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GUEST EDITORIAL 1
Bruce Wiltshire

Alliance Engineering Symposium

I am delighted to introduce the selection of papers published in this edition of British
Telecommunications Engineering from the Alliance Engineering Symposium—
AES99—held in Oslo, Norway, 13-16 June 1999.

This prestigious event was co-hosted by BT and its alliance partner Telenor. We are
very grateful to the Telenor team for their active support which resulted in an event
hailed as the ‘best ever’. We are particularly grateful to Dr. Ole Petter Hakonsen,
Senior Executive Vice President Telenor, and Chris Earnshaw, BT Group Engineering
and Technology Director, who acted as corporate sponsors for the event.

The key aim of the Alliance Engineering Symposium is to be the foremost interna-
tional engineering event for the growing BT family of alliances. AES99 was the fourth
annual event in the series with objectives as follows:

® to bring together the engineering community of the BT alliance family;
® to demonstrate technical leadership of the alliance engineering community; and
® to promote the importance of engineering to BT alliance commercial success.

In excess of 225 engineering specialists and senior managers attended the event
from all parts of the BT family of alliances with some 25 countries represented. Over
60 leading-edge papers were presented covering the four conference themes (IP/
Networks; Mobility; Access and Convergence) with additional keynote presentations
given by top managers from across the alliance family.

Feedback from the event has confirmed that AES99 met all the objectives described
above and presented a rare opportunity for delegates to network with others to share
experiences in pursuing exchange of technology, information and experiences.

The papers beginning on page 76 are a selection of the high-calibre presentations
made at AES99—1I am sure you will find them interesting and informative.

Bruce Wiltshire
Programme Manager, AES99

BT Group Technology
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GUEST EDITORIAL 2

Lawrence Bickers

Access in Focus

It gives me great pleasure to intro-
duce a series of articles from people
in the access operational domain
(begins on p. 154). System develop-
ments to assist with forecasting and
modelling customer demand and
guide network planning form the
primary theme of this series. More
specifically, the papers concentrate
on developments where users have
taken the initiative to design and
build systems focused in meeting
these needs. Articles that describe
new access technology, its deploy-
ment in the network and the impor-
tance of reliability and asset
assurance will also be presented.

The access network is of increasing
importance to any communications
company, and it is the part that is most
visible to customers and the public at
large. It is a huge and diverse structure
that continuously evolves to meet
demand for new residential and
business services. Providing ubiquitous
access to customers, the ‘last mile’
connection, in a deregulated and
competitive environment is a key BT
differentiator among the plethora of
telecommunications operators and
service providers in the UK.

BT'’s access network currently
serves almost 30 million lines and has
a replacement value of about £10 bil-
lion; a massive financial investment by
any company’s standards.

Networkaccess, part of BT UK, is
responsible for managing this asset
efficiently and effectively with the
main aim of delivering a quality
service to BT’s customers. There is
increasing understanding of the
business value and financial impact a
well-managed access network can
have. The operation of such a network
is labour intensive with both a high
cwrrent and capital expenditure. All
products and services, together with
their associated business practises and
network components, must therefore
be designed and evolved to reduce
whole-life costs through increased
productivity and network reliability.

Today’s regulated and fiercely
competitive telecommunications
market demands investment in the
access network to be targetted in a way
that was never previously envisaged.
In the past, planning the network
focused primarily on technology and
products. Today’s business demands
planning and investment decisions
that take full account of customer
requirements, network capability,
regulation and service profitability.

Ongoing evolution of process and
planning systems is employing
technologies and practises to provide
suitable decision tools. BT has a wealth
of data sources from which to build a
better understanding of its customer
base and the network. Network and
business planners need decision-
support systems that bring together
data from a variety of business
systems. The vision and main driver is
to ensure that customer demand for
network connections is met in a cost-
efficient manner while service provi-
sion times continue to be reduced. The
target is a common platform architec-
ture supporting automated data
sharing between people and systems
that will also support electronic
commerce with suppliers.

Good information systems in the
planning offices of today are essential.
The increasing volumes of work, the

British Telecommunications Engineering, Vol. 18, Oct. 1999

pressure for reducing lead times and
the complexity of new product offerings
mean there is a need to provide people
with the right information and
automated processes to plan and build
the network, for today and tomorrow,
at the lowest possible cost to meet
customer demand. Increasingly, the use
of information technology is coupled
with people’s experience and expertise
to fully exploit information through
innovative automation solutions. Some
of these initiatives, practises and
solutions, already successfully deployed
in the business, will be described in the
articles which will include IDACS,
LPF, CONGO and MFS.

New developments in broadband
copper access technologies and the
massive growth in recent years of the
Internet are also changing the map of
the communications market. BT has
already announced its investment
programme to upgrade the access
network for broadband services driven
by the advent of asymmetric digital
subscriber line (ADSL) technology. An
article will describe the technology and
the architecture designed to deploy it
in the network. Another article will
give an insight into the innovative
work taking place to ensure that the
reliability of the network is not simply
maintained but increased to cope both
with customer demand and new
service requirements. The merging of
traditionally separate industries,
information technology, telecommuni-
cations and media entertainment, is
creating new service opportunities that
also seek to exploit further the network
capabilities and the skills of BT’s
people. A typical example of this will be
given in an article describing a digital
terrestrial TV project.

I am certain you will find these
articles to be informative and of
great interest.

Lawrence Bickers
Manager, Access Infrastructure
BT Networks and Information Services
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John Newell and Richard Roca

AT&T’s 21st Century
Network Architecture

During 1998, AT&T
completed a study to
determine the future
direction of the AT&T
network. This article
describes the result of the
study —AT&T’s 21st
century network
architecture. Current
technical and market
trends are reviewed,
together with AT&T's
network evolution and

architectural directions
up to 2004.
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Introduction

The telecommunications industry is
undergoing tremendous change.
Major industry trends include an
increasingly competitive environ-
ment; the emergence of the Internet,
which is beginning to compete with
the public switched telephone
network (PSTN); and the accompany-
ing phenomenal growth of data
networking traffic. In order to deal
with these fundamental changes in a
structured and orderly manner, a
study was commissioned during 1998
within AT&T to outline the evolution
of AT&T’s network into the next
century. Specifically, the study period
projected the architecture of the
AT&T network into the 2004
timeframe.

This article begins by reviewing
the technical and market trends
driving today’s telecommunications
industry and by illustrating how
these trends are impacting AT&T’s
networking directions. Next the
history of AT&T’s network evolution
is summarised, highlighting the
important technical advances which
have enabled today’s intelligent voice
and data networks. Addressing the
timeframe to 2004, the study then
focuses on the specific architectural
directions which will be followed in
evolving AT&T’s network in the
areas of:

® information architecture—the
intelligent software-driven
environment required for opera-
tions support as well as for value-
added network applications;

® t(ransport and restoration—the
fabric of the long-haul broadband
transport network along with the

infrastructure for interconnection
and failure recovery;

® switching and routing—the
evolution to Internet protocol (IP)
packet technology as well as the
integration with the evolving
circuit-switched network; and

® local and access—the architecture
and technology for local distribution
within metropolitan areas and the
access methods to the premises,
including wireless, hybrid fibre-
coaxial (HFC) and digital subscriber
line (DSL) technologies.

Finally, the article gives an
example of a network messaging
application implemented under this
architecture and an overall summary
of the study.

Technology and Market
Trends

Technology trends

Several aspects of networking
technology are experiencing trends
which, in turn, are having a signifi-
cant effect on the way networks are
being implemented. A significant
trend in the computer industry is
Moore’s law, which states that the
processing power of state-of-the-art
computers is doubling every

18 months. This trend is driven by
advances in the semiconductor
industry, which enable the continuing
ability to add more and more transis-
tors functioning at higher and higher
speeds onto the semiconductor
devices which comprise the computer.
However, there is a parallel trend in
the telecommunications technology
which is even more profound than
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Moore’s law. This trend is the simple
fact that the amount of information
which can be transported over a
single strand of fibre optic transmis-
sion cable is doubling every

12 months. Even more remarkable,
these increases can be realised by
reusing fibre cable which is already
installed and by simply upgrading
the equipment which drives, ampli-
fies and terminates the cable.

A second technology trend
involves breaking the high band-
width barriers that have tradition-
ally existed in the local network
which is still dominated by older
technology only suited for low-
bandwidth voice communications.
Techniques for delivering high
bandwidths to homes and businesses
have been developed and are now
starting to be deployed in earnest.
Cable modems now allow two-way
high-speed communications into
homes which in the past had simply
used the coaxial cable systems for
one-way broadcast television enter-
tainment. DSL techniques have
enabled the reuse of traditional
twisted pair wiring to achieve two-
way data rates which rival coaxial
cable in speed and error performance.
Finally, wireless technologies have
evolved to the point where they are
becoming a viable alternative to
‘wired’ access to end-points to achieve
high bandwidths to fixed and mobile
end-points.

A third technology trend is the
emergence of packet data network-
ing, routing and switching technology.
In the past, this technology had been
applied to the traditional data
communications environment in
which the transmitted information
was comprised of characters and
images. For these information types,
arrival rates were of no concern; the
only requirements were that the
information needed to arrive cor-
rectly and in the proper order.
However, circuit switching, which
provides a dedicated connection
between two end points, was the
technology of choice for conveying
voice and video information. By

supplying a dedicated connection,
circuit switching technology guaran-
teed the regular arrival rates
required for voice and video intelligi-
bility. Recently, however, it has been
shown that acceptable performance
for voice and video can be achieved in
the packet environment by paying
careful attention to the requirements
of the information type being trans-
ported and assigning an appropriate
priority in the communication
process to the information type. By
assigning such priorities, it is
possible to meet the arrival rate
requirements of voice and video and
still remain in a totally packet
environment. Also, the cost of packet
switching is continuing to decrease
and now rivals that of circuit switch-
ing. Assuming this cost trend contin-
ues, it will become economically
viable to provide all wide-area
communications on a packet data
network and, at the same time,
satisfy the needs of all the informa-
tion types being transported.

A fourth technology trend is the
increasing dominance of IP as the
protocol of choice for data transmis-
sion. In the past, vendors of data
communications equipment would
compete for customers using propri-
etary data networking protocols
which were unique to the providing
company and would not necessarily
work with the equipment provided by
other companies. The Internet and IP
have changed all that by using open
and well-tested protocol standards
which were specifically designed for
interoperability between different
networks and equipment from
different vendors. In fact, the popu-
larity of IP has become so great that
it also is now being viewed as the
protocol of choice for other informa-
tion types beyond the character and
image data which comprises most of
the traffic conveyed on the Internet
today.

A fifth technology trend is the use
of layered software to implement
computer-based applications. When
the computer industry was in its
infancy, it was not unusual for
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applications to be designed and
implemented with a totally new set
of programs, which were unique to
that application and which had little
or no relationship to other applica-
tions. However, as the application
development industry matured, it
was realised that major efficiencies
in cost and development speed could
be realised by reusing software. The
major enabler of software reuse is the
development of software which
performs a well-recognised and
understood function or set of func-
tions and provides a standard set of
software interfaces to other programs
used in the system. As this concept
was further refined, the application
development industry began to view
such modular software as layers of
functionality, with each layer having
a well-defined set of interfaces to
other software layers. Software
constructed in this fashion is some-
times called middleware because it
bridges the gap between computer
resources like printers and networks
(the bottom) and the applications
(the top) being implemented using
standard interfaces, now increasingly
referred to as application program-
ming interfaces (APIs). Middleware
platforms have emerged as the
preferred application development
technology of choice for reasons of
cost efficiency and development
speed.

Networking trends—migration
to the Internet

A second set of trends involves
network evolution and specifically
the fact that new networks are
utilising and being driven by
Internet technology and components.
The public Internet itself has
experienced a phenomenal growth in
importance and usage. Emerging
from almost total obscurity five years
ago, there are 150 million users of
the public Internet worldwide in
1999, and the number of Internet
users is doubling every year. Initial
usage of the Internet involved
information exchange and electronic
mail, but electronic commerce on the

i



ALLIANCE ENGINEERING SYMPOSIUM 1999

Internet has already become a major
business direction. Internet busi-
nesses which sell travel, books,
music, clothing, automobiles and
consumer electronics have already
attracted millions of customers and
the growth rates of these businesses
routinely exceed 100 per cent per
year. Recognising that such electronic
commerce is just beginning to take
advantage of the inherent creativity
enabled by the Internet, we can
expect a steady growth in the
number and scope of the businesses
thriving on the Internet.

A direct consequence of the
internet technology is the intranet,
the new internet-based direction of
corporate and enterprise networking.
Increasingly, corporations are using
internet technology to create their
corporate networks. In the past,
corporate data networks tended to be
very application specific because they
were expensive to build and typically
driven from large mainframe com-
puters. Now, the notion of the
intranet has taken over. An intranet
is simply a corporate network which
is implemented using IP and internet
technology. It might not even connect
to the public Internet at all for
security reasons. However, the
benefits of using internet technology
are compelling. First, the technology
is well developed and mature for
delivering character and image
information, and the data networks
implemented with this technology
tend to be more stable than past
networks using proprietary technol-
ogy. Second, the open and competitive
nature of internet networking
technology tends to make internet-
based network implementations
much more cost-effective than other
alternatives. Finally, intranets are
multipurpose utility networks which
can be used for a variety of functions.
It is not unusual for intranets to
mature and change in the way they
are used. Typically, intranets are
used initially for e-mail and informa-
tion exchange. For most enterprises,
the intranet quickly becomes the
dominant method of information
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exchange and corporate web sites
become the rule rather than the
exception. Once this happens, people
inside the enterprise start viewing
the intranet as more than a fast way
of exchanging mail and distributing
documents, but rather as a corporate
nervous system in which new
innovative business applications can
be created by linking information
sources which had never been related
in the past. For example, customer
demographics contained in a billing
database may now be used by the
marketing organisation for regional
sales campaigns.

Another new and fascinating
further evolution of the intranet is
also about to take place. It is becom-
ing increasingly clear that IP
networking technology can be used to
transmit voice and video information
in addition to the classical character
and image data information types.
Therefore, as IP voice technology
matures, it will be a natural migra-
tion to include the corporate voice
traffic in the intranet traffic flow.
Enterprises will finally achieve
integrated voice and data; not by
using PBX or T-Multiplexer technol-
ogy, but rather by using Internet
technology.

Trends in voice and data
traffic

The ever-increasing use of informa-
tion technology in homes and
businesses combined with the
Internet growth described earlier are
causing unprecedented growth of
data networking traffic in wide-area
networks. If we include fax as data
traffic, it is generally acknowledged
that, today, the amount of traffic
supporting data communications is
about equal to the traffic generated
from voice conversations on the
worldwide PSTN. However, the
growth rates for voice and data
traffic are substantially different.
Worldwide, aggregated voice traffic
tends to grow at a rate of roughly
5-10 per cent a year. While this is
certainly a respectable growth rate
for many industries, the growth rates

of data services are substantially
larger. It is not unusual for service
providers to report data traffic
growth rates of 50 per cent a year or
more for fast packet services such as
frame relay and asynchronous
transfer mode. Data traffic growth
rates for Internet service providers
(ISPs) tend to be even greater.
Recently, ISPs are reporting a
doubling of traffic within intervals
ranging from 3-6 months. To put this
in perspective, a doubling every three
months translates to an annual
traffic growth rate of 1600 per cent.
Although it is difficult to predict
what the sustained growth rate of
data traffic will be over the next five
years, it is possible to characterise
the overall trend. Today, voice traffic
and data traffic on the PSTN are
about equal. Given the high growth
rates of certain aspects of the data
networking marketplace like the
Internet and intranets, we can safely
predict that data traffic will domi-
nate our networks in the 21st
century. The only question that
remains is how dominant data traffic
will become. However, to put that
question in perspective, it is likely
that multimedia communications
comprising voice, video and image
will emerge as the dominant infor-
mation format flowing to network
end-points in the 21st century (see
‘Impending Inflection Points’ later).
When that happens, the distinctions
we cite today between voice and data
will blur and then finally disappear
because they are no longer relevant.

Implications of the trends
The trends described above are
related. Data traffic will grow
because the combination of low-cost
internet technology and technology
insertion to increase fibre transmis-
sion capacity allows it to grow cost-
effectively. The demand for Internet
access and internet functionality
fuels the market for this growth.
However, the overall implications are
clear. The telecommunications
industry is changing from the voice-
dominated PSTN to a high-growth

British Telecommunications Engineering, Vol. 18, Oct. 1999



global data network offering a wide
range of public and private informa-
tion services.

20th Century Network
Evolution

It is instructive to examine the
recent evolution to today’s voice and
data networking. From an architec-
tural perspective, it is possible to
identify some technological turning
points during this evolution. These
turning, or inflection, points enabled
much more rapid improvements in
network performance and functional-
ity and thereby give us some insight
into the kinds of changes we can
anticipate during the advent of the
21st century.

The early voice network
Direct distance dialling (DDD) was
realised in the United States after
World War IT with a network of
mechanical switches and transport
provided by analogue cable and
microwave radio systems. Signalling
between switches was carried in-band
and the switching network was
arranged in a five-level hierarchy
which was rigorously engineered and
administered. This hierarchy pro-
vided relatively efficient use of
expensive, long-haul transmission
facilities, and accommodated other
traffic engineering necessities such
as overflow routing and load balanc-
ing. Customer-based switches, now
called private brench exchanges
(PBXs) were beginning to appear,
and could be considered to be a sixth
level in the switching hierarchy.
Towards the end of this period,
switching intelligence became based
on computer technology, but switch-
ing matrixes and associated trans-
mission systems remained analogue.

The intelligent voice network
Beginning in the 1970s, the intelligent
voice network emerged by using
computer technology to create stored-
program-controlled switches. The
intelligent call contro] components of
these switches were then linked using

a packet data network which was out-
of-band relative to the actual telephone
call voice information. This packet
data network, called the common-
channel signalling network, allowed
the computer-based switches to
communicate with one another and to
take advantage of processing and
database resources embedded in the
network. This intelligent network
infrastructure allowed the creation of
a host of value-added voice services in
the emerging competitive telecommu-
nications environment in the United
States during the 1980s. The use of
stored-program-controlled switches
combined with common-channel
signalling and network-based comput-
ers was a major inflection point in our
network evolution.

Early data networks
Data networking began in earnest
during the 1970s. In the US, business
drove the data networking thrust by
deploying modem-based networks
which used IBM’s Bisync and SNA
architectures and AT&T private
voice lines. Even though the PSTN
transported most of the country’s
data, the service was transparent
and was treated simply as private
line voice. In short, there was little
concept of an explicit data network
architecture through this period.
Also, the error rates on modem-
derived data links over analogue
facilities was high, usually no better
than 1 bit in 100 000, even on a good
circuit. Frequent data re-transmis-
sions were required, forcing consider-
able overhead in the transport
protocols and delays in the data
transportation through the network.
In other parts of the world, public
data networks achieved a significant
amount of usage and importance.
These networks utilised an open
protocol called X.25 and could serve
the data communication needs of
both large corporations and occa-
sional dial-up users.

Fast packet networks
The introduction of fibre optic
transmission led to significant
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changes in both the quality and
technology of voice and data net-
works. The quality of the digital
transmission over fibre was orders of
magnitude better than the quality
achieved with the older analogue
facilities using coaxial cable and
microwave radio. This quality
improvement was reflected in the use
of much faster and efficient protocols
for data transmission such as frame
relay and asynchronous transport
mode. Also, fibre quality removed
constraints of distance. Voice tele-
phone calls sounded as good across
the country as they did across the
street.

The use of high-quality fibre
transmission for data transport was
another networking inflection point,
having a beneficial effect on voice
and a revolutionary impact on data.

Internet technology
Client/server networks began during
the 1980s as a natural consequence
of networking personal computers
(PCs) using local area networks
(LANS). The need for shared servers
became apparent for common
functions such as file storage and
backup, printing and wide area
communications. The first technology
for connecting remote LANs used the
concept of bridging to make a big
virtual LAN out of two geographi-
cally separated LANs. Routing
technology gradually replaced
bridging because it allowed the
interconnection of disparate LAN
types (for example, token ring and
Ethernet) over fast data communica-
tions services like frame relay,
offering an unprecedented degree of
flexibility to the data communica-
tions marketplace. The early 1990s
saw competition for the routing
protocol of choice, with many vendors
vying to make their proprietary
protocol the de facto standard.
However, the adoption of the open
and pragmatically simple Internet
protocol (IP) and the associated
network rules established by the
Internet Engineering Task Force
(IETF) has already led to an explo-
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sion in data networking demands for
virtual private enterprise networks
as well as for the public Internet.

The astounding growth of the
Internet accompanied by the popular-
ity of the open standard internet
technology is an important inflection
point and a dominant driver as we
move into the 21st century.

Impending inflection points
By examining the past and extrapo-
lating the confluence of technologies
into the future, we can expect at least
two more inflections in the network-
ing domain over the next several
years which will have a profound
impact on the way we live and work.
The first significant change will be
the rapid migration to multimedia
communications, as broadband
communications finally becomes
available to homes and small busi-
nesses. Fibre bandwidth continues to
double every year. Therefore, back-
bone network providers have the
ability to provide ever-increasing
capacity by inserting new equipment
into the installed fibre network plant.
The real bandwidth bottlenecks
involve the local access environment
which historically has been control-
led by telecommunications monopo-
lies with no competitive incentive to
improve the speed or quality of the
communications. With the advent of
deregulation throughout much of the
world combined with emerging new
access technologies, we can expect
that the bandwidth bottleneck will be
rapidly removed. We are rapidly
approaching the day when high-
speed communications to our homes
and business premises will become
commonplace and our day-to-day
information exchange will be increas-
ingly conveyed electronically as high-
quality real-time two-way voice,
video and image composite communi-
cations.

The second inflection point we can
expect is the proliferation of value-
added network-based applications.
Presently, the Internet is enabling a
transformation in the way commerce
is conducted. The Internet has
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already demonstrated that most of
the traditional commodities like
clothes, automobiles, travel reserva-
tions, and books can be bought and
sold electronically. Moreover, new
forms of commerce like day-trading
of stocks and bonds and individual
auctions are being invented and
introduced. The Internet is a power-
ful demonstration of the power of
computer-based value-added applica-
tions which can be introduced on top
of a ubiquitous and user-friendly
network. We can expect an accelera-
tion of such applications, especially
as we realise the multimedia two-
way environment.

21st Century Network

Architecture and Evolution

Before we can talk about the specifics
of the architectural evolution in the
21st century, we need to first estab-
lish the architectural models which
capture the architectural concepts,
which, in turn, provide the structure
for the evolution. Traditionally,
communication architectures are
described from two perspectives
which are mutually complementary
and necessary to achieve a complete
understanding of the network
operation. These perspectives are the
logical and physical views, respec-
tively.

The logical architecture
The logical architecture (see Fig-
ure 1) is intended to illustrate the
various functional layers of the
network, ranging from the basic

Figure 1—21st century network
logical architecture
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transport to value-added applica-
tions, network management and
support systems at the top. At the
very centre of the logical architecture
is the IP layer which is the common
meeting ground for all of the infor-
mation types conveyed by the
network. We expect that voice, data,
video and image will ultimately be
represented at this layer. However,
we believe it is still important to offer
the more traditional packet data
services of frame relay and asynchro-
nous transfer mode (ATM). Although
the SONET multiplexing hierarchy is
used extensively for traffic aggrega-
tion, we expect some situations in
which IP traffic loads will rapidly
grow to the point where it will make
economic sense to put the IP traffic
directly on top of the dense wave-
length division multiplexing
(DWDM) transport network, bypass-
ing intervening layers for
multiplexing, grooming and
prioritisation. IP on top of DWDM
will be especially attractive once the
IP routing infrastructure evolves to
the point where appropriate priori-
ties, called grades of service, can be
assigned to the demands of the
information type being transported.

An open common middleware
platform is essential for the efficient
use of the network resources beneath
for both applications and manage-
ment functions. Certain functions
recur for almost all applications (like
authentication and usage recording)
and network services (like
provisioning and billing). These
common functions are embedded in
the middleware layer and are done in
a consistent and efficient manner for
all applications and services.

The physical architecture

The physical architecture (see

Figure 2) relates to the location and
quantity of major network compo-
nents such as switching and routing
offices, traffic aggregation points and
end-user locations. The view shown
here depicts a large national network
such as the United States. Note that
some notions of the logical architec-
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Figure 2—21st century network
physical architecture

ture are also contained in this view,
including the hierarchy of transport
and restoration/switching and
routing/applications. Note that at the
top of the hierarchy is the notion of a
common information platform which
is accessible to all of the intelligent
application elements, including those
located on the customers’ premises.
The availability of such a platform
will become essential to the imple-
mentation of network-based applica-
tions, as described in the section
entitled Tmpending Inflection Points’.

Evolution of the major
network areas

Now that we have established the
reference models for the logical and
physical network architecture, the
remainder of this article focuses on
the areas of information systems,
transport and restoration, switching
and routing, and local access and
networking. In these four areas, we
will outline the expected evolution
through the period of 2004/2005.

Information systems
Referring again to Figures 1 and 2, at
the top of the network hierarchy are
the information systems required to
manage and provision the network as
well as provide the applications. In
the past, network information
systems architectures were aligned
with specific network offers. Manage-
ment functions were redundantly
implemented in multiple systems
with offer-specific logic embedded in
each application. Customer data was
stored in product-specific databases.
Enterprise-wide processes were
difficult to achieve and often required
manual workarounds. A customer’s
experience was different across
products and services. As our net-
work services grow in kind, scope,
complexity and customer importance,
it is necessary that we revamp the
way these services are managed as
well as the way applications are
implemented on the network infra-
structure.

In defining the target information
systems architecture for the 21st

COMMON INFORMATION PLATFORM H
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century, it is necessary that it causes
a migration from a product-specific
environment to a customer-specific
environment and provides integra-
tion to the customer across all
products and services. All network
domains must use the same platform.
Network operations systems move
from technology-specific to function/
process-specific and will employ open
standards to foster a multi-vendor
environment for network elements.
The migration to open standards is
necessary for reasons of cost, effi-
ciency and time-to-market. The
target architecture consolidates
business functions by moving offer-
specific rules to databases, integrates
enterprise-wide processes through
workflow technology, bridges network
platforms through function/process
orientation, integrates customer
experiences through an integrated
information architecture, and
standardises software architecture
through a common service operating
environment.

A key element of our target
information systems architecture is
the notion of a common information
repository which drives the informa-
tion system functions. The inferma-
tion repository can be viewed as a
two-dimensional matrix with three
classes of data (customer, business
rules and network resources) within
three ordered layers (customer-
specific, logical implementation-
specific and physical
implementation-specific.) The
information architecture supports
internal network operations and
maintenance, service-related busi-
ness functions such as ordering and
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provisioning, and value-added
applications, such as messaging and
multimedia conferencing. The
centerpiece is a single, logical
customer database which supports
all service delivery and management
functions across all products/services.

Process-driven applications will be
integrated through workflow technol-
ogy, providing the ability to bridge all
service platforms and applications.
Workflow also enables flow through
automation which seamlessly
traverses functional boundaries (for
example, ‘order-to-provision-to-cash’)
across all offers. At the industry
level, process automation also
facilitates a more complex set of
arrangements and interfaces with
other providers by integrating the
supply chain.

In the target information systems
architecture, on-line product cata-
logues are provided which contain
data that describes the configuration
rules for each component, service and
offer. This catalogue separates
business rules from applications, and
enables dynamic construction of new
offers without requiring coding
changes in the application. In terms
of application design, the usually
hard-coded logic is replaced with
applications dynamically driven by
external rules. The result is cross-
product/service applications (order-
ing, billing, etc.) which support all
variations of products/services.

A major consideration in achiev-
ing a simplified network infrastruc-
ture is to establish a well-defined and
rigorously-enforced interface between
our systems architecture and our
packet network which, in the end
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state, will be handling all of our
traffic. All applications, including
operations and maintenance and
business applications, are built using
standard APIs and well-defined
layers which minimise dependencies
on underlying technologies. The
architecture specifies the use of
industry standards so we can achieve
a much greater degree of vendor
independence. Third-party service
providers will need to provide
applications to our network custom-
ers using a standard set of applica-
tion programming interfaces (APIs).

Transport and restoration
Referring to Figure 2, the transport
functions provided at the local and
regional offices are very similar. The
fundamental interconnection speed of
today’s AT&T long-distance network
is the DS3 rate of 45 Mbit/s. Restora-
tion in this network is performed at
the DS3 level using electronic cross-
connects and the FASTAR restora-
tion system. FASTAR is a centralised
real-time restoration platform which
quickly calculates the optimal
network configuration after a facility
failure and restores the network
transport functionality based on that
calculation. In addition, SONET/ring
capability has been deployed which
provides a very fast restoration
capability for ring-routed facilities.
The restoration in our local network
is achieved via SONET rings.
DWDM technology, which provides
the frequency multiplexing of
multiple optical wavelengths on a
fibre pair, has evolved quite rapidly
in the last few years. Today, DWDM
systems are capable of multiplexing a
significant number of OC-48
(2-5 Gbit/s) channels or OC-192
(10 Gbit/s) channels on a fibre pair.
In terms of the state of DWDM
technology evolution today, about
four times more wavelengths can be
multiplexed onto an OC-48 system
than an OC-192 system, resulting in
the overall capacity payoff for a
single fibre pair to be roughly the
same for both speeds. We expect that
ultimately the yield from the OC-192
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systems will exceed that of 0C-48
systems. Also, next generation
systems will be capable of mixing
0C-48 and OC-192 rates on a single
fibre pair and are targeted for

1000 Gbit/s capacity. DWDM systems
capable of carrying OC-768 (40 Ghit/s)
signals are on the drawing board and
prototypes are expected to be avail-
able as early as 2001. As stated
earlier, the capacity of fibre systems
is doubling every year and is expect
to keep up with the traffic growth
described by inserting new DWDM
technology into the existing fibre
base on a regular basis.

As the AT&T network evolves and
the local environment grows in
importance, we will implement a
tiered hierarchy for the transport
architecture, with the highest speeds
occurring in the long-haul network.
We will migrate our basic connection
and restoration speed from the DS3
rate to the OC-48 rate within the
planning period. It is likely that
optical cross-connects at speeds of
0C-48 and OC-192 will become a
reality within this same period. Also,
within this period, we will migrate
from a centralised to a distributed
restoration infrastructure and, by
using ring rapid recovery techniques,
will migrate to failure restoration
speeds of 100-200 ms.

Switching and routing

Presently, AT&T offers both voice
and data services. The four primary
kinds of data services include: frame
relay, ATM, IP and private line. [P
services include the consumer ISP
service called WorldNet® Service and
the business transport and electronic
commerce and web hosting services.
Backbone routers provide connection
to the public Internet. Dial platforms
are connected to access routers, and
provide dial-up access to the IP
network. Higher rate, private line
services connect directly to the
transport network. The current voice
network includes both local (wireline
and wireless) and long-distance
switches. The local switches support
local access and nodal PBX trunks, as

well as trunks to other carriers and
networks. The local switches support
intelligent network services. The
long-distance switches support nodal
PBX trunks, intelligent network
services and connections to other
networks. Dial-up access to the IP
network is provided from the local
voice switches via the dial platform.
The voice switches share a common
transport network with the data
services.

Interworking between the voice
and data networks has been intro-
duced with the offering of the IP
voice transport services. These
services use IP gateways in the
domestic US network and selected
international locations to convert
voice traffic from the local voice
switch to IP voice. The IP voice is
then carried across the IP network to
the far-end, where the call egresses
to a voice switch via another gateway.

For our target switching and
routing architecture, we plan to
introduce high-capacity backbones
for the frame relay, ATM and IP
services using quality of service
(QoS) capable packet switches and
routers. Multi-protocol label switch-
ing (MPLS) is an IP-based signalling
and routing capability which prom-
ises to greatly improve QoS and
scalability of IP networks. Service-
specific edge vehicles will be used,
both to aggregate traffic for transport
to the backbone and to provide local
switching. Concentrators may also be
used to aggregate traffic in locations
that are too small to justify an edge
switch. These concentrators could be
shared across services. Voice switches
will be interconnected via a packet-
based backbone.

We intend to provide some of our
intelligent network services which
we presently offer in our intelligent
circuit-switched voice network in the
new emerging IP environment. As
described earlier, the major enabler
for the original intelligent network
in the late 1970s was the combina-
tion of stored-program-controlled
switches combined with a reliable
out-of-band signalling network and
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feature-rich network-based comput-
ers. We expect to see workable
solutions for voice in the evolving IP
environment in which the intelli-
gence function is provided by a
combination of gatekeepers (intelli-
gent entities within an IP network)
and service control points (intelli-
gent entities within the traditional
voice network). These solutions will
include interworking, whereby
intelligent multimedia calls which
originate on one network can
terminate on the other network.

Local networking and access
The access and local networks
consist of various access technolo-
gies, a common transport structure,
switching and routing mechanisms
and the methodology to hand off
large volumes of traffic to the
regional/global tandem network. In
addition, the local networks must
support interconnection with other
local networks, as well as other
regional/global networks. The
fundamental building block for the
networks is a local fibre infrastruc-
ture, which links together various
distribution points. The local
network provides either access to
other networks such as Internet,
data, and long-distance or local
switching for intranetwork commu-
nications or access to intelligent
devices to perform service functions
such as messaging services. Most
traffic from the local environment
remains in the local environment, so
a significant amount of local switch-
ing and routing will take place. In
the target architecture for local
networking, these distribution
points will serve a given geography,
with the most cost-effective access
technologies providing connectivity
from residential and business
customers to local offices. Target
access technologies include coaxial
cable, fibre, narrow and broadband
wireless, as well as twisted pair
carrying broadband DSL (see section
on ‘Technology Trends’).

In the target architecture, access
to consumers requires the use of

multiple technologies, with coaxial
cable access playing an important, if
not dominant, role. In specific
situations where tethered access is
problematic, fixed wireless will play a
critical role. Fibre will continually
extend into multiple dwelling units
such as large apartment buildings.
As stated above, DSL technology
rounds off the portfolio of broadband
access alternatives.

Within the planning period, we
expect businesses to continue to
demand greater bandwidth; and
fibre will remain the dominant
access vehicle. Broadband radio will
provide a mechanism for providing
broadband access to businesses on a
short-notice or emergency basis
when fibre alternatives do not exist.
The interface to many business
customers (and ultimately residen-
tial customers) will be through
multiservices access multiplexers
(MSIAMs) which provide a combina-
tion of traditional telecommunica-
tion interfaces like DS1 and DS3 to
PBXs and non-traditional interfaces
like Ethernet-based 100 Base T
interfaces to data centre local area
networks. MSIAMs will perform
adaptation of many services,
converting them into a common
packet IP format for transport,
routing and switching, while
maintaining the required QoS.
Within the planning period, we
expect MSIAM technology to be
integrated with broadband radio
technology, offering an alternative to
local fibre distribution.

