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METHOD AND APPARATUS FOR A TRIPLE
USE SATELLITE SYSTEM

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present application is a continuation of U.S.
application Ser No. 13/086,628, filed Apr. 14, 2011, which
claims priority to Provisional Application No. 61/324,103,
filed on Apr. 14, 2010, the entire contents of each of which are
hereby incorporated by reference.

BACKGROUND

[0002] Conventional satellite systems may be based on a
single-use satellite design which may provide either a single,
broad coverage beam, or many small spot beams. Satellite
systems may provide service to a particular geographic region
in one of two ways: a single (or a few) large broadcast beams
providing a broadcast service, or many smaller spot beams,
the union of whose coverage areas may encompass the
desired geographic coverage and provide broadband service.
The many current Ku band satellites in use today may be
representative satellites with broadcast beams, and the Space-
way, AMC-15, and HYLAS satellites may be examples of
satellites with spot beams. Either satellite type may represent
a substantial investment to develop and launch. A region
which desired broadband, broadcast, and interactive broad-
cast service may require coverage from two or more satellites,
including one of each type. Some regions may not merit the
expense of two or more satellites that may be needed to
provide the three types of services.

SUMMARY

[0003] It is an object of the present invention to provide a
method and apparatus for a triple use satellite system.
[0004] In accordance with an aspect of the present inven-
tion, a triple use satellite system includes a VSAT population
including a VSAT and a satellite including a broadcast beam
for a broadcast service and spot beams for a broadband ser-
vice, where each of the spot beams provides broadband ser-
vice to VSATs in separate coverage areas in a geographic
region and the broadcast beam provides a broadcast service to
the VSAT population in the geographic region.

[0005] Additional objects, advantages and novel features of
the invention are set forth in part in the description which
follows, and in part will become apparent to those skilled in
the art upon examination of the following or may be learned
by practice of the invention. The objects and advantages of the
invention may berealized and attained by means of the instru-
mentalities and combinations particularly pointed out in the
appended claims.

[0006] Additional features and advantages are described
herein, and will be apparent from the following Detailed
Description and the figures.

BRIEF DESCRIPTION OF THE FIGURES

[0007] FIG. 1 depicts an exemplary triple use satellite sys-
tem.
[0008] FIG. 2 depicts an exemplary satellite coverage plan

for a triple use satellite system.

[0009] FIG. 3 depicts an exemplary downlink frequency
plan.
[0010] FIG. 4 depicts an exemplary procedure for provid-

ing a triple use satellite system.
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DETAILED DESCRIPTION

[0011] Embodiments of the present application will be
described below in detail with reference to the drawings.
[0012] FIG. 1 depicts an exemplary triple use satellite sys-
tem. The triple use satellite system may include a hub 101, a
Very Small Aperture Terminal (VSAT) population 102, a
satellite 103, and the Internet 104.

[0013] The hub 101 may be a hub or gateway for a satellite
communications system, and may be connected to the VSATs
in the VSAT population 102 through the satellite 103. Feeder
links 108 may carry data between the hubs and the satellite
103, and may include a forward uplink 109 for transmitting
data from a hub to the satellite 103, and the return downlink
110 for transmitting data from the satellite to a hub. User
broadband links 111 may carry data between the satellite 103
and the VSATs, and may include the return uplink 112 for
transmitting data from a VSAT to the satellite 103, and a
forward downlink 113 for transmitting data from the satellite
103 to a VSAT. The user broadband links 111 may enable the
provision of broadband service to the VSATs. A broadcast
downlink 114 may also be transmitted to the VSAT popula-
tion 102 by the satellite 103. The hub 101 may be a high
capacity, large antenna earth station with connectivity to
ground telecommunications infrastructure.

[0014] The VSAT population 102 may include a number of
VSATs, which may be used by end users to access the satellite
communications system. A VSAT may include a remote sat-
ellite dish for receiving RF signals from and transmitting RF
signals to the satellite 103, a satellite modem and other equip-
ment for managing the sending and receiving of data, and one
or more remote hosts, which may be computer systems or
other electronic devices capable of network communications
at a site remote from the hub 101. For example, a VSAT may
beused at aresidence or place of business to provide access to
the Internet 104.

