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The Development of Broadband Access Platformsin Europe

1. INTRODUCTION

This study describes the development of broadband access platforms across the European
Union (EU). It focuses on those access platforms most suited to the residential and the
small/medium enterprise (SME) market, in other words. mass-market access platforms. The

following access platforms were included in the analysis®:

ISDN Integrated Services Digital Network (ISDN) used over copper, ‘twisted pair,’ lines as found in the local
loop. Typically Basic Rate Interface (BRI) or ISDN2.

Leased Lines  Typicaly Primary Rate Interface (PRI) or ISDN30 used over high performance, coaxial, copper cable
which is |eased as a dedicated connection for exclusive use.

DSL Digital Subscriber Line (DSL) used over copper, ‘twisted pair,' lines as found in the local loop. Typicaly
ADSL (Asymmetric DSL).

DTT Digital Terrestrial Transmission (DTT) typically used to broadcast Digital Television (DTV). Digitised
channels are transmitted over the legacy anal ogue infrastructure.

Digital Wireless, radio transmission, most typically used to broadcast DTV, when it is referred to as Direct To

Satellite Home (DTH). When upgraded from analogue, it is known as digital broadcast satellite (DBS).

Digital Cable Independent networks used to supply DTV, telephony and Internet. Recent infrastructure uses fibre
optic core with copper outer layer (known as hybrid cable). Legacy infrastructure uses co-axial, copper
cable with two-way, digital connections.

Fibre Optic Independent networks of solid glass pipes carrying optical signals and allowing extremely fast
transmission of digital information. Described as fibre-to-the-home (FTTH) or to any other premises
which is typically connected to alocal area network (LAN).

Fixed Microwave radio transmission, between a fixed, 'parent’ transponder and many fixed subscribers as a

Wireless 'point-to-multi-point' solution, which could be an aternative to the copper local loop. Commonly
referred to as FWA (Fixed Wireless Access) and WLL (Wireless Local Loop).

Mobile Microwave radio transmission, using a cellular network within which many mobile devices can be

Wireless individually connected. Known as third generation (3G) mobile, UMTS or CDMA.

Powerline The transmission of digital information via the electricity network, allowing simultaneous provision of

two-way data access and electrical power. Known as Power Line Transmission (PLT).

Each access platform has been analysed in terms of technical characteristics (i.e. concept,
capacity, interactivity, future developments and potential lifecycle), industrial characteristics
(i.e. ownership and sector overlap) and financial characteristics (i.e. business models,
investment required). The report includes chapters focusing on key players, regulatory
issues, and broadband content and the possible effect of digital convergence.

The study includes an assessment of the evolution of each access platform, both historically
and for near term projections to 2003 (using a time line of 2000). Also included is an
analysis of recent developments for each access platform within all 15 Member States, in
order to benchmark the EU as awhole against the USA and Japan.

! Full technical description of access platforms is appended.
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2. METHODOLOGY

The methodology employed a combination of secondary 'desk’ research and primary survey
research.

2.1 SECONDARY RESEARCH

The desk research process used as broad a range of existing information as possible. This
included: many publicly available reports; attendance at selected conferences; industry
media; and international business media. Throughout this report, sources of all quotations
and data are given. A comprehensive list of material is appended.

2.2 PRIMARY RESEARCH

The primary, survey research involved designing and conducted an extensive programme of
interviews with selected industry experts. The sample was constructed to ensure a
representative spread of respondents from each access platform, within each country.
Respondents include representatives from Government departments, regulators,
manufacturers, service providers, content providers, ISPs, financial investors and consultants.
Controls were also made to ensure a spread of niche players, leading edge specialists,
incumbent operators, and multinationals. Furthermore, the survey was designed to ensure a
representative sample of interviews were achieved across al of the Member States, as well as
the USA and Japan.

The interviews themselves were implemented as a mixture of face to face and telephone
interviews in such away as to focus the research effort onto the main platforms, but also to
maintain a balanced view of all Member States. 103 interviews were conducted in total (52
face-to-face and 49 via telephone). A spreadsheet describing the sample structure is
appended.

BDRC 4 DG Information Society
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3. BROADBAND OVERVIEW

3.1 INTRODUCTION

Behind the vision of adigital future and the reality of converging technology and content, lies
a complex and situation specific interplay of conditions. The success of any potential
broadband technology depends upon factors as diverse as: the legacy of existing
technologies, current scientific boundaries, socio-economics (e.g. economic health, cultural
context, political will, and education), and socio-geographics (e.g. population density, extent
of anglophone communication, climate, and topography).

In order to give validity to a discussion about the past and future of ‘broadband’, all of these
factors should be taken into consideration. Furthermore, the rapid nature of scientific and
technical development, and a society's willingness to embrace new technology, means that
there is constantly the chance of a ‘wild card’ scenario, in which a significant influence
comes from an event of extremely low probability. In suggesting how things might evolve
over the next few years, we have given some examples of ‘wild card’ scenarios, but have
concentrated on what is currently known and so what is most probable in the short to medium
term.

Whilst convergence of digital media, supported by a diverse range of technologies, is amost
universally accepted as inevitable, it is aso apparent that the process of digitisation supported
by high bandwidth has only just begun. There is still a great deal of work to do in all areas
from infrastructure to content and applications. And, although frequently under represented
(and occasionally ignored), there are some significant behavioural changes required before
the potential of a broadband era becomes areality. Although the younger generation (under
25 years old) are now growing up familiar with digital information, older generations do not
easily embrace new technologies, unless they are very sensitively developed and marketed to
meet an existing need. Furthermore, the future of broadband has potential to widen any
existing digital divide between those who live in awell serviced area and can afford to pay
for high-speed access and content and those with little choice because they live in a poor
region that is not well served.

In order better to understand the development of broadband access technologies, in the
context of convergence, we have chosen to categorise each technology according to its
legacy. Although we are aware that each technology has the potential to rapidly re-invent
itself through a technical leap forward, unexpected popularity, or industry integration. Itis
also the case that the history of an access platform will determine its future.

BDRC 5 DG Information Society
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3.2 THENARROW-CAST LEGACY

The telephone companies, with expertise in building and maintaining physical networks for
telecommunications have evolved into data-communication companies. Traditionally these
companies have sold a commodity using an established technology. Like other utility
companies, they have considerable experience in billing large numbers of customers for
standardised services. With rapid technical advances, increased competition and the promise
of digital convergence, these companies have had to upgrade their infrastructure, broaden
their product lines and, in the quest for differentiation, have begun to consider content as a
means of attracting the customer.

The rapid increase in bandwidth demanded by a digital society has put pressure on the
network. Although national networks are largely upgraded to cope with this demand, a
bottleneck remains over the ‘last (or first) mile’ between the customer and the first node in
the network. To address this problem, access to the network has evolved from the plain old
telephone system (POTS), to ISDN, and now DSL. In each case, these technologies have
been developed to address the problem of transmitting digital information over a network
originally intended for analogue information.

In addition to developing the legacy network, telecom companies have also established a
large and profitable business offering leased lines to larger, data intensive businesses. These
might be secure connections directly from one site to another and so independent of the
network, or a single, dedicated network connection for multiple user terminals. They have
evolved to cope with the huge increase in digital information sent and received by businesses.

The charts on the following page (Figure 1a and 1b) demonstrate that standard dial up (or
POTYS) is still by far the most popular means for households to access the Internet across all
Member States. Interestingly, in countries with extensive cable infrastructure, such as
Benelux, Denmark and Germany, I1SDN is also widespread. This suggests that as demand for
faster access grows, so a variety of platforms are used, according to which best meets an
individuals needs. The chart also shows that current penetration of ADSL islow. However,
the technology is now present in all Member States (except Greece as at June 2001) with
penetration increasing between October 2000 and June 2001. For most Member States, the
current low level of ADSL penetration reflects its infancy in the market. Countries with the
highest level of penetration of ADSL are Sweden (4.6%), Denmark (3.9%), Belgium (3.9%)
and Austria (3.3%) - see Figure 1b.

To some extent, take up of ISDN may give some indication of the immediate demand for
ADSL. Assuming that those with ISDN are likely to be among the first to take up an offer of
ADSL given that it is of comparable price. In this case, it would appear that L uxembourg,
Germany, Denmark, The Netherlands and Austria are all good prospects in terms of
proportion of population. In terms of potential market size for an initial offer of ADSL,
Germany stands out as the largest among the Member States.

BDRC 6 DG Information Society
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ADSL currently faces most competition from cable in The Netherlands, UK, Austria,
Belgium, Sweden and Ireland (and also in the USA). Competition from cable operators is

likely to rise significantly as networks are upgraded.

Figurela

EU Household Penetration of Internet Access Platforms - Ranked

{EOS Gallup Europe 10/2000}
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EU Household Penetration of Internet Access Platforms - Ranked
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As Figure 1la and 1b show, there has been an increase in penetration of Internet access
platforms across all Member States, except Greece and Finland. More significantly,
penetration of the principle broadband platforms, cable and ADSL, has also risen in all
Member States, except the UK and Ireland which remained level between October 2000 and

June 2001.
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3.3  THE BROADCAST LEGACY

Television operators broadcast TV channels via terrestrial, satellite or cable. Terrestrial and
cable have been used since the TV was invented (over 50 years ago). Satellite is a more
recent development. As a consequence of this legacy, the majority of broadcast TV is
transmitted and received in analogue. Digitisation of all three platformsis ongoing and by the
middle of 2000 digital satellite accounted for 78% of the European DTV market, digital cable
15%, and digital terrestrial 7% Because of its more recent arrival as a broadcast technology,
satellite has tended to attract customersto DTV service through exclusive access to pay-TV.
Terrestrial broadcast is currently being upgraded to digital broadcast in a minority of Member
States, whilst existing cable networks are in the process of being upgraded to two-way, high
bandwidth transmission. However, the only one of these three technologies to offer true
'broadband’ in the sense that it provides upstream as well as downstream transmission is
cable.

Competition between these access platforms historically has been driven by access to content
and the broadcasters are experienced at marketing exclusive access or bundled products
(unlike the telecommunication operators). The concept of pay TV will lend itself well to the
offer of enhanced TV with interactive channels, Internet style applications, video on demand
and other new media. In terms of attracting a customer base prepared to pay for broadband
services, the broadcasters have a head start over the narrow-cast telecommunications
providers, who have historically been focused on price of connection rather than access to
content.

Broadcast broadband is not Internet led, but DTV (or content) led. With the exception of
cable networks that have been upgraded, the broadcast legacy technologies will not provide
full accessto the Internet. Currently, they are embarking on a strategy of making the best use
out of existing technologies. Through being weak on interactivity, but very strong on
downstream bandwidth into the home, the strategy of operatorsis to concentrate on multi-cast
applications (e.g. Multi-channel TV, Video/music-on-demand, and other multi-media
entertainment and information services). In this way, the operator's weakness becomes their
strength because it ensures a very focused and clear strategy.

The key issues facing the future of broadband broadcasting will be:

» preserving brand loyalty in an increasingly fragmenting world;

* copy protection and management of content across global networks and devices;

» the high cost of delivering personalised and on-demand services (particularly critical for
publicly funded broadcasters).

The ability to market content will also be crucial in securing take up of broadband services
and broadcasters have the medium and experience to do this. Furthermore, and perhaps of
most significance of al, broadcasters of the future will become the providers of much more
than the flat screen, real time experience of TV. Any data download will be possible at high
rates, through one box, and this box will be the home console for all forms of incoming
information. Behind this home console will be the financial strength and marketing ability of
the whole mediaindustry.

? Source: SES/Astra Satellite Monitor of Europe (mid 2000)
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Of the broadcast mediums, cable appears to offer most potential as a broadband access
platform. All Member States have a cable network passing at least half of all homes, except
Spain, Portugal, France, Greece, and Italy®. In the Benelux countries, penetration is very high
(over 90% of households) and in Germany (58%), Denmark (57%), Sweden (54%), and
Ireland (48%) cable is very popular’. Notwithstanding, there is considerable variation in the
nature of cable networks across Europe. In addition to the coverage and penetration of
analogue service, it is also necessary to consider the condition of the cable networks and the
extent of upgrading required, before making an assessment of their suitability for broadband.
In some regions, the networks are very old (e.g. Benelux), and require considerable
upgrading, whilst in other regions the networks are relatively new (e.g. UK and Spain) and so
are aready upgraded.

‘Broadband’ or two-way digital cable is in its infancy. Member States with the highest
household penetration of cable for Internet access, in June 2001 where: The Netherlands
(10.8%); Belgium (6.4%); Austria (6.4%), the UK (5.8%) and Sweden (4.4)*. The quality of
network not only varies from country to country, but from region to region within each
country (as many networks where installed by municipalities of towns and districts). The
fragmentation of networks has, to some extent, inhibited the potential for consolidation
through mergers and acquisitions among operators and, even where the network is new the
market for telephony and DTV may drive demand, rather than Internet connection (e.g.
Portugal and Spain).

Satellite broadcast is, of course, widely available and there are now around 30 million
customers in the EU (over 20% of all TV households), 41% of these receive digital
transmission and most (90%) of these pay for additional channels®. Three out of four of all
customers receive DTH (Direct To Home) service, and the remainder are connected via a
communal aerial (e.g. in an apartment block)®. In 2000 the UK had the largest number of
satellite DTV subscribers (3.5 m) followed by France (2.5 m), Italy (1.5 m), Spain (1.1 m)°.
Considering the relatively large numbers of analogue satellite subscribers in Germany and
Austria, these countries have been slow to adopt digital satellite.

Two-way transmission via satellite (allowing access to the full Internet on demand) is
currently only available to large businesses prepared to make the necessary investment.
Although new developments in interactive systems are emerging which offer limited access
to the Internet and may capture some of the SME market, they are not yet established in the
market place. The only satellite *interactivity’ available to the residential market requires the
use of aterrestrial link (e.g. the telephone line) for upstream transmission.

? Source: Eurocable Communications, ITC stats., and ITU, 1/2000
* Source: EOS Gallup Europe 6/2001
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3.4 ALTERNATIVE TECHNOLOGIES

Alternative technologies have the potential to outperform technologies that rely on legacy
infrastructure. They are without precedent and so tend to be of higher risk and in some cases
initially more expensive than the development of existing infrastructure. However, if given
sufficient financial backing to get to market, they offer great potential as they are designed
specifically to meet the demands of the digital information age.

Light viafibre optic is quite simply, the optimum platform for data transmission. Fibre optic
can significantly outperform any other 'broadband' access platform, and its potential is
increasing faster than any other technology. Light via fibre optic does not suffer from
interference and so provides an extremely reliable connection. The only drawback is the cost
of installing an entirely new infrastructure. Commercial offers of fibre to the home/SME
have been made in Sweden and Italy (within the EU).

Microwave radio transmission via Fixed Wireless Access (FWA) is an important alternative
to the copper local loop as it can be quickly installed. This is particularly attractive in
countries where the incumbent operator has been slow to unbundle the local loop. In this
case, FWA could be a very competitive alternative. A drawback is that FWA is relatively
untested on a large scale, although it has been used successfully for point-to-multipoint
telephony service in remote towns and villages and for point-to-point, high bandwidth
connections for larger businesses. Currently the business model for FWA has not been proven
on amass-market scale, but its cost will come down rapidly if the market begins to adopt the
technology.

