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Executive Summary

A typical HTS can supply hundreds of spot beams; the
corresponding throughput of the satellite increases in
direct proportion to the frequency re-use. This gives an
HTS a capacity to deliver hundreds of gigabits per second
(Gbps) of data; new HTSs typically deliver download speeds
of more than 10 Mbps to individual customers. A single
third-generation Ka-band HTS can support 2-3 million
subscribers.

Asian demand for satellite services has grown rapidly in
recent years, largely on the strength of the growing directto-home (DTH) broadcasting industry, internet demand
and mobile telecoms backhaul. As a result, in some regions
demand for transponders has outstripped supply.
The
industry’s ability to add new capacity is constrained by
spectrum availability (sometimes caused by regulatory
constraints, in some markets).

The increase in capacity has brought with it a corresponding
decrease in the cost of bandwidth, making possible
provision of telecommunication services that would not
have been profitable with a conventional satellite.

However, satellite platforms using new spectrum resources
in the Ka-band are on the horizon. The Ka-band frequencies
promise new opportunities for DTH broadcasters as well as
for a relatively new market – the supply of satellite-based
broadband services to individuals and companies.
There is a “killer app” for satellites in Asia: direct-tohome television transmission. DTH services have grown
exponentially in recent years, and in certain areas (notably
India) satellite capacity constraints are inhibiting further
growth of broadcasting.
The Ka-band had been in use for many decades for
traditional telecom applications. The development of new
High Throughput Satellite (HTS) technologies now makes
these frequencies highly economical. Ka-band based HTS
networks have been established in other regions and are
now arriving in Asia.
Technological developments that are key to the perceived
economic advantages and rising deployment of Ka-band
transponders include:

Ka-Band Gateways Antenna Systems

• Development of high-gain spot beams that make
possible frequency re-use up to 20-fold over broadarea beams.
• Advances in adaptive and variable coding schemes
that have made Ka-band transmission more robust in
the face of rain fade.

This overview provides general information and analysis; an online supplement
for CASBAA members includes a survey of major HTS networks in Asia
and elsewhere, and is available through the CASBAA Members’ Zone at
http://www.casbaa.com/hts
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For DTH broadcasters, the use of powerful spot beams
makes it possible to achieve greater reliability in serving
consumers with relatively small antennas. The high
bandwidth availability, coupled with advances in coding
(MPEG-4 and beyond), make such beams very well suited
for delivery of HD programming to match the growth in
flat-screen TV availability in Asian households. And small
beams re-using frequencies also make possible more
localized DTH services for regional linguistic and cultural
groups.

In addition, the distinction is becoming increasingly blurred
between traditional fixed satellite services (FSS) and mobile
satellite services (e.g. shipboard services). The trend
toward convergence of the two types of services is being
accelerated by the availability of relatively inexpensive Kaband capacity that can serve both markets.

Introduction
Recent analysis provides two clear trends for satellite communications:
• There is rapid growth in HTSs operating in the Ka-band delivering such services as fast Internet
connectivity. This trend is driven mainly by the much lower cost per bit offered by HTS platforms, which
allows satellite operators to offer services to consumers at reasonable rates and also be profitable.
• The distinction between fixed-satellite service (FSS) and mobile-satellite service (MSS) is being blurred
as there is an increasing convergence of these services. This is not a new development, but a trend
that has been gaining momentum over recent years.
This paper briefly explains the main characteristics of HTSs operating in the Ka-band, and discusses
possible uses of these satellites in Asia – to provide consumer broadband as well as new DTH services.
The paper will also illustrate, using some of the services offered by Ka-band satellites, how traditional
FSS and MSS services are merging. Finally, the paper describes some of the frequency coordination
challenges facing the operators of a HTS network.

2

1. High Throughput Satellites (HTSs)

bandwidth. HTSs could be a game changer.
Changing the game, however, requires available spectrum.
With saturation of available satellite spectrum in many
regions in the C- and Ku- bands, industry attention turned
to the relatively unused Ka-band frequencies. In these
frequencies, there is high bandwidth available, and highgain multi-spot beams can be used which (for a given size of
satellite antenna), are smaller and permit higher frequency
re-use, thus achieving remarkable efficiency gains. Virtually
all HTSs file to use 3.5 GHz of uplink bandwidth and 3.5 GHz
for downlink. Such bandwidth is not generally available in
the lower frequency satellite spectrum.