[0015] The satellite 103 may be any suitable communica-
tions satellite for connecting the hub 101 to the remote hosts
116. The satellite 103 may use spot beams and frequency and
polarization reuse to maximize the total capacity of the sys-
tem. Signals passing through the satellite 103 in the forward
direction, towards the VSATs, may be based on the DVB S.2
standard (ETSI EN 302 307) using signal constellations up to
and including at least 16-APSK. The signals intended to pass
through the satellite 103 in the return direction, toward the
hubs, may be based on the IPoS standard (ETSI TS 102 354).
Other suitable signal types may also be used in either direc-
tion, including, for example higher data rate variations of
DVB S.2.

[0016] The hub 101 may be connected to the Internet 104.
Remote terminals connected to VSATs in the VSAT popula-
tion 102 may connect to the Internet 104 through the satellite
103 and the hub 101. Data sent from the VSAT to the Internet
104 may be transmitted to the satellite 103 on the return
uplink 112, then from the satellite 103 to the hub 101 using the
return downlink 110. The hub 101 may then transmit the data
to the Internet 104. Data from the Internet 104 may be sent to
a VSAT in the VSAT population 102 by being transmitted to
the hub 101, then to the satellite 103 on the forward uplink
109, and then to the VSAT using the forward downlink 113.
[0017] For example, a computer connected to a VSAT may
wish to access a specific web page on the Internet 104. Data
requesting the web page may be sent from the VSAT to the
satellite 103 on the return uplink 112. The satellite 103 may
send the request to the hub 101 on the return downlink 110.
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The hub 101 may then access the data for the requested web
page from the Internet 104, and send the web page data to the
satellite 103 on the forward uplink 109. The satellite 103 may
send the web page data to the requesting VS AT on the forward
downlink 113, where the web page data may be passed to the
requesting computer connected to the VSAT.

[0018] The satellite 103 may be responsible for providing
access to the satellite communications system to more than
one VSAT from the VSAT population 102, and there may be
more than one satellite 103. The satellite 103 may also be
responsible for providing a broadcast service.

[0019] FIG. 2 depicts an exemplary satellite coverage plan
for a triple use satellite service. An exemplary satellite cov-
erage plan for India may require 52 spot beams carrying the
forward downlink 113, creating 52 separate coverage areas
201. By dividing the geographic area among 52 coverage
areas 201, the VSAT population 102 in each of the coverage
areas 201 may be provided with broadband service. The spot
beams may be capable of tens of Gigabits per second (Gbps)
of forward capacity because of the extensive frequency reuse
that many spot beams allow.

[0020] Ifabroadcast service, where, for example, the same
data is sent to the entire VSAT population 102 in a geographic
area, were offered for all of the coverage areas 201, the data
for the broadcast service may need to be carried separately on
each of the 52 spot beams. This may be an inefficient use of
bandwidth, as the broadcast data would be repeated 52 times.
[0021] Instead of repeating the broadcast data 52 times
across the spot beams, the satellite 103 may overlay a single
broadcast beam across all of the spot beams. The broadcast
beam may create a broadcast coverage area 202, which may
encompass all of the coverage areas 201 covered by the spot
beams. Using the broadcast beam, which may carry the
broadcast downlink 114, broadcast data may be sent only
once to the entire geographic area, where the data may be
received by the entire VSAT population 102. The broadband
service provided in the coverage areas 201 by the 52 spot
beams may continue to operate normally. If the frequency
bands used by the broadband and broadcast services are dis-
joint, for example, if the Ka band is used for the broadband
beams and the Ku band for the broadcast beam, there may be
no interference between the two services. The resources in the
satellite 103, for example the amplifiers, power, and so on,
may be divided between the two services in proportion to the
services’ requirements.

[0022] The satellite 103 may include one or more antennas
including one or more feed horns and one or more reflectors.
A satellite 103 with spot beams may have a number of feed
horns pointing to each reflector, and the positions of the feed
horns may determine where on the earth’s surface the spot
beams fall. A broadcast satellite 103 may have a shaped
reflector whose shape may cause the broadcast beam to take
on the shape of the coverage area, for example the broadcast
coverage area 202. Because the area of illumination of the
reflector is different between the spot beams and the broad-
cast beam, the shaping of the reflector may not affect the
shapes of the spot beams in the same way as for the broadcast
beam, so the same reflector may be used for both spot beams
and for the shaped broadcast beam on the satellite 103. The
satellite 103 may also include separate reflectors for the
broadcast beam and the spot beams.