The transmission of data over electrical Powerlines (Powerline access) is interesting in
theory, but there are technical barriers. Thisis really alegacy technology, because the first
principle of the infrastructure design is to transmit power rather than data. In essence, data
transmission has been grafted on to the power network. Because of this, data transmission
rates are limited by the technical constraints of the infrastructure. Although Powerline may
provide an alternative in some niche markets, better ways of transmitting data now exist.

Other alternative technologies, which are not covered further in this report, include wireless
optical access and high atitude zeppelin or fixed wing aircraft. Wireless optical access uses
lasers in much the same way as a fibre optic solution, but without the fibre. In other words,
the light from the laser travels through open air. Thisrelies on line of sight transmission and
is susceptible to interference. The advantage of such a solution is that it offers the data
speeds of fibre optic solutions, without the cost of installing an infrastructure. There are
solutions proposed that would compete with the copper local 1oop, in much the same way as
FWA, but without the need for aradio license. Although not yet tested in practice, thisis a
new and emerging technology with much potential.

Finally, the use of high altitude zeppelins or fixed wing aircraft has been proposed as an
alternative to satellite. Such aircraft would fly unmanned at around 100,000ft and would
probably be geo-stationary (e.g. above cities). This would offer the advantages of satellite,
but would be much less expensive to install and recycle. With communication equipment
onboard, such aircraft potentially could provide two-way interactive transmission without
suffering the latency problems associated with two-way satellite.
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3.5 BROADBAND DEVELOPMENT

There are many factors influencing the speed of roll out of broadband technologies. Not least
is the evolution of demand for the Internet, which continues to grow across Europe. In
northern European Member States, particularly the Nordic region, the Internet at home has
become almost ubiquitous within the last few years and here the emphasis is increasingly
placed on the speed of connection. In southern European Member States, particularly
Portugal, Spain, France and Greece, demand for the Internet has grown more slowly and the
emphasisis still on simply having access rather than the speed of the connection. Indeed, the
success of the Internet would appear to be correlated to the extent of English speaking in each
Member States, since the vast magjority of the content isin (US) English. This picture is
beginning to change as automatic trans ation software becomes more effective and European
content providers begin to offer Internet content in other languages, stimulating demand.

Clearly, broadband access platforms are in their infancy across Europe. The preceding chart
(Figure 1aand 1b) shows current penetration of all Internet access platforms. By far the most
popular method remains standard dial up, with broadband technologies only just beginning to
emerge. Of the broadband technologies available at this moment in time, digital cable has a
head start, whilst DSL is not far behind. But, neither of these access platforms have been
available for very long (e.g. only 18% of cable infrastructure is set up for two-way
transmission, and DSL has only been commercially available since 2000 in most Member
States).

In terms of business models, there are broadly two strategies for the future of broadband.
There is the ‘commodity’ business where reliable data transmission (particularly upstream)
will be charged for according to number of units of data transmitted (with many variations of
tariff structure as seen in the mobile market). Such a business model will suit the price
sensitive residential/SME market for data transmission. Then there will be the 'premium’
business where popular applications (mostly data rich content downstream) will be marketed
independently of the access platform and amount of data transmitted, but with exclusive
content and bundled applications. The ‘commodity’ model will typically include an
equipment installation charge, whilst the premium business will subsidise the equipment
installation in return for a customer lock in period to multiple products.

Of course there will be increasing cross over of content between platforms (including mobile
wireless platforms). But in the short term, the TV (rather than the PC) will evolve into the
main digital gateway to the home for the mass market, with content accessed via broadcast
technologies with some limitation on upstream capacity. Over this time, the PC will evolve
into the next generation work station and communication tool eventually requiring
symmetrical broadband access into and out of the home/office. In the medium to longer
term, as TV and PC applications converge, large symmetric bandwidth will become the norm.
The home will have a server or console for data storage, transmission and manipulation,
which can be accessed by any number of different screens or keyboards depending upon the
desired application. This will enable significant shared functions of the hardware (e.g. one
memory source, independent access devises of any function and style, linked through an in-
home wireless network).
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Ultimately, the digitisation of the home will lead to the 'Home Gateway', currently being
developed, by companies such as Matsushita and Sony, to connect all the digital devicesin
the home through a common wireless platform which in turn connects to the external
broadband access network. This technology uses the IEEE 8.02 standard of microwave
wireless radio transmission in products such as 'HyperLANZ2" which provides broadband
network within a confined area such as a home, office or airport waiting lounge. 'Bluetooth’
is a precursor of the concept, but it is based on lower capacity technology and so lacks the
potential of IEEE 8.02. An IEEE 8.02 product is likely to emerge in Japan and the US first
(as these are the home markets of the companies involved). Indeed, demand for the wireless
in-home network may be the catalyst that drives demand for broadband into and out of the
home.

Outside the home, there are a number of possible directions for the future. Third generation
mobile networks will allow for Internet access, and fourth generation mobile may offer
sufficient bandwidth for continuous video streaming. An aternative future direction may be
to build larger memories into mobile devices so that content and applications can be
downloaded from a fixed location and then experienced whilst on the move. The future is
likely to be a combination of these two methods.

Below are estimations for access platform development over the next 3, 5 and 10 years. The
timings may be half as long or twice as long depending upon economic conditions and the
speed of cultural acceptance of new technologies. In Europe, there will be very great
differences in the evolution of broadband on aregion by region basis.

3 Year View (2Mbpsto the home/SME)

In the short term, ADSL and cable will compete to be first to market. ADSL is likely to
capture market share fastest, by offering downstream bandwidth of 512Kbps. 2+Mbps
ADSL and upgraded 2+Mbps cable penetration will grow at different rates on a region by
region basis wherever demand is greatest (SMEs and early adopters). Broadband FWA has
the potential to attract a small niche market by competing with ADSL and cable, however the
practicalities of getting to market are still uncertain. Fibre optic and fibre/copper hybrid
networks will increasingly reach closer to the home, with a growing minority switching from
‘interim’ broadband solutions to fibre. Powerline and two-way satellite may emerge, but
only in niche markets. Digital broadcast will continue to replace analogue broadcast, with
satellite and cable broadcast continuing to grow. Growth of ISDN will slow and go into
decline. UMTS will further stimulate Internet use and interactive applications, but will not
reach the 'broadband’ speeds available viafixed platforms.
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5Year View (2-10 Mbpsto the home/SME)

In the medium term, there will be a choice between at least cable and ADSL in most urban
and suburban regions. Lower bandwidth ADSL will be widely available, even in more
remote regions. Fibre to the basement of apartments and to SMEs will begin to replace
copper access platforms in urban areas. Fixed Wireless Access will also be an alternative in
urban areas and for those unable to access ADSL or Cable. Digital cable, digital satellite and
DTT will share the broadcast market, but ADSL, fibre and FWA will also compete in the
broadcast arena. A two-way satellite solution may emerge which is suitable for remote
regions, and areas poorly served by other platforms.

10 Year View (10+ Mbpsto the home/SME)

Given continued exponential growth in demand for broadband, and based upon current
technical possibilities, the most likely (and by far the most appropriate) technology for
symmetric, unlimited bandwidth is fibre optic. The market for ADSL will begin to decline,
and coaxial cable will be replaced by fibre. VDSL may exist over copper from the curb to
the home/SME, but even in this case a hybrid fibre optic platform will have reached to the
curb. Symmetric, high bandwidth via a wireless technology (UMTS, FWA, wireless optic,
satellite, or high altitude zeppelin) may emerge.

The chart on the following page (Figure 2, Page 15) gives an indicative prediction of the
future market share of each access platform among homes/SMEs. Thisrefersto the EU asa
whole, and so ignores the fact that there will be significant regional differences. It also
describes 'Internet’ access, as we know it today, and does not take into account changes in the
consumption of content, which may arise from broadband. For example, satellite and DTT
broadcasters may offer interactive TV and even Internet connection using the telephone line
for upstream transmission, but we have not included this as 'broadband' (although clearly
there is large bandwidth into the home suitable for fast downloads).

The chart shows that ADSL will capture market share fast, but will eventually loose market
share as demand for bandwidth grows beyond the capacity of ADSL. Upgrading of coaxial
copper cable networks will capture market share at a slightly slower rate to ADSL, and new
hybrid copper/fibre networks will aso be built. As demand for bandwidth grows, so people
will be prepared to pay for the higher capacity offered from fibre to the home/SME. ISDN
still has some life, and although POTS will be used less and less as an access platform, it will
not completely disappear, as it is likely to become virtually free. Currently, satellite and
FWA look set to be a niche alternative. However, in both cases there may be a breakthrough
that increases the potential of these technologies. And of course their may be a wild card,
like the rapid adoption of fibre optic which this prediction does not see happening until after
2010.
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Predicted Market Share of Access Platformsto EU Homes/SMES
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4. BROADBAND ACCESS PLATFORMS: MARKET PERSPECTIVE

41 |SDN

ISDN was developed in the early 1990s, to connect a LAN (Loca Area Network) with 10 or
more telephone lines to the local exchange and so avoid the expense of aleased line. This
was before the widespread use of the Internet, which is typically accessed via standard dial up
over POTS (plain old telephone system). Because standard dial up over POTS provides a
relatively poor connection in terms of reliability of connection and speed of data
transmission, ISDN has proved to be a better aternative for those prepared to pay more.

Since its emergence, ISDN has been a success in some Member States (e.g. in The
Netherlands, Luxembourg, Germany and Denmark over 10% of the households use ISDN for
their Internet connection). However, given that ISDN was not specifically designed to handle
the data rates required for content rich web-sites (and other applications such asfile transfer),
its scope is limited to an improvement over standard dial up and not a broadband access
platform.

ISDN penetration is likely to continue to grow over the next 1-2 years in markets where it
remains the only alternative to standard dial up. However, alternative broadband
technologies are likely to replace ISDN as they become available (assuming they are offered
at a competitive price).

4.2 DSL (DIGITAL SUBSCRIBER LINE)

Increasing demand for bandwidth for Internet use, via standard dial up modem or ISDN, has
put pressure on the telephone infrastructure, particularly the ‘local loop’. In theory, the best
possible solution would be to re-build the last (or first) mile of the network with fibre optic.
In practice, this is prohibitively expensive (except in some specific circumstances). As the
‘twisted pair’ copper cable is already installed in the vast majority of homes and businesses,
in theory, this infrastructure offers a greater immediate business opportunity as away to meet
the demand for higher bandwidth. The telephone line is also the means of Internet
connection most familiar to the market.

Perhaps the most significant factor in bringing DSL (in particular ADSL: see Appendix Al
for technical description) to market is that demand for higher bandwidth Internet connection
via PC exists now, and building a completely new infrastructure would take too long (to say
nothing of the cost!). Hence, ADSL iswell placed to become the first technology to capture
the market for higher bandwidth. Incumbents and new entrants are both attempting to
capitalise on this opportunity and ADSL offers are now being seen all over Europe.
However, there are a number of issues hampering roll out on awide scale.

The initial implementation of ADSL equipment is expensive. The technology is relatively
new and is till evolving and economies of scale are only slowly emerging. Operational costs
are also high at this stage. Indeed, operators have yet to demonstrate that it is possible to
make a profit from an ADSL service alone. Thisis exacerbated by the falling stock value of
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the telecom sector, alack of available capital, and the realisation that considerable investment
isrequired before the full benefits of the new technology are felt by the mass market.

In order to encourage customers to pay a premium for increased bandwidth, operators appear
to be targeting niche markets (such as early adopters and small businesses) with highly
differentiated offers in terms of monthly rental, installation charge, length of contract and
available bandwidth. The aim isto maximise income and gain market share by offering more
than just higher speed connection. For example, operators are offering features such as a
personalised broadband portal with rich content bundled with a fixed voice telephony service
(IP or analogue) and the potential for video streaming. Even with this business moddl, it is
still necessary to achieve rapid deployment, unconstrained by bandwidth limits or other
deployment barriers, in order to gain sufficient volume to provide areturn on the investment.

Industry View

“ Companies will find it hard to get the finance for DSL. Financial companies don’t like DSL companies because of the
US example where DSL has been expensive and has not taken off, with usage at under 1% after 4 years! In Europe, QS
Communications lost 2/3rds of its value. KPNQwest announced DSL roll out and got hammered by the market, so pulled
back to focus on other things. DSL sounds great. Superficially, the business plan is clear. But in practice it is not as
profitable”

Bank

There are also significant technological considerations, which determine the achievable
market share and mean that ADSL will never be a universally available access platform and
may suffer from patchy availability.

The chart below (Figure 3) emphasises the great differences in potential for ADSL across
different countries. For example, in the US fewer than 35% of potential users are currently
capable of receiving greater than 1.5Mbps of bandwidth (irrespective of the type of DSL
deployed). In this case, if only 10% of households demand higher bandwidth services, and
only 35% of those households are capable of receiving high-bandwidth transmissions, then
less than 3.5% of US households can take advantage of full-rate ADSL. In comparison,
ADSL has much more potential in Europe as a much greater proportion of the population can
benefit from high-bandwidth service. Italy has the greatest potential with over 90% currently
able to receive 1.5Mbps or higher, and in the UK and Germany, the figure is just over 70%.
Indeed, the length of the local loop does not correlate to population density, but reflects the
incumbent's choice of network architecture at the time it was installed. Indiais included to
demonstrate the potential for ADSL on aglobal scale.
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Figure3
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In summary, these technical considerations and the high equipment and operational costs are
likely to slow the roll out of ADSL. Particularly as the situation in each local exchange has
to be tested. Another issue for ADSL over the local loop is that it has been developed to
enhance a ‘legacy’ infrastructure, which was originally designed and deployed to provide
analogue telephony and may now be in need of upgrading. In some Member States (e.g.
Portugal, Spain, Greece) the technology is limited by the ageing infrastructure.

As the digital era comes closer, and the younger generation exploits the potential of digital
convergence, it islikely that demand for bandwidth will supersede the capability of DSL over
the local loop (this may take 10 years). In this scenario, DSL over the local loop has a
limited life span. If the current trend toward greater individual mobility, autonomy and
choice continues, with ever greater demand for entertainment in the home, then at some point
in the future (say in 2020), the occupants of a“‘home’ will require Giga-bit access to and from
the premises. Similar predictions are made for the SME market. Assuming this potential for
bandwidth demand, DSL has been described as a‘Band-Aid’ on a problem, and as such only
a transitional solution to meet growing demand. Indeed, predictions of bandwidth demand
have consistently proven to be under-estimations in retrospect. Furthermore, if demand for
upstream bandwidth grows significantly, then alternatives to ADSL will be sought. Whilst
SDSL and VDSL can offer high bandwidth in both directions they require a different network
architecture to the local loop (e.g. fibre to the curb). If fibre to the curb, or even fibre to the
home isto happen, it islikely to follow on from ADSL when demand for bandwidth has gone
beyond the capabilities of the local loop.

Industry View

“DSL standards were developed many years ago (5-10 years ago), without the Internet in mind. You could make a
similar comparison to IRIDIUM where terrestrial mobile overtook it more rapidly. A similar thing may happen to DS
(as other technologies such as fibre optics take over) .”

Multi-platform Operator
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Despite these drawbacks, ADSL isin a strong position. It has the potential to grab market
share before other technologies, particularly if it can be sold on the back of a content
proposition such as 'Video on Demand'. For example, cable companies (and
satellite/terrestrial broadcasters) do not sell just the connection, they sell the content and the
connection isincluded.