The wireless mobility access
network is evolving to higher band-
widths and convergence to a world-
wide standard. Within the planning
period, we expect the network
evolution path to be towards an
improved time-division channel
structure that will first support
45 kbit/s IP data services and
thereafter 384 kbit/s IP connections.
It is expected that general packet
radio services (GPRS) and 200 kHz
enhanced data rate GSM evolution
(EDGE) will be important technolo-
gies in this evolution.
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An Application Using the
21st Century Network
Architecture

Today, network providers offer an
array of messaging services which
are targeted towards specific market
segments. While these services add
customer value and meet revenue
targets, they typically do not share
common platforms, they require
different customer databases, they do
not share application software and
they do not interoperate. As these
messaging services increase in
importance, customers are becoming
increasingly dissatisfied with the
need to check e-mail, office voice
mail, wireless voice mail and answer-
ing machines, while sometimes still
having to respond to paging systems.
Also, receiving bills from multiple
sources, even from the same provider,
can be an added annoyance.
However, if we follow the direc-
tions established by our 21st century
network architecture, we can make
major improvements in the quality of
the service we provide, while gaining
substantial operating efficiency and
economies. Using this architecture,
we will implement our messaging
services on a common IP platform
which utilises a standard computing
environment and set of APIs. Because
this platform is open and standard-
ised, the actual development of these
applications will be quicker and less
expensive than today’s applications
because many of the required
functions are already programmed
into the platform. Moreover, once the
development is complete, we can
share application resources such as
directories across a number of
market segments. Best of all, the
individual messaging environments
can interoperate. For example, ‘road
warriors’ can retrieve IP messages
while travelling in their cars. This
can be accomplished because each
individual is identified as a single
customer in the information services
platform and is recognised in the
same way across all of the messaging
services. Because there is inherent
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integration among the messaging
services, it is a straightforward
feature to process a road warrior’s
text messages through a high-quality,
text-to-speech converter in real time.
Real competitive advantages can be
realised by following the architec-
tural directions spelled out in this
article.

Summary and Conclusions

In summary, the 21st century
network architecture is pointing us
towards a global multi-provider
service environment interconnected
by open standards which will be
based on fibre transport and packet
data switching and routing technolo-
gies. This network environment will
be accessed through a variety of
access technologies with ever increas-
ing emphasis on mobility and high
capacity. A sophisticated signalling
structure will link the various
network elements and provide the
nervous system for the integrated
open layered information system
infrastructure. In addition, this same
signalling structure will enable
value-added applications, network
management and operations support.
Finally, the 21st century network
environment will provide an increas-
ingly rich set of multimedia-based
value-added services.

Acknowledgements

The authors would like to acknowl-
edge the contributions of over 50
AT&T associates to this study.
Special acknowledgements go to Alan
Jones, Dan Sheinbein, Ken Shulman
and Girish Varma who led their
organisations in providing support to
this study and who made numerous
direct contributions themselves.

84

Biographies

John A. Newell
AT&T Laboratories

John A. Newell is currently Technol-
ogy Planning Vice President for
AT&T Labs in New Jersey. In this
role, he has been instrumental in
coordinating AT&T’s 21st century
network architecture project. He
graduated from Drexel University in
1965 with a BSEE degree and from
MIT in 1966 with an MSEE degree.

| Richard T. Roca
AT&T Laboratories

Richard T. Roca is Vice President, IP
Services Planning and Development
for AT&T Labs, the research and
development arm of AT&T. In this
role, he is responsible for planning
and developing business and con-
sumer services based on IP technol-
ogy. He is also responsible for
maintaining AT&T’s strength in
certain key technologies and for
ensuring that these technologies are
effectively applied to the needs of
AT&T’s customers. He has also
served as the Chief Technical Officer
for AT&T Solutions. He began his
career with AT&T in 1966. He joined
Bell Laboratories after receiving a
BS degree in engineering from
Lehigh University. He attended MIT
under Bell Labs sponsorship, where
he received both SM and ScD degrees
in 1967 and 1972.

British Telecommunications Engineering, Vol. 18, Oct. 1999




John Helleur and Tim Wright

ALLIANCE ENGINEERING SYMPOSIUM 1999

The Market-Driven Network

The Market-Driven
Network is BT UK’s
strategic network
initiative to enable it to
meet the major challenges
of a very volatile and
competitive market, using
new technologies and
existing assets in the most
commercially effective

manner.

The Challenge

Given that all network operators
have the same technologies with
which to fight for market success,
what will differentiate the winners
from the losers? For a large and
profitable incumbent, like BT in the
United Kingdom, this question is
even more difficult to answer than
for a new entrant, since it has to
play defence and attack with a
mixture of old and new technologies.
How do we make sense of the two
management paradigms of milking
the existing public switched telephone
network (PSTN) ‘cash cow’ while
investing to win in the new market
opportunities now rapidly opening up?
Picking the next exciting technol-
ogy is fun, but how can BT ensure
cost-effective asset lives, and where
and when does it take each key
migration step with all the implica-
tions of disruption to customers,
large money and skills investment
added to potential shortening of
existing asset lives. BT’s answer in
the UK is to adopt the focus of the
Market-Driven Network (MDN).

The Background
In the UK, BT spends some £1-8 bil-
lion per annum of capital on the

network, and keeps reducing costs

Figure 1—UK market forecast
revenues
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and people numbers year on year to
give productivity gains of the order
of 10% per annum. The new build
focus has been on green-field and
brown-field sites and providing
second lines, but now the deploy-
ment logic established over many
years has to be re-assessed, stimu-
lated by the growing reality of the
datawave and the increasingly
serious threat to BT’s fixed networks
presented by cable and mobile.

In the UK we are seeing the
exponential growth kicking in for both
Internet access and the take-up of
mobile telephones. Narrowband traffic
growth is largely data dial-up traffic
(BT is adding data ports at a tremen-
dous rate), mobile telephone usage in
the UK is increasing at over 25% per
annum and BT’s revenues grew by
19% in quarter 4 of 1999.

Despite major productivity gains
throughout the 1990s and increasing
profitability, it is difficult to match
the competition in pace and unit
pricing, particularly in the new data
products and with new, young
customers. Why is this, and how can
BT deal with it ?

The Market
Several market analyses have been
carried out on the UK market
(Figures 1 and 2) and broadly the

Figure 2 —"Total traffic volumes in
the UK market
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Figure 3 —Customer segmentation
map

view is that the total market
revenue will double to over £60 bil-
lion per annum by 2004, and that
traffic will grow by approximately
10 times over the same period, with
a massive shift to wide-band data/
Internet protocol (IP) products.

This exponential growth is being
fuelled by the drive towards
e-business, based on companies using
intranets and extranets combined
with mobile and home-working
packages to enable flexible workforces
and value chains.

The consumer growth is again
fuelled by both IP and mobile
products, but with the focus on
entertainment; however, it is
important to recognise the overlap of
business and consumer demand with
the growth of home-working.

Figures 1 and 2 anticipate a
massive reduction in prices over the
five years, led and supported by
traffic growth reducing unit costs,
which reduce unit prices. In turn
this will stimulate increased usage
and more traffic; a virtuous circle—
if managed correctly.

What is clear are the following
commercial imperatives:

® fast growth;

® packages and solutions: data/IP;
multiple voice; video; mobility; and
virtual private networks (VPNs);

@ uncertainty and flexibility; and
® best performance and unit costs.
Focus on Segmentation

BT has been working with a
paradigm which is based on the
viability of a portfolio of individual
products, each seen to be independ-
ent and profitable. BT is also
working with the presumption of
universal service delivery for all
products and services, where this
obligation is perceived to include
universal averaged pricing. Per-
haps these could be the basis of
BT’s problems!
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The first principle of MDN is to
always think like a new entrant in
order to compete; the market has to
be segmented and each segment has
to be fought appropriately. BT's
approach is to view the ‘battle-map’
based on a matrix of customer
segments and geographic segments
(Figure 3), the latter because the
delivery unit costs vary widely by
geo-type.

The customer segments tell us
about customer needs, indicating
what products and packages are
required to satisfy those needs; this
also gives the size of pipe needed to
deliver the package.

The geography is a rough indica-
tor of traffic density and distance,
and therefore gives a view of the
delivery costs, plus the most cost-
effective technology to use for each
geo-type.

The map also shows where the
competitors are impacting or are
likely to impact; it helps to assess
where the best profits are to be
made, and it helps to show what
BT’s real market share is in each
cell; that is, which customers BT
has and which customers the
competitors have!

BT can now treat the UK as a set
of market cells (Figure 4), combining
the nceds of a customer segment with

Figure 4— Market driven cell
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delivery capability and costs of the
geo-type, and recognising the compe-
tition for that cell. It now has a view
of where to build to deliver packages
which satisfy customers, and it can
be even more accurate with invest-
ments (Figure 5).

Market modelling is used to
assess market futures to a postcode
or zip code, and BT is beginning to
match this with network capabilities
at the distribution point (DP). This
gives a very accurate view of the
market and the network build
required. It also enables the com-
pany to be more accurate about
where to spend network improve-
ment resources.

Finally, this micro-market
approach will enable the operation
of a very accurate ‘sell from stock’
process, with the opportunity to
target selling to the postcode.

The fundamental point to recog-
nise is that satisfying this set of
United Kingdom market cells is not
just about the datawave or mobility,
and it is not just about investing in
IP technologies, it gives a framework
to deliver value-adding packages
from old or new assets in a commer-
cially effective way.

Figure 5—Micro-market driven
distribution point
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MDN Commercial Principles

The MDN deals with the changing
market and the network economic
challenges head-on by applying a
number of commercial principles:

® Build towards profitable cus-
tomer segments and
geographies:

—Customer segmentation The
translation of customer segment
needs into ‘propositions’ of
packages, made up of multiple
voice, data/IP, video and mobile/
mobility. Aiming these to the
customer segment by a transla-
tion to postcodes.

—Geographic segmentation Unit
costs are determined by traffic
density and distance of delivery;

customer demographics also have
a significant effect, with some 80%
of traffic by revenue being derived

from BT’s top 10% of nodes.

—De-averaged pricing The unit
cost of rural access is around

10 times metropolitan access, and

the cost of rural transmission is
five times metro and inter-city
transmission (per kilometre).

Competitors currently, therefore,

exploit BT’s geographically

averaged prices, building against

BT in cheap/dense geographies
and renting from BT elsewhere.
De-averaging is essential.

® Build capacity for anticipated
market share, then sell the built
capacity:

~Build big ‘Fat’, high-capacity
networks with good utilisation

yield, low unit costs. New technolo-

gies offer much higher capacity—
typically five times higher—for
only twice the cost. Building big
with new technology makes sense
when steered by good, confident
market analysis based on the
segment map, micro marketing
and a set of linked models.

—‘Build and sell’ BT is imple-
menting positive selling in areas
where network capacity already
exists or immediately following a
planned build, in order to reach
competitive utilisation levels
quickly and obtain best returns on
the assets. This reduces costs by
some 30% over incremental build.

Aggressively use the new tech-
nologies to reduce unit costs:

—Strategic, multi-service plat-
forms The MDN assumes a move
to multi-service platforms,
including access, data and
intelligence platforms, to drive
down unit costs as more products
share the same platform, spread
the risks and reduce time-to-
market for new products.

—Rapid focused roll out

New technologies offer signifi-
cant reductions in unit costs

(> 3:1). BT has to operate with a
mix of old and new unit costs,
and therefore must move to new
technologies as early as possible
for key customer segments and
geographies, and must consider
disaggregated pricing across old
and new platforms.

Build for flexibility and timing of
investment:

—Investment payback Equip-
ment build will minimise fixed
costs (racking etc.) in favour of
variable costs (for example, line
cards). More appropriate assess-
ments of asset lives are also
being undertaken to better match
market and technology volatility.
Again this will be affected by
segmentation.

—Scalability The volatility of the
market arising from customer
fashions, price competition,
competitor activity and new
technology means that volume
demands cannot be forecast from
past trends, except in the rela-
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tively near-term. Designs,
therefore, need to be highly
scalable to cater cost effectively
for very wide ranges of growth.

Design to the best competitive
affordability targets:

—Cost-driven design Tradition-
ally, BT has designed new or
enhanced platforms, estimated the
costs (and unit costs) implied and,
by adding a ‘reasonable’ profit
margin, used this information to
determine product pricing. With
increasingly aggressive competi-
tion and falling prices, BT now
has to design to meet competitive
costs in each segment.

Keep unit costs low by driving up
utilisation:

—Pricing and utilisation Prices
will be set to optimise utilisation
and win highest traffic volumes
by encouraging the use of spare
capacity (pipe, bandwidth, time),
via BT retail arms and other
operators. Higher utilisation
improves unit costs and protects
margins.

—Arbitrage Tariffing must be
based on a sound understanding of
where real costs lie in order to
minimise arbitrage opportunities.
Any significant divergence between
cost base and wholesale price
provides opportunities for arbitrage.

—Risk and reward sharing with
strategic suppliers Improved
value-adding relationships are
being built with key strategic
suppliers, including risk sharing,
joint evolution planning, joint
research and development, and
use of their design skills.

Offer the best customer experi-
ence processes with maximum
automation:

—Service differentiation The
customer experience, a key
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differentiator, will arise from the
use of world-best processes and
operational support systems.

® Maximise the commercial value
of existing assets:

—‘Sweat the assets’ The existing
network will continue to supply
the bulk of the revenues for some
time. This will be for conservative
customer segments and in
difficult geographies where their
commercial viability will remain
for several years.

The Business Logic
Underpinning the commercial
principles is the relentless business
logic as represented in Figure 6. It
starts with an understanding of the
requirements and aspirations of
customer segments, translated into
propositions of multiple products. The
product portfolio must be developed
to meet these package requirements,
and drive through to network/
platform requirements for each
customer segment and for each geo-
type. Platform requirements are split
across engineering domains, access,
bulk transmission, switching,
intelligence, processes, support
systems etc., which must be devel-
oped in a coherent manner via a
consistent set of evolution plans,
migration steps and milestone
targets for the delivery programmes.
The most appropriate technology is
used for each geo-type and route.
Modelling is then used to assess the
most commercially-effective rollout
strategy.

The Market Proposition
The market propositions for the
MDN are primarily business led.

The aim is to provide:
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REQUIREMENTS ANO ASPIRATIONS OF EACH
CUSTOMER SEGMENT: PROPOSITIONS

MARKET POTENTIAL ANO BUSINESS OBJECTIVES
FOR PACKAGES/PRODUCTS/SOLUTIONS

NETWORK STRATEGY, DESIGN AND PLANNING
FOR EACH AREA OF NETWORKS, SYSTEMS ANO PROCESSES

NETWORK DEPLOYMENT PLANS FOR EACH TYPE
OF GEOGRAPHY

NETWORK ANO PRODUCT SOLUTION FOR EACH
CUSTOMER SEGMENT FOR EACH TYPE OF GEOGRAPHY

® an intranet solution for leading-
edge customers, namely large
corporate businesses and their
mobile workers;

® an extranet solution linking those
customers with their customers
and suppliers, including small/
medium enterprises and people
working from home;

® a data-ready and video-ready
platform for recreational and
educational use;

@ a mobility and universal mobile
telecommunications system
(UMTS) ready network, offering
seamless serving and seamless
mobility irrespective of wireless,
tetherless or wireless access;

@ a solutions-ready network based
on application progamming
interfaces (APIs) and inter-
working with customers’ equip-
ment; and

® low-cost wholesale bandwidth for
all big customers, including other

Figure 7—The value-chain layers

Figure 6—The business logic

operators, service providers and
BT service platforms.

The Products

Formal definitions have yet to be
fully developed for MDN products.
The products will be categorised in
terms of their layer in a value chain
(Figure 7) and based on their
capabilities, not the technology.
Each product will have retail and
wholesale variants. The value chain
nature of the products reinforces
the move away from product stove-
pipes in which, for example, the
access solution is specific to a
network application. Products at
the IP services layer and below will
become commoditised increasingly
and subject to fierce price competi-
tion.

® Managed access This provides
connectivity between customer
sites and the BT serving sites
with the aim of supporting all
services on a single access link. It
is characterised primarily by the
access bandwidth offered.

® Muanaged transmission This
provides high-capacity, fixed-bit-rate
pipes between network nodes and to
a small number of very large
customer sites. It is characterised,
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Figure 8 —The basic network compo-
nents

primarily, by the bandwidth offered,
which typically will be at 155 Mbit/s
and multiples thereof with the
likelihood of optical channels being
offered in the longer term.

® Managed bandwidth This
provides connectivity at a finer
level of bandwidth granularity
which may be fixed on connec-
tion set up, or variable between
network equipment, or between
network equipment and custom-
ers’ terminals, or even terminal
to terminal. The primary man-
aged bandwidth products are
expected to be asynchronous
transfer mode (ATM) private
virtual circuits, characterised by
bandwidth and quality of
service, which will steadily
displace existing leased-line
products.

® [P services These will be the main
focus of the data business since it
is confidently expected that IP will
become the universal end-to-end
Layer 3 of choice supporting BT,
third-party service provider and
end-user applications. They fall
into two types:

—basic IP service—simple
transfer of IP packets, with no
extras; and

—enhanced IP service—transfer
of IP packets with support for
flexible virtual private networks,
security, user roaming, and
guaranteed quality of service.
Each type will provide name
management, address manage-
ment, routing, resource manage-
ment, and accounting.

® Voice services The migration of
voice services away from tradi-
tional 64 kbit/s circuit switched
networks to IP- or ATM-based
networks remains a complex
commercial issue. Crucial to this
migration will be the evolution of
customers’ terminal equipment
and the need to keep the cus-
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tomer happy during the transi-
tion. Existing PSTN voice will be
supported on ATM switch fabrics
as voice over ATM, while new
voice services, particularly those
emerging from the Internet and
intranet arenas, will be supported
on IP as voice-over-IP; and will
evolve into industrial strength
integrated voice/data applica-
tions.

® Intelligent services and network
applications Real value add
comes from the integration of
basic and enhanced IP services,
voice services and network
applications, including mobility
applications. These enable virtual
private networks, e-commerce
applications and other network
applications such as inbound
services.

The Network

The basic network components are
shown in Figure 8. The components
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and their interconnection have
strong parallels with the product
value chain discussed earlier.

Increasingly we will see open
interfaces between the components
and yet specified in ways which
permit functional integration and
thereby reduction in numbers of
physical equipments and their
interconnection. In particular, we
expect to see the integration of bulk
transmission functionality and
switching functionality at various
transport layers including ATM and
IP. The access network components
will be independent of the end-user
products that they support.

To date, the main network design
focus in support of the MDN has
been on the data transport aspects;
the network design is shown in
Figure 9.

At its core is a scalable multi-
service (broadband) switching and
routing platform (MSP) with points
of presence at the top 100 BT sites,
giving direct access, either over fibre
or copper with digital subscriber
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loop (DSL) technology, to about 80%
of business sites. In addition, DSL
access multiplexing functionality
will be deployed at an additional
1500 sites to permit high-speed
access to 98% of business sites and
homes in key competitive areas. For
customer sites beyond the reach of
these 1600 serving sites, BT High-
way and PSTN dial access will
continue to be available; using a full
armoury of fixed and radio access
technologies (see Figures 10 and 11).

The solution includes dial ports
for the support of dial IP access from
the PSTN/ISDN and gateways to
support voice service interworking
between PSTN and IP domains. All
of this will be underpinned by the
lowest cost and highest capacity
transmission network employing
synchronous digital hierarchy/
wavelength division multiplexing
(SDH/WDM) over fibre.

Many of the piece parts for this
are in place, including the initial
phases of the MSP with ATM edge
switches and high-capacity IP core
routers and preparations for large-
scale DSL (mid-band) roll-out. As
the roll-out proceeds, opportunities
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will be taken to deploy very-high-
capacity multi-function equipment
with high-bit-rate interfaces. Use
of such equipment will lead to
physically simpler core networks
with fewer equipments in tandem,
fewer interconnecting cables and
interfaces, less floor space, power
consumption, considerable simplifi-
cation of network management and
generally much better economics.

The datawave is already hitting
the narrowband network which will
require enhanced switching capacity
until the MSP fully takes the data
growth. Next generation switches
(NGS) are being deployed from next
year to replace the current PSTN
transit switches. These NGS transit
switches will be based on an ATM
switching fabric supporting PSTN
voice directly as voice over ATM as
well as offering the possibility of
supporting broadband services.

The MDN will require some key
enhancements to network intelligence,
which will have to operate over
several networks with either wireline
or wireless accesses to support user
mobility, data and voice networks to
support data plus voice applications,

Figure 10—A full fixed-access
armoury

and service inter-working between
BT's and other operators’ networks.
Finally, changes to the structure of
network intelligence will be required
to accommodate users with PCs and
other intelligent terminals where the
application is distributed between the
terminal and the network-based
intelligence.

The Geographic Focus

BT’s network in the UK spans a
large variety of geographies, each of
which have different physical cost
characteristics, different customer-
demand profiles, different popula-
tion densities and different
competitors. The tenet of geographi-
cal segmentation is fundamental to
the MDN; the following geographies
have been defined to underpin this
tenet:

® Metropolitan—covers major
central business districts, includ-
ing the City of London:

- includes the largest 50 nodes;
- mainly large business customers;

- accounts for 30-40% of total
revenues; and

- intensely competitive, but net
growth in connections overall.

® Urban—covers the remainder of
the major conurbations and large
cities:

—includes the next 350 nodes;

- some business customers, but
mainly residential;

- accounts for 30-40% of total
revenues; and

- highly competitive and nega-
tive growth in connections
overall.

® Cable areas—remaining active
CATV areas:
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- includes the next 1350 nodes;

- mainly small business custom-
ers and residential;

— accounts for 10-20% of total
revenues; and

~ increasingly competitive and
negative growth in connections
overall.

® Small towns—remaining towns
in rural areas:

- includes the next 500 nodes;

- is mainly residential plus
minimal businesses;

— accounts for 5-10% of total
revenues; and

- has some growth in connec-
tions.

® Rural—remaining country areas,
very small towns and villages:

- includes the remaining 4250
nodes;

- is mainly residential plus
minimal businesses;

— accounts for 2-5% of total
revenues; and

- has minimal growth in connec-
tions.

This article has outlined how
customer segmentation can be
translated into geographic
prioritisation using postcodes.
Equally, information can be gath-
ered on the network capabilities at
the matching distribution point,
such as sparing and utilisation,
network performance including fault
rates, vulnerability to weather and
interventions, type and age of
equipment, quality of data, etc. By
coupling this network profile with
the micro-market profile, an accu-
rate two-year investment plan will

be created. Network planning
systems will then drive the roll-out
of appropriate technologies to the
distribution point and matching
sales to the postcode.

MDN Status in BT UK

The MDN has recently been
adopted as the network strategy for
the UK. It is now being imple-
mented as the primary programme
of transformation, changing the key
business processes and skills to
match the new approach. During
1999/2000 most of these changes
will be put in place, driven by
commercial targets and price
changes to encourage the new
commercial behaviours. To guide
decision makers, a number of
enabling activities are underway to
deliver commercial targets, a
network blueprint, network product
plans, evolution plans, and pro-
gramme objectives.
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Steve Brabner and Clive Dellard

The Full Monty: PSTN-
Equivalent IP Telephony for

BT Spain has embarked
upon a world-leading
project to implement a
fully PSTN-equivalent
network over an Internet
protocol (IP)
infrastructure shared
with data traffic. The
significance of this
project to the economics
and technology of the
global telecommunications
business is fundamental.
This article describes the
background to the project,
the architecture of the
chosen vendor, Nortel
Networks, and some of
the challenges being faced
by the design team led by
BT’s Alliance

Engineering.
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Spain

Business Drivers

The economics of creating a national
telecommunications network to
compete with a long-established
incumbent are harsh. Although local
access is perhaps the most difficult
problem to crack, the core network
infrastructure must be highly cost-
effective and capable of supporting
multiple services. Traditional voice
switches are notoriously expensive,
and for this reason it has long been
an objective of network designers to
combine voice and data networks
onto a single data network infra-
structure—the so-called datawave.
This has gradually been coming to
fruition with the use of shared
physical bearers and transport
networks, but BT Spain took the bold
decision two years ago to provide
basic business voice services over
their Nortel Passport Frame Relay
network using voice-over-frame-relay
technology, under the Multivoz
banner.

The success of this service and the
liberalisation of the Spanish telecom-
munications market have since led to
the necessity to offer a wider range of
voice services over a network capable
of meeting the requirements laid
down for interconnection with
Telefonica and the 20 or so other
aspiring network licensees in Spain.
From these beginnings, the challenge
was issued—was Internet protocol
technology (IP) now sufficiently
mature to provide voice and data
services in a single infrastructure
that could rival the dedicated
networks and enable a rapid evolu-

tion into the multimedia services of
the future?

Theory said that the cost benefits
of integrating a broad mix of
packetised voice and data streams
should be significant. Given the
falling capital costs of data network
elements, and the future prospects for
innovative services, it was an intrigu-
ing prospect, and the target set was to
achieve the lowest cost-structure in
the marketplace—a minimum 50%
reduction in costs over conventional
circuit-switched voice solutions.

In 1998, the big questions were
whether IP vendors could replicate
the rich diversity of basic and
supplementary services routinely
offered by modern intelligent net-
works, and whether IP—a protocol
designed for non-real time ‘best
efforts’ applications—could deliver
the quality and reliability expected
from network providers. To answer
these questions, a request for
proposal (RFP) was issued to the
industry in June. The responses were
sufficiently encouraging for a high-
level design team to be established
under the leadership of BT’s Alliance
Engineering which produced detailed
designs and cost modelling for a
business case towards the end of the
year. This has ultimately proved to be
the most ambitious project to
implement PSTN-equivalence over
any IP network worldwide.

BT Spain and Spain are particu-
larly suited to a project of this type.
Early experience with supporting
voice-over-frame services has led to
an understanding of the particular
technical and customer issues
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associated with this type of solution.
Spain is a technologically advanced
country, and BT Spain in particular
is proud to have the opportunity to be
a pioneer in the field. The fact that
BT Spain is wholly owned by BT was
also a factor in that the BT Board
could develop this technology in a
relatively self-contained network.
Another important factor was that
BT Spain did not have a large
existing investment in a conventional
voice network and so migration
issues would be lessened. BT Spain
was also in the process of deploying a
country-wide synchronous digital
hierarchy (SDH) network which
would give the project the luxury of
plentiful owned bandwidth for the
first year or more. These positive
factors came together like a fortui-
tous conjunction of the planets, and
the business case was approved by
BT Spain and BT in November 1998.

Service Requirements

The list of service aspirations from

BT Spain Marketing was long and

challenging:

® Multivoz replacement (basic
business voice, virtual private
networks (VPNs));

@ indirect access;

@ inbound (for example, freephone,
shared rate, personal numbering,
televoting);

@® wholesale/reseller;

® value-added services (for example,
fraud control, conferencing, voice
messaging, fax store and forward);

® card,;

@ basic and advanced virtual
private networks (VPNs);

@ multimedia;

@ direct access (ISDN primary rate
interface); and

® GSM and international PSTN
interworking.

The initial focus was on tele-
phone-to-telephone services based on
classic circuit-switched network
techniques, with the IP telephony
network providing a transit capabil-
ity between other licensed operators
(OLOs) and to directly-connected
customer PBXs.

In addition, to satisfy the Spanish
regulator for interconnection to
OLOs, the IP telephony network
must behave identically to a conven-
tional voice network, with features
such as local-number portability,
emergency services access and
Signalling System No. 7 (SS7)
transparency. Voice quality had to be
indistinguishable from the PSTN,
and regulatory certification and
initial service launch had to be
achieved before the end of 1999.

Vendor Selection and
Project Organisation

An Alliance Engineering-led team of
voice, data, integration and systems
specialists began work on a detailed
specification, and the invitation to
tender (ITT) was issued to eight
vendors in November 1998. The
technical schedule was necessarily of
unprecedented complexity, combining
the demands of both voice and data
worlds, and the team was quietly
proud of the strong reaction from
vendors ranging from ‘the ITT from
hell’ to the more positive vendor who
described it as a perfect product
description which rendered their
marketing department redundant.
From those vendors who chose to
bid, a shortlist of three was produced,
and meetings and demonstrations
arranged. Within a month, Nortel
had become the clear leader, the
recommendation being finally
endorsed by BT Spain in February
1999. Common themes from the
leading vendors were the difficulty in
carrying their service control experi-
ence across from voice to data
products, and their unpreparedness
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for the regulatory demands of SS7
transparency and number portability.
For some established data vendors,
the learning curve associated with
the world of carrier-class voice
services, signalling systems and
network availability was clearly too
steep, given the available time.

Although we knew that we were
in the vanguard of those attempting
the ‘Full Monty’ of true PSTN-
equivalence over IP, it transpired
during discussions with Nortel that
we actually had the earliest
timescales of any customer and that
the European version of their
products—needed to meet BT and
Spanish requirements—would be
more advanced than the version for
North America, where the bulk of the
development had been undertaken.
To our surprise we have therefore
found ourselves at the front of the
worldwide pack, and naturally many
of BT’s other worldwide partners
have been keen to understand the
project and follow our progress.

A joint Nortel/BT team has been
established since March and is
working closely together with the
common objective of beginning trials
before the end of 1999 to synchronise
with the availability of the underly-
ing SDH and IP transport networks.
Separate design, systems, testing and
implementation teams have been
formed, each having joint BT/Nortel
leadership, under a shared project
management team.

In addition to Nortel test facilities
in North America and the UK, the
project has established a further
network at BT’s Adastral Park,
Martlesham, as a primary test site for
integration, security, management and
subjective voice quality; this network
will transfer to Spain once the service
has been successfully launched there.

Network Design Overview

The chosen supplier

From the beginning, the adjudica-
tion team knew that, due to the
immaturity of the technology, a
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solution meeting all of the require-
ments would not be found. BT
Spain’s primary requirement was to
provide a carrier-grade PSTN-
equivalent network capable of

supporting traditional voice services.

The introduction of IP access types
and multimedia services was not a
day-one requirement although the
marketing desire was for these to be
launched shortly afterwards. The
adjudication team recognised that,
in order to provide a carrier-grade
network, proprietary or pre-stand-
ard interfaces would have to be
accepted, as currently-published
standards have a number of defi-
ciencies in this area. Having said
this, future commitment to support-
ing standard interfaces when
available, particularly ETSI
TIPHON, was a major condition on
all suppliers.

Carrier-grade is an often-used but
not well-defined term. For the tender
adjudication, the team concentrated
on the following areas:

® generic network capabilities—the
ability to support existing call
types (for example, voice, fax and
voice-band data) and services (for
example, direct and indirect
access, inbound services);

® resilience and robustness—better
than 99-99% reliability, hot
changeover to standby compo-
nents and overload protection are
some examples;

® (oS and performance—matching
the performance requirements
associated with voice and signal-
ling in a traditional carrier
switched network;

® signalling and interconnect—the
ability to interface to existing
networks with SS7 and to trans-
parently carry SS7 information
across the network;

® scalability—gateway devices
capable of scaling to large time-

division multiplex (TDM) routes;
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® monitoring of network resources—
the ability of both network
management systems and, where
appropriate, the call control entity,
to monitor the resources in the
network;

® routing capabilities—ability to
perform standard routing func-
tions, such as E.164 routing, digit
manipulation, alternate route
selection, and point of entry
routing and restrictions; and

® accurate event recording—for
billing records and secure storage
and transfer of records to off-line
systems.

In the final analysis the adjudica-
tion team felt that the Nortel
Networks proposal best met these
requirements in the required
timescales. The solution has been
designed from the start with carrier-
grade services in mind. The solution
offers traditional trunk network
functionality and the support of
ISDN-connected PBXs including a
good range of supplementary serv-
ices. The call control is designed such
that additional access signalling
types, such as H.323, can be added to
provide multimedia services in the
future.

Another key element in the
adjudication was the support of

services by elements within the IP
telephony network environment. The
Nortel solution will provide almost
all of the required services during the
early phases of the project. As well as
customenr-focused services, a vital
issue within Spain is the introduction
of local-number portability which will
also be provided in the initial release.

The services are phased over a
number of software releases thus
enabling their gradual introduction
on the IP telephony network in a
controlled manner. This does, how-
ever, bring its own problems as by
the time the network is launched a
number of services will already have
been introduced on the BT Spain
interim network—discussed later in
this article.

Proposed network design—
initial phase

This section of the article describes
the network design to be adopted for
the first two software releases.
Figure 1 shows the IP telephony
network in the initial phase of the
network. The IP telephony compo-
nents and interfaces shown in the
Figure 1 are described below:

Media gateway

The media gateway function provides
the transfer of media streams
between the IP domain and the
switched-circuit network (SCN)

Figure 1—BT Spain IP telephony network —Phase 1 (4Q1999-1Q2000)
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domain. The gateway terminates the
protocols in each domain and pro-
vides conversion between the bearer
channels on the SCN side and data
packets on the IP side. This function
includes any speech processing
required, such as, voice compression,
silence suppression and echo cancel-
lation.

The Nortel CVX1800 product
provides this function. Originally a
remote access server (RAS) product,
the CVX1800 has been re-engineered
to meet the demands of IP telephony.
During the first phase of the net-
work, each gateway will provide
36 E1 interfaces and 1152 digital
speech processors (DSPs). In order to
provide optimum voice quality, G.711
encoding will be used without silence
suppression. Speech will be encoded
into IP packets every 20 ms and
transmitted over the IP network
using the Internet Engineering Task
Force (IETF) real-time protocol
(RTP). Three 100BaseT Ethernet
interfaces are provided to connect
into the core IP network. The
gateway also provides the ability,
under the management of the call
control, to switch 64 kbit/s data calls
between SCN circuits without
routing the call via the IP network.

The CVX1800 communicates with
the call control entity via a pre-
standard form of the media gateway
control protocol (MGCP). A modified
version of MGCP has now been
adopted by the International Tele-
communications Union (ITU) and
IETF, and is known as H.248.

Media gateway controller
The media gateway controller (MGC)
provides the call control and connec-
tion control functions. The controller
receives and sends call control
messaging from the SCN and other
elements within the IP telephony
network. It communicates with the
media gateways in order to set-up
and take down connections, and
connect tones and announcements.
The Nortel IPConnect Call Engine
(ICE) performs this function. ICE is a
software package that runs on

commercial high-availability Sun
server pairs providing load sharing
across a distributed network. Protec-
tion against failure is provided using
redundancy of each ICE across two
physical computing platforms.
Checkpoints are provided between the
primary and secondary instances of
an ICE so that, under failure condi-
tions, established calls are not lost.

The ICE receives integrated
services user part (ISUP) signalling
from the signalling gateway and
Digital Signalling System No. 1
(DSS1) signalling from the media
gateway. For BT Spain, the Spanish
variants of these signalling systems
are supported. The ICE is able to
interpret, modify and act on the
messages in order to set up and take
down connections across the IP
telephony network and transmit the
appropriate signalling on the termi-
nating side of the call.

Call control signalling between
ICEs is provided by a Nortel propri-
etary interface known as the Inter
Soft Switch Protocol (ISSP). This
protocol transparently carries ISUP
and DSS1 signalling. Each ICE
involved in a call generates a call
detail record (CDR) and all records
for a call will contain a unique call
identity to enable records to be
correlated off-line. CDRs are stored
on the hard disks of the Sun ma-
chines and will be transferred to the
billing mediation processor via the
file transfer protocol.

The network supports a number of
services during the initial phase by
distributing the intelligence across
the ICEs. The ICE runs an intelligent
network (IN) like call model and
accesses on-board service logic to
support the services. The following
services will be supported:

@ indirect access service,
@ direct access service,
@ inbound services,

@ virtual private network service,
and
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@ local number portability.

ICE provisioning is performed
from a centralised data distributor.
Network, service and customer data
is entered into the distributor either
via its graphical user interface (GUI)
or via a bulk download interface and
then distributed to each ICE.

Signalling gateway

The signalling gateway provides the
transfer of signalling streams
between the IP domain and the SCN
domain. The gateway provides a
means to transfer the call control
protocol to the media gateway
controller over the IP network.