[0023] The architecture of the satellite 103 payload may be
the same for the broadcast service and for the forward path of
the broadband service. Data from the hub 101 may be trans-
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mitted on the forward uplink 109 to the satellite 103. The
satellite 103 may frequency translate the forward uplink 109
and retransmit the data to the ground using either the broad-
cast beam carrying the broadcast downlink 114 or the spot
beam carrying the forward downlink 113 for the broadband
service. The number and bandwidth of each such channel
may be sized to suit the traffic needs of the respective service.
[0024] If disjoint frequency bands are not available, the
broadcast beam may interfere with the spot beams if fre-
quency usage isn’t managed properly. This may result in a
degradation of the bandwidth available to the VSAT popula-
tion 102 on the broadband service.

[0025] FIG. 3 depicts an exemplary downlink frequency
plan. If disjoint frequency bands aren’t available for the
broadcast service and the broadband service, the available
bandwidth may be managed to prevent interference. For
example, at Ka band frequencies, international allocations
may provide for 1.5 GHz of bandwidth 301. Producing low-
cost VSATSs that are able to receive that amount of bandwidth
may be problematic, as conventional receivers may receive
only 1 GHz of bandwidth without changes in the local oscil-
lator structure of the VSAT’s receiver. Such conventional
designs may provide only a little more than % of the band-
width in each of two variations of VSATs. Half of the VSAT's
in the VSAT population 102 may be capable of operating on
the upper half of the bandwidth 301, and the other half may
operate on the lower half of the bandwidth 301.

[0026] Thebandwidth301 may be divided into three bands.
A low frequency band 302 serving approximately half of the
VSATs with broadband for the forward downlink 113, a high
frequency band 303 serving the other half of the VSATs with
broadband for the forward downlink 113, and a middle broad-
cast band 304, which may be used for the broadcast beam
carrying the broadcast downlink 114. For example, the low
frequency band 302 may be the first 650 MHz of the band-
width 301, the high frequency band 303 may be the last 650
MHz of the bandwidth 301, and the middle broadcast band
304 may be the 200 MHz in between. The bandwidth may be
allocated in any other suitable manner according the needs of
the broadband and broadcast services, for example, increas-
ing or decreasing the size of the middle broadcast band 304.
[0027] A low-frequency VSAT 305 may receive the low
frequency band 302 plus the middle broadcast band 304, and
a high-frequency VSAT 306 may receive the middle broad-
castband 304 plus the high frequency band 303. For example,
the low-frequency VSAT 305 may receive the first 850 MHz
of'the bandwidth 301, and the high-frequency VSAT 306 may
receive the last 850 MHz of the bandwidth 301, resulting in
both receiving the middle 200 MHz. In this way, every VSAT
in the VSAT population 102 may be capable of receiving both
the broadband service and the broadcast service, without
requiring that the broadcast downlink 114 be sent twice, and
without the broadcast service interfering with the broadband
service.

[0028] The broadcast service provided by the satellite 103
in the broadcast coverage area 202 may be interactive. The
return uplink 112 from a VSAT to the satellite 103 may allow
for end users of the VSAT to interact with the broadband
service of the satellite system by sending outgoing data from
the VSAT back to the hub 101, for example, to request web
pages or send out email. The return uplink 112 may also be
used to allow the end users to interact with the broadband
service. For example, end users may use the return uplink 112
to request that specific types of information be included in the
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broadcast downlink 114. This may require no modifications
to the VSATSs, as the VS ATs may already be configured to use
the return uplink 112 as part of the broadband service.
[0029] FIG. 4 depicts an exemplary procedure for provid-
ing a triple use satellite system. In block 401, the satellite 103
may be configured to use a broadcast beam. The number of
satellites 103 configured to use a broadcast beam may depend
on the size of the area to be covered, the number of broadcast
coverage areas 202 that are desired, and the number of broad-
castbeams that may be supported by a single satellite 103. For
example, as in FIG. 2, one broadcast beam from one satellite
103 may be use to provide broadcast coverage to an entire
geographic region. As another example, a separate broadcast
beam may be desired for each time zone in a geographic
region, to allow for the broadcast data to be time appropriate
for each time zone. For example, the continental United
States has four time zones, so four separate broadcast beams
may be configured on four separate satellites 103, or four
broadcast beams may be configured on one satellite 103, with
each broadcast beam providing broadcast coverage to a sepa-
rate time zone.

