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Abstract

This study considers the use of geostationary satellites as a platform for the delivery of
multimedia services operating at V-band (40 to 50 GHz). Radio spectrum at V-band has been
allocated by the ITU for Broadband Satellite Services (BSS), and several commercial space
companies have been licensed to exploit the radio resource. The spectrum allocation provides
a massive one Gigahertz of radio spectrum, previously unused by satellite operators. The
spectrum available at V-band facilitates the use of greater bandwidths and therefore higher
data rates. Also, earth station antennas with beamwidth ~3° (desirable in order to avoid very

precise alignment) will be smaller at V-band than at lower frequencies.

The propagation environment at such frequencies is markedly different from that widely
experienced at C and Ka-band. In particular, the presence of rain on the radio path,
inevitability results in attenuation so great as to cause link outage. Even the presence of
gaseous attenuation and heavy cumulus clouds can cause link outage. Consequently the thesis
initially presents statistical predictions of annual and monthly link availability for a typical

European coverage area , including all causes of path attenuation.

In such an environment fade mitigation techniques (FMT) are essential for improving the
Quality of Service to an end user. The recent dramatic changes in the cost and size of
computer memory, are particularly useful and enable large amounts of traffic to be cached at
remote terminals, in order to provide buffers against fading. In order to assess the
effectiveness of such techniques in future systems, a novel method is proposed for the

generation of tropospheric attenuation time series.

The time series model is based on assimilated weather forecast data and weather radar images.
It provides a tool for generating synthetic time series with a high temporal resolution, for
arbitrary locations within the coverage area bounded by the data, while retaining the integrity
of the spatial correlation between different points. The model has been validated against

empirical beacon measutements recorded from the Italsat propagation expetiment.

Finally, the study has integrated the model into a network simulation of a typical multimedia
system. The study has immediate application to petformance evaluation for fade

countermeasures in DVB-S and VSAT systems.
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1 Introduction

Over the last decade the market in global multimedia communications has evolved at an
astonishing rate, driven in part by the proliferation and growth of the internet. More recently,
the downturn in world financial markets has slowed growth and lead to a change of fortunes
for many telecommunications companies who invested heavily and restructured in
anticipation of expected growth. Despite this, the demand for access to broadband services
continues to rise, fed by the advent of new broadcasting and data applications (including

www, electronic commerce, video-on-demand).

In this financial climate, Setvice Providers seek to increase market share through the delivery
of improved services, with larger bandwidths and the introduction of novel new applications.
As a further pressure, any technical solutions must be achieved in the most efficient and cost

effective manner possible.

This study investigates the use of geostationary satellite systems to deliver multimedia services
to subscribers, direct to the home (DTH). Such systems build on present direct broadcast
technology, with the addition of a satellite return path from the subsctiber to the Service

Provider, in order that they may request supplementary information and services.

Geostationary satellites provide a natural broadcast platform, widely used for the delivery of
broadband and broadcast services. They are unique in their intrinsic ability to accommodate 2
large number of remote terminals with rapid deployment and over large areas. Such systems
are ideal to exploit the point-to-multipoint (outbound link) and point-to-point (inbound link)

nature of interactive multimedia applications.

Present DTH satellite networks rely on additional terrestrial infrastructure (i.e. telephone lines)
to provide interactivity. By removing tetrestrial limitations, satellite return channel systems can
offer higher data rates, over wider areas not previously serviced by terrestrial networks. These
systems will further exploit the highly asymmetric nature of multimedia traffic to allow large

numberts of subscribets to access broadband satellite tesources.
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The majority of existing commercial satellite broadcast systems are operated at Ku-band
(11/14 and 12/14 GHz), with a small number of transponders emerging at Ka-band (20-30
GHz). This study considers the merits of a V-band (40-50 GHz) system, taking advantage of
the large available bandwidth (~1 GHz) alteady allocated by the ITU' for delivery of
broadband satellite services. Nomenclature for the bands is defined in [ITU-R, V431].

Chapter 2 introduces the satellite multimedia market and potential applications which can
exploit such systems. Emerging technology such as satellite onboard processing, efficient
multiple access schemes and fade mitigation techniques (FMT) are considered appropriate for

the system design.

At V-band frequencies, the quality of the radio link is dominated by atmospheric effects,
specifically rain, clouds and gaseous attenuation. These propagation factors must be well
characterised over the region to enable the full capacity of the satellite to be utilised. Chapter 3
explains the attenuating effects of the atmosphere and validates the use of prediction models

for the prediction of annual and monthly setvice availability in the presence of such effects.

Long term propagation analysis is useful in the design of satellite fixed power budgets, but
becomes less significant when operating in the aggressive propagation environment
expetienced at V-band. At Ku-band and to a lesser extent Ka-band, system power margins can
be increased dynamically to maintain a high level of availability (>99.7%) through the majority
of strong atmospheric events. Chapter 4 assesses a proposed V-band satellite multimedia
system, based on a practical satellite architecture, an emerging satellite technology (MF-
TDMA) and open commercial standards (ETSI DVB-S). Long term availability analysis is
presented for an end-to-end return channel link. The analysis is extended to illustrate the

availability of such a fixed power system across a European coverage area.

