up to satellite 10,
satellite 10 relays that data down to gateway 20, and
gateway 20 forwards that data to network 70.

satellite coverage area 34 may receive signals from one or

[0039] Although the components of satellite payload 80

more gateways 20. In certain embodiments, each satellite 10

are described herein and illustrated in FIGS. 4-10A and 13

may receive signals from as many as ten or more gateways
20 to provide network access to user terminals 32 within

manipulate microwave signals, in alternative embodiments,

multiple spot beam coverage regions 30 in satellite coverage
area 34.

as analog components that may be used to guide and
one or more digital components may be used in addition to
or as an alternative to the use of analog components. For

[0035] FIG. 3 illustrates an example payload 80 for sat
ellite 10. Payload 80 includes antenna re?ectors 82, feed

example, satellite payload 80 may include one or more

horn clusters 84, telemetry command and ranging (TC&R)

or digital-to-analog converters. In various embodiments, one

analog-to-digital converters, digital signal processors, and/
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or more of the functions described herein may be performed

ments, more or feWer components may be utiliZed to provide

With analog components, digital components, or a combi
nation thereof Without departing from the scope of the
invention.
[0040] FIG. 4 illustrates an example doWnstream signal

the same, more, or feWer functions.

path through example components of satellite payload 80.
For example, In the embodiment shoWn, a microWave signal
may be received from gateWay antenna system 22, split into

multiple channels, ampli?ed, and transmitted through eight
different spot beams 40 to eight different spot beam coverage

regions 30. Although the example components may be
utiliZed to transmit signals through eight different spot
beams 40, in alternative embodiments, more or feWer com
ponents may be utiliZed to provide more or feWer functions
than those described beloW, and may be utiliZed to transmit
signals through more or feWer spot beams 40.

[0041]

Moving from left to right in FIG. 4, microWave

signals are received from gateWay 20 through beam 60 at

feed horn 86. The signals travel through polariZer 102 and
sWitch 104 into loW noise ampli?er 106. As With many of the

components described herein, Within satellite payload 80
many of the components may be implemented With redun
dancies designed to increase the longevity of satellite 10 in
the event of failure of one or more components. This

redundancy may be implemented through the use of multiple
components distributed in parallel or in a ring con?guration.
Although particular con?gurations are shoWn and described
herein as having speci?ed numbers and con?gurations of
redundant components, in alternative embodiments, any
appropriate number and con?guration of components may
be utiliZed to achieve the desired level of redundancy.
Accordingly, as shoWn in FIG. 4 there are tWo loW noise

ampli?ers 106 distributed in parallel along the signal path.
The signal traveling out of loW noise ampli?er 106 travels
through another sWitch 104 and into doWn converter 108.
Again, in the embodiment shoWn doWn converter 108 is
doubly redundant With tWo doWn converters 108 imple

mented in parallel along the signal path. From doWn con
verter 108, the signal travels through a third sWitch 104 and

into input multiplexer 110. In the embodiment shoWn, input
multiplexer 110 is a one-to-four multiplexer With one signal

input and four signal outputs. The four signal outputs shoWn
on the right side of input multiplexer 110 represent four
different channels from the input signal on the left-hand side
of input multiplexer 110. In this example embodiment, these
four output channels travel from input multiplexer 110 into
a bank of ring redundancy sWitches 112. In the embodiment

shoWn, ring redundancy sWitches 112 provide for six poten
tial signal paths for these four signal channels. The signal
channels traveling from ring redundancy sWitches 112 travel
through a channel ampli?er 114 and into traveling Wave tube
(TWT) ampli?er 116 before returning to a second bank of

ring redundancy sWitches 112. From the second bank of ring
redundancy sWitches 112, each signal channel travels to an
output multiplexer 118 Which divides each of these four
signal channels into tWo separate channels for a total of eight

signal channels. Each of these eight signal channels is then

polariZed using polariZer 102 and transmitted using feed

[0042] FIG. 5 illustrates an example upstream signal path
through example components of satellite payload 80. In the
embodiment shoWn, microWave signals may be received
from user terminals 32 located Within eight different spot
beam coverage regions 30 ampli?ed, combined into a single
composite signal, and transmitted through a spot-beam 60 to
gateWay antenna system 22. Although the example compo
nents may be utiliZed to receive signals from user terminals
32 located in eight different coverage areas 30, in alternative
embodiments, more or feWer components may be utiliZed to
provide more or feWer functions than those described beloW,
and may be utiliZed to receive signals from user terminals 32
located in more or feWer spot beam coverage regions 30.