HTSs are characterized by many small beams (up to about
200) with high gain. The high gain of the small spot beams
allows for closing the link to relatively small user terminals
and it also allows for multiple frequency re-use. Due to
the high frequency re-use factor (up to, say 20-fold, in a
practical case) the resulting throughput of the satellite is in
the range of hundreds of Gbps.
The high throughput of these platforms means that the
cost per bit is reduced dramatically. While most HTSs that
have been placed in service so far are being used to provide
consumer satellite broadband services, other traditional
satellite services such as DTH TV, VSAT connectivity
to enterprises and governments, satellite-aided news
gathering, etc. benefit from this lower cost of delivering

Eutelsat KA-SAT
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First Services
In the 1990s some satellite operators tried to make a business of selling Ka-band capacity using a
small Ka-band payload on a primarily C- or Ku-band satellite. The Ka-band beam was typically a widearea beam with little or no frequency re-use. Also, the Ka-band technology was not fully developed.
This type of business using wide-area beams had a very limited commercial success.
The first commercial HTS was IPSTAR (Thaicom-4) operating in the Ku-band. The remaining commercial
HTSs operate in the Ka-band. In the USA and Canada the first HTS service was provided on Canadabased Telesat’s Anik F2. The first dedicated HTS in North America was the WildBlue satellite. In
Europe, the first dedicated HTS was the Eutelsat KA-SAT.

Second and Third Generation Broadband VSAT Systems
The new HTSs launched in 2010 typically have a download speed for the individual customer of more
than 10 Mbps; they have also been called third generation broadband VSAT systems. Examples are
the ViaSat-1 and KA-SAT platforms. (Second generation broadband VSAT systems typically have a
download speed to the individual customer up to 3 – 5 Mbps.) The throughput achievable with third
generation Ka-band HTSs allows one satellite to support 2 – 3 million subscribers.
Many satellite operators are operating smaller Ka-band payloads consisting typically of 5 – 10 Kaband spot beams on a satellite that also carries a C- and/or Ku-band payload. Such operators may
or may not want to eventually launch a full scale dedicated Ka-band HTS. These smaller Ka-band
payloads are a good way to test the market and to build up a client base for an eventual full scale
dedicated HTS if the market warrants it.

A survey of HTS networks is available to CASBAA members at http://www.casbaa.com/hts
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2. New Frequencies and New
Services for DTH

broadcasting-satellite service (BSS)1 in ITU Regions 1 and 3
(Europe, Africa, Asia and Oceania), with an effective date of
April 1, 2007. Interim procedures contained in Resolution
525 called, inter alia, for access on a first-come-first-served
basis (even though normally according to the ITU’s Radio
Regulations, allocations to a BSS must be “planned.”) 2

There is a “killer app” for satellites in Asia: direct-tohome television transmission. DTH services have grown
exponentially in recent years, and in certain areas (notably
India) satellite capacity constraints are inhibiting further
growth of broadcasting.

In the application of the interim procedures a relatively
small number of administrations submitted well over
600 filings for capacity in this band (21.4-22 GHz). Other
administrations were concerned there would be no capacity
left for them, and this led to WRC-2012 adoption of special
provisions (to be applied only once) to try to guarantee
equitable access to this spectrum. These procedures
include queue jumping and stricter requirements for
submission of due diligence information to the ITU.

One use of the Ka-band likely to arrive in Asia in the coming
years is the creation of new DTH television broadcasting
services. The increased spectrum available through Kaband satellites is expected to benefit both transmission
of HD (or even ultra-high-definition) programming and
creation of “spot beam” DTH services that serve defined
local areas (as is already the case in the USA where local
broadcast services are beamed to specific regions by
satellite spot beams).

1 DTH television services can be provided in bands allocated for
both BSS and FSS.
2 In general, the bands used for the “planned” satellite services
provide a beam and associated frequencies with a national service
area for each administration. The  “unpalnned” frequency bands
are accessed on a first-come, first-served basis.

Arrival of such services has been facilitated by maturation
of regulatory processes that began two decades ago.
WARC-1992 allocated the 21.4-22 GHz band to the

KA-SAT Spotbeam

5

Presently there are no operating satellites in the 21.4-22
GHz band, but several satellites using the band are planned.
Some of the possible uses foreseen for broadcasting
services in this band include ultra-high-definition television
and large-screen digital imagery.

screens larger than about 36 inches the increased picture
quality of HD TV is acutely visible. The increased bandwidth
necessary to provide more HD programming could be
accommodated on Ka-band high throughput satellites.
Technical characteristics also facilitate use of HTSs for DTH
service. WRC-2012 adopted technical specifications for
satellite downlinks that aim at providing a yearly availability
of Ka-band DTH transmissions of 99.95% in most rain
climatic zones. Even where the main function of a Ka-band
HTS satellite is to provide two-way consumer broadband
communication, the proximity in frequencies (see Annex
1) mean that DTH one-way downlinks can more easily be
accommodated on the same satellite.