The SS7 signalling gateway is
based on Nortel Network’s
broadband STP signalling server
technology and is known as the
universal signalling processor (USP).

The USP supports 88 signalling
links on the SCN side and four
100BaseT Ethernet interfaces on the
IP network side. On the SCN side
the gateway terminates MTP2 and
MTP3. The gateway has an IP path
established with each ICE instance;
two paths are provided to each ICE.
The gateway identifies the destina-
tion ICE for a message by examin-
ing the originating and destination
point codes. The ISUP call control
messages are transported to the
appropriate ICE via a signalling
gateway to ICE protocol. This
protocol provides a reliable trans-
port mechanism using a pre-
standard version of reliable user
datagram protocol (R-UDP) and a
management and maintenance
protocol that provides similar
functionality to SS7 MTP3. The
signalling gateway has its own GUI-
based management system.

Audio server

Tones and announcements can be
provided by the media gateway;
however, to provide greater flexibility
and capacity an audio server will be
introduced. The IPConnect Audio
Server will also work in conjunction
with the ICE to provide an intelligent
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Figure 2—Support systems for the IP
telephony network

peripheral function. The audio server
will be controlled using an MGCP
interface from an ICE. The audio
server will be used to provide
announcements in the four languages
used in Spain based on customer
preference.

Support systems

Essential to any network are the
support systems. Each IP telephony
element has its own management
systems, and BT Spain already has a
number of systems to support the
existing network and services.

BT Spain will use the Nortel inte-
grated network management (INM)
system to integrate the various
element managers into a single system
and to provide interfaces between
legacy systems and the new network.
Figure 2 shows the main systems and
the interfaces to the network.

Proposed network design—
second phase

Figure 3 shows the network at the
sccond phase. There are two main
additions to the network at the second
phase of the project. Firstly, an
application server, known as the
IPConnect Service Engine (ISE), is
added. The ISE will enable more
advanced services to be deployed in the
network, such as that involving user
interaction and call event monitoring.
Secondly, the support of additional
access types will be added; these will
take the form of customer-located
gateways, PC clients and soft PBXs.
These new access types will use the
ITU H.323 standard signalling
protocols to set up calls, and hence the
H.323 gatekeeper functionality will be
added to the network. It is also possible
during this phase that the network will
also support clients using the IETF
session initiated protocol (SIP). During
this phase these new access types will
have access to the services provided by
the network, but it is also envisaged
that they will add a new, multimedia,
dimension to those services. The design
and marketing teams are currently
working to define the new services for
this phase of the project.
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Design Challenges
The introduction of this new technol-
ogy and the nature of the underlying
IP transport network present several
significant challenges to the design
team; the main areas are highlighted
below.

Quality of service and
impacts on the IP network
Probably the biggest challenge of all
is to reduce delay and delay variation
to that of the existing public network.
The variable delays introduced by
the gateway as a result of encoding/
decoding and jitter buffers plus the
delay added by the IP core network
will take up a significant portion of

IPGONNECT
AUDIO SERVER

the 150 ms delay budget allowed for
by ITU recommendations. The design
target is that 95% of national calls
will experience less than 125 ms end-
to-end delay. Keeping this delay to a
minimum is critical, and initial
testing has indicated that this target
will be met.

The IP core network is being
provided by Cisco Systems. The
CVX1800 provides the ability to set the
type-of-service byte in the IP header
for a given type of data stream and this
will be used by the routers to form the
basis of an elementary quality of
service (QoS) policy within the IP core.
This will become an important issue as
the volume of data traffic on the IP
core network increases.

Figure 3—BT Spain IP telephony network —phase 2 (3Q2000-4@2000)
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In the longer-term, more sophisti-
cated QoS mechanisms are being
standardised and tested in the labs.
Diff Serv and MPLS are the two most
favoured, although RSVP offers the
intriguing prospect of a connection-
orientated mode for IP which would
enable bandwidth and levels of
service to be guaranteed for the
duration of a session, something that
would be very suited to voice serv-
ices. However, the consequent
processing overhead in the routers is
high.

Although logically independent
from the underlying IP network, the
IP telephony service imposes heavy
demands upon it. Delay and delay
variance are issues that are well
understood, but the impact of a
traffic mix in which large data
packets can severely delay small
voice packets has yet to be under-
stood in a real-life environment,
especially on the lower-speed access
circuits. IP was never designed for
real-time applications and the
typical reaction of a router to
congestion is to simply discard
packets. For data applications, lost
packets can be re-transmitted, but
for voice there is no time to do this,
so the lost packets will be evident as
a short break in transmission. The
resulting requirement is for a
network that avoids congestion
situations, or implements QoS.
Because of the plentiful availability
of bandwidth in the new BT Spain
transport network, these problems
can be temporarily avoided by the
time-honoured practice of increasing
the bandwidth. However, the aim of
this project is to demonstrate that
IP telephony and data services can
co-exist economically on a common
IP network, and so this can only be a
short-term solution.

A perhaps less obvious issue is the
fact that the incoming speech is
broken down into short bursts to be
packetised and sent across the IP
network. For example, 20 ms packets
in a fully loaded gateway supporting
20 E1s can generate 75 000 packets
per second. The resulting voice traffic

profile to be supported by the IP
network could be very different from
normal data traffic with the packet
throughput of the router becoming
the potential bottleneck rather than
the bandwidth.

Speech quality

BT Spain’s experience with voice-
over-frame shows that speech
quality is the most important issue
for users. The choice of codecs and
the quality of their inherent algo-
rithms contribute much to the
quality of the final connection —the
sensitivity of the codec to back-
ground noise being a particularly
difficult problem to resolve. With the
delay inherent in IP-telephony
solutions, echo is another potentially
serious issue. Echo cancellation is a
highly specialised field, and the
characteristic delay variation, or
jitter, in this type of network adds
further challenges.

Control over signal levels is
another area of novelty for the data
network designer contemplating
IP telephony, which has long been
solved in the speech world. When
end-to-end connections include
mobile and international networks,
the issues of achieving good-quality
voice connections are magnified still
further.

Service support

Services and functionality in existing
public networks have been built up
steadily over many years, and there
is an expectation that the next-
generation networks will very
quickly provide the same services as
well as more enhanced services.
Although this will undoubtedly be
true in the future, these are early
days, and many functions taken for
granted today do not necessarily yet
exist in the new networks and will
take time to develop. The market
requirements for multimedia services
are still in their infancy. These
services will enter a new realm of
true integration between network
and customer equipment not nor-
mally seen in voice networks.
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Resilience and robustness
The IP telephony network can be
considered as an exploded switch
architecture with the elements
separated by an IP network. This
gives rise to a number of issues
relating to the resilience of the
elements, the handling of overload
and congestion in the elements and
network management. While redun-
dancy is built into the network
elements, the means to allow opera-
tional monitoring of the network is
essential. The real-time packet-loss-
sensitive nature of voice means that
the IP core network must be tightly
managed. A mechanism to dynami-
cally inform the call control of
problems in the IP core network does
not yet exist but should be the long-
term goal.

Migration

BT Spain’s business needs have
driven the implementation of an
interim network that will support
some services prior to the launch of
IP telephony. This network is based
on small programmable voice
switches interconnected via a
DMS-100 international gateway.
Migration of customers and services
between two networks is never an
easy task. Initially the IP telephony
network will provide a transit
capability for the existing BT Spain
network including number
portability. Once this is in place the
other services will be migrated as
they become available on the new
network. This task will be a major
challenge to the network, systems
and operational teams, and is a key
factor in the future success of the
solution in other BT alliance part-
ners where there are established
voice networks.

Figure 4 shows how the two parts
of the network will initially be
interconnected.

Once customers and services have
been migrated onto the IP telephony
network and the CVX1800 supports
both dial access for Internet service
providers and IP telephony function-
ality, the interconnect switches can be
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Figure 4— Interconnect between the BT Spain interim and IP telephony networks

recovered. The DMS-100 will remain
as an international gateway switch.

Data calls

With the high quality of the G.711
codecs, there is confidence that fax
and modem traffic up to 33 kbit/s can
be carried in-band by automatically
disabling the echo-cancellors and
modifying the jitter buffers. However,
64 kbit/s data calls and ISDN traffic
pose a greater problem, and the
current approach is to switch these
at the gateways to a parallel TDM
network under the control of the
MGC.

Conclusions
f ,
Organisationally, this hybrid technol-
ogy necessitates a re-think of the
traditional divisions between data
and voice engineering, and the tender
exercise highlighted the problems
that companies are having in
breaking down internal barriers. The
alternative is to embark upon a rapid
program of re-training or acquisition.
The immaturity of the IP stand-
ards is revealed by the stringent
demands of real-time carrier-grade
services and it remains to be seen if
the protocol can be enhanced rapidly
enough and far enough to meet the
expectations being placed on it. The
runaway success of IP in the Internet
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does not necessarily mean that it can
become the universal protocol for all
services. Only time will tell if the
enthusiasm of its proponents is
justified.

Nevertheless, if this project proves
that the full range of voice services
can be economically provided over an
IP network that is simultaneously
carrying a broad mix of data traffic,
then the movement towards the
datawave will have taken a huge step
forward. The prospect for the not-too-
distant future is common service
control for voice, data and multime-
dia services. This opens the door to
an environment in which traffic can
[low belween users under the control
of service intelligence residing at a
remote location, and radically new
multimedia services can be imple-
mented by software upgrade.
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Global Convergence—
The Challenge of the 21st

Century:

Tele Danmark Experience

The rapid growth in
mobile and Internet
traffic is driving forward
global convergence in
many spheres, such as:
technology, industry
structures, regulatory
frameworks and the
market itself. This article
reviews the trends from
Tele Danmark’s
viewpoint, and outlines
their Duet product: a
fixed-mobile service with
common billing, which
has proved to be a market

Success.

Convergence of
Technologies

The telecommunications market
(equipment and services) is esti-
mated to be worth in excess of

US$ 600 billion per year, to have a
7% annual growth rate and to
represent on average 4% of GDP. To
support this effort and the telecom-
munications industry in general, it is
also usually assumed that the total
standardisation effort is approxi-
mately 0-5% of the market value
(US$ 3 billion per year).

Most markets in the world are
increasingly dominated by a small
number of large, global players, often
by consortia of former market
leaders. This is particularly true for
the telecommunications market, and
it is not expected to change in the
foreseeable future as indicated by
recent mergers. Economies of scale
are increasingly being perceived as
only really possible and efficient in
markets with global dimensions.

Fixed-mobile
Some would say that fixed-mobile
convergence is no more than call-
forwarding backed by a cutting-edge
billing system. Others that it spells
the death of copper loops as the
means of termination in the PSTN.
Which of the two scenarios—if
either—should be backed? Probably
the cautious one. Cellular companies
which predict the demise of fixed-line
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telephony tend to end up looking very
silly indeed. They ignore the fact that
increasing amounts of information and
entertainment are being sent down the
fixed ‘pipe’ to the home. It is fanciful—
and it will still be fanciful in five years’
time—to pretend that wireless
terminals will usurp this role. In fact,
wireless is a very effective conduit for
the delivery of voice telephony, but
quite nonsensical when it comes to
almost all other applications.

It is not hard to spot where competi-
tion is going to hurt. Traditional PTTs
are seeing their fixed-line revenues
slashed by the ingress of competition.
Mobile services and the Internet
provide the healthiest streams of
revenue for the old-style telecommuni-
cations operators. The dream scenario
is that cellular usage and Internet
access will converge. The nightmare
scenario for traditional telecommunica-
tions operators is losing their foothold
in both markets. For operators not
owning the local-loop infrastructure,
offering converged fixed-mobile
services is an uphill struggle.

Therein lies the contradiction and
conflict behind the easy and eye-
popping concept of fixed-mobile
convergence. Incumbents see this
convergence as a safeguard for
copper loop revenues. Competitors
see it as the way to break the
stranglehold of traditional telecom-
munications operators local loop
dominance. Telia, for example, owns a
fixed and mobile infrastructure
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throughout the whole Nordic region
and has already announced its
commitment to fixed-mobile conver-
gence by reintegrating its cellular
arm back into the parent company in
1996 to counter for this threat.

On the regulatory front, this is
bound to lead to confusion. It is hard
enough to order an incumbent PTO
to unbundle the local loop and
provide cost-based interconnection—
a prerequisite for any fixed-mobile
offering. Wireless operators, too,
should be prepared to open their
networks for resale. They are not
because the margins on which they
have grown up are now firmly
entrenched in the industry’s mindset.

In short, the technological plat-
form required to provide an inte-
grated fixed and mobile service is
composed of a mobile licence, an
intelligent network (IN) infrastruc-
ture which recognises home zones,
and a powerful billing system. The
second and third of these require-
ments can nowadays be bought off
the shelf. The first one is a regulatory
issue difficult to resolve without
introducing discrimination per se,
and the experience of issuing licences
for GSM-900 and GSM-1800 does not
presage intelligible regulation.

Third-generation (3G) and
Universal Mobile Telecommunica-
tions System (UMTS) licensing offer
regulators and politicians another
chance to repeat complex licencing
practices. As long as UMTS expecta-
tions are not too high, this will not
make much difference. If fixed-mobile
convergence actually means any-
thing, the industry and its customers
would be better off with full competi-
tion without any regulation.

Telecommunications and IT
One of the main drivers of growth in
the telecommunications market is
cellular mobile communication. It now
accounts for 20% of the overall
telecommunications market. Signifi-
cantly, in 1997, the mobile services
market was almost three times the
size of the international telecommuni-
cations services market. Yet, even that

100

figure understates the impact of
mobile communication because its
underestimates the stimulation
created for the fixed network. In other
words, calls between fixed and mobile
networks are generating considerable
revenues for public telecommunica-
tions operators (PTOs).

Internet access is also generating
large new revenue streams for PTOs
in traditional and new service areas.
For PTOs with measured local service,
the Internet is boosting revenues
through calls of longer duration.
Demand for second residential lines,
for higher-speed access services, for
ISDN, for leased lines (local, national
and international) have all increased
at unprecedented rates due to the
Internet. PTOs are also entering new
markets, pioneered by ISPs, such as
Internet access, hosting content for
the World Wide Web and in managing
private intranets.

The demand for Internet services
provides an important example of
how, where demand is buoyant and
investment opportunities are unre-
stricted by regulation, technologies
can rapidly evolve and diffuse and
markets can grow. Internet deploy-
ment in the United States has led to
over 40 major backbone networks,
over 4500 ISPs, and 23% of house-
holds connected to the Internet. It is
predicted that the Internet access
market in the United States will
increase from US$6 billion in 1997 to
US$38 billion by 2002. Although
bandwidth is growing, it cannot
always keep up with demand growth.
At the same time, however, while the
question of bandwidth shortage is
being discussed in the United States,
it has been estimated that about 60%
of installed fibre optic network
capacity is not being used but is
being held in reserve by the large
telecommunication operators.

Interchangeability between
communication networks, as well as
features of complementarity, implies
a policy allowing bandwidth expan-
sion and technological innovation in
infrastructures to take place in a
competitive environment which is

commercially driven. The need is less
policy influence, more emphasis on
ensuring that obstacles to demand
are removed, that diffusion of
terminal equipment and services can
take place rapidly and that conver-
gence is facilitated. Many of the
following ‘technology drivers’ are still
developing fast:

® Digital wireless access technolo-
gies—not only radio  Wireless
access technologies must interwork
with other access mechanisms,
including cable modems, digital
subscriber line (DSL), integrated
service digital network (ISDN) and
premises wiring (‘smart’ house or
office). Direct opto-electronic access
is also foreseen shortly. Technolo-
gies are being brought to bear on
the voice and data networks which
can bring about the convergence of
these services onto single high-
speed access and trunk networks.
Voice over DSL (VoDSL) is emerg-
ing as a service likely to see
deployment in 1999. Service
providers are now trying to
identify their VoDSL strategies.

® Data compression techniques As
the demand for all forms of
multimedia keeps growing, these
techniques will increasingly be
used to overcome the natural
limitations of transport networks;
for example, JPEG2000 will allow
greater compression with higher
image quality.

® Optical switching Optical
switching cannot yet replace
electronic switching. The need for
opto—electronic conversion for
switching and transmission
purposes is growing and, in the
near future, PCs will be directly
connected to the optical stream.

® Processing power Trends of
growth in processor power, memory
size, etc. are expected to continue,
enabling powerful multimedia
applications to be brought to the
desktop rather than workstations.

British Telecommunications Engineering, Vol. 18, Oct. 1999



Figure 1—"The shift in the ICT value
chain

® Digital speech processing The
impact for users of digital speech
processing will continue as long as
bandwith is a limitation and a
resource to be paid for in propor-
tion to usage.

® Choice of technology The choice
of technology becomes tactical and
strategic. Although Minitel was
once seen as an adequate tool, it
delayed the adoption of the
Internet in France, which is now
having to catch up.

Converging (Politically
Defined) Industry Structures

The traditional industries of the
telecommunications sector have long
been politically defined. Until the mid-
1980s, for example, the supply
industry for telephones and PBXs was
largely dependent on the monopoly
regimes that were in place in most
European countries. As a result, there
were neither physical nor functional
convergence between the regulated
telecommunications equipment
(telephones, modems, PBXs, etc.) and
the mostly deregulated computer and
data equipment industries (comput-
ers, routers, etc.).

While new technologies have
undoubtedly played a role in changing
communication markets, many of
these developments have been
brought about by regulatory reform.
The emergence of the Internet is a
good example of a service enabled by
liberalisation. In the early 1980s
many public telecommunication
operators introduced online informa-
tion services and packet-switched
data networks. Yet the idea, current at
that time, of connecting the world’s
computer hosts and databases did not
take off until the advent of the
Internet and the World Wide Web.

Convergence in regulations
The historical regulatory barriers to
the earlier emergence of a public
Internet are worth recounting. The
monopolies granted to PTOs often
prevented other value-added suppliers
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from offering information services.
Even where value-added suppliers
could provide service, they were
deterred by PTOs, who would limit the
supply of bandwidth available, charge
high prices for leased lines, and restrict
customers’ freedom to attach the
equipment of their choice to the PSTN
and communicate with other users, etc.

The infrastructure and service
provision — transport as well as
application—must account for a
better data accessibility. The conver-
gence of technologies and industries
leads to network-independent service
platforms but increases the need for
quality-of-service management. The
need for standardising services may
decrease, but standards are needed
for the mechanisms that support
them. As the tools and processes to
customise services to user’s indi-
vidual needs and skills, services must
however remain consistent and
compatible, and therefore demand
their own new standards. Future
architectures are likely to exhibit a
clear separation between the service
layer where the access, operation and
the service components are the three
basic functions and the connectivity
network layer. They are the basis for
end-to-end service management.
Finally, intellectual property rights
(IPRs) are now embedded in products
and services, and often declared too
late or without licensing information.
This can jeopardise or waste stand-
ardisation efforts.

Converging
telecommunications and ICT
However, to achieve convergence is
not simply a question of advanced
technology. It is also, and not the least,
the convergence of two radically
different cultures, of two different
worlds where the players have
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different ways of thinking and often
have opposing values. When a
telephone is taken off hook, the user
normally expects to hear dial tone. If
there is no dial tone, the user would
conclude that the line is unplugged or
out of order. Normally, however,
nobody is worried if a computer
cannot connect to the Internet at the
first attempt. The user would try
again until a connection can be
established and would tolerate the
connection even if it is extremely slow.

The reason for accepting a lower
quality of service on a data network
is its great flexibility and the possi-
bility of transferring large data files
at low price. The tolerance threshold
for a telephone user is much lower
because the telephone network has
for more than a century been
optimised to almost 100% up-time
and full reliability. A telephone user
expects the network to be connect-
able and reliable at almost any cost.

From a market point of view, the
relationship between end-user and
service provider is also different in
the telecommunications and data
worlds. Telecommunications opera-
tors normally have contract-like
conditions for service and the quality
of service is clearly specified. Data
network operators can normally only
promise best effort. 90% of business
users today have fully separated data
and telecommunications networks. It
is even not unusual to have several
more or less incompatible networks
(Ethernet, asynchronous transfer
mode (ATM), routers, etc.). In
addition, a clear shift of focus from
terminal equipment to software for
business customers and from equip-
ment and infrastructure to data
content and value-adding for private
customer is identified (see Figure 1).
It is absolutely necessary for most
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business customers to reduce the
complexity by converging products
and technologies. Internet protocol
(IP) seems to be an obvious common
denominator for most systems on the
market, and is therefore a potential
key element for this convergence.

To be successful in providing
converged communications services,
service providers must be able to
combine the best of both worlds:
up-time, connectivity, reliability and
high quality of service at the much
lower Internet rates. For example,
after a successful merging with
Northern Telecom and Bay Networks,
Nortel Networks has completely re-
structured its sales, marketing and
support functions into one organisa-
tion to compete more efficiently
against network operators like 3Com
and Cisco and manufacturers like
Lucent, Alcatel and Siemens. This
new strategy is called Unified
Networks.

Converging industry
structures

The changing structure and growth
of international undersea cable
capacity gives a good indication of
the rapid pace of change and the new
operating environment faced by
PTOs. This is, in particular, notice-
able to and from the United States.
In 1996, the number of active circuits
in use between the United States and
the rest of the world increased by
50% from the previous year. This
growth was not, of course, primarily
driven by PSTN traffic.

By way of contrast, the number of
active circuits allocated to other uses,
such as Internet backbones and refile,
grew by 207%. As a result, some 59%
of the active circuits between the
United States and the rest of the
world were used for the International
Message Telephone Service (IMTS) at
the end of 1996, compared to 80% a
year earlier. In a single year the
number of active circuits used for
IMTS between the United States and
the Netherlands decreased from
64:5% to 35:4%. The growth in
intercontinental capacity, stimulated
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Figure 2—Mobile customer growth in
the European Union

by Internet traffic, has now already
resulted in capacity allocated to
Internet traffic exceeding voice
capacity on some routes (for example,
between Japan and the United
States).

The new balance of international
transmission capacity in use reflects
the change in underlying industry
structures. Revenues have increased
for those PTOs that adapt quickly to
the new environment. For example,
the size of the international leased
line market between the United
States and the rest of the world
increased by 17% in 1995, by some
28% in 1996 and by a further 29% in
1997. Yet, at a time when the number
of cable and terrestrial circuits active
between the United States and the
rest of the OECD area increased by
75%, the number of active satellite
circuits decreased by 8%. This
undoubtedly reflects a judgement by
the market on the benefits of different
technologies for high-volume traffic
routes. It might also reflect the fact
that the market structures evolving
for undersea and terrestrial cable
have adapted more rapidly than the
traditional structures surrounding the
provision of satellite capacity.

Market Convergence

Figure 2 shows the continuing growth

in the number of mobile customers in
the 15 EU countries. By 2010, it is
expected that around 65% of mobile
customers will expect to use mobile
communications for speech or low-
speed data including electronic
commerce, while about 35% of them
will demand the ability to access
multimedia information via high-
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Figure 3— Global customer growth

speed data access. The take-off and
growth of high-speed mobile data
services will depend on the rate of
introduction of 3G (UMTS) networks
and the cost of high-feature user
terminals.

Figure 3 is derived from multiple
sources and was presented at the last
General Assembly of the European
Telecommunications Standards
Institute (ETSI) to describe the
expected growth in mobile and
Internet services. Although the
source figures differ somewhat, the
trends are quite clear: that continued
strong growth in mobile, Internet and
mobile Internet, with an eventual
‘cross-over’ between fixed and mobile
can be foreseen. Mobile figures have
been consistently underestimated.

Mobile terminals are becoming
consumer products, and many of the
rules of the world’s consumer
markets are leading to the same
consumer expectations for the
telecommunications market. For
developing countries it is cheaper to
bypass the fixed access network by
installing wireless networks,
whereby ‘instant’ deployment of
services becomes feasible.

Profile mohility—the example
of Duét

The Scandinavian countries with
their high fixed and cellular penetra-
tion rates have become the pioneers
of fixed-mobile convergence. The
typical converged service either being
trialled or already commercially
offered works around a similar
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Figure 4—Basic Duét concept

principle: the re-routing to a mobile
of incoming calls to a fixed telephone
number, and the re-routing to a fixed
or mobile voice mailbox if the mobile
is busy or non-reachable. A combined
bill is then produced for fixed and
mobile.

While this may appear a logical
combination of fixed and mobile, a
significant regulatory and strategic
undertow has threatened to bring the
launch of such services to a grinding
halt. This has been particularly the
case in Denmark, where Tele
Danmark—the dominant Danish
operator—has launched a fixed-
mobile service branded Duét. This
service relies onintelligent networks
to combine its fixed and mobile
network, and bills its subscribers for
the combined service—with a dis-
count. Tele Danmark has launched
the service simultaneously in Bel-
gium, where it has a large stake in the
dominant national operator,
Belgacom.

However, both in Denmark and in
Belgium, the service came under the
scrutiny of the European Commis-
sion in June 1998 when Mobilix—the
newest entrant in the Danish cellular
market—alleged that Tele Danmark
was pursuing a predatory pricing
policy. Mobilix, which is also aiming
to launch fixed-mobile converged
services through a link with the
Danish railways infrastructure
claims that Tele Danmark has an
unfair advantage through its owner-
ship of Denmark’s local loop. Mobilix
has called for the unbundling of the
local loop and for fixed and mobile
services to be billed separately.

Basically, Duét is a call-routing
system. It can be activated when the
mobile is on or off (see Figure 4).

The basic Duét service is being
enhanced with additional features
and by making the activation/de-
activation procedures more user-
friendly. Two major enhancements
are the Duét Family service and the
Duét Business service.

Duét Family (Figure 5) provides
basic Duét with the following
additional features:

IFON
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@ multi-user for up to five mobiles,
as part of a common search group;

@ availability both on PSTN and on
ISDNZ2 (basic access);

@ a common voice mailbox for the
fixed and mobile telephones;

@® an individual voice mailbox per
mobile for calls directly to the

mobile telephones;

@ a total subscription discount per
mobile of DKK 400; and

Figure 5—The Duét Family service offering
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Duét Business (Figure 6) provides
in addition to the features of Duét
Family the following supplementary
features:

® call forwarding, if the mobile
phone is switched on, to the
following numbers:

—direct dial in (DDI) numbers
only (PSTN/ISDN2/ISDN30);

o &‘ff
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CALL DIRECTLYTO
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Figure 6 —The Duét Business service offering
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—all mobiles are part of a com-
mon search group;

—a common voice mailbox is
available for the fixed and mobile
telephones;

® charging and billing:

—single billing;

—advanced IN supervision on
calls;

—normal charging of calls
between fixed and mobile Duét
telephones;

® Duét control:

—one single access number (80 22
22 22);

—only authorised access (control-
led by A-number on national calls,
by PIN-code on international
calls);

@ call transfer from the mobile
telephone to any other number.

The introduction of Duét is
considered to be a market success
(see Table 1). By the end of 1998,
almost 200 000 Duét customers were
registered (almost 10% of the total
number of fixed access lines and 25%
of the number of cellular customers).
The growth rate is currently almost
20% per year.

The addressing probiem of
the Internet

On a stand-alone private TCP/IP
network, IP addresses can be as-
signed at random as long as each one
is unique to that network. For that

private network to connect to the
Internet, it requires a registered IP
address to avoid duplication. The
current version of IP (IPv4), which
was standardised in 1981, created a
pool of 4 294 967 296 IPv4 addresses.
These numbers were originally
assigned under the three classes A, B
and C. However, as the Internet
expanded, concern arose that the
existing numbers would be exhausted
and that the size of the global routing
tables was in danger of growing
faster than the capabilities of the
underlying equipment.

To address these concerns, the
Internet Engineering Task Force
(IETF) introduced classless inter-
domain routing (CIDR), a new IP-
addressing scheme that replaces the
older system. CIDR enables more
efficient allocation of the IPv4
address space, allowing for the
continued growth of the Internet
until a new numbering system (IPv6)
is deployed. It is projected that IPv6,
which will create a virtually unlim-
ited resource of IP numbers, will be
increasingly used from the year 2000,
and play a significant role by around
2003 to 2005. Before that time, it is
envisaged that IPv4 allocations and
assignments will be made bearing in
mind the finite nature of the existing
resource and the need to minimise
growth in the size of the routing
table.

Originally, the Internet Assigned
Numbers Authority (IANA) allo-
cated blocks of IP addresses directly.
As a general rule, end-users receive
IP assignments from their ISP.
Notwithstanding, some ISPs receive

Table 1 Duét Phase 2: Number of Connections

Period Passive Active Total No. of
Connections Connections Connections

Growth Status Growth Status

3 quarter 1998 - 108 646 - 67 036 175 682

4™ quarter 1998 3346 111 992 4571 71 607 183 599

1t quarter 1999 13018 125010 11 271 82878 207 888

Mid-April 1999 1750 126 760 525 83 403 210163
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addresses from upstream or back-
bone ISPs, and some end-users
receive allocations directly from a
registry or directly from the IANA.
In Europe, telecommunication
carriers, or alliances between
carriers, hold the majority of IP
addresses. This is due to telecommu-
nication carriers emerging as some
of the largest ISPs in their own
right, and by taking over the largest
independent ISPs. Several univer-
sity networks retain large IP
address blocks and some govern-
ment agencies have large alloca-
tions, such as the National Health
Service in the United Kingdom.

UMTS

The original GMM model

The original ETSI Global Multimedia
Mobility (GMM) model supports a
multi-service environment and
convergence aspects. It has been
widely accepted (in ETSI, ITU and
elsewhere) and is, for instance, the
basic architecture for UMTS. The
basic elements of the GMM model
are:

@ independence within the terminal
equipment domain (both for fixed
and mobile users);

@ a multiple access domain (accom-
modating both for public and
private network solutions); and

@ a core domain containing different
kinds of service networks (includ-
ing network intelligence needed to
support specific service offerings
in the core).

From that perspective, the model
encompasses fixed-mobile conver-
gence (FMC), since UTRAN is
defined to include the ability to
connect to any type of feasible core
network.

In addition to the three basic
domains, the model contains a
fourth domain related to applica-
tions, content and end-user services.
Internet services using IP as

British Telecommaunications Engineering, Vol. 18, Oct. 1999



Figure 7—The refined GMM model

transport mechanism independent
of the underlying infrastructure
being increasingly used to support
the application domain, this relation
will be of less importance in the
future. Users are not concerncd with
the infrastructure mechanisms
supporting a particular service or
application.

The refined GMM model

See Figure 7. Service provisioning,
traditionally embedded in the termi-
nal domain, needs increasingly to be
recognised as such. The core network
must thus be unfolded to reveal the
role of the access domain in providing
connection with the ‘far end’. The
initiation of a communication need
not any longer be from the left-hand
side of the model. The far end may be
a service, and the initiation of a
communication could take place from
the right-hand side of the model.
Indeed, initiation could be from
almost any part of the model where
the necessary ‘intelligence’ is located.
Various scenarios can be constructed,
based on this model, such as commu-
nication between two service provider
domains. A clear separation of the
applications and services elements
from the basic connectivity compo-
nents appears. Network connectivity
is transparent to the different types of
information carried.

The ‘intelligence’ and the connec-
tivity may still reside in the same
equipment. The difference is that
they need not, and that each can be
substituted independently as net-
works and applications evolve at
different rates. The decoupling of
elements also allows independent
service providers and content
providers to offer their services
without owning the infrastructure.

Convergence of Cultures

In 1997, there were 64 PTOs with
revenues greater than US$! billion.
This was an increase over 1995 when
there were only 52 PTOs with the
same characteristic. This number
was already up from 42 PTOs in
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1992. The growth in the number of
PTOs with revenues greater than
US$1 billion is mainly due to liberali-
sation allowing new players to enter
fixed and mobile markets. In 1992,
there were only two cellular mobile
companies independent of traditional
PTOs, McCaw and Vodafone, with
revenues over US$] billion. By 1995,
there were four and by 1997, 10.
McCaw was taken over by AT&T, but
Air Touch was split off from Pacific
Telesis and 360 Communications
from Sprint to form separate compa-
nies.

Significantly, the concentration of
revenues among the leading PTOs is
decreasing. In 1992, the top 25 PTOs
accounted for 92:4% of the revenues
of PTOs with revenue over
USS$1 billion. By 1995, the top 25
PTOs’ share of this total had dropped
to 87:6%, while in 1997 their share
was down to 84:4%. New entrants,
particularly in cellular mobile
communication, are partly responsi-
ble for this growth in the overall size
of the market. In 1997 there were
25 PTOs with mobile revenues
greater than US$] billion. NTT
(DoCoMo) is by far the largest
cellular mobile communications
company in the world, with revenues
of US$22-8 billion in 1997.

Liberalisation

There is a significant new market
entry in market areas where the
liberal climate is adequate. Still,
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there is an increasing number of
mergers between leading PTOs
across geographical boundaries. With
the global networked economy,
corporate culture is therefore also
changing rapidly towards short-term
‘shareholder’ value—as pointed out
in the original report of the ETSI
GMM Group.

New entrants have captured 45%
of the total market in mobile commu-
nication. In terms of the overall
telecommunication market, they
have gained a market share of just
under 19%. With their small percent-
age of access lines relative to their
share of mobile subscribers, most of
their revenues are drawn from
cellular mobile and long-distance
services rather than from local access
services. In 1997, new entrants
provided less than 0:9% of the access
lines. This number was up from 0-3%
in 1995 but it is still primarily made
up of new entrants in the United
Kingdom.

In 1997 the assets of the telecom-
munications services sector sur-
passed 1 trillion dollars. The fixed
assets, of which telecommunication
networks make up the vast bulk, was
around US$700 billion. Noteworthy
developments include the increasing
share of capital expenditures and
employment provided by new
entrants. At the same time, the
initial costs of entering telecommuni-
cation markets are considerable. This
is evident in the overall loss made by
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new entrants in 1997. Incumbent
PTOs still generate virtually all the
net income produced by the sector.

For users of telecommunication
services, such as cellular mobile and
the Internet, the benefits made
possible by liberalisation are readily
evident. During the last decade,
PTOs have also benefited enormously
from the stimulus provided by
liberalisation. The market for public
telecommunication services grew
between 1992 and 1997 by more than
7% per annum. In 1997 the average
profitability of leading PTOs in
OECD countries was nearly twice
that of the average for Fortune
Magazine’s largest global 500
companies. Revenues in the broad-
casting market reached US$145
billion in 1997. Growth in this sector
has been more modest than in the
telecommunication market, with an
annual growth rate of 3% per annum
for broadcasters since 1995.

Commercial versus technical
The new pricing structures were
pioneered by Internet service
providers (ISPs) and have enabled
far greater access to information.
Consider, for example, that in 1975
there were around one million
interactive bibliographic searches
performed in the United States. In
December 1997, Internet users
viewed an average of approximately
65 million Web pages per day from
Yahoo! alone. By September 1998 this
had grown to 144 million pages per
day. Inktomi, a company operating
Internet search engines, estimated
that in December 1997 the World
Wide Web contained 200 million
pages which it was possible to index.
If developments in the communi-
cation sector have taken unexpected
directions for PTOs, the outlook is,
nevertheless, very promising. While
new service suppliers are free to
enter telecommunications markets,
PTOs are also taking advantage of
new business opportunities. The
development of new services using
communication networks can be
expected to open new markets and
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opportunities for PTOs even as they
face greater competition in tradi-
tional markets.