In the business market, the principle alternative to DSL technologies are leased lines
(specifically coaxial cables or fibre optic). As ADSL becomes increasingly available, and
provided its performance proves to be of sufficiently reliable quality, then new leased line
business will be eroded by ADSL as a cheaper alternative. However, ADSL will only be
attractive to the smallest of businesses, as most SME business applications, such as e-
commerce, will require a symmetric solution of over 2Mbps. For businesses with larger
bandwidth requirements or guarantees of reliability, existing copper leased lines will be
replaced by fibre optic. Of course, DSL technologies such as VDSL or SDSL may be
deployed along the existing point to point leased lines in the short term.

Industry View

“The local offer is very expensive, so its unattractive at the public level, it may even be ‘deterrently’ priced because they
(the incumbent) may be able to offer it but they would rather not roll it out asit is extremely costly [and the network may
not be able to support it]. The offers being made on ADSL are not what | would call broadband. It is only 128Kb per
second, or 256 at the maximum. There are better offers from cable operators, but it depends whether you are in their
servicearea..”

Broadcaster

Currently, initial offers of ADSL have been made in al Member States of the EU except
Greece (see table below). Roll-out has been fastest in Denmark and Austria with the UK,
Germany, Finland, Sweden Belgium and Luxembourg all showing signs of penetration
growth. There are large differences in the bandwidth offerings (up to around 2Mbps), but
most initial offers are in 100s of Kbps rather than in Mbps and so are only suitable for higher
speed Internet and not 'video on demand'. Furthermore, prices vary considerably and are
relatively high compared to standard dial up and ISDN. These factors have led some to
guestion the viability of the current mass market business model and new entrants and
incumbents are looking increasingly likely to focus initial offers on SMEs. In doing so,
emphasis will be placed on achieving a reliable high bandwidth service (2+Mbps) and
symmetric solutions, as ADSL is more suited to asymmetric residential applications (i.e.
downloading entertainment rather than sending large files).

The race is now on between ADSL and cable to see who can get to market first with an
attractive broadband offer, with the cable industry currently undergoing some major
upgrading in order that it can offer broadband to the residential market before ADSL comes
along. However, cable companies have a very great task in upgrading and so will be slower
to roll out than ADSL. Hence, ADSL over the ‘local loop’ will capture market share fast and,
provided ADSL operators can compete on price and content, they may capture sufficient
market share to dominate cable in the short to medium term. This argument is supported by
the experience of the US, were ADSL is now catching up with cable. However, where
upgraded cable networks can quickly achieve high levels of availability in aregion, cableis
likely to be the preferred broadband provider among consumers, whilst ADSL will be
preferred by SMEs
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Summary of ADSL Offersin 2000

Examples of ADSL offers Data Rate Price* in
Up/Down Kbps Rent/month
(installation)
Aus.  Telekom Austria (A-Online Speed) 64 /512 58 - 68 (?)
Primarily residential
Potential to reach 100,000 subscribers (55% of households)
Inode 64 /512 65 - 109 (?)
Business and residential (higher for busines) 77-115(?)
Bel. Belgacom (coverage of over 75% of households)
Residential: Turboline Go (Self installation - buy modem) 128/ 750 32 (+ modem)
Turboline Plus (Rent modem) 128/ 1000 40 (?)
Business:.  Turboline Pro 128/ 1000 90 (?)
Turboline Premium 512/ 1000 375 (?)
Den. TeleDanmark (NetExpres) 128/ 256 48 (134)
October 1999 (2-4km from exchanges in Copenhagen, Arhus, 128/ 512 67 (134)
Odense, Aalborg.) 256/ 1024 94 (134)
Considering symmetric DSL for businessmunicipalities 512 /2048 134 (134)
Cybercity 128/ 348 upto 66 (0)
512/ 2000 133 (267)
World Online 256 /256 upto 53 (0)
512/ 2000 133 (268)
Fin. Sonera (Home ADSL) 256 / 256 84 (168)
Sonera (Business ADSL) 512/ 2000 415 (?)
Elisa (Kolumbus) 256/ 256-512 66 - 134 (496)
Fra. France Telecom (Netissimo) - Residential 128/ 500 47 (117)
France Telecom (Netissimo) - Business 259 /1000 107 (151)
Easynet France ?/2000 ?
KPNQwest ? ?
Cegetel - Business HDSL +2000/ +2000 ? (760 - 1524)
Ger. Deutsche Telekom (T-DSL) - Residential 128/ 768 25 (?) or meter
Deutsche Telekom (T-DSL) - Business 768 / 6000 135-1590 (650-3900)
QS Communications - Business 144 - 2300 110-456 (252-777)
KPNQwest - Business Up to 7500 ?
First Telecom (Atlantic) - Business (SDSL) Up to 2300 ?
KKF.net Up to 2300 289-1449 (296-890)
Riodata From 256 to 8192 262-1702 (358)
Versapoint - Business Up to 1500 ISP package
Ita. Telecom Italia (Tin.it ADSL) - Residential, ADSL 128/ 640 138 (82)
Telecom Italia (Ring) - Business, VDSL Up to 155000 ?
Mannesmann (Infostrada Net24) - Business, ADSL ? ?
KPNQwest (ADSLink & ADSLight) - Business ADSL 8000 ?
Neth.  KPN (Mxstream Basic) - Residential 64 /512 23(?)
KPN (Mxstream Extra) - Residential 256 / 1000 30(?)
KPN (Mxstream Office) - Business 64 /512 39(?)
KPN (Mxstream Office Extra) - Business 256 / 1000 45 (?)
Spa. Telefonica (TerraADSL) - Residential 128/ 256 47 (138-204)
Telefonica (TerraADSL) - Business 128/ 512 97 (203)
300/ 2000 190 (384)
Swe. Telia (Telia Flexicom) - Residential ? c.82(?)
Telia (Telia Flexicom) - Business 400/ 2000 283 (?)
UK BT (BTOpenworld) - Residential 250/ 500 63 (235)
BT (BTOpenworld) - Business 250/ 500-2000 63-167 (248-435)
Kingston Communications - Business 256-1000 / 500-2000 16 - 25 (94)

* |ndicative only as prices are changing fast, and comparison with different levels of service is difficult. Prices quoted are inclusive of VAT.
Flat rate pricing with Internet access is amost universal. With QS Communications and KKF.net the installation charge varies depending
upon the length of contract (e.g. 1 to 3 years). Deutsche Telekom makes call charge in addition to monthly rental. There are also ISP
packages emerging.

**Deutsche Telekom offer ADSL over ISDN, a relatively straightforward conversion which takes advantage of the large base of ISDN
customer.
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Figure4

Price Comparison of Selected ADSL Offers within the EU
{Source: BDRC 2001}
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The chart above (figure 4) compares the price of selected ADSL offers within the EU. These
offers are broadly comparable, with downstream connection speeds of 256-750K bps and an
upstream speed of 64-250K bps. The Deutsche Telekom offer differs from the others in that
connection is metered, whereas the others include an ‘always on' connection.

There is considerable variation in the price of ADSL across the EU (Monthly charges range
from 138 Euro to 23 Euro). Whilst Telecom Italia make arelatively low installation charge,
their monthly charge is the highest in Europe, perhaps reflecting the lack of competition from
cable and other access platforms. In the Nordic Member States, where demand is high, the
monthly charge reflects consumer willingness to pay for fast Internet access. At the other end
of the chart, charges are relatively low in the Benelux countries where there is considerable
competition in the market and a need for ADSL providers to undercut cable prices in order to
capture market share. Belgacom offers particularly good value with speeds of 750K bps
downstream and 128K bps upstream for just 32 Euro per month. BT stands out for making a
relatively high installation charge.

BDRC 21 DG Information Society



The Development of Broadband Access Platformsin Europe

4.3 LEASED LINES

The leased line industry is well established in al Member States. Originally developed as a
way to interconnect multiple phone lines via one connection to the telephone network, it has
now become the primary means by which larger businesses provide Internet access to
employees.

The benefits of aleased line are as follows:

» Bandwidth can be bought to match demand. Also, variable bandwidth can be bought so
that in effect the bandwidth is available on demand.

High level of security

Symmetric or asymmetric data flow as required

Tailored service arrangement to include aspects of LAN

Reliable connection without time delay

Multiple, simultaneous users

Flat fee rather than incremental call charges

For the customer, the most important issue when renting a leased line, apart from price, isthe
level of service guaranteed rather than the technology of the leased line itself. For example,
to provide a permanent connection, redundancy needs to be built into the route. This means
that if the connection fails somewhere, an alternative backup route is available. Also, it is
often difficult to assess the bandwidth of a leased line until it is tested in practice. In some
cases, the maximum bandwidth possible in practice may be lower than that expected,
depending upon the path taken and other transient conditions.

An dternative to aleased line is to buy and maintain a private line. This requires the owner
to retain atechnical resource to implement and maintain such hardware and makes upgrading
an expensive option. However, as fibre optic bandwidth has removed the risk of
obsolescence for the time being, private lines for large businesses are an increasingly viable
option.

The emerging broadband technologies, described in this report, represent area alternative to
a leased line and so threaten to erode leased line business. For example, ADSL (or other
DSL variants) will offer cheaper bandwidth suitable for SMEs that might previously have had
no alternative to aleased line.

There is a perceived security risk associated with using ADSL over public switched lines,
which is not present with a dedicated leased line, however, this can be overcome by using
secure message protocols (otherwise known as tunnelling).

The real issue with leased lines is that alternative broadband access platforms such as ADSL
threaten to cannibalise existing, highly profitable, leased line business. Naturally,
incumbents are be reluctant to see that happen (of course new entrants see this as an
opportunity — hence the need for competition!). With increased competition from local loop
unbundling, new entrants and alternative technologies, the leased line market is set to
fragment. Suppliers of telecommunication access platforms will differentiate their offers to
attract niche business and there will be a much wider range of alternatives.
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Leased lines that use ISDN30 over coaxial copper cables (i.e. E1 cables as described in
Appendix A1) will gradually be replaced by ADSL, cable, satellite, fibre optic and fixed
wireless solutions as these technol ogies begin to offer a better bandwidth/price trade off. For
the larger company, the option to lease a dedicated connection via any of these technologies
will remain a popular alternative to installing and maintaining private equipment. And for
the SME, the trade off will have to be made between the benefits of leasing a dedicated
connection with bandwidth on demand or relying on ADSL, cable, FWA or fibre to the
premises depending upon price and availability.

4.4 TERRESTRIAL BROADCAST (AND DTT)

Terrestrial broadcast (analogue or digital) is currently the most popular access platform for
television in Finland, France, Greece, Italy, Portugal, Spain and the UK. In all other Member
States, a combination of cable and satellite accounts for the vast majority, or in some cases
amost all broadcast media. As digitisation progresses, it will become imperative for
terrestrial broadcasters in these countries to switch from analogue to digital. The switch will
be made in order: to meet demand for DTV (which will also be met by satellite and cable); to
avoid having analogue as well as digital TV; and to free the transmission frequencies which
could, for instance, be used for next generation wireless technol ogies.

In Europe, the analogue switch off date has been set by a number of countries, with the
earliest being 2006 in Italy and Finland and 2010 in France, UK, and Spain. However, the
UK is currently the most evolved in terms of the provision of digital terrestrial television
service. The speed of progress toward analogue switch off will be determined by many
factors, including the need for governments to maximise the available radio frequencies as
wireless technologies grow in popul arity.

It is most likely that analogue TV switch off will not occur until the vast majority of a
country's population have either a digital TV set, or a digital adapter of some description.
Analogue TV sets are remarkably long lasting items and are likely to remain in use for many
years to come. Furthermore, it will be necessary to alter or replace every TV set in
households with more than one, and VHF video recorders will also need to be upgraded for
full functionality.

Despite these hurdles, the following benefits will drive uptake of digital TV equipment:

» Many more channels allowing broadcasters to target niche interest audiences (minority
groups, etc) aswell as the main stream channels currently available;

» Fast download allowing for TV/video, music, games or any other digital media, virtually
on demand, using compression algorithms defined by MPEG-2;

* Improved picture and sound quality, including the availability of high definition DTV;

+ Interactive television (‘Click through TV™, Internet, shopping, banking, e-mail etc.)

3 Full description in Section 6 (Page 45)
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Of course, the need to provide these services is placing new demands on broadcasters, with
knock-on effects throughout the industry including programme makers, advertisers, post-
production facilities, transmission services and the price of such services to the customer.

Despite the hurdles, such as its limited transmission capacity, the great advantage of DTT
over cable or satellite is that, in those countries with a legacy of terrestrial broadcast, most of
the infrastructure is already in place, though it has to be upgraded from analogue to digital.
Furthermore, and of very great significance, the TV has become a deeply ingrained cultural
necessity in most homes. It is a passive medium associated with leisure time, entertainment
and news (compared to the PC, which is an active medium associated with work or
interactive play). The challenge for those companies promoting the extra benefitsof DTV, is
to overcome the cultural inertia associated with change. In this situation, DTT isin an
auspicious position to introduce the possibilities of DTV with minimal disturbance to existing
patterns of behaviour and cost to the consumer. Then as the benefits of DTV are
experienced, customers will be more likely to upgrade to cable, satellite or other access
platforms offering a greater array of applications.

The potential of DTT varies considerably from country to country in Europe. In those
Member States where cable and satellite account for the vast mgjority of broadcast media, the
roll out of DTV is most likely to be through organic growth and upgrading of these existing
platforms, rather than investment in a new terrestrial infrastructure with limited potential.

DTT is currently available in the UK, Ireland, The Netherlands, Spain, Finland and Sweden,
with France, Italy and Portugal al planning to launch in a year or two. In these Member
States, DTT offers considerable potential as a broadcast platform, which will ease the change
over from analogue to digital. However, even in these countries, the long term potential of
DTT is somewhat limited, as there will be increased pressure on radio frequencies for mobile,
fixed wireless and satellite.

The early introduction of DTT in these countries, even as an interim measure, will speed up
the arrival of analogue switch off and encourage the benefits of digital convergence via the
television. In countries quick to switch from analogue to digital, a larger proportion of the
population will have upgraded their equipment and so a larger proportion will benefit from
‘broadband’ applications viathe television.
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45 CaBLEAND CABLE MODEMS

Cable operators are in a race to grab broadband market share before ADSL. Cable offers
some significant advantages over ADSL, such as potentially higher access speeds at lower
cost with bundled product including accessto DTV, telephony and Internet. However, cable
is limited by geographical coverage of the network and the extent to which the legacy coaxial
copper networks have been upgraded to bi-directional, digital transmission.

Although upgrading has been going on for some time (around a fifth of EU networks are now
upgraded), it is a very expensive and time-consuming process. Although the coaxial copper
itself is not necessarily replaced, upgrading to two-way transmission requires operators to
build a virtually new end-to-end IP (Internet Protocol) network infrastructure which includes
connecting to the Internet backbone, installing routers, switches, servers and new network
management systems.

An upgraded system has to be able to cope with a huge demand for bandwidth (to avoid
disappointing new customers and damaging the reputation of cable as an access platform).
There have been a number of examples (e.g. Noos in France and Telewest in the UK), of
operators having to stop offering service because of system overload. Although upgraded
cable has the potential to provide higher bandwidth than ADSL, it is likely to be limited by
the operator to ensure that the system can cope with periods of maximum demand.

Some critics of cable claim that it has an inherent weakness in the network architecture as the
available bandwidth for a street or apartment block has to be shared by everyone in that
community. ADSL on the other hand, connects each user independently. However, cable
operators are quick to point out that their systems are 'scaleable’, meaning that they can
increase the available bandwidth to match increases in demand.