But “traditional” DTH-HD services may present a more
likely use for Ka-band. Availability of new spectrum
could facilitate expansion of competitive DTH services in
spectrum-challenged regions of Asia, including expanded
multi-channel SD/HD offerings. This would be in keeping
with existing trends in consumer equipment purchases:
there has been a drastic reduction in the price of flat screen
TVs, which are now very popular throughout Asia. On flat

The multi-beam satellite antenna pattern of an HTS is well suited to providing DTH services on a localized
basis. Such broadcasts could serve defined regional or linguistic communities, with closer definition than
with current Ku-band beams (as in South India).
An example of such a service is the huge spaceway project in the USA, where spot beams allow DTH
operators to serve local areas with transmissions from their local broadcasters. Spaceway 1 and 2 HTSs
are being used in this way by DTH operator DirectTV. (The Spaceway 1, 2 and 3 satellites were originally
built to provide high speed Internet connectivity using multiple Ka-band spot beams. However, at the
time of construction of these satellites there was a stronger-than-expected demand for DTH TV. Hughes
asked Boeing to modify the Spaceway 1 and 2 satellites to provide simple turnaround “bent pipe” DTH
broadcasts, and disable the regenerative onboard processing of the original system that was to be used
for broadband satellite communications. The multiple spot beam configurations of these spacecraft
meant that they could be used for local-into-local transmission. Only the Spaceway 3 satellite was used
as originally intended.)
It is expected that the new 21.4-22 GHz BSS bands will typically provide a national service. However, if
the service area is large enough (e.g. India, China, Russia), it could be covered with several spot beams
with each spot beam catering to a specific language or cultural group.
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3. Convergence of FSS and MSS

An Example of a Mobile Ku- and
Ka-band Network - Yonder ® Mobile
Broadband Service

According to standard ITU definitions, “fixed” satellite
services use ground antennas that remain in a fixed
location, while “mobile” satellite services communicate
with transportable terrestrial dishes. Traditionally MSS
applications have used lower frequencies such as the
L- and S-bands. However, in order to satisfy demand for
higher capacity, MSS applications are moving to higher
frequencies where more spectrum is available. There is a
convergence of the applications provided under the FSS and
MSS categories. This convergence is not new. For example,
WRC-03 adopted a regulation allowing earth stations onboard vessels (ESVs, a mobile service) to operate on a
primary basis using frequencies in the FSS C- and Ku-bands.
WRC-03 also took decisions that allowed aeronautical
mobile-satellite service (AMSS) applications to operate in
the band 14.0 – 14.5 GHz on a secondary basis.

In 2007 ViaSat partnered with KVH Industries Inc. to build
the Yonder® mobile broadband network using 10 Ku-band
transponders on various satellites. There are presently
eight terrestrial gateways located around the globe and the
service is now nearly global. The service provides download
speeds up to 10 Mbps and upload speeds up to 512 kbps
serving airborne, maritime and various ground-mobile
customers including government and defense customers.
The ViaSat ArcLight® system patented by ViaSat is the heart
of this mobile satellite broadband network. The system
uses DVB in the forward channel and a version of CDMA
which ViaSat calls Code Reuse Multiple Access (CRMA) in
the return channel. The return channel uses the same
transponder bandwidth as the forward channel. The
hub terminal uses ViaSat’s patented bandwidth sharing
technique called Paired Carrier Multiple Access (PCMA).
This technique cancels, at the hub, its own forward
transmission in order to detect the lower power return
transmissions from the small remote terminals.

These ESV and AMSS applications are implemented within
frequencies assigned to FSS services, but specific technical
parameters are used for the stable antenna platforms, to
ensure that the interference levels reaching satellites in
geostationary orbit never exceed the levels agreed to in the
frequency coordination process.
Ka-band satellites are well-suited to these applications
because of:
• Lower per bit cost due to much greater spectrum
efficiency because of frequency re-use possible with
the narrow spot beams of a HTS;
• Higher frequency and higher received power of spot
beams lead to use of smaller user terminals with better
performance;
• Greater amount of spectrum available in Ka-band leads
to higher speed available to each customer.
Various regulatory bodies including the ITU are proceeding
with work to accommodate mobile services within the FSS
in the Ka-band. As this convergence is being accommodated
by regulators, deployment of commercial Ka-band MSS
applications becomes increasingly economical.