[0030] In block 402, the VSATs may be configured to
receive the broadcast beam. For example, the VSATs in the
VSAT population 102 may be configured to receive only a
portion of the total available bandwidth. The portion of the
bandwidth received by the VSATs may be configured to
always include a portion of the bandwidth dedicated to the
broadcast service. For example, if a VSAT can receive only 1
GHz of 1.5 GHz of total available bandwidth, and the broad-
cast service uses bandwidth between 650 MHz from the start
of'the spectrum to 850 MHz from the start of the spectrum, the
VSAT may be configured to always receive between 650
MHz from the start of the spectrum to 850 MHz from the start
of the spectrum.

[0031] In block 403, the hub 101 may be configured to
receive upstream data for an interactive broadcast beam from
the VSATs. A VSAT may use the broadband return uplink 112
to send data for interacting with the broadcast service to the
satellite 103. The satellite 103 may relay this data to the hub
101 using the return downlink 110, where the data may be
mixed in with data for interacting with the broadband service.
The hub 101 may be configured to separate out the data for
interacting with the broadcast service from other incoming
data, allowing the hub 101 to affect the data carried on the
broadcast downlink 114 in the appropriate manner.

[0032] Inblock 404, a broadband service may be provided
to the VSAT population 102 by spot beams. The satellite 103
may provide broadband service to the VSAT population 102
of a geographic region by focusing spot beams on various
coverage areas 201 in the geographic region. Each spot beam
may cover a separate coverage area 201, allowing for fre-
quency reuse so all of the VSAT's in the VSAT population 102
may have access to enough bandwidth to allow for broadband
service. Additional satellites 103 may be used to provide spot
beams to the coverage areas 201, depending on how many
spot beams each satellite 103 can support, the number of
coverage areas 201 needed to cover the VSAT population 102
in the geographic region, and the desired amount of band-
width to be made available to each VSAT.

[0033] Inblock 405, a broadcast service may be provided to
the VSAT population 102 by the broadcast beam configured
in block 401. The satellite 103 may provide broadcast service
to the VSAT population of the geographic region by shaping
a broadcast beam to cover all of the coverage areas 201
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already covered by spot beams. The broadcast coverage area
202 may encompass the entire VSAT population 102 with a
single broadcast beam. Alternatively, the geographic region
may be divided into several broadcast coverage areas 202, and
additional broadcast beams may be used to provide broadcast
service. The additional broadcast beams may require the use
of additional satellites 103 with broadcast beams.

[0034] Asused herein, a “computer” or “computer system”
may be, for example and without limitation, either alone or in
combination, a personal computer (PC), server-based com-
puter, main frame, server, microcomputer, minicomputer,
laptop, personal data assistant (PDA), cellular phone, pager,
processor, including wireless and/or wire line varieties
thereof, and/or any other computerized device capable of
configuration for receiving, storing and/or processing data for
standalone application and/or over a networked medium or
media. Examples of communication media that can be
employed include, without limitation, wireless data net-
works, wire line networks, and/or a variety of networked
media.

[0035] Computers and computer systems described herein
may include operatively associated computer-readable media
such as memory for storing software applications used in
obtaining, processing, storing and/or communicating data. It
can be appreciated that such memory can be internal, exter-
nal, remote or local with respect to its operatively associated
computer or computer system. Memory may also include any
means for storing software or other instructions including, for
example and without limitation, a hard disk, an optical disk,
floppy disk, DVD, compact disc, memory stick, ROM (read
only memory), RAM (random access memory), PROM (pro-
grammable ROM), EEPROM (extended erasable PROM),
and/or other like computer-readable media.

[0036] In general, computer-readable media may include
any medium capable of being a carrier for an electronic signal
representative of data stored, communicated or processed in
accordance with embodiments of the present invention.
Where applicable, method steps described herein may be
embodied or executed as instructions stored on a computer-
readable medium or media.

[0037] It is to be understood that the figures and descrip-
tions of the present invention have been simplified to illustrate
elements that are relevant for a clear understanding of the
present invention, while eliminating, for purposes of clarity,
other elements. Those of ordinary skill in the art will recog-
nize, however, that these and other elements may be desirable.
However, because such elements are well known in the art,
and because they do not facilitate a better understanding of
the present invention, a discussion of such elements is not
provided herein. It should be appreciated that the figures are
presented for illustrative purposes and not as construction
drawings. Omitted details and modifications or alternative
embodiments are within the purview of persons of ordinary
skill in the art.