In some countries (e.g. UK and Spain) where there is no significant legacy of cable, it has
been necessary for operators to lay entirely new networks. In these cases, the cableislikely
to be a hybrid of fibre optic and coaxial cable and the network will be designed from scratch
to cope with large increases in bandwidth demand in the future. The disadvantage of this
approach is that operators start with a relatively small potential market, as the geographic
coverage of the network is limited. In these cases, cable is made available in more densely
populated areas.

In order to connect adigital signal to an analogue TV set it is necessary to have a set-top-box
at the customer end. In addition to this, a cable modem is required for Internet via cable
networks. Two international standards are now in place for cable modems, they are:
DOCSIS, which originates from the US; and DVB/DAVIC Euromodem, which is the
European standard for set-top-boxes and cable modems.
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Industry View

“Theidea of ‘double play’ and ‘triple
play’ is very old. It's been around
for 20 years. The cable players have
done this and taken only 20-25% of
the market (in certain countries).
The key to marketing broadband is
not to compete on price by offering
‘triple play’ but to compete by
offering a service which can’t be got
anywhere €else (e.g. like sport) or an
extra TV channel. Success will come
from differentiation”

Cable Company

Cable operators typically offer ‘double play’ or ‘triple play’
packages, in which the customer benefits from a lower
overal priceis they subscribe to a combination of TV, flat
rate Internet access and telephone calls. In these cases,
cable modems are integrated with the set-top-box and are
provided as part of the subscription package. However,
there is a view that this is not the best strategy for
encouraging broadband access because demand for
bandwidth will be driven by highly differentiated content,
rather than lower prices. In some European countries (e.g.
the UK), cable TV has gained its foothold on the back of
exclusive access to certain content (in particular sport), but
because penetration is limited, it has been hard for the cable
companies to reach the audience levels expected of them.

In summary, the European cable industry is likely to be slower to grab market share than
ADSL. And ADSL will probably emerge as the preferred method of accessing the Internet
among SMEs and early adopters of such technology. However, cable operators are in a
strong position to market an extensive choice of channels, video and broadcast on demand,
new interactive programmes as well as low cost Internet and telephone, and this may be the
means by which cable can catch up with ADSL, as networks are slowly upgraded.

In the course of 2000, with the collapse in share prices of many of the leading players,
expectations for the market have slowed in the short term. For example, the optimistic plans
of UPC’s broadband portal Chello have been scaled down, and NTL are suffering from their
huge investment outlay and have been forced to reduce the workforce to cut costs. Market
consolidation will continue, which will strengthen those companies that survive.
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Summary of Cable lnternet Offersin 2000

Examples of Cable Internet offers Data Rate Price* in
Up / Down Kbps Rent/month
(installation)
Aus. UPC Telekabel (Chello) - Residential 60,000 subscribers 128/ 512 43 (72 + 50)
Liwest (24 Speed) - Residential - 2,500 subsc. in Linz 64/ 300 42 (?)
Bel. Brutélé (Residential: Brutélécom@home) ? 36 (520)
Brutélé (SME: Brutélécom@turbo) ? ?
UPC Belgium (Chello) 128/ 512 36 (?)
Telenet (Res.: Pandora. SME: Pro-pakket or Pro+Pakket) 128/ 512 37 - 50 (298)
ALE-Télédis (Té édisnet) 64/ 256 35- 74 (171)
Den. TeleDanmarkKabel Viatelephone/ 512 13 (267)
Telia Sofa (500,000 homes) 384 / 1000 101-335 (133:low
vol.-267:high vol)
Fin. Helsinki Television (HTVI) ? 41 (45)
Sonera (QuickNet) ? ?
Sarvisio - Kupio Cable TV (Komeetta) ? 42 (50)
Fra. France Télécom (Cable Wanadoo) - Residential 128/ 512 35(82)
France Télécom (Multi @ccess) - Business 128/ 768 per terminal (up 111 (68)
to 1 Gbpstotal)
France Télécom (Plein@ccess) - Business 256 / 1000 per terminal 228 + 6 per 20Mb
(up to 4 Gbpstotal) up
UPC (Chello) - Residential ? 36
NC Numéricable (AOL par NC Numéricéble) - Res. ?/512 50 (107)
NTL (Noos) - Residentia ? 36 (76)
NTL (Noos) - Business ? 15: 1 terminal
29: 2-4 terminals
45: 5-8 terminals
58: 9+ terminals
Ger. Komro (only in Stadtgeviet and Rosenheim) 26-500/ 64-2058 20-173 (0)
PrimaCom (only in Leipzig and Magdeburg at present) 128/ 512 30(?)
Neth.  UPC (Chello) - Residential 128/ 512 40 (135)
ExciteAtHome (AtHome) - Residential ? 40 (136)
France Telecom (Casema) - Residential 32-64/96 - 160 41 - 54 (82)*
Sonera (QuickNet) - Residential 64 /512 36 - 41 (107 - 164)
Por. TV Cabo (Netcabo) ?/ 640 43 (75)
Cabovisio (Netvisio) 128/ 512 55 (50)
Spa. Ono (Ono Internet) ?/512 66 (84)
Madritel (Internet 777) ?1777 11 (90)
Reterioja (AVE 256) ?/ 256 48 (90)
Retena (AVE 256) ?/ 256 48 (90)
Supercable (Super 256) ?/ 256 41 (90)
Swe. Telia (Internet Cable) 128/ 512 24 (111)
UPC Sijarn TV (Chello) 128/ 512 22-33 (143)
Tele2 (Connect2l nternet) 128/ 512 24 (0-167)
UK NTL (NTLWorld) - Residential ?/512 66 (245)
Telewest (Blueyonder) - Residential ?/512 54 (82 - 124)

* Prices are indicative only

The chart below (Figure 5) compares the price of selected cable Internet offers within the EU.
All of the offers included in this chart refer to a two-way connection via cable (except
TeleDanmarkK abel, which relies on the telephone for the upstream path) with a downstream
speed of 512 to 640Kbps and an upstream speed of 128Kbps (except TeleDanmarkKabel,
which islikely to be up to 56K bps).
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Figure5

Price Comparison of Selected Cable Modem Offers within the EU

{Source: BDRC 2001}
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There is considerable variation in monthly charges across the EU (from EUR 66 to EUR 13),
however, there are a number of factors that need to be taken into account when making any
assessment of these variations. For example, levels of service may differ depending upon the
demand placed on networks and the quality of upgrade varies from region to region (e.g.
networksin the UK and Spain are brand new).

In most cases Internet access via cable is sold as part of a package of services, which may
include telephony and TV. This partly explains the large variations in instalment charge as
different offers are based on different business models. Those with a relatively high one-off
instalment charge require the customer to pay up-front for a cable modem, whilst others
discount the cost of modem and set-top-box on the basis of committing customers to a
number of services over afixed period of time.
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46  SATELLITE

Satellite is very successful as a broadcast medium for the mass-market, and for dedicated
two-way transmission for larger businesses and network infrastructure. However, the most
obvious limitation of mass-market satellite is that the data transmission is highly
asymmetrical. Although up to 2Mbps per channel may be delivered into the home, most
current satellite systems are not able to provide an upstream path. To achieve this it is
necessary to use another access platform such as the telephone line. In terms of convergence
with the Internet, such a system would allow access to TV or tailored Web-style media, but
would not allow access to the whole Internet or e-mail (except via an alternative access
platform). At present, this does not present a major problem for the broadcasters as most
‘interaction’ associated with TV does not require high return data rates, however it does limit
the potential of satellite as a broadband access platform for the future.

A more likely outcome is that the symmetrical nature of broadcast satellite will become its
strength, rather than its weakness. |If the market continues to develop with the emphasis on a
wide but restricted choice of enhanced TV and new media channels and downloads, with a
separate access platform for the Internet, then the future of satellite looks secured. In this
way, satellite may evolve into the ‘quality’ broadcast medium of the future offering high
quality channels tailored to niche markets such as business communities, ethnic minorities

(multiple languages), interest groups etc.

Satellite telecommunication iswidely used as a
backbone technology for global networks.
Constellations have been designed specifically
for this purpose, with the aim of competing
with fibre optic. The advantages are that there
are no boarders to cross physically and some
such networks would immediately reach
almost 100% coverage of global population.
For example, Teledesic are planning such a
network, which could offer point-to-point, two-
way connection of 64Mbps upstream and
64M bps downstream.

Fully interactive connections via satellite (i.e.
with fast upstream as well as downstream
transmission) have been available to larger
organisations for some time. This service is
most suitable for dedicated links within and
between high tech companies (e.g. HQ and
ISPs). It is particularly applicable for sitesin
locations with poor terrestrial infrastructure.
However, when thisis scaled down to the level
of individual houses/SMEs interacting, there
are technical limitations which cause an
unavoidable delay in transmission of at least
0.5 seconds.
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Two-way Satellite Broadband - Will consumers get
everything they want?

By Peter J. Brown from the January 22, 2001 issue of
Broadband Week

EchoStar went on record with the FCC last November
as being cautionary-if not outright gloomy-about its
ability to compete with cable on the data front. In
comments filed in response to the FCC's inquiry
concerning high-speed access to the Internet over cable
and other facilities, EchoStar stated, "In contrast with
the finite bandwidth available to wireless and satellite
systems, the terrestrial broadband pipe technologies
available to cable systems offer bandwidth that is
virtually limitless for almost all current practical
purposes.”

"DBS (Digital Broadcast Satellite) companies are
technologically disadvantaged in offering truly inter-
active products. DBS services (which use the DBS
downlink spectrum) do not have a return link from the
home to the satellite and cannot at this point in time
practically or reasonably duplicate the two-way cable
pipe that is being deployed by AT&T and other cable
operators. EchoStar has tried to respond to consumer
demands through its participation in the StarBand joint
venture with Gilat, but this service is provided through
a platform that is relatively cumbersome to consumers.
EchoStar's next-generation broadband solution (which
involves use of the Ka-band) is likewise significantly
spectrum-constrained.”
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A limited interactive broadband service via satellite
is now being offered to smaller business and in the
future may become financially and technically
viable for residential Internet access for the
residential customer. For example, in Europe,
SES/Astra are offering a Broadband Interactive
(BBI) service with up to 2Mbps upstream and
6Mbps downstream (and potentially more
depending upon the size and power of the
transmitter and dish). However, this two-way
transmission is achieved by broadcasting (or
‘“Webcasting’) awide, but limited selection of Web-
sites /interactive multimedia to users PCs. This
“hybrid push/pull’ system relies on the recipient
storing popular media on their own hard drive for
later use. Such a selective access to the Internet is
likely to be applicable to users who do not wish to
‘surf’ the Internet, but do require regular visits to
specific Websites (e.g. certain businesses,

A problem with two-way satellite
FT 10/12/00

Gilat@home, now Starband, offers two way
satellite access. Unfortunately early users are
discovering terrible TCP/IP upload performance,
perhaps worse than dialup modem speed. This
lack of upload performance is going to be a
characteristic of all (geo-stationary) two-way
satellite systems.

Why is upload worse than modem speed?
Because of the extremely high latency (delay)
between the user's PC, and the destination of the
uploaded data. No matter what tweaks satellite
companies provide to maximise this long fat pipe
for download, they cannot improve upload speeds
since those same tweaks would be required on the
server end, but servers cannot be optimized for
just one class of user.

Starband users may find this an impossible
problem for multiplayer games that rely on
TCP/IP traffic, or indeed any other internet
application that requires TCP/IP uploads.

educational institutions, government etc).

There have been trials of a system to provide full access to the World Wide Web via satellite,
aimed at the residential/SME market. But these have run into unforeseen technical
difficulties with unacceptable latency and slow access speeds, as the number of users
increases (e.g. Europe Online suspended further trials on this basis). These problems may be
resolved in the long term (5-10 years), as areliable solution has the potential to grab alarge
proportion of the market for broadband.

The burning issue with all satellite technology is the astronomical cost of getting a new
system up and running. Since a constellation is required for the system to operate, and each
satellite costs millions of Euro to build and launch, the total investment required for the
whole system isvast. Given the rapid pace of change in technology, and so the possibility
that a new satellite system may not remain up-to-date for long, investment in space is
inherently risky (as the failure of the Iridium constellation to compete with the growth of
GSM demonstrates). Once the constellation is in place, the technology on board cannot be
adjusted or replaced, which means that any investment in space must produce guaranteed
returns for many years. By comparison, terrestrial technologies (e.g. Fibre optic) benefit
from the advantages associated with incremental and organic (see above) growth.

Satellite broadcasters are going in the direction of launching bigger (e.g. Astra), more
powerful satellites that have a larger footprint so that the customer requires a smaller and
cheaper dish to receive signals. Hence, this will allow for more rapid roll out to a wider
market. In such situations, broadband access is likely to be a combination of satellite
transmission into the premises and telephone connection out of the home. For some living in
rural areas, this type of satellite transmission may offer one of the most effective access
platform to ‘broadband’ access to the Internet (DTT and Fixed Wireless Access also have
potential).
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Furthermore, a limited form of ‘interactive’ service via satellite will also be available to the
business market initialy in the UK (by Astra), and depending upon the company’s ability to
enter and the size of the market, Spain, France and Germany, as well as Poland where

“everything is satellite”.

European firm deals blow to Internet-by-
satellite. By Richard Baum

LONDON, Oct 13 (Reuters) - A leading provider
of high-speed Internet services via satellite is
relaunching as an interactive broadcaster after
concluding the technology cannot be used for
Web surfing.

The decision by Luxembourg-based Europe
Online is a blow to hopes that satellites could
bring fast Internet connections to rural
communities shunned by fixed-line operators.

The two-year-old company, run by a former head
of Walt Disney Television, uses the Astra
satellite to beam Internet content to 15,000
customers across Europe.

Although the technology theoretically can
provide fast download speeds, the service slows
considerably as the number of users rises.
Furthermore, data from the user’s computer is
sent over a normal dial-up modem.

Europe Online believes the two constraints make
high-speed Web surfing impossible, despite the
claims of U.S. rivals like Hughes Electronics
Corp.

“‘High-speed Internet access simply does not
work with satellite,”” Europe Online
spokeswoman Simone Steinmetz told Reuters.
“It’s a bad use of satellite capacity.”’

There are also designs for broadband satellite
networks (e.g. Skybridge, which is owned by
Alcatel and Teledesic, an independently owned US
company) made up of multiple, smaller, simple
‘bent-pipe’ satellites. ‘Bent-pipe’ refers to very
simple satellites, which divert signals to an earth
station for switching and routing of the signal.
These satellite networks would allow interactive
broadband via dedicated links between remote
Sites.

Such instant ubiquitous coverage as would come
from a project like Skybridge (95% coverage of the
global population) has huge potential across the
globe including developing countries without the
legacy infrastructure to support broadband. For
projects like this, there will be more likelihood of
success in the future if standardisation of coding
protocols (such as Internet Protocol) can be assured
over along period of time, and as the demand for
broadband becomes more clearly understood. The
high frequency Ku band (which has been allocated
for satellite use by the ITU) is not effected by
weather. And the ssimplification of the technology
to go into the satellite, allowing earth stations to
deal with the more complex system requirementsis
under development.