Conclusion

Rapid convergence in technologies,
services and markets, linked with the
development of digital technology is
allowing various content, for exam-
ple, voice, data, audio or video, to be
provided through different networks
regardless of their characteristics.
Different network platforms are
becoming increasingly substitutable
from the technical perspective as
they attain the ability to carry
essentially the same services. Taking
advantage of this technical progress,
a number of market participants are
strategically expanding service
provision beyond their traditional
sectors through cross-platform and
cross-product development. Data
services provided via digital broad-
casting platforms, on-line services
combined with television via digital
satellites and cable modems, and
web-casting of various audio-visual
services, are just some examples of
this advancing phenomena.

The process of technological and
service convergence in telecommuni-
cations, information technology,
broadcasting and multimedia
industries poses a number of signifi-
cant regulatory challenges. The re-
formulation of specific regulations
applicable to broadcasting networks
and to telephone and data networks
is difficult, but necessary. The major
challenge to governments and
regulators is to stop viewing the
different communication network
infrastructures as different sectors or
markets. The speed of technological
and market change is one element of
this challenge because regulatory
change moves at a slower pace than
market requirements and cannot
keep pace with market development.
Other complications arise from the
fact that the ‘old’ regulatory issues
have not all been resolved given the
continued —and probably inevita-
ble—dominance of incumbent public

telecommunication operators in
many markets, and that the transfor-
mation to competitive telecommuni-
cation markets is relatively recent in
many cases. Thus, ‘new’ issues
arising from convergence are likely to
continue to coexist with current
issues.
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GPRS and the Mobile Data

The mobile data market is
about to undergo a
transformation as the
primary enablers in
network, terminal, and
application developments
come to fruition
simultaneously. This
technology push is
paralleled by an equally
potent market pull as more
businesses and individuals
become dependent on
mobility to gain market
advantage and assist in
managing their busy lives.
Entering the data world
with mobility requires
answers to some basic but
demanding questions in the
areas of security, addressing,
and a clear evolutionary
path for users as networks
and terminals evolve. These
issues are all addressed by
the introduction of GPRS on
GSM networks.

Revolution

Introduction

The mobile data market is poised for
explosive growth. In mature wireline
networks, data services now employ
similar amounts of overall network
capacity to voice, and yet in mobile
networks data drives only a few
percent of network capacity. The
reason for this mismatch is straight-
forward—too many barriers, too few
enablers. All of this is about to
change, as each and every barrier is
overcome and the latent market
demand propels forward enablers
covering a wide spectrum of mobile
data needs.

Latent market demand
Market demand for mobile data is
surfacing like an epidemic across all
market segments in the mobile
marketplace (Figure 1):

® corporates—becoming dependent
on e-mail, the corporate intranet,
and e-commerce as key compo-
nents of their business processes
and yet with more and more
itinerant workforces;

® small/medium businesses—
needing flexibility, speed of

Figure 1—Expected growth trends in

circuit switched and packet data users
over BT Cellnet’s mobile network
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_ CIRCUIT -
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response, and access to wide
sources of information to enable
them to succeed in the dynamic
business environment;

® consumers—growing in data
awareness, and with the youth
segment leading new trends of
social communication.

Market forecasts from such
reputable analysts as Ovum estimate
at least a ten-fold growth in the
market for mobile data over the next
five years—a growth rate that will
outstrip voice in the same period. So
what are the barriers and how are
they being overcome, and what are
the enablers that will fuel this
revolution in mobile data?

Barriers—the dismantling has
begun

Life on the end of a 9-6 kbit/s circuit
switched mobile data call is at best
frustrating, and at worst a disaster.
The speed is slow, the data session
intolerant of a variable radio envi-
ronment, and the cost to the user can
be high. Examples of frustration are
the inadvertent opening of a large
e-mail attachment and the conse-
quent inexorable download, or the
loss of a data connection requiring a
complete re-run of a log-on and
authentication procedure. These
barriers for circuit switched users are
being addressed by Cellnet through
the introduction of compression and
spoofing capabilities:

® Compression takes the data
stream and interrogates it to
remove redundancy in enveloping
overheads and the multi-layer
protocol stack. Perceived user data
rates of two to three times the
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underlying bearer rate are
achievable in this way.

® Spoofing monitors a data session
between a mobile device and a host
server and interacts with both
devices to maintain that session
even if the underlying transport
service has been disrupted. It does
this by emulating the ‘chatter’ that
takes place between a client and
server until such a time as the
transport service is re-provided.

As a by-product, spoofing also
provides the capability to suspend
the transport service when no data
flow is required between client and
server, and re-establish it when data
flow recommences. This serves to
reduce radically the amount of
circuit-switched airtime employed
(and therefore charged for) for many
interactive data services.

Terminals for mobile data—
the choice widens

Historically, the options for mobile data
terminals were restricted to a small
number of specialist devices (for
example, for workforce management or
fleet management applications) or the
general purpose, but somewhat
expensive, laptop. The last two years
has seen a dramatic increase in the
variety of mobile data devices with
prices now starting at $300 for a
modest personal digital assistant
(PDA)/palmtop device and $1500
buying quite a respectable laptop. The
continuing barrier for users with these
devices is the need to couple together
the data device with a separate mobile
device—wires, data interface cards,
extra software to install—it all adds
cost and deters users.

Mobile inside—the data
terminal evolution

This year sees the start of a new era
for mobile data—the widespread
availability of ‘mobile inside’ devices
for the global system for mobile
communications (GSM). Trailblazers
in the smartphone business such as
the Nokia 9000 will be joined by
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wireless application protocol (WAP)
enabled mobile telephones providing
access to the Web and some simple
interactive data capabilities. In the
PDA and laptop markets we will see
a growing range of devices with built-
in GSM mobile transceivers.

Applications—a key enabler
First-class mobile network devices and
a plethora of data terminals on their
own will not drive the use of mobile
data services. The essential added
ingredient is applications that are
tailored to the mobile environment and
provide real value to the end user.
These are now becoming available
from a number of sources, covering the
following broad market segments:

® horizontal business applications:
addressing a wide cross-section of
business users with general-
purpose products covering common
needs such as e-mail, diary manage-
ment, and access to company
intranets and the World Wide Web;

® vertical business applications:
addressing an individual cus-
tomer application or a defined
segment of the market with
specific linkage between the
mobile data service and the user’s
business operation (examples in
this segment are workforce and
fleet management systems,
enterprise e-commerce systems,
and applications with specific
security or resilience requirements
for utilities, healthcare, etc.);

® consumer applications: likely to be
triggered by the advent of WAP,
these will initially focus on web
access and e-mail, but will branch
out into a variety of personal
information services, location-
based services, gaming and
e-commerce; and

® telemetry applications: machine-
to-machine communication
covering a variety of requirements
such as stock control, alarms,
meter reading, and remote control.

GPRS—The Marriage of
Mobile and IP

While the introduction of compres-
sion and spoofing on circuit-switched
data goes some way towards provid-
ing an enhanced-speed data service,
it is essentially an attempt to offer a
packet-switched look-alike service
and has a number of limitations:

® Only one user can employ the
circuit-switched bandwidth: in a
packet environment a number of
users can be statistically multi-
plexed into the same bandwidth.

@ For the spoofing service to operate
satisfactorily, the circuit must be
maintained for a reasonable period
(for example, 15 seconds) to avoid
constant set-up and clear-down
activity, introducing end-to-end
data transmission delays. This
places a limit on the cost saving
experienced by the end user.

® The underlying bearer rate is not
enhanced.

The high-speed circuit
switched data and 14-4 kbit/s
answers

High-speed circuit-switched data
(HSCSD) and 14-4 kbit/s are features
becoming available later this year.
HSCSD allows up to eight channels to
be multiplexed together while the
14-4 kbit/s service allows the per-
channel bearer rate to be increased by
reducing framing and error correction
on the air interface. Between them,
these techniques theoretically yield a
total bearer rate in excess of 100 kbit/s.
While these services address the bearer
rate limitation, they do not address the
multiplexing or cost limitations of
circuit switched data. Furthermore,
HSCSD compounds capacity problems
of cellular networks by allocating
multiple channels to single users.

The general packet radio
service answer

The General Packet Radio Service
(GPRS) is a feature becoming
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Figure 2—GPRS network architec-
ture

available in late-1999/early-2000
which provides a fully-functional
packet data service over the air
interface. Various channel coding
schemes can be implemented with
varying levels of error correction,
providing the end user with data
rates of between 6 kbit/s and 14 k/bits
per channel. The user can be allo-
cated up to eight channels, giving a
theoretical bearer rate in excess of
100 kbit/s. In practice, early imple-
mentation of both network infra-
structure and terminal equipment
will restrict peak data rates to
around 30 kbit/s.

Why is GPRS a perfect
partner for GSM?

The radio component of a GSM
network drives the largest single slice
of capital investment, yet is the least
well utilised. Typical average carrier
utilisation, even on mature well-
loaded networks, is less than 40%
during the network busy hour. This
relatively low utilisation is driven by
the need to dimension cellular
networks to deliver low levels of
blocking, by the modularity of the
equipment, the small trunking size of
typical GSM cells and the require-
ment to manage large variances in
network traffic across different
geographical areas during a working
day.

Support of voice and circuit-
switched data services, with the
need for instantaneous call set-up,
high probability of successful call
handover between cells, and well-
bounded transmission delays, drives
network dimensioning in a different
way from packet-switched network
dimensioning where queuing,
variable transmission rates, and
variable delays can be tolerated. The
simultaneous combination of these
two service types—one delay-
intolerant fixed bandwidth, the
other delay-tolerant variable
bandwidth—enables radio network
utilisation to be increased to well
over 50% without impacting per-
formance of the circuit switched
service.
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What do we need to make
GPRS a reality?

The basic architectural concepts
behind GPRS, depicted in Figure 2,
comprise:

@ Provision of a way of ‘tapping into’
the spare capacity in the radio
network and managing the
allocation of that capacity be-
tween voice users and data users.
This typically requires software
upgrades to GSM radio infrastruc-
ture, a data port addition into
radio base station subsystem
(BSS) equipment to gain access to
the capacity, and a new range of
customer terminal equipment.

@ Provision of complementary
Internet protocol (IP) routing
devices to transport the packetised
data, and to interact with the
visited and home location registers
(VLR and HLR) of a mobile
network. These new routing
devices are serving GPRS service
nodes (SGSN) and gateway GPRS
serving nodes (GGSN)—they
undertake complementary roles to
the visited and gateway mobile
services switching centres (VMSC
and GMSC) employed for circuit-
switched calls.

The key to successful operation of
the system in a multi-vendor, multi-
operator environment is the imple-
mentation of standard interfaces
between key components of the
network, in particular:

@ the interface between the radio
infrastructure and core IP
switching infrastructure—the
interface denoted Gb; and

@ the interface between the GPRS
core infrastructure and other IP
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networks such as Internet service
providers and corporate IP net-
works—the interface denoted Gi.

In addition to this basic function-
ality and standardisation, GPRS
networks must fulfil exacting
requirements in the areas of security
and interconnectivity.

Security in GPRS networks
The term security within GPRS, as
with any data network, encompasses
many different aspects, but the basic
requirements are clear: GPRS users
(individuals, companies etc.) will
naturally expect the data they
transmit and receive to be protected
against eavesdropping and tamper-
ing. Companies will require security
to prevent unauthorised users from
accessing their corporate Intranets.
GPRS network operators will need to
prevent unauthorised subscribers
gaining access to their network.

GPRS itself has a number of built-
in mechanisms to ensure a high level
of access control and data security,
such as:

@ encrypted air interface using a
new GPRS A5 security algorithm,
which has proved to be extremely
robust and secure in existing GSM
networks;

@ GPRS subscriber authentication
and service request validation
when attempting to connect to the
GPRS network, which use existing
GSM mechanisms;

® restricted access point control
facility to ensure that only
terminals authorised by an
individual corporate are able to
access that corporate’s network
from the GPRS network— this is
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Figure 3—Summary of security
within GPRS

under the direct control of the
GPRS network;

@ a‘non-transparent’ access tech-
nique linking the GPRS session/
bearer set-up with standard IP
access and authentication servers
such as RADIUS (remote authenti-
cation dial-in user service)—this
gives more direct control to the
corporate when a user attempts to
access the corporate’s network; and

@ barring options; for example, the
ability to control international
‘calls’ both from the UK and when
roaming.

Other aspects of security are
outside the immediate scope of the
GPRS standards but are just as
important. Standard IP network
techniques can be employed, such as
firewalling for source/destination
packet filtering, IP-in-IP tunnelling
and encryption for secure transmis-
sion across the Internet. With many of
these security control mechanisms,
GPRS users and companies are
heavily dependent on the GPRS
network operator to implement the
necessary controls, and this implies a
certain level of trust between the
customer and the operator. It is
becoming increasingly important for
the network operator to be able to
reassure customers that their data is
secure by demonstrating appropriate
data security policy, compliant with
recognised data security standards
(for example, BS7799, Information
Security Forum).

Figure 3 illustrates some of the
typical security mechanisms and
where they are used within GPRS for
connecting to external IP networks.

Connectivity to external IP
networks

It is important for GPRS operators to
provide ‘basic’ IP network connectiv-
ity for a diverse range of scenarios in
order to provide the necessary
foundations for flexible mass market
service and application develop-
ments. These scenarios include:
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® Internet access
—the GPRS operator serving as
an Internet service provider;
—the GPRS operator providing
access to external Internet service
providers (for example,
CompuServe, AOL); and

@ ‘private’ LAN access to corporates
and small/medium companies.

The key challenge for GPRS
operators when offering external IP
connectivity via GPRS is to balance
between offering sufficient flexibility,
features, control and coverage while
minimising complexity and manage-
ment overhead, for both the GPRS
operator and customers alike.
External IP connectivity is an area
that is only standardised up to a
certain level, with much of the detail
left up to implementation.

Many aspects of external IP
conneclivity are not GPRS-specific
and are associated with security, as
introduced in the previous section.
Other aspects that GPRS operators
need to consider are IP addressing,
and the provision of enough trans-
port options to cater for a range of
distance, quality, cost and bandwidth
requirements.

IP addressing

One of the fundamental requirements
for any IP networking is the allocation
of an IP address to the end user so
that packets of data can be success-
fully routed to and from their associ-
ated terminal/application, and GPRS
is no exception. Having the necessary
flexibility and getting the addressing
right is also key to managing other
aspects such as security, flexibility,
and administration.

IP addresses can either be
publicly registered or private. Public
addresses are needed for use on the
Internet, to avoid duplication

problems. With the growth of the
Internet in recent years, public
addresses are now in very short
supply using the current IP version 4
standard. IP version 6 will provide
sufficient addresses but is still some
way off. Private addresses are
plentiful but cannot be used direct on
the Internet. Address translation
techniques are available, but intro-
duce their own set of issues.

IP addresses can also be either
statically or dynamically allocated.
Dynamic allocation potentially saves
on IP address space, as these are
only allocated when needed and are
returned to a common ‘pool’ for
others to use when free. However,
this gives problems with mobile
terminated services, as each GPRS
user can have a different IP address
every time, which makes tracking
very difficult. There are techniques
which can be employed, such as
dynamic domain name systems
(DNS), but these also introduce their
own set of issues. Static addresses
make mobile-terminated services
easier but use up valuable address
space and can give administration
challenges.

The GPRS standards do not put
any artificial limitations on IP
addressing. A combination of sound
implementation in GPRS node design
can make life much easier, giving the
necessary flexibility. Basic flexibility
requirements would include the
ability to handle potentially overlap-
ping address ranges from different
logical ‘pools’ for different customers
from the same GPRS network
support node.

Figure 4 illustrates a typical IP
bearer set-up sequence, showing how
the gateway GPRS support node
(GGSN) dynamically allocates an IP
address from different address ‘pools’,
depending on the configuration and
authentication requirements. It does
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Figure 4—GPRS dynamic IP addressing

this by employing a dynamic host
configuration protocol (DHCP) server
associated either with the GPRS
network or with an external IP
network.

Roaming
As with current GSM networks, GPRS
will provide the opportunity of
roaming to other countries that offer
GPRS. With the increased wireless
data rate capabilities offered by
GPRS, a customer may be half way
around the world, but expect to have a
connection back to his/her home local
area network (LAN). GPRS will also
allow operators to offer local Internet
access, eliminating the need for an
international ‘leg’ back to a home ISP.
Roaming for GPRS presents new
challenges to the operator commu-
nity such as:

® [nterconnect To provide a
successful high-quality GPRS
roaming capability, a global IP
backbone will have to be created
and managed. Many options exist
such as using the Internet,
managed virtual private networks,

or dedicated private circuits.
Quality-of-service (QoS) param-
eters (for example, loss of packets,
delay, etc.) must be supported by
the backbone in order to meet
users’ roaming requirements.

® Access point resolution and domain
name system  GPRS makes use of
DNS (Figure 5) in order to resolve
the IP routing for connecting to
requested access points (corporate
networks, ISPs etc.). Inter-network
DNS message exchanges are
required when roaming, and this
potentially requires a single root
DNS server which has knowledge
of all roaming networks. A key
question is ‘who provides and
manages such a server’. A decision,
which has already been made for
security reasons, is to keep the
DNS structure private; that is,
separate from the public Internet
DNS structure.

How Does GPRS Evolve?

The consensus view of UMTS
(Universal Mobile Telecommunica-

Figure 5— Domain name system for roaming

*.gprs’ ROOT
ONS SERVER
WHO MANAGES?

® Mol

© THIRD PARTY =

=

‘VISITED' =
ONS

MOBILE VISITED'
TERMINAL SGSN

BORDER
GATEWAY

%51

INTER-NETWORK ONS
SIGNALLING EXCHANGES

/ REQUIRED

BORDER ‘HOME’ DNS
GATEWAY

‘HOME' CORPORATE
GGSN

British Telecommunications Engineering, Vol. 18, Oct. 1999

ALLIANCE ENGINEERING SYMPOSIUM 1999

350
300
& 250
< 200 MULTIMEDIA
450
el VOICE ONLY
50 |
0 1 1 1
1995 2000 2005 2010 2015

Figure 6 —Predicted growth of
multimedia services in Europe

tions Service) Forum members and
industry consultants is that from
around 2005 the primary component
of mobile growth will come from
users wanting access to multimedia
services (Figure 6). Given the lifetime
of existing GSM network infrastruc-
ture equipment, network operators
need to see an evolutionary path
through GPRS to multimedia
networks such as UMTS.

The network requirements for
multimedia services are very different
from today’s telecommunications
networks:

@ real-time components which are
ideally suited to connection-
oriented transmission require
tightly defined transmission delay
performance; and

® non-real-time components that
are more effectively supported
using connectionless transmission
require defined peak and average
throughput capabilities.

Current second-generation GSM
supports these two requirements using
64 kbit/s mobile switching centres
(MSCs) for connection-oriented traffic
and GPRS service nodes for packet
services. Although GPRS offers a
number of QoS capabilities, it is
unlikely to be practicable to support
real-time services such as voice or
video on the currently defined QoS
values. GSM networks can address
some of the QoS issues by introducing
faster air interface capability through
developments such as EDGE (en-
hanced data rates for global evolution).
The real solution, however, lies in the
introduction of third-generation UMTS
systems that will enable much higher
packet data rates to be offered with
highly spectrum-efficient coding
schemes. Commercial deployment of
these systems is expected in 2002.
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Figure 7—GSM /UMTS Phase 1
architecture

UMTS architecture—initial
evolution from GPRS

The initial UMTS network will be
largely based upon existing GSM/
GPRS networks with the introduc-
tion of the UMTS radio interface
(UTRAN) (Figure 7). Circuit-
switched voice continues to be
supported on evolved MSC platforms
with packet services and multi-media
supported on the GPRS platform.
Interworking function units (IWF)
enable the necessary protocol
conversions between the UTRAN
interface and the GSM and GPRS air
interfaces. Interworking commences
between the GPRS nodes and the
GSM intelligent network (IN)
capability (CAMEL).

Longer-term UMTS
architecture
The longer-term industry view, which
Cellnet supports, is that to support a
multimedia capability in the most cost-
effective way requires the move to an
[P-based solution for all services. This
requires the GPRS network to mirror
the intelligence of existing MSC nodes,
which will drive the further develop-
ment of the standardised IN capability
(CAMEL) to produce a common
intelligence function for connection-
oriented and packet-switched services
(see Figure 8).

The rate at which operators
progress from the short-term to long-
term UMTS architecture will depend

SGSN

==

e
—~
UTRAN
— &
N
;
BSS
-] [ r IWF
— \
= SIGNALLING
——— VOICETRAFFIC st
———  DATATRAFFIC L
1

gme

—oa |

GGSN
-

CAMEL

CAMEL § e

SERVER
GMSC g
EEaaf CIRCUIT
f Plﬂ"ﬂ'ﬁ Sgrrwcuin
== NETWORKS

on several key financial factors,
centred on the value of their legacy
investments in GSM technology and
the comparative costs of interfacing
second-generation and third-genera-
tion networks versus changeout of
second-generation. With challenges
still ahead on the completion of
standards, both the supply industry
and operators still have considerable
work to do to optimise their migration
plans.

Biographies

Peter Lisle
BT Cellnet

Peter Lisle was
with BT for
20 years in a
variety of network
strategy and
M planning roles,
before joining BT Cellnet three years
ago to lead its network design and
planning department. He has recently
taken on the role of the company

Figure 8 — Longer-term UMTS IP network supporting voice, data and multimedia

services

SGSN

RESOURCE
MANAGER

GGSN

RESOURCE
MANAGER

CAMEL
== SIGNALLING gé}:':lEE;
—— VOICE TRAFFIC
——— DATATRAFFIC

112

%

GATEWAY

ﬁ HLR

CIRCUIT
SWITCHED
NETWORKS

programme manager responsible for
all technical and commercial aspects
of the development and launch of
GPRS-based services.

Peter Lisle can be contacted at
peter.lisle@btcellnet.co.uk

Howard Green
BT Cellnet

Howard Green
has been with BT
Cellnet for

14 years. For
much of this time
he has been involved with the
development of services and features
for both the TACS and GSM mobile
networks. For the last three years he
has been in the Technology Strategy
group responsible for the strategic
assessment of new network capabili-
ties including GPRS, packet-based
technologies and UM'L'S evolution.

Peter Mason

BT Networks and
Information Services,
BT UK

Peter Mason has
N\ ] been with BT for
16 years. For the last eight years, he
has been involved with a number of
different aspects of cellular mobile
networks, including the terrestrial
flight telephone system (TFTS), and
early pre-standardisation development
of UMTS. He has been attending the
ETSI SMG4 standardisation group for
a number of years working on the
GSM short message service and, more
recently, interworking aspects of GPRS.

British Telecommunications Engineering, Vol. 18, Oct. 1999



ALLIANCE ENGINEERING SYMPQOSIUM 1999

Thor Gunnar Eskedal, Arne Folkestad, Bjgrn Harald Pedersen, Astrid Solem and

Stein Svaet

UMTS Core Network Issues

Two phases for the
development of the
Universal Mobile
Telecommunications
System (UMTS) are
planned. The first phase
focuses on the radio
access network, reusing
the pre-UMTS core
network. In the second
phase the development of
a new UMTS core
network is foreseen. This
network could be an
evolution from existing
networks or it could be
designed as a new
network. This article
discusses three possible
core network
architectures for the
second phase of UMTS,
focusing on mobility
management, routing
and switching, and the
ability to offer the
required quality of service

for multimedia services.

Introduction

The Universal Mobile Telecommunica-
tions System (UMTS) standardisation
has been driven by the European
Telecommunications Standards
Institute (ETSI) since the beginning of
1991. The standardisation has recently
been globalised by the formation of the
third-generation partnership project
(3GPP). A phased approach to the
standardisation of UMTS has been
taken. The first phase relies on
standards to be issued by the end of
1999, while the second phase will be
evolved in annual releases the follow-
ing years. The first phase has focused
on the UMTS terrestrial radio access
network (UTRAN). It has been decided
to reuse the GSM and GPRS (General
Packet Radio System) core networks,
serving as the core networks for circuit
switched and packet switched services,
respectively. In the second phase the
development of a new UMTS core
network is foreseen, see Figure 1.
Implementation of the first phase is
expected around 2002, and a full
implementation of the second phase
may be expected around 2005'.

An important anchor in the
UMTS work is the Iu reference point
(see Figure 1). It forms the division
line between the UMTS core network
and possible access networks, like the
UTRAN, satellite access networks
and wireless local area networks
(LANSs). The UMTS core network
provides infrastructure supporting
network features and telecommuni-
cation services. This includes func-
tionality such as management of
user-location information, control of
services, switching and routing, and
transmission of signalling and user-
generated information. The core
network may also provide connec-
tions to other fixed telecommunica-
tion and data networks, which are
called partner networks.

The UMTS core network for
phase 1 will be based on the GSM
and GPRS core networks. This
implies a conceptual division into a
circuit switched domain represented
by the traditional GSM network
subsystem and a packet switched
domain represented by the GPRS
core network. The two domains are
also reflected at the Iu reference

Figure 1—The interconnection of UTRAN and the UMTS core network with the

pre-UMTS infrestructure’.
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Figure 2—The IP-based core network.
The protocol stack is indiceted in the

figure

point. The UMTS standards for
phase 1 require that the Iu efficiently
supports dedicated circuits, best-
effort packet services, real-time
multimedia services, UMTS signal-
ling and backward compatibility with
the GSM signalling scheme?. UMTS
phase 2 will be based on annual
releases of specifications for the
years 2000, 2001 and 2002. Regard-
ing the core network in this phase,
there are many open issues and
options still under study within
research and standardisation.

This article considers technological
options for the core network regarding
the demanding tasks of mobility
management, routing and switching,
provision of quality of service (QoS)
and multimedia. The mobility-
management functionality is, in
general, distributed between the
access network and the core network.
The requirements for mobility
management in the core network will
therefore vary according to the type of
access network, and the core network
has to cope with this diversity of
responsibility. Mobility support
between different access networks will
also challenge the mobility functional-
ity in the core network, and demand
traffic analysis regarding for instance
optimal routing functions and call
acceptance control. The problem of
mobility management may be subdi-
vided according to the type of mobility.
Terminal mobility implies that the
terminal may move between different
access points. The support of continu-
ous communication while moving
requires handover functionality. The
radio link control part of the handover
is normally taken care of by the access
network, while the support for
changing access point to the core
network while communicating is a
task also for the core network. Other
types of mobility are related to the
mobility of the personal identity and
the associated service profile. This
type of mobility is the task of the core
network. However, some
interoperation with the access
network is required for service
mobility in order to cater for the
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service capabilities of the access
network. A major challenge for the
UMTS phase 2 will therefore be to
support future advanced multimedia
services across different access
networks.

The core network has to be
designed to cope with the predicted
evolution of bandwidth usage and
QoS requirements. It must be able to
support real-time and non-real-time
services from a multitude of simulta-
neous users. This will influence the
choice of transport and network
technology. Also, the core network
has to be able to map the QoS
requirements from different access
networks into QoS requirements in
the core network. All the access
networks will have their own charac-
teristics which the core network has
to interface.

UMTS Core Network
Architectures

As mentioned above, the UMTS core
network must support both circuit
switched and packet switched
services at the Iu reference point.
Other essential requirements are
bandwidth, QoS, and mobility
management. IP and ATM are
candidate technologies for the core
network implementation. In the
following, three core network
architectures are discussed. The first
one is Internet protocol (IP)-based,
the second is asynchronous transfer
mode (ATM)-based, and the third is a
hybrid solution incorporating both
technologies.

IP-based core network
An IP-based core network implies
that the internal networking func-

PARTNER
NETWORKS

R: ROUTER
FA: FOREIGN AGENT
HA: HOMEAGENT
GW: GATEWAY
MIP: MOBILE IP

tionality is implemented based on the
IP protocol suite and using IP
routers. The major motivation for
considering this option is the global
popularity and rapid development of
the IP technology. Extensive research
has been done lately to evolve the IP
technology to be able to support real-
time services with similar QoS as the
circuit switched networks. If concepts
like differentiated services
(DiffServ)® and integrated services
(IntServ)® can enhance IP to support
real-time, high QoS-demanding
applications, this can be both cost-
effective and provide easy network
management. Whether the IP
technology will be able to fully meet
the strict QoS demands coming from
real-time applications remains to be
seen. Figure 2 illustrates the IP-
based UMTS core network. As shown
in the figure, IP is used as the
network technology. The core net-
work may use the services from an
ATM adaptation layer (AAL) on top
of an ATM transport layer, as in the
recommendations from ETSI? ATM
is a packet switched transfer technol-
ogy, based on short packets denoted
cells. TP packets from the applica-
tions will be segmented into AALS
frames which in turn are segmented
into ATM cells, and forwarded on
permanent virtual circuits (PVCs).
The IP header is examined and the
output link, that is, an ATM PVC, for
the destination is selected by ordi-
nary IP routing mechanisms.

Mobility management

The mobility management in an IP-
based core network may be based on
the Mobile IP protocol®. Mobile IP is
designed to support global mobility
between different access points. This
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Figure 3—The ATM-based core
network

is done by means of home agents and
foreign agents in addition to func-
tionality to preserve security. The
networks that allow mobile terminals
to roam have a home agent, and the
networks that accept visiting mobile
terminals have a foreign agent. When
a mobile terminal visits a foreign
network, it registers at the foreign
agent. The foreign agent sends a
message with a care-of-address, often
its own address, to the mobile
terminal’s home agent telling it the
current location of the mobile
terminal. The home agent uses this
address to forward the packets
coming to the mobile terminal’s home
network to the visited network.
Mobile IP seems suited to handle
mobility within the core network. In
micro- and pico-cell environments,
cellular IP” may extend the IP
technology. This protocol is under
development with the goal to support
fast handover across radio cells, and
is being harmonised with Mobile IP
to create a seamless end-to-end IP-
based network.

ATM-based core network
ATM has been developed with the
aim of handling all kinds of applica-
tions, both real-time and different
kinds of non-real-time services with
connection-oriented and
connectionless service support. The
connections provided can either be
established on demand as switched
virtual circuits (SVC), or pre-
provisioned as permanent virtual
circuits (PVC) or paths (PVP).
Different kinds of applications are
supported in ATM networks using
various ATM transfer capabilities.
Connection-oriented and
connectionless services are provided
in the ATM network by different
ATM adaptation layers on top of the
ATM infrastructure. Adaptation of
connection-oriented real-time
services to the ATM network is
provided by the AALI or AAL2
adaptation layers. AAL1 has been
available for some time, while the
AAL2 protocol under development is
foreseen to incorporate signalling
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and switching of AAL2 connections.
Connection-oriented non-real-time
applications may be supported by
AAL 3/4 or 5. The AAL3/4 and AAL5
protocols are also able to carry
connectionless higher-layer protocols
with no timing constraints, suitable
to carry non-real-time data like [P
packets.

In a UMTS core network, see
Figure 3, all applications may be
handled by the same ATM technology
that supports switching and routing,
and addressing. The ATM switching
capability and control and manage-
ment functions are used for both the
connection-oriented and the
connectionless data. For the
connectionless data, specific connec-
tionless servers are introduced
deploying connectionless layer
protocols; that is, the Connectionless
Network Access Protocol and the
Connectionless Network Interface
Protocol for routing, addressing, QoS
selection, and preservation of the
PDU sequence integrity®. Packet-
based applications segment the
packets into AAL3/4 frames and
hand them over to the ATM layer
which forwards them towards the
connectionless server. At the
connectionless server the ATM cells
are reassembled into AAL3/4 frames
and given to the connectionless layer
protocols which conduct the routing
etc. The connectionless protocols
therefore act as an ‘ATM router’ and
only forward the connectionless
traffic through pre-provisioned ATM-
links that interconnect the
connectionless part of the network.

Mobility management
In an ATM-based core network, the
mobility solution could be based on
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the Mobile ATM scheme being
developed by the ATM Forum®. The
Mobile ATM is based on the E.164
addressing scheme, and uses the
PNNI (private network-network
interface) hierarchical routing
mechanism. Mobile ATM uses location
servers handling rerouting and
localisation of mobile terminals on the
move. Also authentication and
authorisation servers handling
security, so called authentication
servers (AUS), are implemented. Each
mobile terminal is connected to a
mobile enhanced ATM switch
(EMAS). Each EMAS is connected to
an authentication server (AUS) and a
location server (LS) having up-to-date
information of the whereabouts of the
mobile terminals. If a mobile terminal
makes an attachment onto another
network, it registers at the current
EMASs LS. A registration update
message is sent to the mobile termi-
nal’s home switch, updating the
current location of the mobile termi-
nal in its LS. Regarding incoming
calls to the mobile terminal at its
home switch, the home switch queries
its LS of the current attachment point
of the mobile terminal and re-routes
the connection. In a UMTS core
network, Mobile ATM will offer both
roaming between different access
points and fast continuous mobility
across radio domains. All types of
services and applications, both
connection-oriented and
connectionless, will be handled.
Mobile ATM will also be able to
interface different access networks
enabling coordinated handover. It is
not clearly specified which mobility
functionality will reside within the
core network and which will reside
within the different access networks.
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Figure 4—The hybrid ATM/IP-based
core network.

Hybrid ATM/IP-based core
network

Even though the basic idea of ATM
was to integrate all services from
desktop to desktop, the market
trends seem to be in the direction of
deploying the IP protocol suite for all
kinds of services. For a while,
however, it looks like one will still
have to rely on the existing connec-
tion-oriented technologies for good-
quality voice and video, and efficient
packet transport for non-real-time
data. With the enormous deployment
growth of the IP protocol, it is
foreseen that IP also in the near
future will be the most important
protocol for connectionless data
services. An integration of real-time
and non-real-time support deploying
a common transport platform has
been suggested as a solution for the
future core network, see Figure 4. In
this scheme, ATM is deployed as the
common transport platform for both
connection-oriented ATM services
and connectionless IP services. This
implies an overlaid network with
different addressing schemes depend-
ing on whether connection-oriented
or connectionless services are
provided. Real-time services as voice
and video may use the AAL1 or AAL2
adaptation protocols, and IP-based
applications use the AAL5 adapta-
tion protocols for connectionless
services. This network structure
implies a layered network with
respect to routing, and each layer is
not aware of the structure of the
other network layer. Hence, optimal
network structures are not easily
obtained. The benefit obtained with
this hybrid solution is that a common
transport infrastructure based on
ATM will give the possibility to
utilise available bandwidth effi-
ciently.

Mobility management

The hybrid ATM/IP-based core
network discussed uses two different
mobility management mechanisms,
namely Mobile ATM and Mobile IP.
In the same manner as GSM and
GPRS today deploy the same overall
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mobility management functionality
for circuit switched and packet
switched communication, the same
integration could be possible with
this hybrid core network solution.
The GSM HLR could then be re-
placed by the Mobile ATM LS/AUS,
and the GPRS mobility functionality
could be replaced by Mobile IP. This
introduces the possibility to have
different visitor registrations for the
connection-oriented and
connectionless services. However, this
may introduce problems not yet
thoroughly investigated.

Discussion

There are pros and cons with each of
the three core network solutions
presented earlier. It is difficult to say
which one is better; it depends on
which perspectives are regarded the
most important. The following
sections will discuss some of these
issues. This is not an exhaustive
coverage—some issues are only
briefly discussed and many issues
remain open.