! International Telecommunications Union, http://www.itu.org
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When operating at V-band, even relatively small rain events are beyond the compensation
capability of power control alone, so other fade mitigation techniques (FMTs) must be
consideted. Chapter 5 proposes a novel method of generating time series of short-term
atmospheric attenuation based on forecast meteorological inputs. The model avoids the
requirement for empirical data such as the accurate measurement of a satellite beacon. The
high cost of experimental satellites means appropriate empirical satellite records are rare, and

limited to a small number of sites, configurations, frequencies and elevation angles.

Furthermore, the time series model is shown to give a good comparison when validated
against empirical satellite data. The utility of the model is to allow the evaluation of dynamic
FMT's and real-time system performance using software simulations. Since the model is based
on meteorological forecast data, it also provides a method for the optimisation of satellite
system resources to pre-empt service outage by minimising service disruption through remote

data caching and time diversity.

Chapter 8 proposes a method for simulating the real-time performance of satellite networks in
real-time, utilising the synthetic time series generator to represent atmospheric fading across
the system. The simulation aims to demonstrate the effectiveness of software tools for
evaluating the performance of future V-band satellite systems and the gain of different FMTs

on end-user applications.

Finally, Chapter 9 reviews the results of the study presented here, and assesses the future of

multimedia satellite systems operating at V-band.

The Appendix contains supplementary information which is necessaty to process ‘raw’ data
files, upon which the model is based, into a form suitable for use in the generation of synthetic

time series. A list of the author’s publications are also included.



2 Background

2.1 European Multimedia Satellite Systems

It is easy to identify the advantages, and hence demand for interactive services in both
business and residential markets. Presently, the “mass market” sector, with Direct to Home
(DTH) services and broadband Multimedia Satellite Services (MSS) are driving growth in the
telecommunications industry. Satellite systems already command a leading position in the
distribution of digital broadcasting, sputred by the introduction of free subscriber receiving

equipment (antennas & decoders).
2.1.1 SES Astra

With its constellation of Astra spacecraft, Societe Europeene des Satellites’ (SES) of
Luxembourg is Europe’s leading broadcast satellite netwotk, serving 83.3% (28.3 million) of
the DTH market. The Astra constellation currently consists of 13 Ku-band geostationary
satellites broadcasting analogue & digital television, data and radio services across Europe and
Asia. In June 1999 Astra 1H was launched carrying 2 Ka-band transparent transponders to
introduce the Astra Return Channel System (ARCS). Following in-orbit testing of ARCS
technology, and the successful delivery of an in-orbit backup (Astra 1K in the third quarter of
2002), ARCS will become the worlds first commercial Ka-band enabled service.

ARCS provides data rates between 144 kbit/s to 2.048 Mbit/s for 0.6m to 1.2m receive
antenna respectively. Bandwidth is allocated efficiently by the hub “on-demand” on a cell by
cell basis (each cell supports a data rate of 16 kbit/s). The outbound Ku-band broadcast link is
fully DVB-S compliant and provides a maximum downlink data rate of 38 Mbit/s.

2 http:/ /www.astra.lu
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2.1.2 EuroSkyWay

Alenia Spazio are developing the EuroSkyWay® system (ptreviously SECOMS) to provide bi-
directional broadband communications to small fixed and mobile terminals. Using a
constellation of 5 geostationary satellites, digital on-board processing and operating at Ka-
band which was planned to be operational by 2003. EuroSkyWay will offer high speed
“bandwidth on demand” internet access, video conferencing and home shopping. PC based
uset terminals will be able to receive up to 32 Mbit/s and transmit up to 2.048 Mbit/s. Two
smaller portable terminals will receive 2.048 Mbit/s and transmit up to 512 kbit/s and 64
kbit/s using laptop and palm-top terminals respectively.

2.2 High Altitude Platforms

High Altitude Platforms (HAPs) are being developed which offer an alternative to space based
platforms. HAPs float (with the suppott of propulsion systems) or fly in the stratosphere
above metropolitan areas. Since HAPs operate at a lower altitude than space based platforms,
they are unable to provide the same coverage area from a single platform, although several

HAPs can be interconnected through a satellite or terrestrial backbone.

Sky Station had been developing a helium-filled balloon to fly approximately 22 km above as
many as 250 metropolitan areas [Clarke, et al., 1998]. Sky Station had plans to deploy its first
system in the year 2002 (although the current status of the programme is unknown) using V-
band frequency spectrum approved by the FCC. Each balloon will be as wide as a football
pitch and nearly twice as long. They will be powered by solar cells and rely on propulsion
systems to maintain a flight path in the strong jet steam. The proposed communication
systems will provide 2 Mbit/s uplink and 10 Mbit/s downlink.