Summary of 'Interactive’ Satellite Offersin 2000

Examples of Satellite I nternet offers Data Rate Price* in
Up/Down Kbps Rent/month
(installation)
Fra. EasySky (upstream by standard dial up of ISDN) ? 30 (303+)
Teles - planned service (with upstream by telephone) ? c. 18 (180)
Ger. Teles SkyDSL (upstream by standard dial up or ISDN) 56 - 128 / 4-8000 20 (153)
Neth.  Internet Access Nederland (upstream by standard dial up) 34-64 / 400-800 16 (85)
Ision (upstream by 1SDN) 64-128 / 256 406 (2,949)
64-128 /512 678 (2,949)
64-128 / 1000 951 (2,949)
64-128 / 2000 2,176 (2,949)

* Prices are indicative only.
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4.7 FIBREOPTIC

Fibre is clearly the preferred choice for digital backbone Industry View
network because of its unrivalled bandwidth capacity. In . :

. . . | think, ideally, fibre to the home
general the combined cost of fibre, laser diode, connectors,  youid be where the technology will
installation, and all other equipment is now competitive with  lie. | think if bandwidth demand is
traditional copper solutions. Fibre solutions are alsp 90910 show asaggressive a growth

. . . curve as it has, | think fibre to the
common for larger businesses as leased lines or pnva;ely home would be a good objective for
owned networks. The construction of MANSs (Metropolitan  theindustry to have..”

Area Netw_orks) also offers cost effective possibilities for VP of Leading Global Player
smaller businesses.

If the consideration is the bandwidth/cost ratio, then fibre optic is thousands of times cheaper
than copper. Fibre optic is a"future proof" infrastructure, as once laid in the ground it is the
boxes, rather than the fibre, which might need upgrading (and even this will not be necessary
for many years). An exception to thisis the laying of fibre optic backbone under sea, since a
repeater is required every 10 miles (e.g. 300 between Europe and the US) and, rather than
replacing the repeaters, a new system would be laid.

In addition to the unbeatable bandwidth/cost ratio (which will
only improve further over time), telecommunication
“Other technologies are a Band- cOmpanies and cable network operators prefer installing fibre
Aid on a problem, until fibretothe  t0 copper because it is thin (takes up less space) and
FrETEEsain lightweight (cheaper to transport). What is more, fibre offers
Fibre Optic Company enormous bandwidth in both directions and so effectively
eliminates the issue of symmetry, which is a limitation of

other platforms such asDSL, cable, satelliteand DTT.

Industry View

Despite these advantages, fibre optic technology is not a panacea. Like every new
technology, it brings its own set of problems to overcome. The most significant is the cost of
components and installation. At present the physical components, which connect to the fibre,
are hand made. They are extremely sophisticated pieces of machinery, which do not easily
lend themselves to mass-production techniques (e.g. the laser diodes). However, as with all
relatively new technologies, advances are constantly being made, so the large investment in
mass-production facilities will not happen until the pace of development levels off. To give
confidence to investors, it is necessary to agree industry standards of production, so that the
components can be made by a variety of manufacturers in the knowledge that they will work
together.

Personnel in the industry, trained to the sufficient level of technical expertise, are now in
considerable demand. There are examples of projects being held up by lack of technical
knowledge. However, thisis being addressed, and is seen as only a short-term problem.

Undoubtedly the greatest hurdle to the realisation of fibre to the home is the physical
installation of fibre optic as this requires fibre to be laid in ducts. In Europe, there is often
little or no room to add new capacity in existing, cable and telecommunication ducts. The
construction of new ducts is a slow and expensive operation and is restricted in some regions
of Europe (e.g. historic towns and cities).
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Fortunately, the problems are not without solutions. As fibre deployment increases, the
economy of scale for the manufacturers is driving costs down. Also, much work is being
done to by-pass problems such as:

» Trading bandwidth for easy connection by using plastic fibre optic rather than glass

» Laying fibrein the sewage system, which gets round the need for digging in urban centres

* Removal of copper from existing ducts, to make space for fibre which is thinner and
reselling the copper to refiners who see it as high grade ore

» Development of Optical Wireless Access, which allows light signals to be sent through
the air, without the need for glassfibre

Because of the scale of the investment required, fibre opticsis only slowly, reaching out into
the access network and the vision of fibre to the home (FTTH), or even to the curb (FTTC), is
not yet close to realisation in most Member States.

The most advanced country in terms of FTTH is Sweden where there are more than 30,000
customers connected directly to afibre network. A number of situation specific factors have
combined to make FTTH viable (although these may be replicated in other Member Statesin
the future). Firstly, Sweden has the highest penetration of PC of any country in the world,
with correspondingly high Internet use. Secondly, like many other Member States, much of
the urban population dwells in apartment blocks, which makes fibre to the basement
appropriate. Companies such as Bredbandsbolaget and Thalamus have provided fibre to the
basement of multi-tenant apartments by selling the idea of bundled services and high-speed
connection to landlords. The landlords then use thisto attract tenants to their properties. The
cost of such a broadband connection is then included in as part of the rental charge and so is
treated like a utility. Such a business model becomes viable when around 30% of an
apartment building’s tenants use the service. Furthermore, these companies have shared the
cost of laying new fibre networks with the e ectricity/power companies who agreeto lay fibre
in their ducts and benefit from bundling power provision with telecommunications to the
customer.

The network architecture used in Sweden and other Member States currently introducing
fibre optic to the residential market (e.g. Italy and Germany), is to bring the fibre-to-the-
basement from which each flat is connected via an Ethernet over coaxial copper. In ltaly, in
particular, there is an opportunity to bring fibre-to-the-curb as the copper local loops are
relatively short and may have the potential to provide high bandwidth DSL such as VDSL.
However, even in Italy, the cost of replacing the local loop with fibre is amost beyond
consideration.

One of the lessons from Sweden is that fibre to the home has an enormous impact on
bandwidth consumption, which pushes the bottleneck out to the nearest node or even the
capacity of the network. This requires adequate provision in the network before installation
in the home, otherwise connections will not reach the speed promised. Furthermore,
companies rolling out FTTH have had to learn first hand that, in addition to installing the
technology, there are significant costs in billing and servicing the customer. Thisis of course
made easier by the introduction of flat fees.

BDRC
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As demonstrated by its rapid and extensive deployment in the network, fibre optic is by far
the best medium for transmission of digital information. Apart from the benefits of low error
rates and high security, the sheer potential bandwidth of fibre means that it will eventualy be
the access medium of choice for broadband.

Extract from Upside magazine - December 2000.
OUltimately, thewinner in the future will be fibre-to-the-homeO

Says Steve Pusey, president of local Internet at Nortel Networks. He explains that all of the other main broadband-access
technologies: wireless; DSL; and cable, are "points in history" on the migration path to pushing fibre deeper. All of these
technologies will continue to exist primarily because of their installed customer bases (phone customers for DSL and
cable customers for broadband cable) but the technology that can provide the most service-rich content will be the winner

However, the production and installation of fibre optic equipment is such that the industry is
already at full stretch to meet the demands of global network upgrades. At present, the scale
of investment required to provide FTTH or basement on awide scale is too large to consider
(although the cost to bandwidth ratio is low).

Considering that residential/SME demand for bandwidth is there now and growing
constantly, it is likely that other broadband technologies such as cable and ADSL will meet
existing demand and at the same time further stimulate demand. When analogue switch off
gets closer, and DTV and the Internet begin to converge, then fibre optic access (to the
basement or home) is likely to replace copper solutions on a wide scale. In the meantime,
fibre will gradually extend out of the cable and telecommunication networks, and get closer
and closer to the home.

Summary of FTTH Offersin 2000

Examples of Fibre Optic (FTTH) offers** Data Rate Price* in
Up/Down Kbps Rent/month
(installation)
Ita. FastWeb - Businesses in Milan suburbs 10 - 100 Mbps 362 (516)
Swe. Bredbandsbolaget - Residential and SME 10 - 100 Mbps 24 (?)

* Prices are indicative only.
**Also fibre roll out or plansin Singapore, Korea, Iceland, Japan, USA, Benelux (by B2) and Germany (by B2).
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10. BENCHMARKING THE EU15 wITH THE US AND JAPAN

The charts below compare the predicted growth of household/SME broadband access
in the EU15 with the US and Japan, and show that the US is clearly ahead in terms of
number of broadband subscribers and proportion of households with broadband
access. Furthermore, it islikely to maintain this position, but by 2002 when over 15%

of US households
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in EU15, US and Japan {Source: BDRC} access, the rate of
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(EU15: 152m; US: 103m; and Japan: 48m), current penetration in the EU15 is behind
both the US and Japan. Furthermore, penetration in the EU15 looks set to continue to
follow behind the US until 2003, but will overtake Japan in 2001. A closer
examination of EU Member States shows considerable variation in terms of
broadband development and potential. In both Denmark and The Netherlands,
household penetration is amost at the same level asin the US and along with other
Northern European Member States, looks set to grow rapidly until 2003, perhaps even
outperforming the US in some cases.

The US dominance can be attributed to the current and potential penetration of
broadband cable access (see chart below), which reflects the extent of the legacy cable
networks in place to provide DTV and the relatively advanced state of the market.
Across the majority of the EU15, either there is no legacy cable infrastructure in
place, or extensive upgrading is required before broadband cable can be provided.
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Also, with the notable exception of the Benelux Member States, the EU15 cable
industry has yet to undergo the market consolidation and separation from incumbent

and regional CATV

operators necessary Predicted Growth of Household/SME Broadband Cable
. in EU15, US and Japan {Source: BDRC}
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between the local municipal bodies and small private enterprises. New entrant cable
operators are gradually buying and upgrading those networks which offer the most
potential.

The rate of growth of DSL in the EU15 is predicted to follow that of the US, and may
even exceed the US by 2003. Given the current barriers to the development of
broadband cable in the EU15, DSL (especially ADSL) penetration is set to catch up
with cable over the next three years. However, there will be considerable variation

between the EU
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2000 and 2003.
The future of
ADSL in Japan depends upon the extent of competition encouraged in the market.
However, the view of this study is that the incumbent NTT has little incentive to
deliver afast, large-scaleroll out of ADSL.

Alternative access platforms, particularly FWA, are likely to provide competitive
pressure for cable and ADSL operators, but will remain niche market products.
Perhaps with some governmental incentive, alternative access platforms may also 'fill
the gaps' in service left by cable and ADSL. In the longer term, between 2003 and
2010, bandwidth demand will begin to exceed the potential of ADSL and co-axial
copper. At this point, fibre to the home will be the obvious solution. Japan is
particularly well placed to move quickly to fibre to the home in the future.

BDRC 140 DG Information Society



The Development of Broadband Access Platformsin Europe

11. CONCLUSIONS

Considering the technical potential of each access platform, it is apparent that thereis
a clear winner in terms of speed, reliability and future potential. Of all currently
available technologies, fibre optic is the most suited to digital data transmission.
Light is the fastest medium known to man, and the current speed of sending and
receiving light is faster than any other technology®, and offers the greatest potential
for increased speed in the future. Fibre optic has considerable technical potential and
so provides a relatively future proof solution. It is aso a reliable platform, which
allows for fully symmetric transmission and so is the preferred, and now most
commonly deployed, transmission technology for network trunks, country backbones
and intercontinental transmission®.

Despite its proven benefits, fibre optic is not being widely considered as an access
platform for the home/SME because of the considerable investment required. The
principle barrier isfinancial, not technical. The problem is that the business model for
fibre to the home is hard to justify. To ensure that the best technical solution gets to
market, it is necessary to take a long-term perspective. However, like building a
'raillroad’ through the desert of the 'wild west', such an investment requires almost
blind faith in the future of the digital age. But it is precisely this type of belief (albeit
in the Internet specifically) that lead to the unprecedented interest in 3G licences and
the rapid global growth in value of tech stocks and Internet related businesses at the
beginning of 2000. However, when this 'bubble burst', so did the immediate chances
of rapid and extensive deployment of broadband access platforms.

Continuing the logic that fibre optic technology is the best solution for data
transmission, it becomes apparent that the recent enthusiasm for high-speed mobile
transmission (3G) may prove to have been misplaced. To compromise on speed in
order to receive and transmit data at any location and at any time, may not be the best
fit between human behaviour and the available technology. Perhaps a better solution
may prove to be geographically fixed 'hot-spots' (wired or wireless), which allow very
large amounts of data to be stored in the memory of a mobile terminal (PDA, laptop,
etc.), and then accessed while on the move. This could then be combined with
comparatively low-speed mobile access. Furthermore, innovations such as Wireless
Optical Access and Fixed Wireless Access have the potential to provide seamless
connections which overcome the need to lay fibre, but are as fast as fibre over
distances of 1-2km.

In the current market climate, with the threat of further economic slow-down and
large debts among many incumbent telecommunications operators, businesses are
likely to prefer to maximise short-term returns rather than invest in the future. The
likelihood is that interim technical solutions (e.g. ADSL and 3G) may prevail for
many years and hold back the potential of ultra high-speed access to the home (e.g.
fibre optic). However, it isin this climate that a decisive and forward thinking action
by a competitor could stimulate the market.

> The speeds achieved using Fixed Wireless Access and Optical Wireless Access over short distances
using very high frequencies may approach that of fibre optic.
" In some cases satellite solutions are used, as an alternative to fibre optic.
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Although ADSL, coaxia cable, FWA, and satellite are technically limited in different
respects, they have other advantages that make them quick to get to market as access
platforms (see chapter 4 for full explanation). Given the relatively early stages of
demand for broadband access, and the lack of alternatives available to the market,
these platforms are likely to be adopted by those prepared to pay for faster access to
the Internet. But the Internet remains a relatively new phenomenon and it will take
time for the mass-market to adjust their behaviour to take advantage of the, as yet
undiscovered, potential of the digital era. Furthermore, broadband access appears
expensive to consumers when presented as merely faster access to the Internet in its
current form.

The answer to developing the market for broadband access is to market content and
not access. The content that is currently most popular is TV (plus films, games, radio,
music and the web) and as digital convergence progresses, and new interactive media
emerge, the market will become increasingly willing to pay for new forms of content
(perhaps without even considering how it arrives). Only when this occurs will
broadband stimulate use, which in turn will stimulate demand.

Across the EU, the principle characteristic of the broadband market is diversity (see
chapter 10). This represents both a danger and a potential strength. In terms of the
roll out of physical infrastructure, such diversity could lead to a highly fragmented
market in which different regions have different alternatives. Thiswould be very bad
for the future of broadband as investment in digital transmission systems works best
where there is technical harmonisation and a common vision of the future. However,
diversity of technical solutions could become a great strength if it leads to a wider
choice of access platforms to the home/SME. For example, ADSL, cable and FWA
(plus other platforms), all available in the same market to the same customers.

Given the importance of content, the diversity of cultural contexts in the EU also
represents a danger and a potential strength. For example, the anglophone nature of
the Internet was initially a strength assisting its rapid growth, but now non-English
speaking cultures are beginning to develop their own Internet content. Such cultural
diversity increases the depth and richness of the content available, and encourages
more people to benefit from the potential of the digital era. The EU is very well
placed to benefit from such rich and varied content.
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12. RECOMMENDATIONS

Given the current market climate, which may not be conducive to rapid broadband
deployment, government may play an important role to encourage a faster
development of broadband platforms in Europe. Below are measures that could be
implemented in Europe — some at EU, others at national level - to accelerate
broadband take-up. These measures also cover important issues such as ensuring
access to broadband platformsin all regions and cities in Europe.