First, however, there is a need to
clarify the circuit and packet
switched conceptual domains. Circuit
switching implies that a path is
established by dedicated time-slots.
Packet switching, on the other hand,
is a store-and-forward service, where
each packet contains an address or a
label enabling the intermediate
nodes to identify which next node to
pass the packet on to. Contrary to
circuit switching, which is inherently
connection-oriented, packet switching
may be connection-oriented or
connectionless. Thus, the 64 kbit/s
telephone circuit is a circuit switched
transfer service, ATM is packet

switched and connection-oriented,
and IP is packet switched and
connectionless. For the next genera-
tion of UMTS networks, the solutions
should not be related to the circuit or
packet switched domains, but rather
be discussed and evaluated related to
the ability to support real-time and
non-real-time services.

Mobility

The mobility management within the
core network may be subdivided into
the handling of terminal mobility
and the handling of user and service
mobility, where the latter may be
regarded as part of the service
platform, and thus outside the scope
of this article.

Both Mobile IP and Mobile ATM
address the terminal mobility
problem. It is expected that either
solution used exclusively is viable for
the terminal mobility requirements
in a macro cellular environment
where the frequency of handovers is
relatively low. For a micro cellular
environment, further studies are
needed to prove the feasibility.
Cellular IP has been proposed as an
extension of Mobile IP for fast
handovers. However, this is currently
an Internet draft only, and further
development is still to be expected. In
ATM, the same functionality will be
provided by wireless ATM, developed
as an integral part of Mobile ATM.

For the hybrid solution, both
Mobile ATM and Mobile IP are used.
The extra complexity related to
separate location registrations for
the two domains implies increased
signalling load as well as more
processing. The latter may be
significant for the mobile terminal,
which has to implement and run two
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different protocols for terminal
mobility management. In the initial
phase, the mobility management of
UMTS is based on GSM procedures,
and regardless of the choice of future
technology, the backward compatibil-
ity should be ensured.

Addressing and routing

An IP-based core network solution
implies that IP addresses will be
used both to identify the user and for
routing purposes within the network.
In the same manner, NSAP (network
service access point) addressing,
including the E.164 option, will be
used as the addressing scheme
within an ATM-based core network.
In the hybrid solution, the user will
be reached by different addresses for
different types of services. The use of
‘naming’ may hide this fact from the
users.

The Mobile IP scheme related to
IPv4 (IP version 4) implies non-
optimal routing of the packets, since
the packets sent to the roaming user
always are relayed by the home
agent. Packets sent from the roaming
user travel a direct route to the
corresponding node. This implies that
packets in opposite directions related
to the same session follow different
paths, and support of applications
with delay synchronisation require-
ments between the directions will be
complicated. Introduction of IPv6 will
solve the problem of non-optimal
routing. The solution is to redirect
the session between the communicat-
ing end-points instead of using
forwarding as in IPv4. However, it is
foreseen that it will take some time
before IPv6 will be deployed through-
out the network.

Mobile ATM makes use of a
signalling system. It is then possible
to let the signalling network cater for
the non-connection-oriented part of
the mobility and service control.
Through signalling, the current
address of the mobile terminal may be
obtained and the call may be routed
directly to the correct destination.

Going from GSM and GPRS
addressing and routing to ATM and

IP addressing and routing, the hybrid
scheme inherits the problems from
UMTS phase 1 with respect to the
need to support two different ad-
dressing and routing solutions.

Multimedia
The UMTS core network shall
support multimedia, implying
simultaneous voice, video and data
components within the same applica-
tion. These components have differ-
ent network requirements. Real-time
applications such as voice and video
put strict requirements on the
network for instance in terms of
delay. On the other hand, different
data applications put strict require-
ments regarding an error-free
connection. The future network
solution should be able to meet both
requirements in an efficient manner
without introducing unnecessary
complexity. The most straightforward
solution is to use circuit switching for
real-time services and packet
switching for non-real-time connec-
tions. These transport mechanisms
though have their disadvantages. The
circuit switched technology is not
really bandwidth efficient for most
data-oriented applications. The
packet switched technology, on the
other hand, is bandwidth efficient
but has limitations regarding QoS.
There are benefits obtained by
choosing one single technical solution
for phase 2 of UMTS. The main
problem, however, is that there are
no obvious multimedia network
solutions. The main candidates are
ATM and IP as discussed earlier.
ATM has for a long time been
considered as a candidate technology
to be the network solution for both
real-time and non-real-time applica-
tions. Utilising the flexibility of a
packet-based solution, the key to
supporting both real-time and data
applications has been the choice of a
short fixed-length packet size.
However, this packet size is optimal
for neither voice nor data. IP, as the
other option for the future network
technology, does not have sufficient
support for real-time services today.
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Evolution of today’s IP-based net-
works is required to be able to
support all kinds of applications
including voice and video. Concepts
such as differentiated services
(DiffServ) and integrated services
(IntServ) are developed to bring IP
up to a level comparable with ATM
regarding the possibility to support
QoS. If these mechanisms turn out to
be successful, IP would be able to
support real-time services.

In the hybrid architecture differ-
ent conceptual domains are chosen to
realise different types of services.
How multimedia services can be
realised is an open issue. The use of
two domains gives the flexibility to
put the multimedia functionality on
the technology supported by the
partner networks. This flexibility
may, however, be at the cost of
building two separate networks to
handle multimedia.

Migration aspects

Having introduced some possible
implementations of a future UMTS
core network, the question is how to
migrate from existing networks. Two
different types of UMTS network
operators will probably dominate the
UMTS market: the current mobile
operators and the Internet service
providers.

ETSI has decided to reuse the
GSM and GPRS core networks for
the first phase of UMTS. The GSM
circuit switched backbone will be
used for voice traffic, while data
traffic will be supported by the GPRS
packet switched infrastructure. The
current mobile operators will follow
the recommendations from ETSI in
order to reuse as much as possible of
their widely deployed cellular
networks. This could be seen as the
evolutionary approach to a new
UMTS network. The result of this
evolution is not necessarily given. An
introduction of Mobile IP into the
GPRS-based phase 1 network could
result in a future IP-based core
network. The failure of solving the
problems of supporting the required
QoS for multimedia applications in
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such a network could pave the way
for a hybrid solution. This may also
be the best solution with respect to
the backward compatibility require-
ments. Introduction of Mobile ATM
in the UMTS phase 2 core network
may be based on an evolution of the
GSM HLR infrastructure. Work on
interfacing GSM to Mobile ATM is
being conducted within the ATM
Forum. Other access networks are
specified for a seamless interface to
the ATM technology.

The Internet service providers,
who do not have the legacy of GSM
and GPRS, may choose to implement
the core network functionality by
adding mobility functionality to their
IP networks. The IP may also be the
basis for mobility management in
new access networks, and UTRAN
may face competition for instance
from wireless LANs in campus areas.
This is a revolutionary approach
compared to the one likely to be
chosen by present mobile operators.
The result of this development could
very well be the true mobile Internet
consisting of an increasing number of
fixed and mobile subnetworks with
full mobility support.

Conclusions

The article has discussed three
different solutions for future UMTS
core networks in terms of mobility
management, routing and switching,
and QoS support, in particular for
multimedia services. It is not easy to
say which solution is better and
which solution will gain commercial
acceptance. Many issues are open,
and this should stimulate research-
ers to work in this area.
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Dense Wavelength-Division
Multiplexing and Optical

VIAG Interkom
introduced dense
wavelength-division
multiplexing (DWDM) in
1998 for reducing the
network cost. This
prompted the development
of new architectures such
as super highway and
optical through-channels,
whose introduction is
currently under study. The
demand for flexibility and
protection in the optical
layer in an increasingly
data-driven world paves
the way towards optical
networking. Optical
switch engines may soon
be available, but many
more technological aspects
need to be addressed,
particularly in the

standardisation bodies.

Networking

Introduction

VIAG Interkom installed its first
DWDM system as early as the middle
of 1997: a four-channel system from
Bosch Telecom was trialled and taken
into service. This link is still in use
with live traffic today. When in 1998
VIAG Interkom built its nationwide
backbone, one half of the links were
equipped with Lucent’s WaveStar 80G
equipment with a maximum of sixteen
STM-16 channels. This article gives
some insight into the reasoning behind
this decision and how the system was
integrated into the transport network,
The article then goes on to focus on
optical networking, seen as the next
evolutionary step in the area of
transport networks, and finishes by
discussing technology trends.

DWDM in the Fibre Network
of VIAG Interkom

What is DWDM?
DWDM is a technique whereby
multiple optical signals can be

Figure 1—-DWDM principle
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transmitted over a single optical
fibre by means of colour coding
(Figure 1). Each individual signal
undergoes wavelength conversion
before being multiplexed onto a
single fibre via a combiner. At the
receiving end, the signals are again
separated by means of a
demultiplexer (for example, a set of
optical bandpass filters), and finally
the original optical signal is regener-
ated.

Apart from better utilisation of
the transmission fibre, savings can be
expected from the use of erbium-
doped fibre amplifiers (EDFAs)
instead of synchronous digital
hierarchy/synchronous optical
network (SDH/SONET) repeaters,
which can amplify the compound
signal without the need to split into
individual wavelengths.

Cost advantage of DWDM and
DWDM deployment in VIAG
Interkom’s network

DWDM nearly always saves money
when the number of optical fibres
available for lease is smaller than the
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Figure 2— Comparison of link cost
with and without DWDM

number of STM-16 systems to be
transmitted. The alternative would
be to deploy a new fibre cable, which
is expensive (80-200 DM per metre)
and is only justifiable for very short
links. But even if there is no need to
deploy new fibre cables, DWDM can
pay for itself by reducing the number
of fibres to be leased and the amount
of repeater equipment required.

This is illustrated in Figure 2,
where the link costs (fibre lease plus
repeaters and WDM equipment
where applicable, but without
terminating add-drop multiplexers
(ADMs)) are shown for various
system lengths with DWDM (con-
tinuous line) and with SDH alone
(broken line). The curves are normal-
ised to the transmitted bandwidth,
clearly demonstrating the cost
effectiveness of DWDM with an
increasing number of STM-16
systems. By contrast, the bandwidth
cost without DWDM stays constant,
as every new STM-16 system
requires the lease of an additional
fibre pair and the installation of
further SDH repeaters.

The curves in Figure 2 are based
on real data applicable for VIAG
Interkom. The fibre lease is based on
an annual fee of 1 DM/m plus
investment return (17%), taking into
account a lease period of 18 years.
Break even is reached between two
and three systems for short links and
one to two systems for longer links.
With increasing system counts, the
DWDM bandwidth costs become
more and more independent of the
system length and system count; that
is, the price of the common DWDM
equipment becomes the dominant
factor. This means that a further
reduction of the network cost can be
achieved only by lowering the
equipment cost.

Figure 3 shows the complete fibre
backbone of VIAG Interkom, with
bold lines marking the links where
DWDM is saving transmission cost
(light grey: equipment utilisation,
dark grey: fibre shortage, black:
utilisation plus shortage). There is an
average of six channels per link, with
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Figure 3— DWDM deployment in the
VIAG Interkom backbone

extremes of nine or even fourteen
channels. STM-64 systems were not
considered an alternative to STM-16
DWDM because of the limited
availability of such systems in early
1998, and some concerns with respect
to dispersion and non-linear effects.

To conclude this section, it should
be mentioned that DWDM can also
help to reduce the cost of network
upgrades, as adding new channels
requires changes only at the core
node sides. No work force needs to be
sent out to the repeater sites.

The installed system

The chosen DWDM system was
Lucent WaveStar 80G, which was one
of the two STM-16 systems available
at that time (December 1997) with
up to 16 channels and transponders.
Transponders take in the optical
signal from any standard SDH ADM
and translate it into a specific
wavelength used within the DWDM
system. They are necessary if the
DWDM supplier is not identical with
that of the SDH equipment, in this
case by Alcatel, who did not have any
suitable DWDM equipment at the

818 VORI O 11 - B3 SIS 16

NUMBER OF STM-16 SYSTEMS

time. With some combinations of
SDH and DWDM systems, trans-
ponders are also required at the
receive side, for translating the
DWDM output into a signal suitable
for the input of the SDH ADM. This
was not the case in the present
project.

Other benefits of the Lucent
system were its small size, the
availability of high-gain EDFAs
(33 dB) and the automatic gain
control, which allowed the removal
and insertion of wavelengths without
alteration of the system. During the
implementation, monitor points in
the form of fibre taps were inserted
for monitoring the signal (wave-
length, power level, signal-to-noise
ratio, bit error rate) between the
SDH and DWDM equipment.
Although offered by Lucent, optical
protection was not built into the
system, as the SDH layer was
designed to provide full network
protection already and any additional
protection would have been a waste
of money.

The DWDM is managed via a
stand-alone network management
platform, which allows the initial set-
up of the system, alarm management
and performance measurements. The
management system is collocated
with the SDH manager, and in case
of a DWDM failure, alarms will show
up simultaneously on both systems,
which then enables the operational
staff to locate the fault. Integration
into a single network management
platform has no major benefits and is
not foreseen.

New network architectures
based on DWDM

Initially, DWDM systems were
installed for creating virtual fibres;
that is, for using the available
transport infrastructure more
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Figure 4—Superring concept (left)
and examples of optical through
channels (right)

efficiently. Since then, DWDM
prompted the development of new
network architectures, which are
described here briefly.

The superhighway forms an
additional network layer for the
nationwide traffic. A subset of the
existing core nodes is chosen to be
superhighway nodes and connected
via optical channels onto the existing
DWDM infrastructure to form a
closed ring (Figure 4, left). Nodes
without superhighway connection are
bypassed by directly connecting the
channels from one DWDM system to
the other, irrespective of whether
these DWDM systems belong to the
same SDH ring or not. In this way, the
nationwide traffic is concentrated onto
a small number of links and nodes,
which enables savings in transport
and SDH costs to be made. The
existing SDH rings then just have to
provide regional access for the
superhighway, and grow much slower
than without the superhighway.

With a DWDM infrastructure
already in place, the installation of a
superhighway is very economic. The
superhighway links just need to be
upgraded by one or two extra
channels, whereby the output from
one DWDM system can be directly
connected to the input of another
DWDM system (back-to-back connec-
tion). Only occasionally is a trans-
ponder needed, be it for providing
signal regeneratien capabilities or
changing the wavelength. At present,
VIAG Interkom is working on the
optimum implementation of the
superhighway concept. In the USA,
the superhighway concept is adopted
widely by long-distance carriers.

Optical through-channels are a
product opportunity addressing large
business customers or other carriers;
for instance, for building virtual
private transport networks. Their
implementation is very much the
same as that of the superhighway
links and is as simple. The map on the
right of Figure 4 shows examples of a
protected connection from Frankfurt
to Diisseldorf and an unprotected
connection from Stuttgart to Berlin.
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NOTE: THESE ARE EXAMPLES

Remote access is the connection of
a site that is not identical with the
DWDM site. With the Lucent system
the remote site can be 50 km away
from the DWDM system without
using any additional SDH technology.
In this way the DWDM system itself
acts as a traffic collector and dis-
tributor in big cities and conurba-
tions.

Optical Networking

Drivers

New developments are usually
driven by a desire to create new
revenue or to reduce costs. In the

reconfiguration may be done on the
SDH layer, but only if all traffic goes
through that layer, which is not the
case with superhighway traffic and
optical through-channels.

More flexibility is certainly the
key driver towards optical network-
ing. Another one is network protec-
tion. Protection mechanisms should
operate as close as possible to the
location of the main origin of faults.
In the case of fibre networks, this is
the fibre, mainly due to building
hazards. Protection therefore is
required on the optical layer. A single
switch action can then provide an
alternative path for a huge number
of higher-level connections. This

With a DWDM infrastructure already
in place, the installation of a
superhighway is very economic

case of transmission networks,
introducing superhighways and
optical through-channels is the first
step in the right direction. But what
if traffic patterns are changing, and
the chosen architecture proves
inefficient? Or, even more likely,
when new bandwidth customers are
acquired, while others discontinue
their lease contract?

In all cases, the network architec-
ture needs changing, which is
expensive or even impossible under
normal operation, if done manually
by local service personnel. Relief
comes from the introduction of so-
called optical cross-connects, whose
connections may be set remotely from
the operations centre and can be
switched in milliseconds. Of course,
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makes protection switching simple
and speedy, and saves costs by
avoiding the duplication of ‘safe’
equipment that never fails. Optical
protection becomes a must if the
client layer does not provide any
protection mechanism at all. A classic
example is Internet protocol (IP)
directly over DWDM.

Functional and technical
requirements

The functionalities that need imple-
menting in the optical domain are
related to those already obtainable
from the SDH and SONET layer.
These are wavelength add-drop
multiplexing and cross-connection
(equivalent to VC-4 add-drop
multiplexing and cross-connection in
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SDH), wavelength conversion
(equivalent to time-slot interchange
in SDH), and protection switching. In
addition, each node has to have some
repeater functionality. This is
because DWDM links accumulate
noise and distortion effects, which
require well-engineered link designs
based on parameters such as total
unrepeatered length, amplifier
spacing and channel counts. Within
optically-switched networks, the total
route length may change during
operation between some 100 km to
some 1000 km as a result of optical
switch actions. By integrating a
repeater functionality into each node,
the unrepeatered length becomes
independent of the total route length,
and each fibre link can be designed
irrespective of this parameter.

The main technical requirements
are a fast switching time (some 5 ms)
to keep the total switching time,
including the time for processing,
under 50 ms, a compact and economi-
cal design (space and money are
always short), and transparency with
respect to protocol and bit rate in
order to handle future transport
requirements.

Generic node architecture
Figure 5 shows a generic design for
an optical network node that can
handle wavelength add and drop,
wavelength cross-connect, and optical
channel protection. The core forms a
switch fabric which can provide
connections from every port to any
other port (full cross-connect matrix).

Figure 5 —Generic optical network
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These ports connect to the inputs and
outputs of the DWDM terminals of
each incoming fibre link, whereby
additional ports are provided for
connecting to the SDH/SONET
equipment for terminating the local
traffic. It should be noted that in
Figure 5, the wavelength conversion
and repeater functionality are viewed
as part of the switch fabric.

This architecture operates such
that through-traffic is kept away
from the SDH equipment by making
direct connections in the switch
fabric from one DWDM system to the
other. Add and drop is performed by
connecting the appropriate DWDM
port to one of the ports leading to the
SDH/SONET equipment. Ideally,
such SDH/SONET equipment is just
used for terminating the local traffic,
and VC-n grooming of through-traffic
is kept to a minimum. Otherwise,
savings due to the reduction in SDH
or SONET equipment may be too
small for bearing the additional cost
of the optical switch.

Switch technologies

The industry has two principally
different answers to the question of
implementing the optical switch.

The first is the use of a purely
optical switch fabric based on
mechanical displacement (for
example, micro-machined mirrors) or
electro-opticeffects in semiconduc-
tors or polymers (Figure 6). Electro-
optic effects enable or disable energy
transfer between neighbouring
waveguides by means of minute
changes of the refractive index. The
purely optical switch fabric has the
big advantage of being fully trans-
parent to protocol and bit rate. It also
has the potential of being an eco-
nomic solution. Questionable,
however, are reliability (new technol-
ogy), compactness and speed. More-
over, wavelength conversion and 2R
regeneration, which would be
required at each port, are a real
technological challenge.

The alternative is an electrical
switch fabric embedded between
optical-to-electrical (O/E) and electri-
cal-to-optical (E/O) converters
(Figure 7). These O/E and E/O
converters, which are nothing more
than the standard DWDM transmit-
ter and receiver modules, automati-
cally provide the wavelength
conversion functionality (in the
transmitter) and the regenerator

Figure 6 — Network node with optical switch fabric
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In recent years it has become obvious that the anticipated
increase in data traffic will drive the technology towards

functionality (in the receiver). Un-
doubtedly, this so-called opaque cross-
connect can be compact and fast, but
one may be concerned as to whether
or not this technique will deliver a
transparent switch solution. Another
concern is the cost of high-speed
electronics.

Network protection
As said before, the architecture in
Figure 5 can be used for providing
optical channel protection. This
would be achieved by foreseeing
extra ports at the switch fabric as
well as the DWDM systems being
served. In the event of an optical
channel being disturbed, the switch
fabrics on either end of a DWDM link
would receive a signal to switch onto
one of the spare channels on the
same link. There may be fewer
protection channels than working
channels, resulting in reduced
protection cost when compared to
implementing optical channel
protection via SDH/SONET protec-
tion mechanisms, This fact is one of
the drivers for the development of
optical switches in North America.
The architecture in Figure 5 also
lends itself to the implementation of
optical switched circuit network
protection (SCNP) in a similar
fashion as optical channel protection.
In contrast to optical channel
protection and optical SNCP, optical
link protection is already available
with some DWDM systems. This is
because such protection does not
need an optical switch at all. The
compound DWDM signal is forked at
the transmit end, and at the receive
end, the better signal is selected, for
instance, by turning on and off the
optical amplifiers located there. At
present, mainly linear protection has
been available. Only one DWDM
supplier has a ring protection concept
commercially available (optical
equivalent of unidirectional self-
healing rings (USHRs)).

Open issues
The main open issue is the lack of
standards. In particular, there are no

optical networking

standards for protection schemes.
Some manufacturers have optical
supervisory channels, others start to
introduce optical section overheads
akin to the multiplex section over-
head (MSOH) of SDH and SONET,
but all these attempts are propri-
etary solutions. The Optical Internet
Forum (OIF), which was founded for
speeding up the standardisation
process, is still in its setting-up phase
and has not produced results yet.
This forum will also have to discuss
issues related to interworking with
client layers, be it for deriving a
performance measure for the trans-
ported signal or for preventing
multiple protection switch actions in
case of faults.

A technological issue is the
derivation of a measure for the optical
signal quality. This is necessary for
triggering protection switches as well
as for deriving system performance
data. The best measure is currently
the B1 bytes of the transported SDH
or SONET frames. However, one may
ask whether this is a future-proof
solution, as no-one knows for how long
data signals will have SDH/SONET
framing. Alternatives are monitoring
some operational parameters such as
laser currents and temperatures, or
better, the continuous measurement of
the optical SNR in each wavelength
via a test signal laid on top of the
actual data signal. Both techniques
are indirect though and may fail
under certain circumstances.

Another big issue is network
management in a multi-vendor
environment. If, for whatever reason,
the DWDM vendor differs from the
vendor of the SDH client, the manage-
ment systems will usually be incom-
patible. Setting up an end-to-end
connection requires configuration of
both the SDH layer and the optical
layer (optical switches), and the
co-existence of two separate manage-
ment systems proves cumbersome and
expensive. A single connection
requires setting up three trails: one on
the SDH layer to the DWDM node,
one on the DWDM layer between the
DWDM nodes, and one on the SDH
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layer from the DWDM node. The only
choices network operators have at
present are either buying SDH and
DWDM equipment from the same
vendor, or implementing an umbrella
management system on top of the
existing management systems. There
are signs of co-operation between
different system manufacturers on
the network management issue, but
these are rare.

Outlook

In recent years it has become obvious
that the anticipated increase in data
traffic will drive the technology
towards optical networking. The use
of puint-lo-point DWDM is state-of-
the-art for many new network
operators. Soon this optical layer will
need switching capabilities for
handling the amount of traffic
efficiently. System manufacturers
have started to recognise this
development and will come up with
optically switched DWDM solutions
in the near future, whereby the
opaque switch technology tends to
win the race over purely optical
switches due to relying on well-
established technologies. SDH and
SONET will more and more lose
their switching functionality, but will
still be there for some time to be,
mainly for framing purposes.

There is a split in the vendor
community with regard to the
integration of PSTN traffic and data
treffic (IP). Some vendors propose a
super node with optical cross-
connect, SDH cross-connect, asyn-
chronous transfer mode (ATM)
switch and IP router/switch, which
would provide efficient management
of the available bandwidth for any
traffic mix, but may be expensive due
to the large amount of equipment
needed. Other vendors propose just
to connect big IP routers/switches
directly with the optical layer via
optical ADMs or again cross-con-
nects, thus leaving out SDH and
ATM switching entirely. This may be
less expensive, but requires all traffic
to be converted into IP for efficient
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bandwidth management. In all cases,
the need for optical protection has
been noted, and the industry is
trying to overcome the lack of
standards by setting up its own
standardisation body (OIF).

The great potential of using
DWDM technologies in city back-
bones has also been noticed. Key
there is the high cost of fibre deploy-
ment or lease, and the transparency
of DWDM with respect to bit rate
and protocol, thus reducing
multiplexing costs considerably.
However, the so-called metro DWDM
systems currently available from
some of the traditional system
vendors are far too expensive for
building a business case for city
DWDMs. Hope comes from newcom-
ers in the market, who started off in
the optical LAN business and now
plan systems that produce valuable
competition to the traditional system
vendors. The greatest technological
challenge is the provisioning of
reconfigurable wavelength add-drops;
even static ones exhibit insertion
losses that are still excessive. For
protection, the same concerns as for
long-haul systems apply.

Conclusion

Today DWDM can be considered as
an established technology for reduc-
ing the network cost in the transport
layer. This is true not only for long-
distance traffic but also for city
backbones. The drive towards
increasing data rates will result in a
shift of traditional SDH
functionalities into the optical
domain, thus requiring optical
switching techniques and protection
mechanisms. This transition will
happen within the next couple of
years. SDH will still maintain its role
as a framing standard for some time
to come.
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Interworking in the Future
Broadband Access Network—
A Question about IP and ATM

This article discusses
interworking in the future
broadband access network
from a service-integration

perspective. This is a protocol
issue and the key question is
the relationship between IP
and ATM as they are the
candidate technologies to
accomplish service integra-
tion. Both technology
interworking and network
interworking are addressed.
The main conclusion is that
ATM is beneficial for technol-
ogy interworking. However, it
1S foreseen that the access
network will be dominated
by IP and it is argued that
network interworking is best
performed at the higher IP
level. The combination of IP
and ATM becomes the pre-
ferred choice for the future
broadband access network,
creating new opportunities
that affect the role of the
access network.

Introduction

The future broadband access network
will be different from the existing
narrowband copper-based network in
three respects:

@ technological variety,
@ open provisioning, and
@ service integration.

Hence, we are facing paradigm
shifts along three dimensions that
change the architectural require-
ments of the access network. Techno-
logical variety means that fibre
solutions, satellite systems, cable-TV
networks, radio systems and digital
subscriber line (xDSL) solutions over
the existing copper network can be
part of a unified architecture. An
open architecture is required for
operating in a competitive environ-
ment with different core network
operators. Service integration refers
to an access network in which all
kinds of traffic are mixed by means
of statistical multiplexing. This is in
contrast to static multiplexing and
dedicated connections currently
being used.

Service integration

This article focuses on service
integration. The objective of service
integration is to provide a common
access solution replacing the set of
specific solutions being used today
for platforms like integrated services
digital network (ISDN), frame relay
(FR), Internet protocol (IP) and
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asynchronous transfer mode (ATM).
The rationale is flexible, efficient and
cost-effective provisioning of
broadband access. The challenge is to
maintain quality of service (QoS) in
the mixed traffic stream.

The vision of a worldwide service
integrated network was originally
associated with the work on B-ISDN
and ATM! as the enabling technol-
ogy. However, the mass market has
failed to request any large-scale
service except ordinary telephony up
to now. For this reason there has
been no driving force towards service
integration. The recent growth of the
Internet as the killer application in
addition to telephony has lead to a
new situation. The challenge today is
to develop an overall network
architecture which can efficiently
provide both a real-time service
(telephony) and a best-effort data
service (Internet) all the way to the
customer premises.

Interworking

In the context of service integration,
this article further focuses on
interworking. Specifically, the
following two issues are addressed:

® How is interworking of the
different access technologies
handled inside the access network?

® How is interworking handled at
the border between the access
network operator and various
network and service providers?

In both cases, the crucial point is
how to perform statistical multiplexing
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with QoS guarantees. This is a protocol
issue and the key question is whether
IP or ATM is the most appropriate
technology. In the latter case, it is also
a question of the switching and
management capabilities of the two
networking technologies.

Organisation

The rest of this paper is organised as
follows. The next section briefly
outlines an architectural model of the
future broadband access network.
This is followed by a general discus-
sion in on IP and ATM as competing
technologies for providing end-to-end
service integration. The main body of
the article then follows focusing on
interworking and the question about
IP and/or ATM in the access network.
The role of the future access network
is then discussed. Finally a conclu-
sion is presented.

Access Network
Architecture

The paradigm shifts listed in the
previous section change the architec-
tural requirements of the access
network. Figure 1 is a generic illustra-
tion of how the future broadband
architecture is likely to be. The model
shown and its terminology is a result
of a study performed by Telenor'.
However, the model is perfectly in line
with similar work carried out by other
operators and equipment vendors®?,
The domain of the access operator
is marked with shaded areas. The
trend towards technological variety is
illustrated by three different cases to
the right in the figure. The topmost
case reflects an ADSL? solution that
exploits the existing narrowband
structure with copper lines terminat-
ing in a remote subscriber unit
(RSU). The vertical lines branching
off at this point indicate how access
to various network platforms is
currently realised. The existing
solution is characterised by having
dedicated connections and no
concentration of traffic in the access
network. The middle case is repre-
sentative for a fibre network in
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combination with VDSL?® over a final
copper drop with reduced length. The
bottommost case corresponds to a
radio solution like local multipoint
distribution service (LMDS) where
traffic is aggregated in the air all the
way to the customer premises.

In the future broadband architec-
ture, access will take place in terms of
service nodes (SN) as shown to the left
in the figure. The significant differ-
ence from the existing solution is that
the depth of the access network
increases in the sense that traffic will
be concentrated in several steps
between the end user and the service
node. The term local access point
(LAP) is used for the natural aggrega-
tion point covering the customers
within a geographical area of moder-
ate size. The point denoted ‘broadband
access point’ (BAP) links a number of
local areas on one side to one or more
service nodes on the other side. A LAP
is linked to only one BAP, whereas an
SN can be connected to several BAPs.
Hence, a BAP defines the termination
of a local access network with the
corresponding interface to the service
nodes denoted SNI.

End-to-End Service
Integration

In order to discuss the role of IP and
ATM in the future broadband access
nelwork, we need to have a general
opinion on whether IP or ATM will be
the preferred choice to accomplish end-
to-end service integration. This is the
most controversial issue in the com-
bined telco and datacommunications
industry today. It is important to keep
in mind though, that the two indus-
tries approach this issue in different
ways. Historically, the data-communi-
cations industry has been data-
oriented without any regard to
real-time requirement. It is only
recently that this industry has gained
interest in supporting real-time
applications. The telco industry has
traditionally been oriented towards
telephony and real-time applications.
Even if they have also developed
efficient solutions for data communica-
tions, it is only recently that this has
become equally important in terms of
traffic volume and revenue basis. The
growth of the Internet is a main
contribution in this respect.

Figure 1: Architectural model of the future broadband access network.
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The next two sub-sections of this
article describe the views on IP and
ATM that these two industries
represent. The telco industry is ATM-
oriented whereas the data-communi-
cations industry is IP-oriented. The
telco view considers ATM as the
universal protocol supporting end-to-
end user communication. In the
datacom view, the role of ATM is
reduced to an underlying transmis-

sion technology with local significance.

An overlaid IP layer is considered to
be the proper level for universal end-
to-end user communication. Note,
however, that the application of ATM
is still beneficial in the latter case
since the QoS capabilities can be
exploited by the IP level.

We then argue, in the next sub-
section, that the IP-oriented
datacommunications view is most
likely to win the ongoing battle. For
comparison, Figure 2 shows the
existing situation with parallel
technologies at the network platform
level. For simplicity, a three-layered
view is used in which the intermedi-
ate platform level is embraced by an
underlying transmission level and an
overlying service level.

The ATM-oriented telco view
The key issue regarding the question
about IP or ATM is how the Internet
and the associated IP are considered.
The traditional view of the telco
industry is shown in Figure 3 and
considers Internet as an important
service, but still as a service along
with telephony, video on demand
(VoD), etc. The Internet is regarded
as the killer application that has
been missing in order to stimulate
the development of a service inte-
grated platform based on ATM. Note
also that ATM defines basic trans-
mission as indicated by the lower
level in the figure. A number of
standards exist that define cell
transmission for point-to-point and
broadcast media.

The main point of the telco view is
that ATM is designed for QoS, thus
enabling service integration. In
contrast, the existing IP technology

does not have any support for real-
time traffic.

The datacommunications
view is IP-oriented

The prevailing view of the
datacommunications industry is that
the IP technology will be further
developed to support QoS. This
means that resources can be pre-
allocated in the network rather than
relying on the end-systems to utilise
the available resources in the best
possible way. The evolution towards
IP QoS is a controversial issue,
though, and the research efforts go in
different directions. There is also a
heated debate among the equipment
vendors and operators about this
issue. Different solutions are being
pursued but lack of consensus and
standardisation complicate
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interoperability across administra-
tive domains. However, the market
demand for IP QoS is very strong and
it is reasonable to assume that a
common agreement will be made.

The situation with a service-
integrated IP platform is shown in
Figure 4. As opposed to ATM, it is
important to note that IP is not a
transmission technology. It is rather
assumed that IP packets can be
encapsulated by a transmission unit
offered by an underlying subnetwork.
Hence, IP can coexist with other
network layer protocols. There are a
number of standards for encapsula-
tion of IP packets including both
point-to-point links, broadcast
networks and switched networks.
ATM is an example of the latter case
and is increasingly being used for
transport of IP traffic.

Figure 2: The existing situation with IP and ATM operating as parallel platforms
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Figure 3: The ATM-oriented telco view on service integration
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IP is likely to win

Asillustrated in Figures 3 and 4, ‘TP
over ATM’ is a key element regard-
less of the view taken. The difference
is that the telco industry has tradi-
tionally considered ATM as the level
of service integration. In contrast, the
datacommunications industry claims
that this should take place at the IP
level. We argue that the most likely
outcome in the long term is that IP
will be used for building a worldwide
service-integrated platform with end-
to-end guarantees. There are four
arguments in favour of this view'*

® It is easier to build a worldwide
platform based on IP since a large
set of underlying transmission
technologies can be used. An
obvious disadvantage of the telco
view is that a homogenous
infrastructure based on ATM is
required.

® There are implementations of IP
for all kinds of end-systems and
operating systems, and this
software is normally free. Further,
TCP/IP is the dominant applica-
tion development environment.

® [P is designed for distributed
routing protocols so that every
packet is forwarded on an indi-
vidual basis. This gives fault-
tolerance and simplified
administration. In particular, it is
easy to build networks crossing
administrative domains.

@ [P is a simple protocol assuming a
minimum of functionality from
the network elements. The main
responsibility for implementing
reliable communication is left to
the end-systems.

In sum, these features make IP a
flexible networking technology that
scales well. A key property compared
to ATM is the connectionless nature.
Since every packet is forwarded on
an individual basis there is no state
information associated with the
network elements; that is, the
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network does not have any notion of
which pair of stations are communi-
cating at any specific time. The
stateless property ensures scalability,
flexibility and fault-tolerance. At the
same time, it represents a challenge
with respect to QoS. The most
important argument in favour of
ATM is that resource reservation is
simplified when it can be associated
with established connections between
the communicating parties.

Interworking

Equipped with the earlier discussion
about IP and ATM, we are ready to
address the two interworking issues
raised in the Introduction, and more
specifically how IP and ATM can be
applied in the future broadband
access network. Technology
interworking is discussed first
followed by a discussion on network
interworking.

Technology interworking by
ATM

Vendors of broadband access network
equipment normally have two types
of systems in their product portfolio
today. Letting X denote an arbitrary
technology like PON, xDSL or LMDS,
we distinguish between systems
using either ATM or IP as the
protocol layer above basic transmis-
sion:

® ATM/X, and
® IP/frame/X.