[0038] It can be appreciated that, in certain aspects of the
present invention, a single component may be replaced by
multiple components, and multiple components may be
replaced by a single component, to provide an element or
structure or to perform a given function or functions. Except
where such substitution would not be operative to practice
certain embodiments of the present invention, such substitu-
tion is considered within the scope of the present invention.

[0039] The examples presented herein are intended to illus-
trate potential and specific implementations of the present
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invention. It can be appreciated that the examples are
intended primarily for purposes of illustration of the inven-
tion for those skilled in the art. The diagrams depicted herein
are provided by way of example. There may be variations to
these diagrams or the operations described herein without
departing from the spirit of the invention. For instance, in
certain cases, method steps or operations may be performed
or executed in differing order, or operations may be added,
deleted or modified.

[0040] Furthermore, whereas particular embodiments of
the invention have been described herein for the purpose of
illustrating the invention and not for the purpose of limiting
the same, it will be appreciated by those of ordinary skill in
the art that numerous variations of the details, materials and
arrangement of elements, steps, structures, and/or parts may
be made within the principle and scope of the invention with-
out departing from the invention as described in the following
claims.

What is claimed is:

1. A triple use satellite apparatus comprising:

a satellite comprising at least one spot beam for a broad-
band service and at least one broadcast beam for a broad-
cast service.

2. The apparatus of claim 1, wherein the satellite further
comprises a shaped reflector for the broadcast beam, wherein
the reflector is shaped to direct the broadcast beam over a
geographic region.

3. The apparatus of claim 2, wherein the at least one spot
beam uses the shaped reflector.

4. The apparatus of claim 1, wherein the satellite further
comprises a reflector for the at least one spot beam that is
separate from the shaped reflector.

5. The apparatus of claim 1, wherein the broadcast beam
comprises a broadcast downlink.

6. The apparatus of claim 1, wherein the satellite further
comprises receiving equipment for receiving a return uplink
from a VSAT, wherein the return uplink comprises data for
interacting with the broadcast service.

7. The apparatus of claim 1, wherein the at least one spot
beam for a broadband service and the at least one broadcast
beam for a broadcast service use disjoint frequency bands.

8. The apparatus of claim 1, wherein the at least one spot
beam for a broadband service and the at least one broadcast
beam for a broadcast service are separated on a continuous
frequency band.

9. A triple use satellite system comprising:

a VSAT population comprising at least two VSATs; and

at least one satellite comprising at least one broadcast beam
for a broadcast service and at least one spot beam for a
broadband service,
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wherein each of the at least one spot beams provides broad-
band service to VSATs in separate coverage areas in a
geographic region, and

wherein the at least one broadcast beam provides a broad-

cast service to the VSAT population in the geographic
region.

10. The system of claim 9, wherein half of the VSATs in the
VSAT population receive a lower portion of a frequency band
and the other half of the VSATs in the VSAT population
receive an upper portion of a frequency band.

11. The system of claim 9, wherein the lower portion and
upper portion of the frequency band overlap in a middle
portion, and wherein the broadcast service uses the middle
portion of the frequency band for the broadcast beam.

12. The system of claim 9, wherein the VSAT population
uses a return uplink for the broadband service to interact with
the broadcast service.

13. The system of claim 9, wherein the geographic region
is divided into at least two broadcast coverage areas, and
wherein broadcast service is provided to each broadcast cov-
erage area by a separate broadcast beam.

14. A method for providing a triple use satellite system
comprising:

providing a broadcast beam for a broadcast service to a

broadcast coverage area from a satellite;

providing a plurality of spot beams for a broadband service

to a plurality of coverage areas within the broadcast
coverage area from a satellite; and

receiving at the satellite a return uplink comprising data for

interacting with the broadcast service.

15. The method of claim 14, further comprising:

configuring a VSAT in the broadcast coverage area to

receive the broadcast beam.

16. The method of claim 14, further comprising:

configuring a hub to process the data for interacting with

the broadcast service.

17. The method of claim 14, further comprising:

providing a second broadcast beam for a second broadcast

coverage area, wherein the broadcast coverage area and
second broadcast coverage area overlap minimally and
cover the plurality of coverage areas.

18. The method of claim 14, wherein the broadcast beam
and the spot beams use disjoint frequency bands.

19. The method of claim 14, wherein the broadcast beam
and the spot beams are separated on a continuous frequency
band.
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