[ For the short to medium term, stimulate demand for broadband by encouraging
the widest possible roll out of all platforms and the possibility of low cost
access.

— maintain pressure on incumbents to unbundle local loops fully

— ensure that cable operators do not gain exclusive access to customers
— encourage competition between platforms (e.g. ADSL, cable & FWA)
— ensure astrong legal position with regard to anti-competitive situations
— encourage Member States to learn from the experiences of others

— provide tax incentives/subsidies for investment in less profitable regions
— promote standardisation of components and protocols

[ Encourage European wide business strategies by harmonising the regulatory
environment across the EU, with regard to broadband deployment. In particular,
to encourage a common situation regarding the deployment of physical
infrastructure such as hanging cables through the streets, digging and occupying
ducts, and the installation of wireless co-location sites.

[ Stimulate demand for digital broadcasting (which will encourage the wider
population to access digital content):

— provide tax incentives/subsidies for analogue TV converters

[ For the long term, provide a clear vision toward universal fibre optic
transmission:

— provide tax incentives/subsidies for fibre optic development
— develop pan-European policy on physical infrastructure for fibre optic
— encourage industry to share ideas and agree common standards

Further investigate the possibilities of Fixed Wireless Access and Optical Wireless
Access as viable alternatives to laying new physical infrastructure to every
home/SME.
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APPENDIX A: GLOSSARY

3G

UMTS (Universal Mobile Telecommunications Service) is the third generation (3G) of European
cellular mobile communications. It uses wide-band CDMA technology, which is a packet-based
system for the transmission of digital information such as text, voice, video, and multimedia at data
rates up to 2Mbps upstream and downstream.

BRI (Basic Rate Interface.)
An alternative term for ISDN2 used over the local 1oop

Broadband Access

The US Federal Communications Commission defines advanced telecommunications capability as
“high-speed, switched, broadband telecommunications capability that enables users to originate and
receive high-quality voice, data, graphics, and video telecommunications using any technology.” For
the purposes of this report we concur with the FCC but would add that packet based as well as switched
telecommunications are included in our definition of advanced telecommunications capability (or
broadband access). Furthermore, our definition of 'high speed' is not absolute, but reflects current
expectations. So for example, 'high-speed’ would include ADSL at 128K pbs upstream and 512K bps
downstream, although there are access platforms, such as fibre optic, that could provide 10-100 Mbps
in both directions. Platforms that only provide high-speed in one direction have limited applications.
Thisissue is discussed within the report.

Cable Modem

A cable modem is a device that enables you to hook up your PC to alocal cable TV line. The data rate
far exceeds that of the prevalent 28.8 and 56 Kbps telephone modems and the up to 128 Kbps of
Integrated Services Digital Network (ISDN). A cable modem can be added to or integrated with a set-
top box that provides your TV set with channels for Internet access. In most cases, cable modems are
furnished as part of the cable access service and are not purchased directly and installed by the
subscriber.

A cable modem has two connections: one to the cable wall outlet and the other to a PC or to a set-top
box for a TV set. Although a cable modem does modulation between analogue and digital signals, it is
a much more complex device than a telephone modem. It can be an external device or it can be
integrated within a computer or set-top box.

CATV Community Access Television

Cable TV is aso known as "CATV" (Community Antenna TV or Community Access TV). Thisis
because of its origins, particularly in Europe, as a community orientated broadcast media. Often the
cable TV network has been built up to provide service to particular town or region. The content of
CATYV includes regiona programmes as well as national and even international channels.

CDMA

The term CDMA refers to Code Division Multiple Access, and can mean any of several protocols used
in so-called second-generation (2G) and third-generation (3G) wireless communications. As the term
implies, CDMA is a form of multiplexing, which allows numerous signals to occupy a single
transmission channel, optimising the use of available bandwidth. The technology is used in ultra-high-
frequency (UHF) cellular telephone systems in the 800-MHz and 1.9-GHz bands.

The original CDMA standard, also known as CDMA One and still common in cellular telephones in
the U.S., offers a transmission speed of only up to 14.4 Kbps in its single channel form and up to 115
Kbpsin an eight-channel form. CDMA2000 and Wideband CDMA deliver data many times faster.

Co-axial cable

Coaxial cableisthe kind of copper cable used by cable TV companies between the community antenna
and user homes and businesses. Coaxial cable is sometimes used by telephone companies from their
central office to the telephone poles near users. It is also widely installed for use in business and
corporation Ethernet and other types of local area network.
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Coaxial cable is called "coaxial" because it includes one physical channel that carries the signal
surrounded (after a layer of insulation) by another concentric physical channel, both running along the
same axis. The outer channel serves as a ground. Many of these cables or pairs of coaxia tubes can be
placed in asingle outer sheathing and, with repeaters, can carry information for a great distance.

Dark fibre
Fibre optic that has been installed but remains unlit

DSL

DSL (Digital Subscriber Line) refers to a set of similar technologies that facilitate the transmission of
digital data over copper ‘twisted pair’ cable, without amplifiers or repeaters and without the need for
conversion to analogue.

There are various types of DSL, the most significant of which are described below:

HDSL (High bit-rate DSL) — This was the first version to be developed. It is‘symmetrical’ DSL where
an equal amount of bandwidth is used for transmission into and out of a user’s premises.

VDSL (Very high-bit-rate DSL) - Provides very high bandwidth asymmetrically (up to 26-52Mbps in
one direction and 2-3Mbps in the other).

G.Lite - A low cost version which overcomes the need for signal splitter equipment in the home and
which, in theory, eliminates the need for an engineer to visit each user’s home to install equipment.

ADSL (Asymmetric Digital Subscriber Line) - This is the technology currently being offered to the
market. It is called "asymmetric" because most of its bandwidth is devoted to the downstream
direction, sending data to the user.

DSLAM

A Digital Subscriber Line Access Multiplexer (DSLAM) is a network device, usually at a telephone
company local exchange or central office, that receives signals from multiple customer Digital
Subscriber Line (DSL) connections and puts the signals on a high-speed backbone line using
multiplexing techniques.

DTT Digital Terrestrial Television

Digital broadcasting is a relatively new system of transmitting TV, radio and other new media. It turns
pictures and sound into a string of binary digits (rather than a variable wavelength) which are
transmitted to the customer and decoded by a set-top box. Digital TV (DTV) can be broadcast across
terrestrial networks, (DTT) or from satellite (DTH). In the case of DTT, the digital signal is transmitted
using the existing analogue infrastructure.

DTV  Digital Television

Digital broadcasting is a relatively new system of transmitting TV, radio and other new media. It turns
pictures and sound into a string of binary digits (rather than a variable wavelength) which are
transmitted to the customer and decoded by a set-top box. Digital TV (DTV) can be broadcast across
terrestrial networks, (DTT) or from satellite (DTH).

DTH  Direct to home...satellite transmission

Digital TV (DTV) can be broadcast across terrestrial networks, (DTT) or from satellite (DTH). The
transmission is sent to the satellite via an up link from a ground-station, and then it is simultaneously
broadcast to a wide area (known as multi-casting). To receive the signal, and so have access to many
channels of TV, the user requires a satellite dish and set top box linked to an ordinary TV set. This
method of reception is called Direct to Home (DTH). Alternatively, the broadcast can be received by a
cable company, and transmitted down the cable network to homes.

Ethernet

Ethernet refers to the most widely installed local area network (LAN) technology. Specified in a
standard, |EEE 802.3. An Ethernet LAN typically uses coaxial cable or special grades of twisted pair
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wires. The most commonly installed Ethernet systems are called 10BASE-T and provide transmission
speeds up to 10 Mbps.

FTTC Fibretothecurb
Where fibre-optic networks have been deployed, if the fibre is installed up to the curb outside the
home, thisis known as FTTH. The last connection into the home will be usually mad using copper.

FTTH Fibretothehome

Where fibre-optic networks have been deployed, if the fibre is installed right into the home (compared
to FTTC), then this is known as FTTH. Once in the home, there will be a box installed to convert the
light into electrical signals.

FWA Fixed Wireless Access

FWA is used in this report as the generic name for any radio technology, which provides a fixed
wireless link between the end of the physical telephone network and the users premises. This
technology is also referred to as Wireless Local Loop and Radio Wireless Access.

GSM

GSM (Global System for Mobile communication) is a digital mobile telephone system that is widely
used in Europe and other parts of the world. GSM uses a variation of time division multiple access
(Time Division Multiple Access) and is the most widely used of the three digital wireless telephone
technologies (TDMA, GSM, and CDMA). GSM digitises and compresses data, then sends it down a
channel with two other streams of user data, each in its own time slot. It operates at either the 900 MHz
or 1800 MHz frequency band.

GSM s the de facto wireless telephone standard in Europe. GSM has over 120 million users worldwide
and is available in 120 countries, according to the GSM MoU Association. Since many GSM network
operators have roaming agreements with foreign operators, users can often continue to use their mobile
phones when they travel to other countries.

HFC Hybrid Fibre Coax

A hybrid fibre coaxial (HFC) network is a telecommunication technology in which fibre optic cable
and coaxial cable are used in different portions of a network to carry broadband content (such as video,
data, and voice). Using HFC, a local CATV company installs cable from the cable head-end
(distribution centre) to serving nodes located close to business and residential users and from these
nodes uses coaxial cable to individua businesses and homes. An advantage of HFC is that some of the
characteristics of cable (high bandwidth and low noise and interference susceptibility) can be brought
close to the user without having to replace the existing coaxial cable that is installed all the way to the
home and business.

Both cable TV and telephone companies are using HFC in new and upgraded networks and, in some
cases, sharing the same infrastructure to carry both video and voice conversationsin the same system.

IP Internet Protocol

The Internet Protocol (IP) is the method or protocol by which datais sent from one computer to another
on the Internet. Each computer (known as a host) on the Internet has at least one IP address that
uniquely identifies it from all other computers on the Internet. When you send or receive data (for
example, an e-mail note or a Web page), the message gets divided into little chunks called packets.
Each of these packets contains both the sender's Internet address and the receiver's address.

Because a message is divided into a number of packets, each packet can, if necessary, be sent by a
different route across the Internet. Packets can arrive in a different order than the order they were sent
in. The Internet Protocol just delivers them. It's up to another protocol, the Transmission Control
Protocol (TCP) to put them back in the right order.

ISDN

Integrated Services Digital Network (ISDN) allows for simultaneous analogue and digital data
transmission. It is a set of digital transmission standards, and a network infrastructure that allows
digital transmission over existing copper telephone wiring (as well as over other media). 1SDN2 and
ISDN30. Broadly, there are two types of ISDN, Primary Rate Interface (PRI) or 1SDN30, which is
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used over higher performance copper cable to provide leased lines for businesses (see section on
Leased Lines). And Basic Rate Interface (BRI) or ISDN2, which is used over the local loop (i.e.
‘twisted pair’ copper), and is available for the home/SME. In common parlance, ISDN refers to
ISDNZ2 or BRI.

iTVvV Interactive TV also known as'Click through TV'

Interactive TV means alowing the viewer to interact with the television set in ways other than simply
controlling the channel and the volume and handling videotapes. Typical interactive TV uses are
selecting a video film to view from a central bank of films, playing games, voting or providing other
immediate feedback through the television connection, banking from home, and shopping from home.

Interactive TV involves adding a specia "set-top unit" to the existing television set. In addition, other
installation and infrastructure arrangements are required, depending on the particular approach. Most
services involve offering special programming, news, and home shopping and a number offer video-
on-demand and home banking. Since interactive TV still requires a considerable investment by both the
service provider and the consumer and because interactive applications are still being explored, it is
somewhat difficult to predict how soon it will become widely deployed.

Local loop

In telephony, alocal loop is the wired connection from a telephone company's office (local exchange)
in alocality to its customers' telephones at homes and businesses. This connection is usually on a pair
of copper wires called twisted pair.

Leased line

A leased line is a telephone line that has been leased for private use. It is a dedicated connection, rented
as an "aways-on" service for exclusive 24-hour, 7 -days-a-week service, usually as an aternative to a
switched or dial-up line.

MAN Metropolitan Area Networks

A MAN (metropolitan area network) is a network that interconnects users with computer resourcesin a
geographic area or region larger than that covered by even a large local area network () but smaller
than the area covered by a wide area network (wide area network). The term is applied to the
interconnection of networks in a city into a single larger network (which may then also offer efficient
connection to a wide area network). It is also used to mean the interconnection of several local area
networks by bridging them with backbone lines. The latter usage is also sometimes referred to as a
campus network.

MP3

MP3 is a standard technology and format for compression a sound sequence into a very small file
(about one-twelfth the size of the original file) while preserving the original level of sound quality
when it is played. MP3 files (identified with the file name suffix of ".mp3") are available for
downloading from a number of Web site.

MP3 files are usually download-and-play files rather than streaming sound files that you link-and-
listen-to with Real Player and similar products (However, streaming MP3 is possible.)

OA Optical Access.
Data transmission via laser signals through open air.

PDA Personal Digital Assistant

PDA (personal digital assistant) is a term for any small mobile hand-held device that provides
computing and information storage and retrieval capabilities for personal or business use, often for
keeping schedule calendars and address book information handy. The term handheld is a synonym.
Many people use the name of one of the popular PDA products as a generic term. These include
Hewlett-Packard's Palmtop and 3Com's PalmPilot.

Most PDAs have a small keyboard. Some PDAs have an electronically sensitive pad on which

handwriting can be received. Appl€e's Newton, which has been withdrawn from the market, was the first
widely-sold PDA that accepted handwriting. Typical uses include schedule and address book storage
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and retrieval and note-entering. However, many applications have been written for PDAs. Increasingly,
PDAs are combined with tel ephones and paging systems.

POTS

POTS is a term sometimes used in discussion of new telephone technologies in which the question of
whether and how existing voice transmission for ordinary phone communication can be
accommodated. For example, Asymmetric Digital Subscriber Line and Integrated Services Digital
Network provide some part of their channels for "plain old telephone service" while providing most of
their bandwidth for digital data transmission.

Powerline
The concept of using the existing network infrastructure of electrical power suppliers for data
transmission. Digital Powerline (DPL, also known as Power Line Technology or PLT), as developed
by Nortel and NorWeb (United Utilities), is capable of continually transmitting data at a rate of 1-
2Mbps over the existing electricity infrastructure which brings electrical power to homes and
businesses.

SME (Small/M edium Enterprise)

SME is a term used to categorise the smaller end of the business market in demographic terms. SMEs
will be defied in terms of turnover or employees, but the upper limit varies. Typically, SMEs may be
defined as having up to 150 employees. Turnover will depend on the market sector being assessed.

Twisted pair

Twisted pair is the ordinary copper wire that connects home and many business computers to the
telephone company. To reduce crosstalk or electromagnetic induction between pairs of wires, two
insulated copper wires are twisted around each other. Each connection on twisted pair requires both
wires. Since some telephone sets or desktop locations require multiple connections, twisted pair is
sometimes installed in two or more pairs, al within a single cable. For some business locations, twisted
pair is enclosed in a shield that functions as a ground. This is known as shielded twisted pair (STP).
Ordinary wire to the home is unshielded twisted pair (UTP).