In either case, the overlying layer,
be it IP or ATM, will ensure
interworking of different access
technologies. In the first case, ATM
cell transmission is defined for the
actual medium by a transmission
convergence (TC) layer above the
physical medium dependant (PMD)
layer. For IP-based systems, a
variable length frame format needs
to be defined first. The frames are in
turn used to carry encapsulated IP
packets. The two parallel develop-
ment tracks reflect the general battle

between IP and ATM that is charac-
teristic for the combined telco and
datacommunications industry. The
interest in IP-based access systems is
mainly driven by the need for
broadband access to the existing
best-effort Internet. The advantages
of ATM-based systems are QoS
support and increased flexibility. The
latter refers to the fact that it is
straightforward to use ATM for
access to overlaid platforms other
than IP.

Despite our general argument in
favour of IP we recommend that
ATM should be used for statistical
multiplexing and service integration
in the access network. There are two
main reasons for using ATM for
technology interworking.

® ATM has better multiplexing
properties, in terms of resolution
and real-time behaviour, over low-
speed links. This is due to the
short fixed-length cells used by
ATM. The generally longer and
variable-length packets used by IP
contributes to both latency and
jitter resulting in reduced real-
time behaviour. This is in particu-
lar true for low-speed links as is
the case in the access network.

@ It is still uncertain when the IP-
oriented datacom view will
eventually prevail. A service
integrated access network should
also be able to support other
platforms than IP in the short-
term and mid-term migration
period. Hence, we argue that it is
a significant risk to base the
access network deployment too
strongly on the assumption that a
universal end-to-end IP platform
will be developed and standard-
ised.

Note that the significance of the
first argument is weakened as the line
speed increases. Hence, in high-speed
backbone networks it is likely that IP
will be an appropriate statistical
multiplexing technology which can
also support traffic with real-time
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Figure 5: Two different options for an
ATM-based network to operate in an
IP-oriented context.

requirements. The key point about the
second argument is that the ATM-
oriented telco view is not excluded. At
the same time, the protocol assump-
tion is compatible with the
IP-oriented datacommunications view.
The view that ATM is the pre-
ferred protocol for statistical
multiplexing in the access network is
illustrated by the bottommost double
arrow in Figure 1. The small vertical
crosslines signify points at which
ATM cells are being processed; that
is, the figure tells that both BAP and
NT will participate in interpretation
of the ATM cell stream. Depending
on the actual transmission technol-
ogy it might be additional equipment
between these points that also
process ATM cells. The typical
example is equipment located in a
LAP. To simplify the figure, any such
intermediate points are suppressed.

Network interworking by IP
As argued earlier, it is most likely
that the datacommunications view
will prevail in the future so that IP
will be the preferred universal
protocol for end-to-end user commu-
nication. This is indicated by the
overlaid level in Figure 1. In sum
the figure suggests how an ATM-
based access network can fit in a
wider IP-oriented context. In
accordance with the layered view
from Figure 4 we distinguish
between a basic transmission level
and an overlaid platform level. The
dashed line style indicates open
protocol issues and the key question
is whether IP should be processed at
the BAP point or not. An elaborated
view of the two different options is
explicitly shown in Figure 5 and
denoted («) and (). Note that the
dashed line style is replaced with
solid lines in the latter figure to
indicate more specific protocol
assumptions.

The significant difference between
case (¢) and (b) is whether
interworking with core network
operators and service providers
should take place at the ATM or IP
level. We argue that alternative (b) is
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the preferred choice. An evidence of
the appropriateness of this view is
that all the equipment vendors are
now starting to supply TP over ATM’
nodes that are suitable to be put at
the BAP. In case (b) the IP protocol is
processed at the BAP, whereas the
BAP is transparent for IP in the
former case. Hence, ATM transmis-
sion must be used also between the
BAP and the SN in case (a). Letting
the BAP interpret IP as in the latter
case gives improved flexibility
concerning the transmission technol-
ogy being used between the BAP and
the SN. But, more importantly, it is
possible to let the BAP be equipped
with a richer set of functionalities as
discussed in the next section. The
point is that the IP-based approach
gives the access provider better
management and control capabilities
at the BAP point.

Role of Access Network

Anticipating that IP will have a
dominant role for end-to-end commu-
nication in the future, the ATM-
based access network will act as a
carrier of IP traffic. Running IP over
ATM can be accomplished in a
number of ways depending on what
is considered to be the role of the
access network. Since both IP and

ATM are equipped with rich func-
tionality concerning control and
switching, new opportunities arise.
Hence, we ask if the provision-
oriented role of the access network as
traditionally carried forward by the
International Telecommunications
Union (ITU) is obsolete. Different
industrial groups like the ATM
Forum® and ADSL Forum?® propose
novel solutions implying a new
understanding of the access network.

Figure 6 shows three interpreta-
tions of the role of the future access
network. The cases denoted (A)-(C)
are distinct in the way customers are
associated with SNs. A solid line
style is used to indicate fixed associa-
tions whereas a dashed line style is
used to signify an association that is
established on-demand or automati-
cally. Case (A) corresponds to the
traditional provision-oriented view
with a fixed assaciation. Case (B)
represents an evolutionary step in
terms of a session-oriented view with
free selection of service provider.
Case (C) is the most radical scenario.
By letting the access network be
equipped with routing capabilities it
can interact closely with core net-
works.

A common feature of all interpre-
tations is the existence of an asso-
ciation between the customer and

Figure 6: Different interpretations of the role of the access network.
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the BAP. It is realised in terms of an
ATM connection which is semi-
permanent in the first two cases and
switched in the latter case. Any QoS
guarantees are linked to the under-
lying ATM connection. Otherwise
there is a significant difference
between cases (A) and (B) on one
side and case (C) on the other side.
In the latter case, there is no
association between the BAP and
the SN.

The key issue regarding the role
of the access network is what kind of
functionality the BAP is equipped
with at the IP level. In case (A) no
processing is performed except
reassembly and fragmentation. In
case (B) the PPP protocol! is typi-
cally used to perform provider
selection and accounting,
authentification and authorisation
for the access operator. Hence, the
BAP takes the role as a generic
access server. For each established
session, the IP forwarding table in
the BAP is set accordingly. In case
(C) the BAP is equipped with ordi-
nary routing capabilities allowing the
access network to interact closely
with core networks. This means that
IP packets are routed individually
without any association to an SN.
The effect is that the access network
will comprise an underlying subnet
in one or more IP networks. In this
context, techniques like classical IP
over ATM (CLIP)*, next-hop resolu-
tion protocol (NHRP)", multi-
protocol over ATM (MPOA)*® and
multi-protocol label switching
(MLPS)'*-" for providing IP over
ATM become relevant.

A consequence of revising the
understanding of the access network
is that the traditionally distinct
border between core and access gets
blurred. The point is that the access
operator takes common responsibility
of tasks otherwise being left to the
individual core network and service
providers. Hence, the access network
will expand towards the core and
service providers rather than the
other way around which is the case
today.
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Conclusion

The main conclusion of the article is
that ATM is considered as the best
technology to obtain statistical
multiplexing and service integration
in the access network, thus also
technology interworking This is
partly due to an argument that ATM
gives better QoS performance over
low-speed links. But it is also due to
the fact that an ATM-based access
network is applicable regardless of
whether IP or ATM will constitute
the universal platform for end-to-end
user communication. It involves less
risk to start deploying an ATM-based
access network since it can also be
used in an IP-oriented context.

We argue that the IP-oriented view
carried forward by the data-communi-
cations industry is the most likely
solution for end-to-end service
integration. Hence, network
interworking is best handled at the IP
level. The connectionless nature of IP
makes it a scalable, flexible and fault-
tolerant networking technology. A
pertinent question is how an ATM-
based access network can fit in a
wider IP-oriented context. The point is
that the combination of [P and ATM
opens new opportunities affecting the
role of the access network. A likely
evolution is that the broadband access
network will initially be provision-
oriented in the same way as the
existing narrowband network. The
next step will be to implement free
selection of service provider per
session. The ultimate step is to let the
access network become a true IP
subnet interworking closely with
arbitrary subnets in the core domain.
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Ian Parke and Andrew Rayner

UK Digital Terrestrial

The UK broadcasters for
cable, satellite, and terrestrial
television have all recently
launched digital services to
deliver new channels and
services to the home. Early in
1998, BT Broadcast Services
won the contract to supply to
the majority of the UK
terrestrial broadcasters the
network that would
distribute the digital
television signals from the
studios to the transmitters
located around the UK. This
contract secured BT's
position in the UK television
distribution market. To win
this business, BT Broadcast
Services had to commit to
deliver the DTTV network to
a very tight schedule so that
the broadcasters could
achieve live programming for
the all-important Christmas
1998 market.
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Television

Introduction

The continuing convergence of
broadcasting, computing and tele-
communications means that the
future entertainment landscape will
continue to undergo a sea of change.
For 50 years, television has become
the dominant entertainment medium
into the home, delivered by analogue
techniques through cable, terrestrial
and satellite.

Early in the 1990s, work began on
video-coding techniques that were set
to transform the television industry.
A group of experts, known as the
Moving Picture Experts Group
(MPEG) within the International
Standards Organisation (ISO),
undertook the work. The arrival of
MPEG-2 meant that broadcasters
could now extend existing studio
digital techniques on to the final
distribution transmission to the
home receiver.

Europe was quick to realise the
opportunities presented and formed
the Digital Video Broadcasting
(DVB) project in 1993. At the outset,
there were more than 80 member
organisations, representing broad-
casters, telecommunication opera-
tors, industry and regulators. This
number has now grown to over
200 members from 30 countries
around the world. The DVB project
established technical committees to
specify all aspects of digital video
broadcasting from the studio to the
home. The DVB project has made as
much use as possible of existing or
emerging standards in drawing up
its own recommendations. Its major
decision was the adoption of
MPEG-2 as the video compression
standard. The work of the DVB has
resulted in three specifications:

DVB-C for digital cable broadcast-
ing, DVB-S for digital satellite
broadcasting, and DVB-T for digital
terrestrial broadcasting.

Digital transmission from end-to-
end can improve the quality of the
final content viewed at home. It also
has the opportunity to accelerate the
convergence of broadcasting, comput-
ing and telecommunications to bring
about totally new services to the
home. New services could include
such applications as interactive
television, where viewers could
participate to a much greater level in
programmes, home shopping,
browsing the World Wide Web
(WWW), and other information
services. Many of the new services
will come about by the integration of
Internet protocol (IP) data within the
broadcast data streams. The DVB
project had foreseen this and had
included in its specification means by
which IP traffic could be carried
within a DVB stream.

The UK government announced
the first licences for UK terrestrial
digital television in 1996, and the
first services went live in November
1998. BT was awarded the contract
from five of the six broadcasters to
deliver the distribution network in
March 1998.

This article outlines the stand-
ards for digital television and goes
on to describe the requirements of
the UK broadcasters for digital
television. The design of the BT
distribution network for digital
terrestrial television is described,
together with aspects of the project
management. Finally, the article
describes new IP services that BT is
involved in through the experience
and knowledge gained from involve-
ment with DVB.
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Standards for Digital
Broadcast

The adopted digital compression
standard for DVB is MPEG. The
MPEG coding involves the reduction
of the ‘raw’ video data rate from

180 Mbit/s to around 4 Mbit/s. The
processes used to achieve this level of
data reduction involve both ‘loss-less’
and ‘lossy’ compression techniques.
The ‘loss-less’ technique means that
the original data is recoverable from
its compressed form. The ‘lossy’
technique exploits the human
psycho-visual system to introduce
artefacts that will not be perceptible
when data is recovered from its
compressed form; temporal difference
and motion estimation techniques
form significant parts of this process.
The audio data compression is also
included in the MPEG specifications,
reducing the ‘raw’ audio data from
around 2 Mbit/s down to around

300 kbit/s, while maintaining CD-like
audio quality.

The essential feature of the
MPEG compression is that the costs
of the encoder and decoder are highly
asymmetric, with the majority of cost
in the encoder, enabling cost-effective
home decoders. Consequently,
ongoing improvements in algorithms
only need to be applied to the
encoder, allowing improvements to be
made in quality without affecting the
consumer.

The evolving Multimedia
Hypermedia Experts Group (MHEG)
standard is used for the enhanced
teletext services.

The DVB asynchronous serial
interface (ASI) was developed as one of
several options for the interconnection
of DVB transport streams. Over the
last two years, support for the ASI
interface has been growing throughout
the industry due to the simplicity of
the connection (single 75 ohm BNC)

Table 1 UK Analogue Terrestrial TV

and its high data capacity (over

200 Mbit/s of data). BT decided on the
AST interface as its preferred DVB
connection in early 1997. As well as the
advantage of ‘looking like’ a conven-
tional telecommunications interconnec-
tion, the fact that it is a defined video
interface rather that a pure telecom-
munications data-pipe has made
regulatory issues in the UK much more
clear cut and easily defined. Due to its
infancy and lack of absolute definition
in some areas, there have been some,
relatively minor, inter-manufacturer
compatibility issues.

Service information (SI) is a
description of the data associated
with the video and audio, and is
carried within the DVB data stream.
It provides the equivalent of an
enhanced teletext capability to allow
users to determine current and
future programmes across channels.

UK Digital Terrestrial TV

In the UK, it is estimated that the
number of homes with a television is
25 million. Of these, approximately
30 per cent receive their program-
ming via cable or satellite. The other
70 per cent, or 17 million, receive
their content via terrestrial means.
Before the start of digital TV, UK
viewers had the choice of five
analogue channels from four UK
terrestrial broadcasters (Table 1).

The UK viewers are also offered
regional variations of programming
content throughout the day. These
regions supply local news and
information along with local interest
programming. In the case of ITV,
there are 16 regions.

For digital terrestrial TV the
requirements are based around what
is already offered to the UK viewers
today; that is, a number of channels
offering national and regional content,
accessed by their existing aerial.

Broadcaster

Programme Channels

British Broadcasting Corporation

BBC1, BBC2

Independent Television Companies

ITV, Channel 4, Channel 5
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Benefits
The bandwidth of an existing analogue
channel (8 MHz) can support a digital
transmission rate of approximately
24 Mbit/s. This can support more than
five channels and provides broadcasters
with the opportunity to offer additional
content choice. It also gives the
broadcasters the opportunity to seek
additional revenue streams by offering
a range of services that are both free-
to-air and subscription-based. As more
channels can now be transmitted within
the same bandwidth as one analogue
channel, the spectrum can be used more
efficiently, allowing the government
to release spectrum for new uses.
The home viewers also benefit
from digital terrestrial TV, in that
their choice of content increases from
the current five channels to at least
30 channels. The challenge for the
broadcasters is to ensure consistent
quality of content across the in-
creased number of channels. All of
these new channels are accessible
through existing aerials, with an
appropriate set-top box or digital TV.
Additionally, digital terrestrial TV
brings with it potential improve-
ments in sound and video quality.
Programmes have CD-quality audio
associated with them, similar to
NICAM stereo. The video quality is
more consistent with less degrada-
tion due to ghosting and noise. The
nature of video degradation changes,
with any artefacts now being dy-
namic and picture-content depend-
ant, due to the compression system.
In marginal reception areas, the
video is more likely to break up.

UK multiplexes

The government awarded six multiplex
licences in 1996, which went to the
incumbent broadcasters as well as new
consortia (Table 2). A multiplex takes
up the equivalent bandwidth of an
analogue channel (8 MHz). The total
data rate available in each multiplex is
24-1 Mbit/s, which supports at least
five programme channels. Each video
programme is typically coded at
around 4 Mbit/s, leaving capacity for
the audio and other programme data.
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Table 2 UK Digital Terrestrial TV

Broadcaster Multiplex

Programme Channels

British Broadcasting Corporation | Multiplex 1

BBC1, BBC2, BBC News, BBC Choice,
BBC Text, BBC Learning (late 1999)

Digital 3 & 4 Multiplex 2 ITV, Channel 4, Film 4*

SDN Multiplex 3 Channel 5, S4C + TBA*

British Digital Broadcasting Multiplex 4* Carlton Cinema, Sky 1, Sky Sports 1,
Sky Premier, Cartoon Network, Eurosport

British Digital Broadcasting Multiplex 5* UK Gold, Granada Plus, Breeze Men &
Motors, Sky Sports 3, Sky Moviemax

British Digital Broadcasting Multiplex 6* UK Play, UK Style, Horizon, Carlton

Select/FN, Carlton Kids, Shop

* subscription channels

It is possible to support more than five
programme channels by statistically
multiplexing the video programmes on
an intra-multiplex basis. This can
increase the number of programmes
carried in a multiplex to seven or eight.
To perform statistical multiplexing, the
broadcasters need to utilise sophisti-
cated look-forward MPEG encoders
that can vary the bit rate according to
the entropy of content.

The radiated power of each
multiplex is different. Multiplex 1
has the greatest power and hence the
largest coverage of the UK. The
power of the remaining multiplexes
decreases with increasing multiplex
number. This means that the free-to-
air channels, such as BBC1 and
BBC2, are more widely available.

The Independent Television
Commission (ITC) has mandated
that the current level of analogue
regional programming must be
maintained in the digital world. All
DTTV multiplexes source at least
some of their content from a central
play-out point. However, some
multiplexes differ from the others in
that they involve the injection of local
content, based on the current
analogue regional transmissions.

BT Distribution Network

BT has deployed a UK national DTTV
network for five of the six multiplex
operators: ONdigital, who run three
multiplexes, the BBC and D3&4 (see
Figure 1). BT contracted with Castle
Transmission International (CTI) for
the ONdigital and BBC network
delivery, and with D3&4 for their
network requirements.

The network is predominately
fibre-based and links 30 play-out-
centres to ultimately 81 transmitter
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sites, which are located throughout
the UK. At service launch on the

15 November 1998, all of the studios
and 23 nominated transmitter sites
were required to be operational.

Design considerations
The network design was influenced
by a number of requirements, one of
which has already been highlighted
earlier: the need to preserve the
existing regional programming
requirement to fulfil the simulcast
obligation of the existing broadcast-
ers. The network had to provide a
number of points at which pro-
gramme content could be injected. It
also meant that the network had to
be configurable to route the pro-
grammes to the correct transmitters.
Another major factor was the
service availability targets set, which
meant that the network had to achieve
a play-out-centre-to-transmitter
availability of 99-99% in a rolling
six months window. This equates to
approximately a 25 minute outage
within any six month period. This level
of service could be achieved only by
having duplicate signal paths through
the whole distribution network. Also,

Figure 2—BT’s UK DTTV network
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Figure 1—UK DTTV deployment

full network management and moni-
toring were necessary to determine
whether that condition was being met.
Additionally, multiplex operators
had their own connectivity require-
ments that had to be taken into
account in the network design.

Network design

In order to achieve the 99-99%
availability target, full redundancy in
the transmission path was essential.
This, together with the need to
preserve regional insert points led to
a very significant distribution
network capacity requirement, which
was most easily satisfied by deploy-
ing a fibre-based network. The
broadcasters also preferred fibre due
to a perceived higher reliability than
satellite or microwave solutions.

Full redundancy in the network
also meant that the redundant feed
had to have total separation. Therefore,
as well as having physically separate
fibre routing, physically separate BT
buildings were used as node points for
the redundant feed. At the play-out-
centres and transmitter sites there was
also duplication of equipment.

The network consists of a mesh of
access points where access into or out
of the network can be effected
(Figure 2). These access points are
known as core network access points
(CNAPs) and separacy network
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Figure 3—ASI-mux

access points (SNAPs), and are
located geographically close to the
regional studios of the broadcasters
and the transmitter sites.

To make the network cost-effective
it was necessary to deploy a multiplex
at the input, output, and nodal points
of the network that could aggregate a
large number of MPEG transport
streams (TSs). This maximises the
utilisation of the synchronous digital
hierarchy (SDH) capacity of the
network. A suitable multiplex was
unavailable, so a device was designed
and implemented by BT Laboratories,
now known as Adastral Park. The
asynchronous serial interface (ASI)
was selected as the most robust and
easy to handle interface of the
available standards. The ASI-mux was
developed capable of supporting up to
16 independent ASI inputs. This
ability of the ASI-mux to support a
large number of TSs, and therefore
achieve a high fill factor on the
telecommunications link, was critical
to achieving the final network design
requirement of a cost-effective
solution.

ASI multiplex

The DVB distribution requirements
for DTTV described earlier led to the
search for a network interface that
could provide the following:

@ cost-effective aggregation of
multiple TSs;

@ a variety of network interface rates;
® long-range direct fibre connectivity;

® comprehensive stream analysis
and service management; and

® the complete isolation from each
other of TSs being carried.

The interface chosen was the
asynchronous serial interface (ASI).
This is a 270 Mbit/s serial data
stream common to much of the
broadcast equipment. The decision
was made to develop an in-house
solution at BT Laboratories, because

at that time the above requirements
had not been realised in any com-
mercially available equipment. This
became known as the ASI-mux, see
Figure 3. In a very short develop-
ment period, of just six months, the
first ASI-mux had been realised.

The ASI-mux can be interfaced to
several sources that comply with the
ASI-interface specification and
several network connectivity options
are offered. Some of the essential
features that have been included in
the ASI-mux are detailed below:

@ a single unit can carry up to four
TSs;

@ units can be cascaded to provide
an expansion capability that
aggregates up to 16 TSs;

® 140 (CMI), 270 (SDTT), 34 (HDB3)
interfaces;

@ ability to monitor TS sync, RS and
DVB errors;

@ ability to monitor ETR290 TS
parameters;

@ optional insertion of RS FEC to
TS packets;

@ full error performance monitoring
of network transport using cyclic

redundancy checks;

® network and regional ID tagging
for all TSs;

@ input bit-rate policing;

® comprehensive management
interface;

@ built-in protection switching
capability; and

® output ASI stream data re-timing.
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The choice of network interface
rates made ensured flexibility of
network technology choice and the
optimum use of direct fibre routes.
The 140 Mbit/s interface provides for
direct connection to SDH STM1
systems which form the majority of
the network while allowing also for
use of plesiochronous digital hierar-
chy (PDH) links. The 140 Mbit/s CMI
data can also easily be driven
optically over fibre. The 270 Mbit/s
SDTI interface provides the opportu-
nity for a higher capacity of traffic to
be carried over fibre while maintain-
ing compatibility and hence
routability through SDI equipment.

In any system where data has to be
transferred between one party and
another, it is essential that the highest
level of integrity checking can be
performed on the data at that bound-
ary. The analysis carried out by the
ASI-mux focuses on three main areas:

@ the error performance of the data
stream,;

® the primary MPEG TS param-
eters; and

@ the data rate of the TS.

The ability to ensure isolation
between different transport streams
that have to be carried within the same
network transport is essential. Several
tools have been developed to achieve
this aim. The aims of these tools are to
ensure that each TS is delivered to the
correct destination, and that a TS
violating its allocated capacity, does not
affect other services being carried.

Service management

The ability to in-service monitor and
manage the network was an essential
design requirement. Monitoring was
clearly required at all transmitters to
determine the integrity of the output
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signals, and at each studio input to
ensure that the input signals were of
good quality. This was potentially
very expensive in terms of in-service
monitoring equipment. Powerful
monitoring and alarming capabilities
were therefore incorporated within
the basic ASI-mux design. Among the
many parameters the mux is capable
of measuring include:

@ input/output TS presence or loss;
@ incoming TS bit rate;

® ETR 290 layer one and key layer
two parameters;

@ telecommunications link bit error
rate; and

@ errored and severely errored
seconds.

To collect the monitored informa-
tion from the ASI-mux, a BT-designed
intelligent site controller (ISC) is
collocated with each ASI-mux site. The
ISC also has the ability to download
the appropriate site-specific operating
configuration for the ASI-mux. An
overlay primary X.25 and resilient
back-up ISDN network provide a low-
rate data path from every site back to
BT’s broadcast-specific 24-hour 365-
day service management centre (SMC).
The data is filtered and presented to
the SMC personnel as a series of user-
friendly software tools that have been
developed to present prioritised alarms
and aid fault location.

Project scale
The contract required BT to deliver the
network in three phases. For phase 1, a
number of studios had to be connected
to 23 transmitter sites around the UK.
For phase two the remaining studios
and a further 58 transmitter sites had
to be connected up. Finally in phase 3
the remaining transmitter sites would
be brought on line by December 1999.
From the date when the contract
was signed, BT had 6 months in which
to complete phase 1. The network for
phase 1 required that 250 SDH
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schemes were deployed and 250 racks
and associated equipment installed at
122 customer sites and BT nodes. The
SDH schemes required 20 000 km of
fibre, of which 500 km required new
ducting, and three fixed radio systems.
Approximately 1300 ASI-mux have
had to be manufactured, tested and
deployed to the customer sites and BT
nodes, which only weeks before the
contract signing had been at the
prototype stage. All of this presented
BT with a significant challenge to meet
its contractual obligations.

A dedicated project management
team was put in place that represented
all sections of BT. Extensive use of
audio conferencing and the intranet
were made to ensure all involved were
briefed, had the most up-to-date
information and progress monitored.
Project planning also had to take into
account when site access could be
obtained: in a number of cases delivery
of the network could not be completed
until the customer sites had finished
their provision of accommodation.

The network was implemented
with the CNAP side first, to allow
preliminary overall service testing
with no resilience. One month later,
the additional SNAP network was
deployed to allow for full testing of
the service and add full resilience. At
the same time, the service manage-
ment was brought into service.

The introduction of the service
management involved sophisticated
alarm management. The ASI-mux is
capable of producing a considerable
number of alarms per unit of which
there are approximately 1300 in the
network distributed over 122 sites. To
avoid a flood of alarms to the service
management centre (SMC), which
could potentially slow down the speed
of the management system, the ASI-
mux had to perform alarm masking
which needed to be configurable to
allow customised profiles.

IP Services Through DVB

The DVB standard has a data
broadcast specification that can be
applied to protocol encapsulation,

which is the transmission of data
communication protocols, such as IP,
over DVB networks. The DVB
specification is very attractive for
carrying data due its low bit-error
rate, within the payload, of 1x10"*,

The protocol encapsulation method
devised has been optimised for the
transmission of both IPv4 and IPv6.
The encapsulation supports fragmen-
tation of large IP datagrams for
transmission within MPEG-2, private
section payloads. The IP datagrams
can be transmitted to a single receiver
on the DVB network, a group of
receivers or all receivers on the DVB
network; this is equivalent to unicast,
multicast, and broadcast in a conven-
tional IP network. The protocol
encapsulation also supports security,
with encryption of the packets and
MAC address scrambling.

Service opportunities
Recent developments of the Internet
have seen the growth of applications
based on push technology. Push
technology is the process by which
content is broadcast from a server,
and the client end ‘tunes’ in to the
particular channel to receive the
content. The traditional pull ap-
proach is where users, through their
browsers, search for the content they
want and then, when the appropriate
web page is located, request the
content to be transferred from the
server. Push technology is appropri-
ate for use in such applications as
news services that may make use of
audio and video streaming over the
Internet. In many cases, the applica-
tions that utilise push technology
require sustained data rates across
an IP network which, for today’s
public Internet, is difficult to achieve.
DVB networks, especially those
deployed over satellite, offer a
significant opportunity to transport
IP traffic associated with push
applications on the Internet. A
hybrid of traditional public Internet
connectivity with additional [P
traffic via satellite makes for
exciting new services to business
and the home.
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Figure 4—1IP satellite delivery via
DVB-S

Convergence 1 trial

A trial has been underway in the UK
to demonstrate such service opportu-
nities of combining high-speed IP data
delivered by satellite to users of the
Internet today. Convergence 1, a trial
involving Eutelsat, BT and Easynet,
delivers TCP/IP data streams to the
home via DVB-S. Users of the system
make use of a PC, dial-up link to their
Internet service provider (ISP), and
browser to access the system. This
provides connectivity to the World
Wide Web (WWW) to send data
requests. The delivery of TCP/IP data
arrives back from the ISP via a
DVB-S stream delivered by satellite
(Figure 4). Some modification of the
TCP/IP window size is necessary to
accommodate the extended round-trip
delays associated with satellite links.

A user of the service would browse
the Internet as normal to select the
content they wish. When the appro-
priate web page is reached, the data
is delivered back towards the ISP; at
the ISP, it is routed to a satellite
uplink where there is an IP-to-DVB
gateway, and broadcast to the DVB
reception equipment connected to the
PC at home.

The user would benefit from the
high-speed delivery when the ISP has
local content of interest, such as audio
and video content or large files. The
ISP would need to cache content of the
WWW to ensure its users are benefit-
ing from the high-speed data delivery.

The sustained IP data rates
delivered via DVB could easily be
1-2 Mbit/s. Such a data rate makes it
attractive for delivering large files
that would otherwise take hours to
download using normal modem links
to an ISP or for delivering content
such as MPEG-1 video clips.

Conclusions

Digital television has just entered
service at the end of the 20t century.
The stage is set for a new era of
services to the business and home
that can combine the power of
Internet applications with broadcast-
quality audio and video.
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BT has played a major part in the
provision of the UK’s national
terrestrial network for digital
terrestrial television, demonstrating
its capability in designing,
provisioning, and managing such
digital transmission networks.
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Howard Ferguson and Graham Longmate

Managing IT Investment to
Deliver Business Benefit

This article discusses the
evolution of IT and IT
projects and identifies

four guiding principles
that should be taken into
consideration if IT is to
deliver real business
benefit. These principles
are concerned with the
way IT projects are
initiated and managed,
clarity over measuring
benefits at the business
level, how the
organisation builds IT
capability such that new
business opportunities
can be identified and,
finally, how it supports its
users of IT.

138

IT and Business Change

Setting the scene—IT can do
anything
In today’s competitive world the
effective use of information technol-
ogy (IT) as an embedded element of
competitive business strategy is
critical. IT has the capability to
change whole industries and, with
the advent of the Internet, it even
has the capability to change social
behaviour with more and more
products being purchased via the
Internet. The Internet is becoming a
primary channel for delivering
applications, finding information
and even for conducting business.
However, the IT industry has an
alarming number of projects that
fail to deliver and some projects may
even be abandoned completely after
enormous wasted expenditure. The
challenge facing IT managers is to
ensure that the projects for which
they are responsible are successful,
and that this success is recognised
and measured as a key and integral
part of the overall business strategy.
The technology is there, unit costs
for computing are falling, and
today’s software almost guarantees
success—or does it? In some cases a
project that is a complete technical
success runs into problems when
deployed, often as a result of failure
to ensure that the business em-
braces the new system. The project
then inevitably fails to deliver any
significant benefit. Problems may
develop in subtle ways; today a
common complaint is information
overload brought about by the
success of e-mail. There is no doubt
that e-mail is very effective at
moving messages around an organi-

sation, but has it really improved
the responsiveness of the organisa-
tion? Are people in the organisation
better informed than they were
before widespread usage of e-mail?

The key consideration is what
benefit does IT bring to the business,
and related to this is the question of
specific importance to the IT
managers: is this benefit visible to
the senior management of the
company? In many companies IT,
budgets are under severe pressure
and the perception of the business
may be that IT is poor value for
money or, even worse, the perception
might be that IT fails to deliver. The
perception may or may not be
correct, but the key point is that
benefits need to be measured in the
business context. This is easy to say
and can be very difficult to do
because the nature of today’s IT
projects is to do with business
transformation, and the role of IT is
to support such a transformation.
However, if IT is planned as an
integral part of the wider business
transformation, the measurement of
benefit and the allocation of a
component of this to the IT can be
very much simplified. The key
measurement is the success or
otherwise of the transformation,
with IT being positioned as one of
the enablers of this change. The
challenge for the IT manager is then
to play a full role in engaging and
working with the business sponsors,
thus bringing IT into the transfor-
mation project and then delivering
the IT components on time. These IT
components will be highly visible to
the organisation, which will then in
turn bring IT costs into the context
of the overall business benefits of
the business transformation.
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Figure 1— Evolution of IT projects

The four guiding principles
for managing IT

We have already discussed the need
for IT to be seen as an integrated
part of managing a business and that
it is critical to measure business
benefit from projects. This forms the
basis for the first two of the four
guiding principles for managing IT.
In order to achieve the level of
integration between business
strategy and [T, it is essential that:

® IT is driven by business manag-
ers (literate in IT) and not by IT
managers.

Having set the first of the guiding
principles the second flows natu-
rally:

® The benefit of projects should be
measured in business terms with
the relationship between the IT
deliverables and the business
transformation built into the
overall project.

The other two guiding principles
relate to the way in which the
organisation is developed to both
foster innovation, generate wide-
spread awareness of IT and what
can be achieved with today’s IT. In
order to raise awareness of IT and
the opportunities that it offers, there
must be a broad base of IT aware-
ness throughout the business. A
good way to achieve this is to:

® embed IT capability into the
business, and have IT people
reporting into the line on all
business change projects. (The
third guiding principle.)

Finally, having deployed new IT
systems it is essential that users
have been well trained and are
subsequently well supported, thus
the fourth of the guiding principles
is:

® Derive maximum benefit from IT
by providing users with world-
class support services.
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Figure 2—Business model

IT Driven By Business
Managers

IT has evolved in a cumulative way
such that each era of projects builds
on the previous era. The result is
that the complexity and interde-
pendency of projects increase. The
evolution is summarised in Figure 1.
Initial projects automated manual
processes such as calculating pay.
There were few interdependencies
and the systems were designed as
copies of manual processes. In the
next era the objective of the systems
was automation and these operated
across a function. Good examples
were early airline reservation
systems and manufacturing resource
planning (MRP) systems in a
manufacturing environment. The
world has now moved on, and the
major IT projects of today are about
business transformation. These
projects may have an impact across
a whole industry and will certainly
have a major impact across a
company. This is shown by the model
in Figure 2, which shows that the
dynamics of a company are based on
the interplay between the organisa-
tion, its processes, people, business
strategy and IT systems. A signifi-
cant change to one has an impact on
the rest and in the case of a business
transformation all are affected. The
change could (theoretically) origi-
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nate in any of the components; for
example, a change starting in
business strategy will have an
impact on people, processes and
systems, while a major change to
systems will have an impact on
people and organisation, and may
then create opportunities for a new
business strategy.

However, a common factor in most
examples of highly successful business
transformations is that they are
driven by the business (business
strategy) with an input from other
components such as IT. In the case of
IT the input is often related to the
capability (that is, what is possible
using IT)—while it is then the
‘business’ that recognises the opportu-
nity created and turns it into a
business proposition. Wherever the
change originates, IT has a critical
role, and for this reason IT must be
driven by business managers and not
by IT itself.

Measure Business Benefit,
Not IT Deliverables

The second guiding principle
(measure benefits in business terms)
is described by looking at a project
to deploy knowledge management as
a case study.

In BT Global Business Markets
(GBM) there is a need to compete
with the world’s leading telecom-
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Figure 3—Guiding principle 2: Measure business benefit, not IT deliverables

munications companies and to serve
the world’s most successful compa-
nies. In order to maintain a highly
competitive position in this market-
place, a number of strategic initia-
tives were set up to transform the
way that GBM works; one of these
strategic initiatives was concerned
with how the organisation learns
and uses its collective knowledge.
The project is using knowledge
management and it is one of a
group of projects under an overall
transformation project called A
Great Place to Work. 1t is business
led, but it has IT people on the
project team. A summary of the
project is shown in Figure 3. While
the project is dependent on IT for
the solution, the objectives of the
project are much broader, and
success will be measured at the
business level in terms of improving
the time to market for new products
and market share achieved. The
initial measures of success will be
concerned with the quality of
information and, more importantly,
the extent to which it is used. This
example shows the need for project
success to be measured in business
terms. The IT component of the
project is relatively simple and
deploying the IT on time is only a
very small part of the project; the
hard part will certainly be in
getting the behavioural change into
the whole organisation, hence level
of usage is the key early measure.