A different approach is being taken by Angel technologies for their HALO (High Altitude
Long Operation) Network®, each HALO site is serviced by a fleet of three HALO aircraft
which operate in ovetlapping shifts around-the-clock. The HALO aircraft will operate in a
circular orbit of roughly 5 to 8 miles (8 to 12km) in diameter at an altitude ranging from
52,000 to 60,000 feet (16 to 18km), with a footprint 50 to 75 miles (80 to 112km) in diameter.

3 http://www.alespazio.it/program/tlc/eurosk/eurosk.htm

4 http://www.angelhalo.com
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available media content, particulatly through the continued growth of the internet, will change
the nature of subscribers from passive to interactive users. Subscribers may become
participants in the media they watch, interacting with content providets via narrowband
messaging and the internet. In return, multimedia content may become driven by the

consumer and distributed to individual subscribers or small groups.

Accordingly, satellite bandwidth will become increasingly occupied by internet traffic,
supporting broadband streaming and multicast applications, such as multimedia rich web sites
with high quality music and video content. Current terrestrial internet technology is not
optimised for this type of multicasting, especially when it comes to broadband multimedia.
Furthermore, these services will be provided using ‘bandwidth-on-demand’, to efficiently

allocate resources when required.

Satellite distribution suffers from one major disadvantage, namely the inherent delay between
two communicating earth terminals. For geostationary systems, the latency is at least 250 ms
on each path between the hub and VSAT. This is approximately 10 times higher than a point-
to-point fibre optic link across the Atlantic. Although transmission delay does not affect
broadcast (or internet UDP (User Datagram Protocol)) applications, it does reduce the
performance of interactive applications which require handshaking between two sites.
Unfortunately, internet protocols such as TCP (Transmission Control Protocol) are setiously
affected by satellite propagation delay and these protocols must be specifically adapted for use
in the satellite environment [Ghani and Dixit, 1999, RFC2488, 1999].

2.4 V-band Satellite Filings

Under the influence of deregulation, broadband satellite networks are becoming increasingly
global in order to address wotld-wide markets. The majority of satellite Ku-band capacity
around the world is already in use and is therefore not available for broadband applications.
Filings to the FCC (Federal Communications Commission) for Ka-band frequency spectrum
started in 1995 and all available US spectrum has already been allocated. As Europe begins to
gradually introduce Ka-band services, the US are proposing ambitious global systems and will
profit from satellite technology.

Requests for license and spectrum assignments for V-band systems flooded into the FCC in
September 1997, when the commission decided to open this part of the bandwidth to

commercial satellite systems. To date there have been 16 filings for capacity (given in Table
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2-1), although it is likely to be another 5-6 years before any of these systems become

operational.

The suggested level of investment in the satellite industry reflects the increased confidence
among investors and a continued demand for global connectivity. If all proposed V-band
DTH satellite systems wete built, over $80 bn in investment would be necessary [Consulting,
2000]. Since 13 Ka-band satellite systems licensed in the US remain unfinanced and unbuilt,
there are doubts as to how many of these systems will become reality [Foley, 1998]. However,

there are still 2 number of viable competitors in the broadband satellite market.

Table 2-1 FCC Filings for V-band Multimedia Satellite Systems

. Phased Data
Service Number Cost
Company System T & Orbit Array OBP ($Bn) Rates
e i n
yp Antenna (Mbit/s)
Cai Satcom ESS 1 GEO No No 0.3 38
Denali Pentriad FSS & BSS 9 HEO Yes No 1.9 10-3875
GE Americom GE*StarPlus FSS 11 GEO No Yes 34 1.5-155
Globalstar GS<40 FSS 80 LEO Yes No 3.4 2-52
Hughes Expressway FSS 14 GEO No No 3.9 1.5-155
Hughes Spacecast FSS 6 GEO No No 1.7 0.4-155
20 GEO <2portable
Hughes StarLynx MSS Yes Yes 29 .
4 MEO <8 vehicle
LEO One USA V-band MSS 48 LEO No Yes 0.3 0.032-0.256
Lockheed Martin Q/V-band | FSS & BSS 9 GEO Yes Yes 4.7 0.384-2488
Loral CyberPath ESS 4 GEO Yes Yes 12 0.4-90
Motorola M-Star FSS 72 LEO Yes No 6.2 2-52
Orbital Sciences OrbLink FSS 7 MEO No No 0.9 10-1250
PamAmSat V-Stream FSS 12 GEO No No 35 1.5-155
Spectrum Astro Aster FSS 25 GEO No No 24 2-622
. 10-100 up
Teledesic VBS FSS & BSS 72 LEO Yes Yes 1.95
1000 down
4 GEO
TRW GESN FSS Yes Yes 34 1.5-1555
15 MEO
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