UMTS

UMTS (Universal Mobile Telecommunications Service) is the third generation (3G) of European
cellular mobile communications. It uses wide-band CDMA technology, which is a packet-based
system for the transmission of digital information such as text, voice, video, and multimedia at data
rates up to 2Mbps upstream and downstream.
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APPENDIX B: TECHNICAL DESCRIPTIONS

ISDN

Integrated Services Digital Network (ISDN) allows for simultaneous analogue and
digital data transmission. It isa set of digital transmission standards, and a network
infrastructure that allows digital transmission over existing copper telephone wiring
(aswell as over other media). I1SDN evolved in order to provide areliable end-to-end
digital connection of higher bandwidth than standard dial up, whilst also continuing to
supporting legacy analogue equipment. In this way, ISDN was designed to allow for
the gradual migration of technologies from analogue to digital.

Broadly, there are two types of ISDN, Primary Rate Interface (PRI) or ISDN30,
which is used over higher performance copper cable to provide leased lines for
businesses (see section on Leased Lines). And Basic Rate Interface (BRI) or ISDN2,
which is used over the local loop (i.e. ‘twisted pair' copper), and is available for the
home/SME. In common parlance, ISDN refersto ISDN2 or BRI.

To benefit from an ISDN connection it is necessary to have an adapter installed in the
home/office (in place of amodem). The user can then increase connection speed up
to 128 Kbps in one direction, or 64Kbps both. In practice, however, most people are
limited to 56 Kbps or 64 Kbps.

For the purposes of benchmarking broadband access, ISDN (at BRI) does not qualify
as a 'broadband’ technology on the grounds that, even at the maximum of 128Kbps,
thislevel of bandwidth is not high enough.

DSL

DSL (Digital Subscriber Line) refersto a set of similar technologies that facilitate the
transmission of digital data over copper 'twisted pair' cable, without amplifiers or
repeaters and without the need for conversion to analogue. This technology has
evolved in order to provide increased bandwidth over the 'last (or first) mile' between
the customer and the first node within the network, which is typically the local
telephone exchange.

Higher bandwidth is achieved through advanced modulating techniques, which
overlay a digital data stream onto a high speed analogue signal. The Digital
Subscriber Line Access Multiplexer (DSLAM) is the cornerstone of the DSL solution
and is used to interconnect multiple DSL users to a high-speed backbone network. In
upgraded networks, the DSLAM connects to an asynchronous transfer mode (ATM)
network that can aggregate data transmission at gigabit data rates. At the other end of
each transmission, a DSLAM de-multiplexes the signals and forwards them to
appropriate individual DSL connections. In addition to handling traditional circuit
switched applications, the DSLAM is designed to process packet based data necessary
for Internet Protocol (1P) routing.

There are various types of DSL, the most significant of which are described below:
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HDSL (High bit-rate DSL) - This was the first version to be developed. It is
'symmetrical’ DSL where an equal amount of bandwidth is used for transmission into
and out of a user's premises. This has also evolved into SDSL (Symmetrical DSL)
which represents a viable alternative to a leased line for businesses sending and
receiving large amounts of data.

VDSL (Very high-bit-rate DSL) - Provides very high bandwidth asymmetrically (up
to 26-52Mbps in one direction and 2-3Mbps in the other). However, this speed is
limited to copper lines up to 300 metersin length. In the future, VDSL may be suited
to businesses and residences benefiting from a Fibre-To-The-Curb (FTTC) network or
those situated very close to the local exchange. It is envisioned that VDSL may
emerge somewhat after ADSL is widely deployed, and will co-exist with it. The
transmission technology in some environments is not yet determined, but when these
issues are resolved, VDSL technology may be part of the next generation of high-
speed user access equipment. At these speeds, full convergence with broadcast
television (supporting DTV) and video streaming will be possible in addition to fast
Internet access and telephone. However, VDSL moves away from the basic premise
of DSL asalocal loop technology and the level of investment required for such a new
infrastructure is currently not viable.

G.Lite- A low cost version which overcomes the need for signal splitter equipment
in the home and which, in theory, eliminates the need for an engineer to visit each
user's home to install equipment. The trade off islower bandwidth. In practice there
have been some technical difficulties which have held up the roll out of this type of
DSL.

ADSL (Asymmetric Digital Subscriber Line) - Thisis the technology currently being
offered to the market. It is called "asymmetric" because most of its bandwidth is
devoted to the downstream direction, sending data to the user. Only a small portion
of bandwidth is available for upstream or user-interaction. This form of DSL has
evolved because a higher-speed signal is more reliably transmitted from the local
exchange to the remote location than could be achieved in the other direction. Thisis
because of the effects of cross talk and attenuation (see explanation below), which are
more prevalent at higher amplitudes and frequencies, and explains why the lower
frequencies are used for the upstream path.

Of al the DSL technologies, ADSL is designed to maximise bandwidth over the
longest possible distance. Of course, the asymmetry can also be marketed on the
grounds that most Internet use requires lots of downstream bandwidth (for graphics
and multi-media experiences), but user requests and responses are small and require
little upstream bandwidth.

The upper limits of ADSL bandwidth, which are widely quoted, are 6 to 8Mbps
downstream and up to 640K bps upstream. This would enable continuous downstream
transmission of motion video, audio, and even 3-D effects, but would not be sufficient
for live DTV at the quality currently expected via other available access platforms
(i.e. satellite, cable, and terrestrial). The upper limit on the upstream would, for
example, allow a 16Mb file (or 20 high resolution photographs) to be sent in
approximately 4 minutes.
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However, there are certain technical limitationsto ADSL. These are: Attenuation, or
weakening of the signal over distance; and Crosstalk, or interference at points in the
network where twisted pairs are bundled together (i.e. at the exchange). The impact
of these limitations is, primarily, determined by the distance the signal has to carry
(i.e. the length of the local loop). However, the gauge of copper wire (typically
0.4mm or 0.5mm, although newer cable is 0.6mm) and the quality of insulation
(which is related to the age of the network) are also significant. Also related to the
age of the network, is reduced bandwidth caused by 'bridged taps' or un-terminated
extensions to the loop were networks have undergone changes and alternations in the
past.

Deliberately imposed bandwidth limitations allow the operating companies to manage
any attenuation and cross talk interference as the technology is rolled out, since the
effects are situation specific and so difficult to predict. Furthermore, ADSL
subscribers have to share network bandwidth beyond the local exchange so a fairly
conservative bandwidth offer will ensure that there is sufficient network capacity to
maintain the quality of servicethat is promised if take up isvery high.

Typically, the initial offers have been in the region of 512Kbps to 1.544Mbps
downstream and about 128Kbps upstream. Whilst this bandwidth will make the
current Internet appear instant and will further improve |P-based, compressed video
such as MPEG2, there will remain significant limitations to the degree of convergence
with other broadcast media. If a definition of broadband as 2Mbps and above is used,
then ADSL does not yet qualify as a true broadband technology. At 512Kbps down
and 128Kbps up, ADSL represents an improvement on ISDN for a land line
connection, but not the great leap in bandwidth as is often implied. What may prove
significant at these speeds, is the ability of new media to convergence with UMTS
content, which will be supported by a similar bandwidth.

In theory, some users could receive a much higher bandwidth than others depending
upon their distance from the local exchange. For example, a loop length of 2.75km
can support a maximum bandwidth of 1.5Mbps at full rate ADSL while alocal loop
of 5.5km will not support ADSL without additional interventions. This
speed/distance trade off is a crucia factor in the likely roll out of DSL and is
discussed below under industrial characteristics. Future developments of DSL are
likely to focus on improving bandwidth over distance.

LEASED LINES

A leased line is atelephone line that has been leased for private use. It is a dedicated
connection, rented as an "always-on" service for exclusive 24-hour, 7 -days-a-week
service, usualy as an alternative to a switched or dial-up line. Typically, large
companies rent leased lines from the incumbent operator to interconnect different
geographic locations in their company. Originally, leased lines were used to
interconnect a LAN telephony system, or for point-to-point data transfer. However,
the Internet has generated enormous demand for leased lines between organisations
and ISPs.
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The line itself often uses ISDN30 (Primary Rate Interface of PRI IDSN) as a
transmission standard. ISDN30 provides 30 channels carried on coaxial copper cable
and is known as an E-1 connection in Europe. To increase bandwidth, multiples of
the E-1 cable can be laid together as E-2, E-3 typically up to E-5 connections. A PRI
line does not usually terminate at the end users' terminal equipment; rather it serves as
a trunk between customer-based switching equipment (a PBX) and an ISDN
termination at the central office. As an example, ISDN30 over E-1 can transmit 30 x
64K bps (or around 2Mbps).

Depending upon the type of cable used (multiples of E-1 or even ) aleased line can
provide a multi-channel bandwidth of anywhere between 65 Kbps up to 10Gbps in
both/either directions. A leased line is arranged to suit the needs of the user in terms
of interactivity and symmetry. In the case of a business to business line the need is
likely to be symmetrical. In the case of Internet access the need may be more
asymmetrical.

DIGITAL TERRESTRIAL

When television began in the 1940s and 1950s, the favoured broadcast platform
chosen by many countries was an analogue signal transmitted through the air from
regional broadcast stations and picked up by the customers rooftop or indoor aerial.
This analogue method still remains the norm in many countries across Europe (see
below).

Digital broadcasting is a relatively new system of transmitting TV, radio and other
new media. It turns pictures and sound into a string of binary digits (rather than a
variable wavelength) which are transmitted to the customer and decoded by a set-top
box. This set-top box is, in turn, connected to the old analogue TV, which, depending
on the set-top box characteristics, can effectively be turned into an Internet terminal.
Alternatively, the digital signal can be displayed directly through adigital TV set.

The first commercial digital television (DTV) service in Europe, was offered by
Canal+in 1996. Indeed, DTV services via satellite and cable are recognised as being
the pre-cursors to the subsequent development and implementation of DTV via
terrestrial broadcast (also known as digital terrestrial television or DTT). In the case
of DTT, the digital code is transmitted via the existing analogue infrastructure (i.e.
from regional broadcast stations to the customers old analogue aerial).

The advantages of DTV over analogue TV include:

*  Superior image resolution (detail) and audio quality for a given bandwidth

* Smaller bandwidth for a given image resolution (meaning 30+ digital channels
can be transmitted, rather than 5 over the same bandwidth in analogue)

* Interactivity between viewer and broadcaster

» Consistency of reception over varying distances

» Convergence with other digital broadcast platforms (cable and satellite)
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* As set-top boxes evolve into 'home consoles' there are likely to become
compatible with other digital devicesin the home (Internet over PC, DVD, games
etc.)

The design of a set-top box depends upon the standard adopted for decoding the
signal. In Europe the standard is known as DVB (Digital Video Broadcast), whilst in
the US the standard is known as ATSC (Advanced Television Standards Committee).
More sophisticated set-top boxes also contain a hard drive for storing recorded
television broadcasts, for downloaded software, and for new media applications
provided by your DTV service provider (e.g. Internet, games etc.).

In terms of bandwidth, DTT can broadcast 30 or more standard definition channels at
any one time, each demanding up to 6Mbps (e.g. a broadcast bandwidth of
¢.200M bps, depending upon the range of frequencies available). With adigital signal,
comes the possibility to receive multi-cast Web pages (or Web-casts). I1n other words,
broadcast channels could be made available for transmission of particular Web
content. For interacting with such a Web site, the set-top would contain a Web
browser (i.e. a Hypertext Transfer Protocol client) and would code and decode
transmissions using IP (Internet Protocol). However, DTT does not yet allow for a
return or upstream path (although there are radio frequency return channels under
development, they are not yet effective enough to deploy commercially). So, as with
satellite connection, a limited interactivity is achieved with the upstream path
returning via the telephone line. Thisis not an ideal solution as it ties up a standard
phone line while interaction takes place, unless the customer has a dedicated line
installed or upgradesto ISDN or ADSL.

Apart from limited interactivity, critics also say that most people are unlikely to notice
any improvements in picture quality or sound, as they will not be apparent if
experienced on atypical analogue TV set. And there have been concerns raised about
the ability of indoor aerialsto pick up adigital signal. In summary, it seemsit will be
necessary for the user to upgrade their entire system in order to experience
improvements in quality. Of course, even with old analogue equipment and a set-top
box the number of channelswill increase significantly.

CABLE AND CABLE MODEMS

Historically, coaxial copper cable was the preferred high bandwidth carrier. Much of
the telecommunication network beyond the local loop was coaxia copper cable (and
still isin less developed countries), and coaxial copper cable iswidely deployed as the
carrier for 'cable TV'. However, in recent years most telecom companies and some
cable operators have upgraded their networks to fibre optics. In the case of the cable
operators, they have build hybrid fibre networks, which use coaxial and fibre at
different pointsin the network architecture.

This cableis called "coaxial" because it includes one physical channel that carries the
signal surrounded (after alayer of insulation) by another concentric physical channel,
both running along the same axis. The outer channel serves as a ground. Pairs of
coaxial cable can be placed in a single outer sheathing and, with repeaters, can carry
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information for a great distance. The construction and shielding of a coaxial cable
give it agood combination of high bandwidth and excellent noise immunity.

There are two types of coaxial cable: baseband and broadband.

Baseband is a 50-ohm cable, which is commonly used for digital transmission in local
or wide area networks (LAN or WAN). The bandwidth possible depends on the cable
length. With 1km cables, a maximum data rate of 1 to 2 Gbps without repeating is
feasible.

Broadband is a 75-ohm cable, which is commonly used for analogue transmission by
Cable TV operators. Broadband systems are divided up into multiple channels, with
the 6Mhz channel typically used for television broadcasting. Each channel can be
used for analogue television, CD-quality audio, or a digital bit stream at about 3
Mbps, independent of the others. Television and data can be mixed on one cable.

Cable TV isalso known as"CATV" (Community Antenna TV or Community Access
TV). Thisis because of its origins, particularly in Europe, as a community orientated
broadcast media. Often the cable TV network has been built up to provide service to
particular town or region. The content of CATV includes regional programmes as
well as national and even international channels. With therise in demand for low cost
Internet access, cable networks have become a popular way to access the Internet and
other new forms of multimedia information and entertainment services (especially in
the USA and The Netherlands).

A cable modem is used to convert the signal from analogue into digital for use with
digital equipment in the home (in much the same way as a dial-up modem over the
telephone line). 1t connects the PC to the local cable TV socket in the home/business.
In the best possible circumstances, the available bandwidth for Internet service over
CATV coaxia cable is up to 27Mbps downstream, and about 2.5Mbps upstream.
However, there are other factors limiting this potential .

Before a cable network can be used for full Internet access, the connection points (or
nodes) have to be upgraded to allow two-way data transmission. This represents a
major investment for cable companies and takes time to roll out. Furthermore, a
consequence of CATV network architecture is that a single coaxial cable is often
shared by a number of houses on the same street as this design is well suited to the
broadcast of identical channels to all subscribers. However, the narrowcast demands
of the Internet mean that every user will require a different data for the downstream
path and the upstream. This then places an accumulative load on the system, rather
than sharing the same downstream data. Hence achievable bandwidth depends upon
the nature of the network, and the number of Internet users at any one time.

SATELLITE

There are three types of satellite, asfollows:

Geo-stationary (GEO) are typically used for meteorology and orbit the earth at a
height of 35,500 km. There are projects which plan to use GEO constellations to
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provide DTV and broadband access. In this case, a constellation of 4, high power
satellites are required for global coverage. They tend to be very heavy and very
expensive, but wide coverage is achieved with fewer launches. Current projects are
planning to launch such satellites which have the routing and switching hardware and
software on board as well as the transponders necessary to receive and transmit from
point to point as well as broadcast.