Embed IT Capability into
the Business

Building on the above example of
the knowledge management project,
the same project is used to provide
the framework for describing the
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third guiding principle (embed IT
capability into the business).

In the knowledge management
project the key question is ‘Where
did the idea for the project come
from? The linkage between IT and
what it can do for the business and
business managers seeing new
opportunities is critical to success.
Opportunities for automation were
easy to identify in the first era of IT
but it becomes much more difficult
to identify business transformation
opportunities, even though there
may well be many more of them. In
order to identify such opportunities
a broad knowledge of the business
and of the industry in which it
operates is required; however, many
of the opportunities only arise
because of the capability of IT. For
that reason it is essential to embed
IT people into the business so that
they can help to identify opportuni-
ties and raise awareness of IT. In the
knowledge management project the
vision was that the organisation
could share its collective knowledge.
Turning this into a practical propo-
sition then needed a major contribu-
tion from IT people, who also needed
to be aware of the overall ambition
of the project. The essential ingredi-
ent for success was the setting up of
a team comprising business vision-
aries, people who would use the
system, and IT people.

The big gains are to be had by
exploiting the technology exponential
shown in Figure 4; new business
successes emerge at each stage of
the evolution of technology (cost
performance and interconnectivity),
which has progressed at an exponen-
tial rate. In the technology exponen-
tial it is not only the power of
computing that has increased
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PCAND WINDOWS
—MICROSOFT

TECHNOLOGY

MINI/DISTRIBUTED
—UNIX

MAINFRAME

TIME
Figure 4—The technology exponential

exponentially, but also the ease with
which new applications can be
developed and the scope of these
systems. In order that this is
exploited to the full there needs to
be rapid sharing of ideas, a common
understanding of the business
challenges and of the opportunities
presented by IT. This needs to be
assimilated into an environment of
innovation and creativity. Today’s
computing products put considerable
power to develop new systems into
the hands of IT-oriented users who,
if then closely supported by comput-
ing professionals, are able to develop
systems of considerable complexity.
This process has been used exten-
sively within GBM, and from it have
arisen a number of very successful
new systems that have subsequently
been deployed across the whole of
GBM.

Thus real benefit has been
derived from embedded IT people.
This has included contribution from
IT to new business improvement
initiatives, creation of new applica-
tions and a wider more general
increase in the level of IT-based
innovation.

Derive Maximum Benefit
from IT by Providing Users
with World-Class Support
The full potential benefit from IT can
be delivered only when everybody is
using it correctly, and this requires
competence and confidence that can
only be built up over time. In order for
this to occur and to prevent wide-
spread blocking of IT initiatives it is
essential that users are well sup-
ported. This is especially difficult to
achieve if you are dealing with a
mobile workforce, and it is even more
difficult with knowledge workers
because many of them do not have an
opportunity to learn by ‘buddying up'.
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In the case of GBM the approach has
been to use a value-add help-desk
service (the Global Front Office
(GFO)). However, the way this service
is managed is that it follows the same
value-add principles outlined in this
article. The objectives of the service
are setout in Figure 5, and the service
has evolved rapidly over its 18 months
of operation so that it is now a part of
the overall business transformation
model of GBM. Fixing faults is a low-
value service; the real objective is to
provide reliable IT service and to
support business change programmes.

The key to continued success for
the GFO has been the relationship
established with the user commu-
nity through its service ethos and
ability to resolve 80% of user queries
on-line. This relationship has now
positioned the GFO as a respected
source of information and there is
ready acceptance that the team can
contribute on a wider basis than
simply providing help-desk services.

The work of the GFO is now in its
second phase of evolution. The first
introduced a number of administra-
tive services, many of which are now
being automated, and the GFO is
becoming, under the second phase
evolution, a key support organisation
for more general matters associated
with the business transformation
projects. It is this latter area of work
that is high value. It is where the
service has migrated as success has
been achieved through improving both
the reliability of IT and the knowledge
of users by on-line training.

Conclusions

The approach described is based on
the authors’ practical experience in
transforming the relationship
between Global Business Markets
and the IT community. The four
guiding principles are simple but
effective. In the first stage of the
transformation the author had line
reporting to the BT Director IS and
matrix reporting to Director Global
Business Markets. During the first
part of this period the author
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OR
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IMPROVE RELIABILITY OF IT
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MANAGE ITINVENTORY
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Figure 5—Guiding principle 4

owned, on behalf of GBM, a strate-
gic initiative to improve IT. While
this did not fit with the first of the
guiding principles it did establish
the relationships around which the
overall strategy was then devel-
oped. On completion of the IT
Strategic Initiative the next step
was to embed an IT person on to
each of the new initiatives and from
this we have seen success grow. One
of the key benefits is that we are
now seeing a new wave of innova-
tive ideas emerging from the close
working between business manag-
ers and IT. One area in particular
where a large number of new ideas
have arisen is in the use of multi-
media where GBM has developed
extensive practical experience in
less than six months.

More recently, and as a result of
the success generated through
adoption of the principles described,
the author now has line reporting to
Director Global Business Markets and
matrix reporting into Director IS.

The approach has resulted in a
culture of partnership between the
business and IT people, and from
this there has been a very much
more responsive approach from IT
teams with a much higher level of IT
awareness within the business
teams. This in turn has led directly
to many new business ideas and a
major IT contribution to the busi-
ness transformation projects.

The use of the four guiding
principles is simple but effective
and, while the order of their full
implementation may need to vary
slightly depending on the current
management framework, their use
for managing IT is highly recom-
mended.
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David Freestone, Jonathan Mitchener, Alan Pengelly and Andy Childerhouse

Extending the Boundaries of

E-Business

Transforming Back-Office Operations Between
Telecommunications Operators

Most examples of
e-business automate
standard commercial
processes. While these
applications undoubtedly
bring business benefit,
there are many specialist
operational processes
which are specific to
telecommunications and
which would also benefit
from end-to-end
automation. BT has
recently conducted a trial
for the wholesale carrier
business, focused initially
on back office operations
between operators. This
article explains the
technical vision and
approach towards end-to-
end e-business. It describes

the trial and its results.
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Introduction

E-business is becoming common-
place for retail user interfaces—
consumers can buy goods and
services through web front ends and
companies are ‘web-enabling’ their
direct customer processes at a rapid
rate—in telecommunications
companies as much as other indus-
tries (for example, the BT web page
for altering discount telephone
numbers'). However web-enablement
is by no means the whole of
e-business. It is only an early, partial
example. E-business also includes
end-to-end support for industry-
specific processes—and networking
with suppliers, partners and dealers
as well as end customers. It is still
the early days of end-to-end
e-business and there are still issues
to be worked through. However,
some industries have already moved
ahead.

At BT Adastral Park a pro-
gramme of work is pursuing the goal
of end-to-end e-business for telecom-
munications businesses—and
particularly for supporting business
operations when services involve
multiple organisations (for example,
for geographical or product-related
reasons). As part of this work, BT
recently conducted a trial for the
wholesale carrier business to
investigate the benefits of end-to-
end e-business for operational
processes. The trial deployed a
community-of-interest network
(CoIN) for data and processing in
back-office operations. It focused
initially on operations between

operators, covering pre-order
forecasts for interconnect, traffic
forecasts and customer contact
details. It also quickly generated a
list of further processes it would be
desirable to add.

This trial was the first step in a
research and development vision to
overhaul the entire approach to
business process support and the
associated operational support
systems. The aims are to reduce
costs for operators and customers
alike, to improve the service deliv-
ered from the processes, and to
improve their adaptability. There
are a number of different principles
in this work. The two most relevant
to this early trial were ‘allocation of
responsibility’ and ‘dispersal of data
and processing’. Both of these rely
on distributed systems (especially
Internet-related technologies) for
their design and implementation.

These principles are radically
different from traditional ways of
designing and building operational
support systems (OSSs), which are
usually centralised systems. The
telco traditionally guards its control
of the processes—and bears total
responsibility for the costs. Disper-
sal goes beyond the current trend for
granting direct customer access to
systems parameters (for example,
telephone numbers for bill dis-
counts) by web-enablement or other
technologies (for example, voice
recognition) which are still only
extra access methods to a system
run entirely by the telco. Instead,
dispersal moves towards greater
partnership in carrying out business
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processes—and it is particularly
relevant for multi-organisation
enterprises.

The remainder of this article
outlines the rationale for extending
the boundaries of e-business,
explains the technical approach for
this work, describes the CarrierNet
trial and its results, and discusses
the implications for other multi-
organisation processes in telecom-
munications operations.

The Case for End-to-End
E-Business

End-to-end e-business is an objective
for many industries, not just telecom-
munications. In fact, some of the
examples of leadership in this field
are from completely different indus-
tries, which have used the approach
to improve their competitive position
by reducing costs and improving the
way they handle customer relations.
One such example, where informa-
tion is available in the public
domain?, is Marshall Industries—one
of the four main distributors of
electronic components in the United
States.

There is intense competition in
the American electronic distribu-
tion industry—over 1500 companies
and rapidly decreasing margins. In
1991, Marshall radically re-thought
the way it wanted to do business for
the new market conditions—and
then completely re-constructed its
processes, people skills, systems
and technology over the course of
six years. As a result it has signifi-
cantly out-performed other compa-
nies in the sector. For example, the
company doubled its turnover
during the six years (to $1-2 billion
in 1997) at the same time as
reducing its headcount—against

MARSHALLNET

R INTRANET

the industry trend. This result,
with many others, is described in
reference 2.

To achieve these results,
Marshall innovated customer service
activities and invested strongly in
state-of-the-art technology to push
out the bounds of customer service
and to simplify internal processes.
The company information, offered
customer self-service, and provided
24-hour support via all customer
channels.

The technology deployed to
achieve all this was Internet proto-
col (IP) based. Figure 1 illustrates
the strategy. Marshall’s networked
its business internally on an
intranet, enhanced with bespoke
applications geared specifically to its
business, and gave secure remote
access to field staff. The final step
was to network the business with its
partners—suppliers, dealers and
joint ventures—over an extranet.

Marshall is just one example of
the deployment of end-to-end
e-business. There are others also in
the public domain; for example, the
US Automotive Network Exchange?,
which has also demonstrated
significant benefit for the organisa-
tions involved.

The business pressures on
telecommunications operators are
similar to those in those two indus-
tries. For example, customers
(particularly business customers)
are increasingly seeking
customisation in the way business is
done with them, and flexibility to
adapt business processes to their
requirements. Also, the rate of new
product launches is increasing, so
operators need more-effective faster
ways of building relationships with
customers. The comparison is
particularly relevant where opera-
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Figure 1—Marsheall’s e-business
strategy

tors are working together to serve
customers—in a supply chain or in a
peer-partnership. There is the same
opportunity to innovate and take a
lead in the industry, and the technol-
ogy is becoming ever more cost-
effective.

Technical Vision

Responsibility and dispersal
Two key design principles for the BT
work were ‘allocation of responsibil-
ity’ and ‘dispersal of data and
processing’. The work reported in this
article has applied these principles to
communities of interest in the United
Kingdom carrier business. However,
the principles apply to broader
communities of interest—for exam-
ple, supply chains—and can include
end customers as individuals or
organisations within the communi-
ties.

Dispersal means decentralisation
of responsibility, business processes,
information and systems. For exam-
ple, it could include physically locating
parts of the data or processing
functionality on another organisa-
tion’s system (even a customer’s
system) where that is the more logical
or business-efficient place to do so.
Organisations doing e-business in this
way share responsibility for the end-
to-end processes between their
organisations, and share selective
access to each other’s systems to read
data from them as needed.

Dispersing responsibilities and
allocating them appropriately
removes unnecessary process steps
(for example, steps to check the
changes made by another organisa-
tion have been made correctly) and
so reduces costs for everyone. At the
same time it improves the quality of
operational support by eliminating
whole classes of problems, and
requiring less operational support to
be done within the service provider.

Dispersed data and processes are
a major enabler for doing cost-
effective e-business between organi-
sations over ColNs. It encourages:
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® customer empowerment. enabling
customers (including internal
customers in a supply chain) to
configure their own service
parameters and support options,
and giving them responsibility for
appropriate data and process
steps;

® customisation: tailoring standard
business processes for particular
customers or supply organisa-
tions, offering service differentia-
tion;

® end-to-end process automation
between organisations: with
human intervention only for
complex process steps, exception
handling, or for a specific cus-
tomer;

® single truth: only one instance of
information shared between
organisations, to eliminate costs
of replication and replication-
related failures; and

® minimal support systems: a
significant reduction in function-
ality needed on centralised, back-
end systems.

The combined effect of all these
effects is to enable closer business
relationships with customers and
suppliers.

Provisioning, fault reporting/
management, charging/billing are
all examples of where a dispersed
customisable support infrastructure
could support better more-flexible
operational support processes across
communities of interest.

Obviously different degrees of
dispersal are possible, and a certain
amount of dispersal is already
implemented (for example, SIM
cards in mobile telephones disperse
some responsibility, data and
process to the user or customer, but
in a limited way). A distributed
systems architecture is the optimal
platform for fully dispersed opera-
tional support, but there are many
opportunities to begin a dispersed
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approach with current operational
support systems. Also, the dispersal
of support functions is not necessar-
ily appropriate in all circumstances
and it can be targeted at specific
cases where it may be most benefi-
cial.

While some customer aspects
(such as customisation and flexibil-
ity) are made easier by dispersing
operational support processes, it
might be felt that some corporate
management aspects could be made
more difficult (for example, aggrega-
tion of operational statistics). In
fact, this is just a case of design
priorities. Just as one would not
design a centralised system without
non-functional requirements or
error handling, one should not
design dispersed systems without
regard for house-keeping or manage-
ment information gathering require-
ments.

Enterprise Modelling
The business model supported by
dispersed operational support,
together with information sharing
and collaborative e-business applica-
tions, is a truly radical change
compared to the customer-supplier
type relationships that are common-
place today. For example, it requires
sharing direct access to each other’s
business information (and, depend-
ing on implementation, possibly
even to back-end business systems),
dynamically and on-demand.
Enterprise modelling provides a
formal means to reason about such
changes. An enterprise modelling
analysis was carried out and
underpinned the carrier prototype
and trial. The methodology following
concentrates on the business
responsibilities associated with the
roles of the parties involved in
providing service. The analysis and
exploration of these roles and
responsibilities can then lead to a
more appropriate design for the
systems that support an organisa-
tion’s business goals. It also provides
a stronger basis on which to decide
the commercial arrangements for

doing business in this revised way.
The work described in this article
used enterprise modelling based on
the methodology of Martin &
Dobson*.

Bringing technologies
together

Extended e-business with dispersed
responsibilities, data and processes
can be built because of the availabil-
ity of Internet and collaborative
working technologies.

Internet technology

Within organisations, it is becoming
commonplace for organisations to
base their internal processes on an
intranet. An extranet capitalises on
this by allowing secure links to be
made between different organisa-
tion’s intranets (network layer
infrastructure). The benefits of the
intranet can then be exploited
between organisations doing busi-
ness with each other, forming a
CoIN (an application layer infra-
structure) over which the organisa-
tions share information and
business processes.

Extending access to systems by
networking techniques is not new.
However, a number of desirable
aspects of the Internet and World
Wide Web’s success are preserved by
the specific use of extranets:

® The non-proprietary nature of the
network makes the interconnec-
tion of various organisations
easier. The open standards
encouraged by the Internet
provide an ideal basis for intercon-
nection. The extranet approach
also inherently means that
existing intranet investments can
be sweated for more benefit. This
reuse of corporate infrastructure
in each organisation is very
desirable from a cost perspective.

® The sheer abundance of Internet/
intranet/extranet interfaces in
products both at the client front-
end and the database back-end
helps to de-risk extranet-based
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Figure 2—Phases of collaborative working

business support infrastructure
against future changes in tech-
nology.

@ Associated platform-independent
technologies such as mobile code
(for example, Java) and network
computing® make the develop-
ment of truly distributed busi-
ness support infrastructure
across an extranet an easier
proposition.

Collaborative working technology
The same extranet IP-based infra-
structure used to build the ColN,
share e-business processes and
provide workflow support can also
run distributed applications which
support managed information
sharing and dispersed responsibili-
ties. Applications are also available
for conferencing and collaborative
working on documents etc, as shown
in Figure 2.

CarrierNet Trial

Putting theory into practice
The technical vision presented
provides a tantalising glimpse of
how things could be in the not-too-
distant future. Much of the vision
can be built with off-the-shelf
technology, so an early technology
trial was desirable, The UK carrier
business was chosen for this trial
because it involves sophisticated
back-office operations, because
commercial transactions for inter-
connect necessarily involve coopera-
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Figure 3—CarrierNet trial configuration

tive interactions, and because there
was a desire by most operators,
including BT, to automate processes.
The primary element of the
carrier business is interconnect, and
the key commodity of the carrier
business is capacity. Operators have
to forecast their likely requirements,
while the carrier has to ensure that
sufficient capacity exists within the
carrier network to ensure that the
operators’ requirements are met.
The general vision, along with
the proposal for a technology trial,
was presented to an industry-wide
forum. It was agreed that a trial
should take place so that the UK
interconnect industry as a whole
could ascertain the benefits. A trial
was established, which ran from
September 1998 until the end of
February 1999, and which imple-
mented selected elements of the
technical vision. The primary aim of
the trial was to test the general
principles, including the concept,
business culture and technology of a
CoIN. The operators who took part,
along with BT, were Cable &
Wireless Communications (CWC),
NTL, Orange and Scottish Telecom.

System design

The service deployed during the
trial was branded as CarrierNet and
its configuration, based around a
hub server for shared information in
a demilitarised zone, is outlined in
Figure 3. The demilitarised zone lay
outside the firewalls of all the
triallists and was managed by a
third-party organisation (in this
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case the Internet and Multimedia
business of BT, run entirely sepa-
rately from the main network
business). This design was chosen
since a hub is a natural place for
truly shared data, particularly in
the early stages, when security
issues prevent direct access between
different operators’ back-end
systems. It also emphasises that the
processes are symmetric—designed
to be applicable to any operator
supplying any other operator.

There were security controls at
both network and application levels.
At the network level, there was a
firewall around the shared server
and secure access links. (The
intention had been to use a mixture
of dedicated links, dial-up links and
encrypted Internet links for differ-
ent transaction profiles, but, for
various reasons, only the dial-up
links were actually deployed during
the trial.). At the application layer,
the data was deliberately parti-
tioned (as part of the design)
between organisations, according to
responsibilities and access rights.
Each partition was stored on the
server with password protection and
with access authorisation controlled
by the partition owners.

The trial used a BT product,
Intranet Complete®, to provide the
extranet on which the CoIN oper-
ated. Microsoft Exchange” and
Microsoft Outlook® were used to
support the end-to-end processes
(workflow), using Visual Basic
scripts over the Outlook directory
structure. The choice of technology
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was a balanced judgement for the
purposes of the trial. The two main
options were groupware-based
solutions or browser-based solutions,
with supplier choices within each.
The choice made was primarily
based on availability, cost, and the
effort required to develop process
support application software.

Applications and processes
Processes deployed in the trial were
related to key information about
customer requirements: pre-order
forecasting, traffic forecasting and
contact details. In the trial, the
processes involved BT supplying
capacity to other triallists. However,
they were designed to be symmetric;
that is, the same processes would
work (in the opposite direction) for
BT buying capacity from another
operator, or for any two other opera-
tors doing interconnects.

Each process was chosen to
exercise a particular part of the
vision. For example, the document
containing key contact information
for both BT and the other operator
has traditionally been the responsi-
bility of BT. This means any changes
have to be made by BT. It would be
far more sensible if operators could
change their own details. So, in the
trial, this was redesigned to be a
truly shared document—the opera-
tor had read-and-write access to its
information but read-only access to
BT information, and vice versa.

The traffic forecast (TF), an annual
forecast of expected capacity require-
ments prepared by the operator, and
the advanced capacity order (ACO), a
quarterly capacity forecast, were
examples of supporting and automat-
ing shared processes between organi-
sations. These processes involve data
submission and validation, negotia-
tion (between organisations and
between internal business units),
agreement and approval.

Trial results

To evaluate the trial, metrics on
usage and system performance were
collected automatically. In addition,

146

questionnaires were used to gather
feedback about business benefits and
the user experience of the system and
approach. The main results of the
trial were qualitative rather than
quantitative, because the processes
used in the trial were low volume
(though high value), so the number of
process runs was relatively low.
However, the Goal-Question-Metric
methodology® was used to try to
assess the trial and the approach
against the objectives. Some of the
key results are outlined here.

Results of the CoIN approach
The use of CoINs to support inter-
organisation processes generated
considerable enthusiasm. This
enthusiasm operated both at the level
of detailed support processes, and at
the level of the changed dynamics of
interworking between organisations
through a greater degree of partner-
ship and collaboration.

Trial participants frequently came
up with ideas for new uses of the
infrastructure, to reduce manual
intervention or cross-correlate
processes to enable enhanced service
(for example, correlating advanced
capacity orders with actual orders).
The trial itself acted as a catalyst for
these ideas. The ColIN approach, with
its notions of dispersed responsibili-
ties, data and processes, contains
some subtleties that only gradually
become clear with detailed under-
standing, and so many good ideas
came up only when participants were
involved at a detailed level.

Results about technology
Heterogeneity in the desktop equip-
ment of the triallists proved to be
much greater than expected, and
considerable effort had to be expended
resolving individual compatibility
issues. Some triallists did not use
Microsoft desktop software at all and
even those that did had significant
variations in the version and patch
levels they were using, which led to
interworking problems with the hub
server. Similar degrees of heterogene-
ity are likely to be present in other

communities of interest, so it is
important to design for that. Interest-
ingly, a browser-based approach,
which might be thought to be more
ubiquitous, would also have led to
incompatibility problems: not every
organisation allows browsers on
desktops, and there may still have
been potential product and version
variations.

Benefits and productisation

The volume of transactions in the
trial did not allow business benefits
to be reliably quantified. However,
the qualitative feedback from the
triallists was informative, and mainly
positive. They were unanimous in
their praise for single-truth shared
data, to reduce the problems and
costs from multiple copies. They
recognised definite operational
efficiencies even from the trial—
however, the efficiency gains from the
trial processes alone were limited,
and significant improvements would
need many more processes running
over the CoIN, including high-volume
processes. The triallists also sup-
ported the cross-correlation of
processes and automating specialist
processes. On the other hand, the
problems with the trial’s technical
infrastructure had hampered
triallists’ ability and eagerness to
exercise the trial system fully.

The results from the CarrierNet
trial are encouraging and they show
how the business benefits from
extended e-business partnerships
can begin to be realised. As a result
of the work described here, a
product based on CarrierNet has
been announced by BT to the UK
carrier community. The technology
choices for the product have been
modified based on the experiences of
the trial, and higher volume proc-
esses are planned for inclusion.

Towards the Future

There is a significant body of opinion
that the organisations which will
prosper in future will be those who
understand and work most closely
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with their customers and suppliers.
A natural conclusion from this is
that leading companies will change
the way they interact with others, to
the point where they regard each
other as partners. In true partner-
ships, they will share information
and work cooperatively and collabo-
ratively at all levels of operation.

The work described in this article
has begun to extend the scope of
e-business, applying CoINs to back-
office business processes between
telecommunications organisations,
an area which has not traditionally
been designed that way. The
CarrierNet trial was an early
implementation of the approach.
Technically, it showed that
e-business can be extended to
specialist processes while still using
off-the-shelf technology, and can
produce a range of significant
business benefits.

The work was always intended to
be more widely applicable than just
the wholesale carrier business. In
particular, it is applicable to busi-
ness operations between operators
working together to service custom-
ers as a supply chain or as a part-
nership. The use of CoIN designs
can be applied to joint provisioning
data and processes, joint fault
handling data and processes, direct
customer contact data and processes
and many other areas of business.

The technology to enable wide-
spread adoption of this approach is
becoming available now and is
continuing to develop; for example,
directory-enablement. This means
that the time is right to re-assess
the way we do business when
operating in supply chains or
partnerships. There are still techni-
cal issues to resolve; for example,
how to support very large-scale
operations, and how to disperse
management of the CoIN infrastruc-
ture itself. Questions like these are
being addressed in the continuing
programme at BT Adastral Park.
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Advanced Global Electronic

The BT Alliance has one of
the most challenging
electronic messaging

environments in the world.

With members located in

every time zone, and with a

blend of massive local and

global business activities,
effective internal
communication within the
Alliance takes on vital
importance. This article
describes the business
environment, specification,
design, and implementation
of a sophisticated new
global electronic messaging
infrastructure for the

Alliance. The new service is

a Concert commercial
product operated by
Telenor in Norway. This is
the largest global internal
IT infrastructure change
yet undertaken across the

Alliance.

Messaging

Introduction—Value of
E-Mail to the Alliance

Within a few short years electronic
messaging has become the lifeblood
of the BT Alliance. From its origins
as a tool that was used primarily by
the engineering and IT communi-
ties to communicate with each
other, it has become essential to
everyone’s job—from a receptionist
to a chief executive. It is now as
valuable as voice communication
and has replaced large proportions
of postal services and fax. When it
works well, it brings enormous
benefits of speed, information
transfer, and accessibility. But
having become so popular and so
valuable, if it does not work well
the Alliance’s core business is
immediately and directly affected.

The Alliance’s internal e-mail
infrastructure sprang largely from
the rapid deployment of Microsoft
(MS) Mail around the world. Our
MS Mail domain became the largest
in the world, and stretched the
product far beyond its limits.
Microsoft recommended that no
more than 20 Post Offices were
interconnected—the Alliance had
approximately 700.

At the beginning of 1999,

approximately 760 000 messages per

month were being sent between
Alliance members. This figure
excludes messages sent within any
of the Alliance members’ own
domains, or to the public Internet
and X.400 domains.

Drivers For Change

The nature and scale of BT and the

Alliance’s international interests
have changed significantly since the
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MS Mail infrastructure evolved.
During 1998, several compelling
reasons to totally reassess global
messaging and directory infrastruc-
ture emerged, leading to wholesale
realignment with the Alliance’s
international business operations:

® The existing MS Mail infrastruc-
ture had become obsolete, no
longer meeting user nor adminis-
trator requirements. In particu-
lar, directory synchronisation
globally had become extremely
fragile. Most Alliance members
wished Lo move to modern
products (particularly MS
Exchange Server) but could not
do so without risking their
connectivity to the rest of the
Alliance.

® Business demanded improved
communication with customers,
suppliers and business partners.

® Alliance members demanded
service that differed to that
provided to BT UK users, and
which took into account their
particular local environments.

® Lower-cost better-value messag-
ing services were required.

® Increased local autonomy and
control was sought as Alliance
members became larger inde-
pendent companies.

® Increased flexibility to adapt
quickly to business change was
required.

@ Alliance members wanted to
make greater use of local simple
message transfer protocol

149



ALLIANGCE ENGINEERING SYMPOSIUM 1999

Figure 1—Alliance messaging
environment

(SMTP) and X.400 gateways for
external messaging.

BT Worldwide formed a consor-
tium with Alliance members and
together they established a pro-
gramme to establish and implement
international messaging and
directory strategy.

The Market

Corporate messaging
products

Only four years ago the market was
dominated by simple products: usually
16-bit, DOS-based, and using crude
flat-file storage of data. Leading
products were MS Mail (which as
‘Network Courier’ Microsoft had
purchased from a Canadian software
house) and Lotus cc:mail. These
products were designed for use in a
limited local area network (LAN)
environment and not for use by large
enterprises across wide area net-
works (WANS). Lotus Notes had
achieved some notable success but as
a groupware platform rather than for
e-mail alone.

Three years ago, Microsoft
launched Exchange Server with two
purposes: as a messaging replacement
for MS Mail, and as a groupware
competitor to Lotus Notes. Based on a
relational database and running on
the NT Server operating system, it
offered increased flexibility, reliability,
functionality and security, while
offering superior administration
facilities. It also promised organisa-
tions potentially lower operating costs.
Although earlier versions earned a
reputation for non-scalability and poor
industry-standard integration, it has
now replaced MS Mail as the world’s
most popular corporate messaging
product. However, as intranet technol-
ogy has developed, so the potential use
of Exchange as a groupware/workflow
platform has become less attractive.

The massive rise of the Internet
for business communication and the
commercial world’s acceptance of
SMTP as ‘dependable enough’
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(despite quality-of-service issues) has
meant that no corporate messaging
product can afford to neglect integra-
tion with the Internet. Similarly,
although X.400 is not directly as
popular with users, it is a standard
widely used for interconnection that
allows vendors to avoid proprietary
gateways between rival products.

Message switching and
directory services products
From a background of public X.400
switching, a market has emerged to
address the interconnection of
multiple domains and multiple
products. The market segment is
dominated by products from compa-
nies such as Worldtalk, Control Data
Systems, and ISOCOR. Their
products are designed to enable a
large complex organisation to
integrate their various communities
usually using industry standards
such as X.400 for message transfer
and X.500 for directory services.
Costs can be very high with such
products and they frequently
operate as part of an overall service
by a specialist supplier that can
achieve economies of scale, rather
than operated in-house by the user-
organisation.

Some of the corporate messaging
products (see above) attempt to
address this market too, but usually
find themselves compelled to modify
industry standards to give their own
products an ‘edge’ over their rivals.

The Alliance Environment

Some large organisations operating
on a global scale (such as Ford,
Unilever, or IBM) are able to ensure
a relatively simple, homogenous
messaging environment through

INTERNET
INTERNET

exercising central IT design and
operations control. However, mem-
bers of the Alliance have full control
of their own IT strategy and natu-
rally wish to deploy messaging
infrastructure which is best suited
to their local situation. This means
that any solution offering effective
messaging and directory services
across the Alliance must be
extremely flexible and must be able
to integrate widely differing local
environments. It also requires
Alliance members’ IT people to
collaborate on a global scale.
Alliance members quite rightly
demanded that control of any
replacement for the global MS Mail
infrastructure was specified, chosen
and deployed in a way that they
controlled —not in a centralist
fashion that imposed unreasonable
working practices or that restricted
their ability to progress their own
domestic messaging strategy.

Product and Design

Concert Integrated
Messaging (CIM)

The heart of the new worldwide
messaging service chosen by the
Alliance is Concert Integrated
Messaging (CIM) v1.5. This is a
recent Concert commercial service
that is in fact operated by Telenor
AS from a mountain installation in
Bergen, Norway, using Control Data
Systems (CDS) products.

Although not the prime consid-
eration during the product selection
process, the Alliance’s own internal
use of a Concert product is
extremely valuable. The cliché of
‘use what we sell, sell what we use’
is applicable. As an extremely
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demanding user in its own right, the
Alliance is well placed to influence
the product development too, so that
it continues to meet the require-
ments of complex global customers.

Alliance members’ corporate
messaging systems

Most of the members of the overall
Alliance mail domain have moved to
MS Exchange Server and have a
native Exchange connection to a
bridgehead server to CIM. A few are
implementing other products (for
example, Lotus Notes) and will
connect to CIM either as native
Notes or as X.400 if appropriate.
Many have local SMTP gateways,
often using their own-brand domes-
tic Internet services to do so.

Integration with BT UK

BT UK had a large mixed MS
Exchange and MS Mail domain
using Worldtalk and Hewlett-
Packard products to provide an
X.400 messaging backbone. It
operates an X500 directory fed from
its Human Resources systems. The
Alliance’s CIM-based service
exchanges directories and messages
(using X.400) with the BT UK
service so that all users in all
connected countries are able to find
each other in their local address
books.

Internet and public X.400
messaging

CIM also provides central gateways
for SMTP to the Internet and a
public X.400 service for those
Alliance members who do not use
local gateways from their own
corporate system. The SMTP
addresses provided from the central
gateway can be configured with a
local format so that recipients are
unaware that messages do not
originate directly from the Alliance
member country.

Internal network

The BT global WAN (GWAN) is used
to connect Alliance members to the
CIM host in Bergen, and to connect

the CIM host to the BT UK mail
domain. The GWAN is part of the
PiperNet private integrated data/
voice/video network. PiperNet
consists mainly of a combination of
Concert Managed Bandwidth
Service (CMBS), Concert Frame
Relay Service (CFRS) and interna-
tional private circuits where appro-
priate.

Directories and corporate
White Pages

A key requirement of most Alliance
members is that they wish to enter
and hold user information in their
local corporate mail systems only.
They do not want to submit user
details to a central database and wait
for that database to cascade directory
information to all connected systems
before a new mail userID can be
used. Instead, they want automatic
bi-directional directory transfer so
that once they have entered the
userID locally it is synchronised and
propagated throughout the Alliance-
wide mail domain.

The new service also makes use
of the X500 directory to provide
corporate White Pages. System
administrators can choose to
populate fields with useful informa-
tion (such as Alliance organisation,
job title, postal address, job function,
telephone numbers) and make this
available through CIM. In such a
large set of organisations this aids
basic communication across the
Alliance.

For the first time, the global
directory contains universally valid
e-mail addresses. This ends the
widespread Reply All’ problem of the
previous MS Mail infrastructure
where one recipient often cannot mail
other recipients due to local systems
interpreting non-local addresses
wrongly. Similarly, non-Alliance
recipients (via SMTP or X.400) are
now able to copy to real Alliance
addresses rather than the fabricated
ones which they are often presented
with.

CIM’s directory conversion
features allows users to see all other
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users globally in their own directo-
ries as if they were using the same
type of mail system. For example,
MS Exchange users see all world-
wide entries in their address lists in
a familiar and meaningful way, even
if those users actually use MS Mail
or Lotus Notes systems.

Messaging functionality

The adoption of X.400 throughout
gives far more predictable and
reliable message connectivity. It also
allows system administrators to
track and log messages whereas the
previous global MS Mail infrastruc-
ture was impossible to manage in a
quality way.

It also allows the use of read- and
delivery-receipts which cannot be
fully exploited using simple mail
transfer protocol (SMTP) or
MS Mail. The combination of
advanced products such as MS
Exchange or Lotus Notes with an
X.400 backbone and switching
service is very powerful.

CIM preserves attachment icons
and filenames between different
mail systems. This is very impor-
tant as it means users do not need
to worry about which system their
recipients use wherever they are in
the world.

Service and Support

Based upon old products that were
stretched beyond normal limits, the
previous MS Mail-based infrastruc-
ture could not achieve very high
levels of availability or reliability. It
was very difficult even to monitor
and measure performance. This led
to over-reliance on manual processes
and intervention.

The new infrastructure with CIM
and Exchange/Notes allows better
control. As an Alliance product, faults
and queries relating to the service
are reported to and handled by the
standard customer service centres
(CSCs). Local system administrators
are able to enter and track faults
through web-based tools. The CSCs
runs on a 24-hour 7-day basis, as
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does the Telenor unit which operates
the CDS host in Bergen.

Service level targets are the same
as agreed with external customers of
CIM,; for example, 99-2% service
availability. Once messages have left
a particular Alliance member’s mail
system, they typically take less than
10 minutes to deliver to any other
Alliance member’s system worldwide.

A service level agreement
between Concert and BT UK
ensures that messaging connectivity
and directory issues between the
worldwide CIM domain and the BT
UK domain are properly handled.

Development and
Implementation

At the end of a formal tendering
exercise, the Alliance consortium led
by BT Worldwide selected the CIM/
CDS service above a short-list of
alternatives which comprised: a
Worldtalk-based X.400/X.500 solu-
tion; an MS Exchange global-hubbing
solution; and basic SMTP/X.500.