[0043]

Moving from right to left in FIG. 5, upstream

communication signals are received from one or more user

terminals 32 through spot beam 40 at feed horn 86. The

communication signals then pass through polariZer 102 and
sWitch 104 into loW noise ampli?er 106. As shoWn in FIG.
5, loW noise ampli?er 106 is shoWn as tWo-for-one redun
dant With tWo loW noise ampli?ers 106 distributed in parallel

along the signal path. From loW noise ampli?er 106, the
signal passes through sWitch 104 and into input multiplexer
120. In the embodiment shoWn, the upstream signals from
eight different feed horns feed into input multiplexer 120
Which combines these eight signals into a single composite

signal. From input multiplexer 120, the composite signal
travels through sWitch 104 and into doWn converter 122. In
the embodiment shoWn, tWo for one sparing is utiliZed With
tWo doWn converters 122 distributed in parallel along the

signal path. From doWn converter 122, the composite signal
travels through sWitch 104, into. As With doWn converter
122, in the embodiment shoWn, tWo for one sparing is
utiliZed for channel ampli?er 114 and traveling Wave tube
ampli?er 116 With each of these components distributed in
parallel. From traveling Wave tube ampli?er 116, the com

posite signal travels through sWitch 104 and into transmis
sion ?lter 124. The composite signal is then polariZed using
polariZer 102 and transmitted by feed horn 86 through beam
60 to gateWay 20. In alternative embodiments, more or

feWer components may be utiliZed to provide the same,
more, or feWer functions.

[0044] In the embodiments shoWn in FIGS. 4 and 5,
communication signals traveling to and from gateWay 20
utiliZe a separate feed horn 86 from the feed horns 86
utiliZed for communications to and from user terminals 32.

HoWever, in alternative embodiments, as discussed above,
one or more feed horns 86 may send and/or receive com
munication signals to gateway 20 and one or more user

terminals 32.

[0045]

FIGS. 6A and 6B illustrate example upstream and

doWnstream signal paths through example components of
satellite payload 80, in Which one or more feed horns 86 are
utiliZed to communicate both With one or more gateWay
transmitters 22 and one or more user terminals 32.

Incremental Capacity

horn 86 through a spot beam 40 to one or more user

[0046]

terminals 32 Within particular spot beam coverage regions
30. In various embodiments, polariZers 102 may be imple

netWork access to a population of user terminals 32, numer

In embodiments of system 100 utiliZed to provide

mented for use With multi-band or dual-band signals utiliZ

ous gateWays 20 may be required. Each gateWay 20 may be
expensive to construct and may require costly manpoWer to

ing linear (vertical/horizontal) polariZation and/or circular
(left-hand/right-hand) polarization. In alternative embodi

maintain and operate. Following initial launch, satellite 10
may experience a light signal traf?c load for a period of time
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until demand increases. During this period of time, while
satellite 10 is operated below capacity, the number of
gateways 20 required to provide su?icient coverage may be
less than the entire set of gateways 20 required to support

fall capacity. Constructing and operating the entire set of
gateways 20 during initial operations when the satellite is
experiencing a light signal traffic load may be prohibitively
expensive. The ability to launch a new satellite and imme

?lter 2040. From channel ?lter 2040, the communication

signals travel through switch 202b (set at position “2”),
through power combiners 21211 through 2120, and are then
transmitted by feed horns 86b through 86d. The communi

cation signals received by feed horn 86h pass through
channel ?lter 206, through switch 2020 (set at position “2”),
through power combiners 212d through 212],‘ and are trans

mitted by feed horns 860 through 86g.
[0049] Using the example ?lter-and-switch approach illus
trated, spot beams 40a through 40f may be serviced at half

diately provide full geographic coverage with a smaller
number of gateways 20, and then add additional gateways
incrementally as required to support increasing demand, has
signi?cant economic advantages. One way to provide such
incremental capacity is through a “?lter-and-switch”
approach. A ?lter-and-switch approach allows the band
width (or channels) from certain gateways 20 to be divided

use in the upstream direction may be implemented in a

into two or more subsets, where each subset is assigned to

similar manner.

a group of feed horns 86 using switches within payload 80
of satellite 10.
[0047] FIG. 7 illustrates example components that may be
included in payload 80 to provide incremental satellite
capacity in the downstream direction using a ?lter-and
switch approach. In the example shown in FIG. 7, a single
gateway 20 may be used initially to provide network-access

capacity using a single gateway 20, as shown in FIG. 7 with
switches 202 set at position “1,” or serviced at full capacity
using two gateways 20, as shown in FIG. 7 with switches
202 set at position “2.” The ?lter-and-switch approach for