Elliptical Orbit are used, to a limited extent, by government and some commercial
services. They move fastest at their lowest altitude (apogee) and slowest at highest
(perigee). These are not typically used for DTV or broadband access.

Low and Medium Earth Orbit (LEO and MEO) are used for telecommunication and
broadband access. They fly close to the earth in order to minimise signal attenuation.
This means that they have to travel at high speed (an orbit can range from 90 minutes
to afew hours). For uninterrupted communication, at least one satellite must be in
line of sight. To achieve this, they are lightweight and are flown in constellations so
that one takes over from the other at fixed intervals. Thistype of satellite is sometimes
referred to as a 'bent pipe’ solution as they are used to bounce a signal to a terrestrial
routing and switching centre, minimising the hardware required onboard.

Modern communication satellites can receive and re-transmit thousands of digital
signals ssimultaneously. The transmission is sent to the satellite viaan up link from a
ground-station, and then it is simultaneously broadcast to a wide area (known as
multi-casting). To receive the signal, and so have access to many channels of TV, the
user requires a satellite dish and set top box linked to an ordinary TV set. This
method of reception is called Direct to Home (DTH). Alternatively, the broadcast can
be received by a cable company, and transmitted down the cable network to homes.

Digital television (DTV) services by satellite were first launched in 1994, by DirecTV
in the United States and in Europe by Canal+ in 1996. Satellite communications are
very well suited to broadcast and multi-cast applications such as DTV as they can
transmit a very large number of channels, simultaneously to any subscriber situated
within a ‘footprint' the size of a country or continent. Although expensive to deploy,
the incremental cost per viewer isvery low.

Because it is possible to multi-cast hundreds of different channels simultaneously,
operators can give the limited impression of interactivity by allowing subscribers to
switch between multiple channels of the same TV programme (e.g. different camera
angles at a sports match).

To achieve greater interactivity, it is necessary to connect the set-top box to the
telephone line (or any other out-going network) for the return path. Thisis known as
the Broadband Data Dissemination Network (BDDN). Because, in most cases, the
user will be relying on standard dial up speeds via analogue modem, thisreturn path is
used for simple control information for basic levels of interactivity. There can be a
slight delay between command and response. The BDDN system, offers bandwidths
of 56kbps upstream (unless ISDN or DSL are available) and 2 Mbps downstream.
This downstream bandwidth is dependent only on the processing power of the
computer installed in the satellite.
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Communication satellites are currently used for point-to-point, two-way broadband
communication. However, there are issues with signal latency and attenuation, which
increases with distance from the satellite (hence LEO constellations are preferred).
Latency is the delay between transmission and reception, slowing real time interaction
(despite potentially high bandwidth) and attenuation refers to the weakening of the
signal over distance, requiring a powerful transmitter (which is large and expensive)
and a large receiving dish (also expensive). Because of the cost, this form of satellite
is only viable for large organisations that typically have a need for a dedicated
communication network with international coverage.

There are also small mobile systems available which allow two-way, point to point
communication. However, the connection speeds are extremely low, connection is
unreliable and the cost of equipment and usage is high. This technology suits
situations where there is no alternative infrastructure for voice communication and
very limited data transfer (e.g. very remote locations, or in crisis situations when
existing infrastructure is not available). In summary, the hardware currently required
for broadband, two-way, point-to-point satellite communications too expensive for the
residential user or SME.

FIBRE OPTIC

Fibre optic refers to the medium and the technology associated with the transmission
of information as light impulses along a glass or plastic fibre. Fibre optic technology
carries much more information than conventional copper wire and is far less subject
to electromagnetic interference and errors. Furthermore, a fibre connection offers a
high level of security (which is popular among business users) since, unlike copper
which can be easily 'tapped’, there is currently no known method of listening in on the
line, without interrupting the signal.

Existing fibre optics have a theoretical capacity of 50 Tbps (Tera bits per second) or
50,000,000 Mbps. However, thisis limited by the technology currently available to
convert light into electricity and visaversa. The history of development in this area
can be traced from RS-232 attached terminals, which gave way to 10Mbps Ethernet
and 4 or 16 Mbps Token Ring, now these are giving way to Fast Ethernet (100Mbps),
ATM (155Mbps), Fibre Channel (1062Mbps), and Gigabit Ethernet (1000M bps).
With each of these increases in speed, the physical layer of the infrastructure is placed
under more stress. Given current constraints, 50 Mbps might be considered a base
speed for fibre with speeds up to 20 Gbps (assuming this can be received). This
bandwidth is available in both directions.

FixED WIRELESS ACCESS

Fixed Wireless Access (FWA) technology can be implemented across a number of
categories of wireless technology, such as: digital cellular; analogue cellular; personal
communications network (PCN); mobile wireless; and proprietary implementations.
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FWA is used in this report as the generic name for any radio technology, which
provides afixed wireless link between the end of the physical telephone network and
the users premises. This technology is also referred to as Wireless Loca Loop and
Radio Wireless Access.

In practice, each subscriber would have a transceiver to communicate with a local
base station connected to the network or with another discreet transceiver. Depending
upon the frequency used, there is a trade off made between bandwidth and distance.
Broadly there are three categories of solution emerging:

Loca Multi-point Distribution Services (LMDS), typically the 26GHz band in Europe
(28-32GHz in US), which is a line-of-sight technology. LMDS is most suited for
densely populated urban areas where it is difficult and expensive to deploy additional
or new wired infrastructures. Typical speeds are c. 40M bps downstream in a point-to-
multi-point configuration but could be as high as 2Gbps. This bandwidth is then
shared between subscribers using the system at one moment in time. Distances
between sites are limited to 4km. LMDS appears to provide an effective last-mile
solution and can be deployed by incumbents or competitive service providers to
deliver services directly to end users.

Multi-channel Multi-point Distribution Service (MMDS), typically the 3.5GHz band
in Europe (2-3GHz in US), is less susceptible to interference than LMDS, and is also
line-of-sight. MMDS can support greater distances than LMDS, up to 48 km between
sites. The trade-off isthat MMDS is slower, delivering downstream speeds of around
10-20 Mbps per channel, which is shared between all accessing the system at one
moment in time.

The 32GHz and 40GHz channels may aso be made available in some countries (e.g.
Germany). Given the bandwidth/distance trade off, 32GHz and 40GHz can, in theory,
provide data rates in the Gbps range, however, thisis only possible over distances of
around 1-2 km and has to be line of sight. In practice, these higher frequencies are
very prone to interference and bandwidth can be severely effected even by the
weather. These technical issues must be overcome, before such high frequencies have
any practical application.

The 10.5GHz channel has also been made available in Germany, and perhaps will be
used for fixed wireless solutions in other Member States in the future. This frequency
issuitable for LMDS, but at lower bandwidths and over greater distances compared to
higher bandwidth channels.

MoBILE WIRELESS (UMTYS)

UMTS (Universal Mobile Telecommunications Service) is the third generation (3G)
of European cellular mobile communications. It uses wide-band CDMA technology,
which is a packet-based system for the transmission of digital information such as
text, voice, video, and multimedia at data rates up to 2Mbps upstream and
downstream.
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Based on the GSM (Global System for Mobile) communication standard, and
endorsed by major standards bodies and manufacturers, UMTS is the intended
standard for mobile users around the world by 2002. While UMTS is being gradually
implemented, users can have multi-mode devices that switch to the currently available
technology (e.g. GSM 900 and 1800) if UMTS s not yet available.

Today's cellular telephone systems are mainly circuit-switched, with connections
always dependent on circuit availability. Packet-switched connection, using IP
(Internet Protocol), means that a virtual connection is always available to any end
point in the network.

The maximum theoretical UMTS bandwidth of around 2Mbps in either direction
compares to GSM at 9.6kbps, and GPRS (up to 164Kbps). In practice, bandwidth is
likely to be restricted to 100s of Kbps with increased bandwidth at a price in order to
ensure that a certain level of service will be available despite the number of users
sharing the cells capacity at any one time.

POWERLINE

The concept of using the existing network infrastructure of electrical power suppliers
for data transmission is already several decades old. The utility companies originally
started to transmit data over their wiring networks for simple control purposes. These
early systems were based on analogue technology and were therefore slow,
unidirectional, and suitable for non-time critical applications. It was only during the
past few years that Powerline technology became an emerging possibility for data
communication at higher transmission rates. This was made possible by the
availability of digital technology at a favourable price/performance ratio and new
improved algorithms for signal processing.

Digital Powerline (DPL, also known as Power Line Technology or PLT), as
developed by Nortel and NorWeb (United Utilities), is capable of continually
transmitting data at a rate of 1-2Mbps over the existing electricity infrastructure which
brings electrical power to homes and businesses. It was initially viewed as a solution
to creating a network infrastructure within a home environment where additional
wiring is not an option.

DPL uses a high frequency conditioning power network to transmit data and electrical
signals. An in home conditioning unit sends electricity to the outlets in the home and
sends data signals to a communication module or service unit. Local electricity
substations typically serve around 50 households, all of whom could then connect to
communications servers at the substations which would then be connected to the
Internet viafibre or coaxial cable.

DPL alows a bandwidth of 1-2Mbps upstream and downstream, suitable for high
speed Internet access, but not at downstream rates which compete with ADSL or
cable. Benefits include the following, though these are not necessarily exclusive to
DPL:
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* High Speed Internet access to nearly all homes and businesses (though certainly
not the fastest alternative)

» Use of existing infrastructure, and therefore little need for additional installations,
beyond the substation server equipment and customer conditioning/service units.

» Continual connection, therefore power utilities could market a basic Internet
connection service at aflat-rate monthly subscription, like some cable operators.

* Allowance of multiple lines for a single household, thus enabling simultaneous
use of different equipment at the same time without interruptions.
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APPENDIX C: METHODOLOGY DETAIL

SECONDARY RESEARCH SOURCES:

Sources of secondary research included (see appendix for full listing):

CEC Reports
Independent market reports
Internet Web sites

White papers

Genera broadband Web sites include:
WwWWw.ispo.cec.be

www.etsi.org

www.itu.int

www.fcc.gov

www.ntt.co.jp

Technology news and Web sitesinclude:
www.broadbandweek.com
www.europemedia.net
www.whatis.com
www.totaltele.com
www.ths-satellote.com
www.umts-forum.org
www.telecomresearch.com
WWW.msua.org
www.inter-com.co.uk
www.3g-generation.com
www.broadbandyear.com

Exhibitions attended:

¢ Broadband 2000, Paris, 30 October - 1 November 2000

Media (e.g. Broadbandweek.com, FT, Economist etc.)
Technology reports from broadband players

* BCE (Broadband Communications Europe) 2000, London, 17-19 October 2000
* Workshop on Design for Broadband Wireless Access Proceedings, Cambridge,

UK, 3 May 2001.
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PRIMARY RESEARCH SOURCES

In Europe, 104 interviews were conduced by BDRC researchers with senior
representatives of selected businesses and government departments. The
organisational level of the respondents was high (typically Director level,
occasionaly CEO or VP level). In all cases, the respondents were able to comment
on a strategic level as well as discuss some of the relevant details. Each meeting
lasted approximately one hour, and telephone discussions lasted between 30 minutes
and 1 hour. All European interviews were conducted between November 2000 and
February 2001.

Face to face interviews were conducted with senior representatives of the following
53 organisations:

Organisation Platforms Discussed Country Discussed
AOL Online All UK

BBC All UK
Belgacom DSL Belgium
Belnet (Regulator) All Belgium
Bertelsmann/AOL Content Europe
BetaReseach (Kirch Gruppe) Satellite Germany
Bredbandbol aget Fibre Sweden
BT Openworld All UK

Chello Cable Netherlands
CMT All Spain
Coditel Brabant Cable Belgium
Corning Fibre Europe
Deutsch Telekom DSL Germany
DTI All UK

EBU All Europe
Ericsson All Europe
Eurobell DSL UK
Eutelsat Satellie Europe
Forfos All Ireland
FramFab Content Sweden
France Telecom All France
GCPKNT Cable Netherlands
Greek Ministry All Greece
Hughes Network Systems FWA Europe

Intel All Europe
Investec All Europe
Nma All Netherlands
Nortel All Europe
NSAB Satellite Sweden
NTL - Ireland All Ireland
NTL Interactive All UK

Oftel All UK

Ono Cable Spain

OTE All Greece
Pirelli Fibre Europe
Regulatory Authority All Germany
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Organisation

SES- Astra

Siemens

Sony

Southampton Photonics
SSSB

TeleDanmark
Telespazio

Telestyrelsen (Danish Regulator)

Thalamus

Two Way TV
UPC

ViaDigita

Viatec

Vivendi
Vodafone

WMA (Regulator)
Worldcom

Platfor ms Discussed
Satellite

All

Supporting Technologies
Fibre

All

Cable

Satellite

All

Fibre

Content

Cable

All

All

DSL

UMTS

All

All

Country Discussed
Europe
Germany
Europe
Europe
Europe
Denmark
Europe
Denmark
Sweden

UK
Netherlands
Spain

Spain
France
Europe
Netherlands
Europe

Telephone interviews were conduced with senior representatives of the following 51

organisations:

3com

ADC
Agency.com
Airspan Networks

Austrian Chamber of Commerce

Barco Comms.
Broadnet

Broadnet

BT Openworld
Caly Networks
Cisco

Colt

Corning

Easynet

EBU

Eircell

Ericsson

Formus

Formus

Formus Broadband
France Television
Freeserve

Helsinki Television
IMagic TV

L uxembourg Government
M atsushita(Panasonic)
Metromedia

Nera

Nokia

ODTR

OnDigital

BDRC

Supporting techs
xDSL

Terr DTV
BFWA

Govt.

Cable

BFWA
Supporting tech.s
xDSL

BFWA
Supporting techs
xDSL

Fibre

xDSL

Terr DTV
UMTS

3G UMTS
BFWA

BFWA

BFWA

Terr DTV.

ISPs

Cable

Content
Regulatory issues
Supporting techs
Leased Lines
BFWA

3G UMTS

Govt.

Terr DTV
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UK

Sweden
Denmark
UK

Austria
Belgium
Belgium
Belgium-(aboutUK)
UK

France

UK

UK

UK
Belgium
Switzerland
Ireland
Sweden
Netherlands
Sweden
Ireland
France

UK

Finland

UK

L uxembourg
UK
Netherlands
Denmark
Finland
Ireland

UK
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Organisation Platfor ms Discussed Country Discussed
OpenTV Content France
OPTA Govt. Netherlands
QS Communication xDSL Germany
Redback Networks xDSL Netherlands
RTE Terr DTV Ireland
Skygate BV Satellite Netherlands
Sonera ADSL Finland
Telekom Control Govt. Austria
Teleste Content Germany
Telewest Cable UK

Telia ADSL Sweden
Tevelo Cable Belgium
T-Mobil UMTS Germany
UPC Cable UK (About Austria)
Utfors ISPs Sweden
Versatel Cable Belgium
Viag Interkom BFWA Germany
Vidlis fibre France
Video Networks(Homechoice) Video on demand UK
YesTelevision Content UK

Interviews were also conduced in the US and Japan in May 2001 as follows:

Fujitsu All Japan
JCom Cable Japan
KDDI All Japan
KDDI/Winstar BFWA Japan
NEC All Japan
NTT DoCoMo 3G Japan
NTV Content Japan
Sony All Japan
Agilent FWA us
FCC All us
Verizon All us
Motorola Cable us
Texas Instruments All us
Worldcom All us
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