ViaSat ArcLight® system
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Ka-band Satellites used to provide Yonder® Service
Viasat-1
In September, 2010 ViaSat announced a partnership agreement with JetBlue to deploy the first Ka-band
commercial aviation broadband network on its more than 170 aircraft using ViaSat-1 over the USA and
Canada.
Yahsat
On March 3, 2011 ViaSat announced that the YahSat subsidiary, Star Satellite Communications, will use Yahsat
1B Ka-band capacity for the Yonder ® service.
Asia Broadcast Satellite
In March 2011 ViaSat announced that it had entered into an agreement with Asia Broadcast Satellite to use
Ka-band capacity in the Middle East using the ABS-7 satellite. This satellite was the former Koreasat-3. The
bandwidth will be used for fixed and mobile satellite services as a part of ViaSat’s continuing expansion of its
Yonder® mobile satellite network from global Ku-band coverage to growing Ka-band coverage. ABS-7 provides
600 MHz of Ka-band capacity.
Inmarsat
In August 2010 Inmarsat awarded Boeing a contract to build a constellation of three Inmarsat-5 satellites.
The satellites will operate at the Ka-band. These satellites are part of a US$1.2 billion global satellite
broadband network called Inmarsat Global Xpress™. The services offered include high-speed inflight
broadband to airliners. The Ka band service will be supported by the integration of an L-band Fleet Broad
Band (FBB) backup service. In this way reliability will not be compromised in case of heavy rain, causing signal
attenuation in the Ka-band. The intent is that Global Xpress™ will to a large extent replace C- and Ku-band
VSAT services across the globe – maritime, land, aviation and government.
The Inmarsat-5 satellites being built by Boeing are based on its 702HP spacecraft platform. The Inmarsat-5 F1
is scheduled for completion and launch in 2013 with full global coverage and service by the end of 2014. Each
Inmarsat-5 satellite antenna will provide 89 smaller Ka-band beams covering the portion of the Earth visible
from its orbital location.
Various regulatory bodies including the ITU are proceeding with work to accommodate mobile services within
the FSS in the Ka-band.

Yonder® Service
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TV is delivered in both the BSS and FSS bands. If there
is a satellite application that could be called the killer
application it is DTH TV. Therefore additional spectrum for
DTH TV is good news even though the spectrum is in the
Ka-band.

4. Frequency Coordination
Challenges for a Ka-band HTS
• A large number of Ka-band filings for geostationary
satellite networks have already been submitted.
Therefore, an operator which does not have high
filing priority may have to wait several years before
its filings will have some priority, which is essential
to obtaining financing. Annex 2 summarizes the ITU
frequency coordination process in the unplanned
bands.

The new 21.4 – 22 GHz BSS band will typically provide a
national service. However, if the service area is large
enough (e.g. India, China, Russia) the service area could
be covered with several spot beams with each spot beam
catering to a specific language or cultural group.

• Several regulatory procedures apply in the HTS Kabands, depending on the exact frequencies to be
used. (See Annex 1)
• The operator of a HTS must obtain landing rights in
the countries covered by the satellite on a countryby-country basis. (While satellite operators must
comply with the frequency coordination procedures
of the ITU Radio Regulations (RR) it is the government
administrations that issue licenses to the satellite
operator, not the ITU.)

5. Anticipated use of 21.4 – 22 GHz
band
In general, the Ka-band has only recently come into favor
with the construction and launch of several so-called HTSs
such as KA-SAT, ViaSat-1, WildBlue, and Yahsat 1B. These
satellites use Ka-band frequencies in the FSS. There are
many more projects either under construction or planned.

ViaSat-1

Presently there are no operating satellites using the new
21.4 – 22 GHz BSS band but satellites using this band
are being planned. This new allocation is good news for
satellite operators and broadcasters. Direct-to-home (DTH)
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MSS
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Radio Regulation No. 9.11A
RR No. 9.11A applies in certain frequency bands and requires that a new network whether GSO or non-GSO must coordinate with earlier filed GSO and non-GSO networks as well as other primary services operating in
the band.