[0050]

In alternative embodiments, incremented capacity

may be provided with fewer ?lters and switches than used

with the “?lter-and-switch” approach. For example, such
incremental capacity may be provided using a “direct

connect” approach. Using the direct-connect approach, gate
ways 20 may be connected to spot beams 40 such that a ?rst

portion of each spot beam 40 capacity may be serviced by

Using these components, incremental capacity may be

a ?rst gateway 20 and a second portion of each spot beam
40 capacity may be serviced by a second gateway 20. This
approach can be extended and scaled to allow various

added through the use of switches 202 and the addition of an

portions of the capacity of particular spot beams 40 to be

additional gateway 20. In this initial con?guration, all of the
switches 202 are set to position “1” to support six spot beam
coverage regions 30 with a single gateway 20. Moving from
left to right in FIG. 7, the communication signals are initially
received at feed horn 8611 from beam 6011. In the single
gateway con?guration, the signals received at feed horn 86a

serviced by multiple gateways 20, such that the operational
capacities of these particular spot beams 40 increase in

to user terminals 32 located in six spot beam coverage

regions 30 associated with six different spot beams 40.

pass through switch 202a (set at position “I”) and into
channel ?lters 204a and 204b. Communication signals for
channels 1 through 3 pass from channel ?lter 20411 through
switch 202b (set at position “I”) and into power combiners
21211 through 2120. Using these components, the commu
nication signals associated with channel 1 are transmitted by
feed horn 86b to one or more user terminals 32 through spot

beam 40a. Similarly, the communication signals associated
with channel 2 are transmitted by feed horn 860 and the
communication signals associated with channel 3 are trans
mitted by feed horn 86d. The communication signals asso

ciated with channels 4 through 6 leave channel ?lter 204b,
pass through switch 2020 (set at position “I”), and arrive at

power combiners 212d through 212]. Using these compo
nents the communication signals associated with channel 4
are transmitted by feed horn 860 to one or more user

increments as each additional gateway 20 is built and
activated.

[0051] FIG. 8 illustrates example components that may be
included in satellite payload 80 to provide incremental
capacity in the downstream direction using a direct-connect
approach. In the example shown, a single gateway 20 may
be used to initially provide network access to user terminals

32 located in six spot beam coverage regions 30 associated
with six different feed horns 86. Using these components,
incremental capacity may be added without changing the
con?guration of the components in satellite payload 80.
Moving from left to right in FIG. 8, the communication
signals are initially received at feed horn 86a through beam
60a. The communication signals received at feed horn 8611
are directed through channel ?lter 20611. From channel ?lter

20611, the communications signals are split and directed
through six frequency selective power combiners. In the
embodiment shown, the communications signals are split
into six different wave paths; however, in alternative

terminals 32 through spot beam 4001. Similarly, the signals

embodiments, other variations may be used with an alter
native number of wave paths and/or power combiners.

associated with channel 5 are transmitted by feed horn 86f
and the communication signals associated with channel 6 are

[0052] As shown in FIG. 8, the communication signals
received by feed horn 8611 are ?ltered by channel ?lter 206a,

transmitted by feed horn 86g.
[0048] Using the ?lter-and-switch approach illustrated, the

split, directed through six different frequency selective
power combiners 21211 through 212f and transmitted by feed
horns 86b through 86g. The communication signals received

capacity of satellite 10 may be increased by adding an
additional gateway 20 to support the six spot beam coverage
regions 30. In this con?guration, all of switches 202 are set
to position “2,” such that feed horns 86b through 86d are
supported by a ?rst gateway 20 in communication with feed
horn 86a and feed horns 860 through 86g are supported by

by feed horn 86h are directed to channel ?lter 206b. From

channel ?lter 206b, the communications signals are split six
ways through the use of a microwave signal splitter or other
appropriate device. In the embodiment shown, the commu
nications signals are split into six different wave paths;

a second gateway 20 in communication with feed horn 86h.

however, in alternative embodiments, other variations may

In this con?guration, moving from left to right in FIG. 7, the

be used with an alternative number of wave paths. In

communication signals received at feed horn 86a pass

addition, although the number of wave paths used for the
communications signals received by feed horn 86a is the

through switch 202a (set at position “2”) and into channel