Bands where equivalent pfd (epfd) applies
The epfd limits were introduced by SkyBridge at WRC-97 and adopted by WRC-2000.  The SkyBridge non-GSO satellite network was intended to operate in the Ku-band but WRC-2000 adopted epfd limits for portions of
both the C-, Ku- and Ka-bands.  Presently there are no satellites operating using this concept.

Bands identified for High-Density FSS
RR No. 5.516B gives the bands identified for high-density fixed-satellite service (HDFSS). These bands allow for the deployment of uncoordinated FSS earth stations under a blanket license.  The only bands that include
all Regions are:
29.5 – 30 GHz (uplink)
(500 MHz)
19.7 – 20.2 GHz (downlink)
(500 MHz)

UPLINK

27.0 GHz

FSS uplink in
Region 2 and
3 only

18.8 GHz

On downlink only 17.8 – 18.6 GHz has epfd
limits (lower band) GSO FSS (1.1 GHz) in
US: lower 600 MHz LMDS and FS (Other
countries are also making allocations to
the LMDS and FS) in US: GSO FSS: 28.1 28.6 GHz, 18.3 – 18.8 GHz (500 MHz)

17.7 GHz

In Regions 1
and 3 band
17.3-18.1
GHz limited
to feeder
links for BSS.
However
17.3-17.7
GHz HDFSS
downlink
Region 1

17.3 GHz

DOWNLINK

for communication satellite networks

Annex 1: Simplified summary of Ka-band satellite frequency allocations

Annex 2: General ITU Regulatory Concepts for Satellites
Operating in the Unplanned Bands
Overview of ITU Frequency Allocations
The ITU divides the world into 3 Regions:
Region 1: Europe, Middle East, Russia and Africa
Region 2: The Americas
Region 3: Asia, Australia and Oceania

Region 1

Region 2

Region 3

The Table of Frequency Allocations contained in Article 5 of the RR allocates frequency bands in each of the three ITU
Regions to radiocommunication services based on various service categories as defined in the RR. The Table of Frequency
Allocations contains a lot of information. Many allocations have footnotes which specify, inter alia, operating constraints
either technical or operational. Annex 1 shows a simplified view of the Ka-band portion of the Table of Frequency Allocations
with an emphasis on allocations to communication satellite services. Terrestrial and satellite services may not share well. An
administration in adopting its national Table of Frequency Allocations may choose to favour one or the other of co-primary
services that are allocated to the same spectrum and that may not share well. Almost all the Ka-band that is allocated to
satellite services is also allocated to the terrestrial Fixed Service (FS). Therefore, in some countries, certain bands that are
used nationally for terrestrial services such as Local Multipoint Distribution Service (LMDS) may not be available for satellite
services. (See Annex 1)  
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General ITU Regulatory Concepts in the Unplanned Bands
The unplanned Fixed-Satellite Service (FSS) bands are accessed on a first-come-first-served basis in accordance with Articles
9 and 11 of the ITU Radio Regulations (RR). Successful coordination of a satellite network gives international recognition to
the use of frequencies by this network at a given orbital location. There are generally three types of submissions to the ITU
required for coordinating and registering a satellite network and they are as follows:
• Advanced Published Information (API)
• Coordination Request (CR)
• Notification and Resolution 49 (due diligence) information
First the API for the satellite network must be submitted. The CR can be submitted with or after the API but it is not
considered receivable until 6 months after the receipt of the API.
The priority of a satellite network is established by the date of publication of the CR for the network provided that the
Radiocommunication Bureau Findings are “Favourable”. If the Findings are “Unfavourable”, the priority date is not established
until the reason for the “Unfavourable” Finding is removed. A Finding is “Unfavourable” if the frequency assignments are
not in conformity with all applicable provisions of the Radio Regulations. It is therefore important to check that a submitted
CR receives a “Favourable” Finding upon publication.
The frequency assignments of a satellite network must be “brought into use” no later than 7 years after the receipt of the
API; otherwise, the network is deleted from the ITU files and no longer taken into account. Also, the CR must be submitted
no later than two years after the submission of the API or the network will be deleted.
Once a satellite network has been coordinated and notified and “brought into use” it establishes an international recognition
to operate at the filed orbital location using the filed frequencies with the parameters coordinated and notified. If the
satellite subsequently has a failure or is drifted to another orbital location the administration responsible for the satellite
network must suspend the frequency assignments of that satellite. The rights are retained as long as the suspended
frequency assignments are brought back into use within 2 years.
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