The CIM product as deployed is
very similar to the standard com-
mercial product. The principal
additional development for this
project was the interface of the CIM
environment to the BT UK
Worldtalk environment. Both CDS
and Worldtalk use X.500 directories,
but all vendors’ implementations are
slightly different and X.500 is also
highly configurable. Similarly, for
the full benefit of X.400 connection
between Alliance members it was
necessary to ensure the standards
were made fully compatible through-
out the domains. Close technical
collaboration between BT World-
wide, Concert, Telenor and BT UK
was necessary for success.

Since many Alliance members
were simultaneously implementing
MS Exchange, and BT UK was
migrating its people to Interchange
(its MS Exchange implementation,
which was completed in July 1999)
there was enormous change occur-
ring in parallel. The size and
complexity of the Alliance’s messag-

152

ing domains made it particularly
challenging to ensure service
throughout the period of change.

Similarly, the test programme
was extensive as it had to address
the many hundreds of permutations
of functionality and mail system
connections.

Products like MS Exchange have
enormous available functionality
and are highly configurable. How-
ever a disadvantage of their consid-
erable in-built intelligence is, for
example, that they can carry out
directory upload/download and
replication at a unpredictable times
depending upon system utilisation.
Such features are largely beneficial
but can make large global domains
difficult to operate. Considerable
work was put in throughout the
project to ensure that system
administrators retained as much
flexibility as possible and would not
have to change their own behaviour
in favour of their systems.

Future

Groupware and collaboration
At present most groupware and all
real-time features of MS Exchange
(which is used by virtually all
Alliance members connected to CIM)
cannot extend beyond each country’s
own Exchange organisation. How-
ever, recently Microsoft has enabled
some additional functionality in MS
Exchange 5.5 (for example, sharing
Public Folders and Schedules)
through the release of an updated
service pack.

However, the rise of web and
intranet products as groupware and
collaboration platforms offer alter-
natives and may be more appropri-
ate for many applications.

Secure messaging and
e-commerce

The synchronised X.500 directory of
CIM and the corporate systems
connected to it make an ideal
environment for the introduction of
secure messaging and e-commerce

across the Alliance. Apart from
secure e-mail within the Alliance
itself, potential applications in-
clude:

® secure e-mail with business
partners and customers,

@ virus screening of e-mails,

® reduction of ‘spam’ (non-business
related e-mail), and

@ archiving and audit trails.

Directory development and
light-weight directory access
protocol (LDAP)

It is possible to provide a directory
of Alliance users (or an appropri-
ate portion) to other organisa-
tions—for example, strategic
business partners, retail outlets, or
Alliance members who do not
participate in the full Alliance CIM
domain. They can then use the
directory to find Alliance member
recipients but use public X.400
services or the Internet to ex-
change mail with them.

LDAP is a cutdown version of
the X.500 directory protocol. LDAP
clients can be used to look up X.500
directories such as CIM’s, and offer
a simple alternative where stand-
ard directory synchronisation is not
necessary. With appropriate secu-
rity safeguards, it also offers the
prospect of querying the CIM
directory from any Internet-
connected PC.

Unified messaging

For several years vendors and
customers have identified unified
messaging as a killer application’.
The ability to integrate e-mail, voice
mail, fax messages, short message
service (SMS), and other forms of
targeted communication is highly
attractive. The products and technol-
ogy to enable this are now beginning
to reach maturity and, again, largely
depend upon exploiting a powerful
directory such as CIM’s X.500

service.
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Conclusion

The introduction of the new world-
wide messaging infrastructure now
gives the Alliance a messaging
platform suitable for its level of
business and growth. The key con-
cepts to ensure that the business-focus
remained at the centre of the solution
are worthy of concluding with:

@ Alliance members controlling
their own domestic mail strategy;

® commercial off-the-shelf products
and services where possible;

@ use of the Alliance’s own products
where suitable;

® low-cost high-value service;

® maximum automation and
minimum manual process;

® enabling maximum flexibility of
connected mail systems;

® industry standards; and

® teamwork across the Alliance.
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ACCESS IN FOCUS

Ian Lawrence and Derek Cottrell

Optimising Investment in the
BT UK Access Network

The development of a
model to understand and
derive the optimum
network stock level for the
provision of service
process within the BT UK
access copper network is
described. The model
explores the relationship
for varying network stock
levels, between all of the
actual costs associated
with operating the
provision of service
process and the required
access network

Lnvestment costs.

154

Introduction

A study was instigated to establish a
model that would define the optimum
operating point of meeting orders using
existing stock from BT’s access copper
network. The study also includes the
balance of proactive and reactive build
costs and how to determine the total
cost of moving from today’s actual ‘met
from stock’ (MF'S) performance to the
optimum.

Background

To place the importance of this
modelling work in context, BT’s access
network has been built over the last
80 years, and is worth multi-billions of
pounds. This network provides service
to approximately 95% of the UK’s
geography and is now under consider-
able threat from competition, where
customers now have a wider choice of
network operator.

In recent years, the underlying
investment policy for building the
network has been to minimise new
build and maximise the use of the
existing asset, and reactively deploy
pair-gain equipment. This policy was
aimed predominantly at improving
customer quality of service and
optimising the use of capital invest-
ment. This has reduced the percent-
age MFS (% MFS) performance in
certain areas and, where this has
happened, reactive build costs have
grown to unacceptable levels in order
to meet the customer quality of
service targets. It is in these specific
places where the copper network
needs replenishing to meet the
optimum operating point.

At the same time, increased
competition from other licensed
operators, has meant that BT is seeing

access network pairs being returned to
stock and available for reuse. This
balancing effect has enabled BT to
maintain a reasvnable operating
position in some areas only, at a very
low cost. The current modelling work
summarised in this article incorpo-
rates the effect of competition on the
overall costs of operating the access
network.

What is Met From Stock?
Met from stock (MFS) can be defined
as the following:

a provision of service (POS) order
that can be routed to a designed
distribution point (DP) utilising
existing stock (predominantly copper
pairs or channels), including copper
pairs that are marked as faulty or
stopped, or a pair diverted from an
adjacent DP using a dropwire.

MFS performance is defined as:
MFS performance =

no. of provision orders met from stock
total no. of provision orders

x 100%.

An order that is MFS has the
cheapest immediate provision cost.
However, this must be balanced
against the cost of the historic
proactive investment that made it
possible, which is why it is very
important to BT to optimise the stock
level in the access copper networks.
Recent system enhancements in
management information systems
(MIS) and the ability to gather actual
cost data have provided the means by
which MFS can be accurately
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modelled for all the key elements of
operating and building the network.

The modelling work used actual
data for all costs associated with
operating and building the access
copper network. The optimum
operating point was determined by
adding all of the proactive build costs
to all of the reactive build costs for a
range of MFS operating points. The
optimum operating point was where
the total cost of these two was at the
lowest. The potential cost of moving
from today’s actual operating point to
the optimum was calculated from the
proactive build costs.

Approach

There were four discrete stages in
the design and building of the
optimum MFS model:

@ identifying all the key cost factors
associated with building the
access network;

@ gathering all the key costs associ-
ated with the proactive and reactive
building of the access network;

@ setting boundary limits to the
model; and

® designing the model outputs.

The model was built using
Microsoft Excel for flexibility. The use
of a more suitable platform that can
manipulate the increasing amount of
data gathered is currently being
investigated. Having used the model to
determine the optimum operating
point, the cost of moving to that point
was calculated.

Identification of Key Cost
Factors

The key cost components were
identified and split into proactive or
reactive build costs.

The key cost components for
proactive build are:

® cost per pairs added proactively,
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@ stock depletion,
@ planning overheads, and
® network interventions.

The key cost components for
reactive build are:

® cost per pairs added reactively,
@ pair-gain usage,

® CGCS payments,

@ planning overheads, and

@ network interventions.

These components are sensitive to
varying MFS levels in different ways,
described in more detail below.

The summation of all the different
costs produces an overall cost at a
specific % MFS; that is,

Total opereting cost (% MFS) =
total proactive costs (% MFS)
+ total reactive costs (% MFS).

Thus the % MFS with the lowest
total cost would become the optimum.
To keep absolute clarity and to
establish payback for future invest-
ment the categories were finally
grouped into current (operating) and
capital (investment) costs. These
were used to support the net present
value analysis as discussed in the
commercial value section below.

ACCESS IN FOCUS

The following sections summarise
the various cost factors, their effect
on overall cost and their variation
with % MFS. Initial costs were based
on the current performance of BT’s
access network % MFS.

Cost Factors for Proactive
Build

Cost of proactive build for
greenfield and organic main
side

Proactive build to maintain MFS
comprises a mix of greenfield
(extending the network to new
developments) and organic (increas-
ing the capacity of the existing
network) main-side (M-side) build.
Greenfield and organic build costs
were based on the 1998/99 capital
investment programme budgets.
These costs are relatively stable due
to the steady growth of new develop-
ments per annum.

Stock depletion
The model includes an allowance for
the annual depletion of MFS capabil-
ity. This describes the effect whereby,
once the network is dimensioned to
achieve a level of MFS, allocation of
network to customer orders depletes
the MF'S capability of the network.
Further expenditure will then be
required to bring MFS performance
back to the required level.

A study of the 1997/98 MFS
performance allowed a graph to be

Figure 1—Percentage MFS annual depletion
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plotted based on network depletion
over a year at the current build policy.
The graph shown in Figure 1 clearly
demonstrates that the lower the %
MFS the more it will deplete over a
year as a given take-up of pairs
represents a higher proportion of the
spare capacity. Typically, from the
graph, this rate of depletion of stock is:

® 1% annually at an 97% level of
MFS; and

® 2:5% annually at a 50% level of
MFS.

Note: Network stock depletion is
inversely linked with the network
build policy. The copper network does
not deplete linearly with new orders
due to the churn of customers within
the existing network. The cost of
maintaining percentage stock
depletion is derived from the same
factors as used for restocking the
network to a new % MFS level.

Proactive Intervention Costs
Intervention risk has been analysed,
and it has been proved that faults
rise linearly per network interven-
tion. This intervention risk was based
on work previously modelled by BT
Laboratories which concluded that
there is a consistent risk of introduc-
ing an intervention fault when a
node is opened (where a node is any
point in the network; for example,
PCP, DP and joints). Because the
intervention fault could be either
overhead or underground, the
average cost per overall network
fault has been used to give the
formula:

Intervention cost =
nodes opened
x risk factor
x cost per fault.

For added copper pairs it was
assumed that only 0-1 node would be
opened per pair added. This is
because pairs will be added in
minimum units of 5 or 10 pair cables,
but typically 20 pairs upwards.
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Planning overhead

Planning overheads for proactive
build were set to an assumed

0-25 hours per pair added and then
multiplied by the direct labour man-
hour rate. This was then universally
applied to all of the proactive build
and greenfield volumes. The planning
overhead is split % current (operat-
ing costs) and % capital investment
to allow for accounting apportion-
ment of costs.

Cost Factors for Reactive
Build

Reactive network build cost
per referral

The capital and current account costs
per referral were calculated from
actual cost data from the relevant
build programmes, along with the
pair-gain spend. The costs modelled
display a sharp reduction from the
current % MFS towards 100 % MF'S,
and a rise exponentially from the
current % MF'S towards 50% MFS.
Factors that drive these costs
include:

@ increased use of pair-gain equip-
ment,

@ increased use of external contrac-
tors as resource demands increase,

@ inefficiencies as the volume of
POS referral increases to an
unmanageable level, and

@ increased referrals in greenfield
situations where infrastructure
must be provided reactively.

Pair-gain usage

Pair-gain usage, based on operational
experience, will increase from 13% of
referrals at 97% MFS to 50% of
referrals at 50% MFS. The pair-gain
operating costs refer to the current
account expenditure associated with
increased appointment time needed
to fit the remote equipment. Costs
were calculated from the actual
provision time increments multiplied

by the direct labour rate to give a
cost per pair-gain provided. The
capital cost to provide the pair-gain
equipment has been included in the
reactive network build cost per
referral.

Reactive intervention costs
As mentioned earlier under the
proactive costs, the intervention risk
has been analysed and proved that
faults rise linearly with network
interventions. Therefore, the chang-
ing ratio of pair-gain usage has been
taken into consideration. The
intervention for pair diverts is
calculated at a minimum of two
nodes being entered. It is envisaged
that the number of nodes opened
through referral work will rise to five
interventions at 50% MFS from

17 interventions at the current

% MFS. The average cost per inter-
vention fault was calculated from
actual costs. Because the interven-
tion fault could be either overhead or
underground the average cost per
overall network fault has been used.
The formula used is:

Reactive intervention cost =
nodes opened
x risk factor
x cost per fault.

Intervention risk was based on
the same parameters as for the
proactive intervention faults.

For pair-gain usage an interven-
tion factor of one per system has
been used to allow for the extra
activities required for provision. In
addition, pair-gain equipment fault
rates in the (irst year have been
included at the current rate to
calculate the number of additional
pair-gain faults in the first year.
These were costed at the same value
as for intervention faults mentioned
above to allow for the ratio between
underground and overhead equipment.

Planning overheads

Planning overheads based on actual
man-hour data were calculated by
dividing the total number of hours by

British Telecommunications Engineering, Vol. 18, Oct. 1999



Figure 2—Total costs of operating the
access network

the total number of referrals, and
then multiplying this by the direct
labour man-hour rate. The planning
overhead is split % current (operat-
ing costs) and 3 capital investment
to allow for accounting apportion-
ment of costs.

Customer guarantee
compensation scheme
(CGCS) payments

Residential CGCS is a standard
payment to customers for whom BT
fails to achieve the agreed provision-
of-service date. The value of the
payment is based on the number of
days in delay.

For the model, it has been calcu-
lated on the actual cost per day.
Although overall CGCS costs and
average days payable could be
ascertained, it was not possible to
attribute actual costs to purely
network problems. Therefore, based
on operational experience, the
number of orders for which BT is
liable for CGCS payments will
exponentially rise from 8% of
referrals at 97% MFS to 20% of
referrals at 50% MFS.

At the same time, the number of
days compensation payable per order
will rise, as the volume of work
generates an increased backlog, from
the current 7-9 days at 97% MFS to
20 days at 50% MFS.

The formula used is:

CGCS liability =
days payable
% % referrals payable
% cost per day

Note: Although most of the CGCS
costing was assumed, varying the
CGCS costs does not have a significant
influence on the optimum % MFS.,

Cost Factors for Restocking
to a New % MFS Level

The cost of restocking the network to a
new % MFS is a one-off cost and based
on the building of the distribution side
of the network to support the
greenfield and organic M-side build
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requirement. The proactive organic
build cost per added distribution side
(D-side) pair has been set at the
current network build cost. This cost is
fixed because the cost per added pair
would not differ for a varying % MFS.

Targetting this network build is
key. Without very specific and
accurate forecasts of demand at the
distribution point (DP—last node
before customer) level, it is acknowl-
edged that, to guarantee a specific
MFS performance, more pairs must
be added to the network than will be
used within the normal provisioning
period. The higher the MFS target,
the more of an issue this becomes, as
targetting DPs for new build will be
more difficult. Therefore, the D-side
costs have been increased by an
organic D-side pair ratio.

Current network build targetting
and analysis suggests that this ratio
will rise from: 1:6:1 at 50% MFS up
to 24:1 at 97 % MFS.

This ratio does not currently allow
for new initiatives to improve D-side
targetting by using market-driven
forecast data and new processes for
proactively selling stock.

Defining the Model’s
Boundary Limits

The boundaries of the MFS model
were set to show varying levels of
MFS at 1% intervals for the range of
50% to 97%. The upper limit was
chosen because BT has a universal
service obligation for PSTN within
the UK, so it would be unrealistic to
aim at achieving 100% MFS. The
lower limit was set at 50% MFS,
because the level of churn would
result in too many assumptions,
making the model inaccurate.

Design of the Model’s
Outputs

The model’s output was designed as
one graph showing the total operat-
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ing cost, the total proactive build
costs and the total reactive build
costs. The lowest point on the total
cost line shows the access networks
optimum operating point. (See
Figure 2.)

In addition to the above graph, a
table with all of the total costs was
constructed so that discounted cash-
flow analysis could be applied to
determine the cost and payback for
building the network from its current
% MFS towards the optimum
operating point. This determination
is discussed in the commercial value
section of the article.

Discussion of model’s outputs
Examination of Figure 2 raises a
number of useful observations:

@ There is a residual level of
proactive build at the lowest MFS
level considered. This represents
the combined cost of greenfield
and M-side organic build, which is
currently considered inappropri-
ate for reactive provision. Any
changes in process or technology
which altered this position would
need to be reflected within the
model.

® These proactive costs only begin to
rise at the current MF'S operating
point. This confirms the very low
level of proactive organic D-side
build currently undertaken.

® The virtual impossibility of
meeting 100% of customer orders
from stock would seem to predict
that proactive (and overall) costs
would rise exponentially as the
MFS level approaches 100%.
Although the graph shows an
upward trend, it is not as steep as
might be expected.

This possibly indicates some
weaknesses in the model towards the

high end of MF'S, which is consider-
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ably above BT’s current operating
experience. As the derived optimum
operating point is close to this end of
the model, it will be important to
continually refine the model as
experience of operating at higher
MFS levels increases.

Practical Application

This model has been predominantly
used within BT for setting network
investment levels and resource
requirements for building and
operating the access network.
Another use for the model is for
strategic development of the access
network strategy for build, where
flexing of the costs is essential for
scenario analysis. In particular, the
model clearly identifies those areas
where improvements will generate
the best payback in terms of ‘value
for money’ investment in terms of
reduced capital and current account
expenditure. One of the key factors in
the model is the organic D-side pair
ratio, which compensates for inaccu-
racies in targetting proactive build.
Development work is currently
proceeding to use the best available
marketing forecasts of overall
demand and demand type at a
postcode level. By considering the
access network in the same geo-
graphic way, it is expected that the
improved granular forecasts will
enable the ratio to be significantly
reduced. This, in turn, will reduce the
proactive build costs considerably
and hence move the optimum
operating point further forward
towards 100 % MFS, allowing an
overall higher economic MFS
performance and improved customer
quality of service.

Commercial Value

The commercial value to BT is in the
increased understanding of the
relationships of network operating and
investment costs, which can be used to
improve customer quality of service.
The investment costs to build the
network to meet the optimum were
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calculated, and discounted cash flow
analysis was applied for each
incremental increase in % MFS to
yield a true value of the investment.
Toinclude the time value of money,
cash flows in future years have been
discounted using a retail price index
(RPI) of 3-5% and a test discount rate
(TDR) of 8%. The RPI reflects the
general inflation of the industry and
the TDR reflects the level of return
expected from invested capital over
and above the RPI rate. These two
figures are then combined to produce
an overall discount rate. The net cash
flow for each year over a five-year
costing period is then converted into
present values using the discount
rates and the sum of these present
values is referred to as the net
present value (NPV). The discounted
payback period is the number of
years it would take for the NPV to
move from a negative figure to zero.
The model has therefore been used in
the production of internal business
cases for network investment and the
targetting of network stock levels.

Based on BT’s current perform-
ance and cost data analysed, the
optimum operating point is at a MFS
level of 95%. This figure is deter-
mined from the model based on the
assumptions and actual costs
analysed where it is the lowest total
‘whole life’ cost for access, taking into
account all of the reactive and
proactive build costs. The 95% MFS
figure shows that to operate above
the optimum would increase costs
due to the difficulties in targetting
proactive build, and the spreading of
added pairs to meet the new orders.
Also, if we operate below the opti-
mum there are increasing reactive
costs that involve a considerable
increase in people for the reactive
field force. The development work to
increase network targetting of
proactive build will reduce proactive
investment costs and increase the
optimum operating point.

Ignoring the cost to move from
today’s actual % MFS figure to the
optimum and sustain that level for
one year would save BT overall

approximately £100M per annum in
operating the access network. This
figure has to be balanced against the
capital investment cost to derive an
appropriate build strategy.

Future Developments

The next stage in the development of
the model is to test and validate the
assumptions made, and identify new
data sources to replace these
assumptions. The second stage is to
develop the levels of sophistication of
the model and concentrate on the
area around the optimum operating
point. At the same time a graphical
user interface (GUI) is being devel-
oped in line with the investigation for
a more suitable platform to operate
this model from. The GUI will enable
all of the key cost factors to be
changed easily, so the model can be
used for scenario analysis.

Conclusion

The initial objectives were to estab-
lish a model that could determine the
optimum operating point, the balance
of proactive build versus reactive
build and the cost to move to the
optimum. These objectives have been
achieved as detailed in this article.
This work has also shown the value
of cost modelling of the various
factors involved in managing the
access network as a basis for justify-
ing and targetting capital invest-
ment. The concept of the optimum
operating point is clearly of great use
both in strategy and in understand-
ing the effects of changing the way
business is done within the existing
environment. Any changes to the
environment can easily be reflected
within the model. The model has
proved that it is more cost-effective
to proactively target network build
than to reactively build the network
on the acceptance of a customer
order. Reactive network build is only
cost-effective in areas which are not
suitable for targetted network
restock; for example, sporadic churn
in rural areas could never be fore-
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casted. Therefore, because of BT’s
universal service obligation, 100%
MFS is unrealistic even if it is
desirable. Enhancement of BT’s
network profiling and marketing-
driven targetting tools has started to
improve the targetting of the D-side
network.

BT is currently evaluating the
desirability of making the necessary
capital investment to move towards
the optimum operating point that
this model has identified.
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Integrated Business and Network Analysis—A Case Study

This article describes the
development and
integration of systems to
support investment
decisions made by BT
network planners. The first,
designed by the planners
themselves, led to the
development of a new
decision model for network
planning. The system
provides information on
geography, revenue,
forecasts, volumes, fault
rate, spare network capacity
and network capability. It
has integrated reports from
management information
systems and applied
intelligence to implement
the planning rules and
investment decisions at

local level.
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Introduction

This article describes the develop-
ment and implementation of systems
to support investment decisions
made by BT network planners. The
first development was an integrated
quick hit tool, which led on to the
development of a new decision model
for network planning. Both develop-
ments pulled together data on
geography, revenue, fault rate, spare
network capacity and network
capability. Today, these systems
provide decision support not only to
operational and strategic planners,
but also to sales and marketing
departments. The system was
developed and implemented in all BT
offices in less than a year. Success
criteria for fast development and a
smooth implementation are dis-
cussed alongside the barriers that
had to be overcome. Finally, the
benefits achieved and the enabling
management style are noted.

Integration of Network
Planning and Business
Planning

As BT moved from a monopoly to a
regulated competitive environment,
it found a need to target capital
investment in the access network in
a way that had never previously been
envisaged. Network planning had
been focused on technology and
products; it had been sufficient to
build service and network manage-

ment systems that were task specific
and not integrated.

The new environment demanded
network investment decisions that
took account of:

® customer requirements (speed of
delivery, reliability),

@ service profitability (cost of
delivery and associated revenue),

® network capability (ability of the
network infrastructure to deliver
the required service), and

@ regulation (accounting separation
between network wholesale and
retail activities).

Network and business planners
needed decision-support systems that
would bring together data from a
variety of information systems. For
BT this meant using its data more
effectively.

BT is fortunate in having a wealth
of data sources from which to build a
better understanding of the customer
base and the network. The value was
to identify the relevant information
from within the mass of data.

The first step was to benchmark
BT’s access network activities
against other leading network
operators. The study revealed
shortfalls in the provision-of-service
areas. A more detailed understanding
of the network components and their
relevance to costs was essential.
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From this work two main objec-
tives were identified:

® to reduce costs by better matching
expenditure to revenue, and

® to identify opportunities for better
utilisation of existing assets.

To meet these objectives it was
necessary to describe the network
capability and its capacity at each
node in terms of geography, revenue,
fault rate, spare capacity and service
capability. (A node in the access
network would be a local exchange, a
primary cross-connection point (PCP
or cabinet), a distribution point, or
the first 100 pairs from a cabinet—
even language could be a challenge!)

Integrated Quick Hit Tools

The first service addressed was
PSTN delivered over copper twisted
pairs. This is BT’s largest service in
terms of number of customers and
assets used/capital employed. Success
with this service would have maxi-
mum impact.

The first problem was to know
where the primary cross-connection
points were. Of course they had not
been lost, but never before had there
been the need to describe them in
terms of eastings and northings. An
early decision was made to make the
data visible both in table and ‘map’
format.

The second problem identified the
first barrier to systems and data
integration. BT’s customer locations
are identified by postcodes—postcode
boundaries do not coincide with local
exchange boundaries. An estimate of
the correlation had to be made and
this proved reasonably successful —
subsequently this correlation could
be validated by using the mapping
tool .

The third problem was revenue.
Billing data only provides informa-
tion about outgoing call revenue.
Building an information system
which ignores incoming call revenue
would understate the value of

businesses such as credit-card
validation and mail-order service
centres where the number of incom-
ing calls far outweighs the outgoing.
Modern data-mining techniques
allow the analysis of calls from both
directions; BT has this capability and
it was used.

To deliver the first ‘quick win’, the
exchange boundary, PCP geographic
location, revenue per PCP and
business/residential customer-mix
information were integrated onto an
off-the-shelf mapping package, called
MapInfo, and coloured the PCP nodes
according to revenue quartiles.

The result allowed the network to
be described to marketing colleagues
in terms of geographic importance
according to revenue streams. The
simplicity of the presentation was
also well received by senior manag-
ers who, having seen the strategic
importance of this prototype demon-
strated, agreed its further develop-
ment to include other factors.

To be of major use to the company,
this system had to be translated into
something which would directly
influence the investment of capital in
the access network. To do this, the
way in which access network plan-
ners make investment decisions had
to be changed.

New Models for Network
Planning

The approach was to talk to the
planners, observe how they really
worked and identify the processes
they really used and, most important
of all, the systems they had devised
to make their job easier.

Some enterprising planners had
already began to use Dbase and
Excel to manipulate some of the
information they used regularly. We
took the best of these developments
and migrated them into the more
robust Access 2 and later Access 97
media.

The development locked into BT’s
three-layer system architecture. The
first layer comprises the huge
databases where the company stores
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customer, technology and service
data. The second comprises a number
of managed data sources where the
raw data is processed into meaning-
ful ‘chunks’ to supply service specific
management information. The third
level, the application layer, makes
full use of the capability of packages
such as Visual Basic and Access. It is
designed therefore as a dynamic
front end with intelligence but no
large storage capacity; it is PC-based
and consequently can be very user-
friendly. It continued to use the
expertise of the user and by now a
small team of developers from the
user community had been gathered.

Requirements for an
Automated Planning
Decision Tool

Working with the network planners,
the development team identified the
requirements for an automated
planning decision tool:

@ common tool in use in all Zones,

® flexible and fast implementation
of change,

® decisions which could be specific
to the geography,

® local applications,

® two-way data feeds between
planners and sales/marketing, and

® accurate data collection from field
engineers on completed work (new

or modified network assets).

Features required by the central
business planners were also identified:

® central master model —for
strategic decision making,

® rigorous data change control,
® adequate system security, and

® compliance with the Data Protec-
tion Act.
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Figure 1—Systems architecture

The Solution

A PC-based system (Layer 3) was
provided which interfaced with the
managed data layer (Layer 2)
through an integrated data platform
(Figure 1). This provided a common
data layer for the Zones and a central
master model, and allowed changes
to be simple and, above all, fast.

It was critical that the process
owners agreed the changes to the
application layer. Changes that
needed to be made would be verified
and validated on the prototype before
being released. The advantage of this
was that the managed layer main-
tained the integrity of the data
available to other systems, while
facilitating changes to the master
data to be properly managed.

The managed data layer, the
integrated layer, had to be built. This
involved establishing interfaces with
the source data, the first layer. The
reports, which could be integrated on
the second layer, were extracted at
regular intervals, the frequency of
which has had to be increased as the
system moved from largely proactive
solutions to include service delivery
more associated with reactive work.

The management of the security
of the system was also easier in this
system configuration. The practice of
not storing customer and financial
data together on one platform
ensured compliance with the Data
Protection Act. The application layer
could be password protected but the
integrated layer was maintained
under the company’s security code.

Recognising that not all data on
existing databases is accurate, the
system was designed to provide a
mechanism for capturing and
correcting data errors, thereby
improving data integrity. The
integration layer provided the
opportunity for data comparison and
‘cleaning’.

The centre control facilitated cost
and price modelling, both strategic
and operational, and gave to the
planner a system which enabled
prioritised planning decisions to be
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delivered on a node-by-node basis.
Further work linking budget control
models with the real-time finance
and work control systems will enable
the process to obtain real costs for
provision, maintenance of service and
safety measures. In the prototype,
the addition of depreciation brought
close a whole-life cost model that was
geographically based.

Performance and
Evaluation

Once the new information system,
investment decision and control
system (IDACS), had been estab-
lished, some measurement of success
was needed. Initially, it was felt that
the automation of processes would
deliver reductions in the number of
planners required. However, as the
system matured and the applications
grew, a number of other benefits
emerged and the system became a
key enabler for change in organisa-
tions and cultures within the net-
work arena.

Asset Utilisation

IDACS presents to the user a
number of data-sets representing
BT’s fixed access network assets
together with forecast network
growth elements. By using this
functionality the system can deter-
mine network growth requirements
and identify areas of surplus network
elements for redistribution (Figure 2).

Figure 2— Dynamic front-end applications

IDACS presents trend information
that has been a key to enable the
successful cost control of the digital
access carrier system (DACS) BT UK
budget, and the identification of
surplus exchange cards which are
then redistributed on a ‘lift and shift’
basis. This has resulted in significant
cost savings to the business, driving
up asset utilisation towards optimum
levels.

More recently, this functionality
has been extended to manage DACS
remote units within the external
network. Recent trials in the North
East Regional Business Area indicate
significant capital savings by ration-
alising single working DACS chan-
nels at the same DP. This releases a
copper bearer at the DP and enables
the recovery of the unit back into
stock for future use.

Focused Network
Investment

The ability for IDACS to focus the
user to areas of network shortfall is a
key benefit.

The former North West Zone has
adopted the use of IDACS from its
conception through to present-day.
This enabled the establishment of an
access network capacity unit to
manage the E-side network of some
10 000 PCP nodes.

An early benefit was the ability to
map network requirements identified
by IDACS across the outstanding
planned job stack. This enabled jobs

|
ASSET UTILISATION CAPITAL DEPLOYMENT TOTAL COST MODEL
SELLING OF SPARE CAPACTIY  AUTOMATED PLANNING
DECISIONS
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to be prioritised and, in some cases,
cancelled as they had timed out.
Significant capital savings were thus
made and the outstanding work
stack was reduced to more manage-
able levels.

This was achieved without
degradation in terms of met-from-
stock (and the number of orders
referred due to lack of E-side stock).

Benefits were also achieved in the
development environment:

@ Testing was carried out initially in
the laboratory until the integra-
tion layer was stable. Once this
was achieved, new developments
were moved to prototype very
quickly and the delivery into the
field for test-bed trials was very
much faster.

@ Verification testing was not
needed to the degree of rigour that
developments at the second layer
would have required, because the
third layer did not change the
base data.

@ Through the integration of data
from separate sources, data
inaccuracies became apparent.
Correction of these inconsistencies
improved overall data quality.

Management Style

The system development described
above was not automating what was
being done but was being used to
change methods and processes.

This delivered operational
benefits to the business.

Job management for
customer service

Pre-IDACS (See Figure 3)

Proactive network provision, mainte-
nance, and repair requirements are
identified by conventional means by
reference to a myriad of data storage
systems in the planning office environ-
ment. This wide and varied storage
media delivered a range of data sets for
evaluation to determine the network

requirements and record the resulting
actions taken. Attempting to source the
data upon receiving a customer inquiry
presented the planning team with a
series of complex analyses in order to
answer the pending question. The
extraction of management information
presented an equally difficult task.
This system was not flexible enough to
cope with the changes in demand for
customer service and reflect the
regular changing needs of the cus-
tomer-service environment through
organisational change.

Post-IDACS

Proactive network provision, mainte-
nance, and repair requirements are
identified and recorded in IDACS.
The myriad of data storage systems
in the planning office environment
are built into the data-sets contained
within IDACS. Data is presented
through a front-office module within
IDACS upon receiving a customer
inquiry to simplify complex analysis
in order to answer the pending
question more proficiently. The
extraction of management informa-
tion is equally simple. The IDACS
system has total flexibility to cope
with the changes in demand for
customer service and reflect the
regular changing needs of the
customer-service environment
through organisational change.
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Success Factors

The success of the system can be
attributed to the fact that the team
was not made up from traditional
system designers but rather planners
who had some systems experience
and who had a problem-solving
approach and no preconceived ideas
about the solutions. This probably
meant that the team did not avoid
some of the pitfalls that may have
been avoided had the team comprised
fully-fledged systems analysts. The
team took a ‘can do’ approach.

Senior management commitment
to the development was essential and
ensured several barriers to progress
were dismantled.

The importance of communication
was learnt and in particular the
impact of demonstrations both to
senior members of the company and
to the users. It was critical to the
success of the system that the team
never lost contact with the user.

Finally, the dedication of the team
to the project and their determina-
tion to succeed were key ingredients
to rapid progress.

Conclusion
The initial application of capital

targeting is a reality. Information
about fault history, product volumes,

Figure 3—Job management for customer service, pre-IDACS
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churn and capacity are applied to
revenue information by geography.
Application of the decision rules
results in a prioritised list of costed
jobs for BT networkbuild and facili-
tates the five-year budget build.

The system was built by people
who had come from the user environ-
ment. Often the local tool designer
was matrix managed as part of the
design team until the tool was fully
integrated into the system. This
methodology led to the users saying
‘when can we have it? rather than
‘can’t see why we need it’. We also
had a user forum that provided
invaluable guidance.

The system has enabled a more
radical approach to network plan-
ning. Organisational barriers have
been broken down and a culture of
customer service solutions imple-
mented.

The key benefit to BT is that for
the first time consistent decision
making is effected nationally using
the latest cost information, and the
results can be measured. This
facilitates a consistent national,
regional and local network health
score to be made available through-
out the company.

For the future, a total-cost model
will be developed based on the PCP
which will allow line rental and
connection charges within the
company to be flexed in line with real
network costs.
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David Duxbury, Rob Backhouse, Mike Head, Graham Lloyd and John Pilkington

Call Centres in BT UK
Customer Service

More and more business
is being done via call
centres, both within the
UK and worldwide. BT
has been involved in call
centres for many years.
This article reviews the
current situation in

BT UK Customer Service,
and considers the next
steps in this increasingly
competitive and

challenging environment.

Introduction

=== = = =
Call centres are a growing industry,
in a recent Ovum Report it was
estimated that by 2000 5% of the
working population in Europe would
be employed in call centres. It is also
predicted that call-centre revenues
globally will be $6 billion. Call
centres have become the core of the
service economy in the UK. Counting
part-timers, UK call centres cur-
rently employ 1-7% of the working
population, or nearly 400 000 people.
And the numbers are growing.
Datamonitor predicts that call-centre
positions will double by 2002 before
beginning to level off. Since 1994,
customer calls to large organisations
have roughly doubled, with call
centres being largely responsible.

BT UK is a leader in call-centre
technology and expertise. It operates
its own call centres and manages
them for other organisations. BT’s
own call-centre operations fall into the
two broad categories of outbound and
inbound. Outbound operations involve
companies’ staff calling out to custom-
ers, usually to offer new services,
while inbound call centres handle
enquiries from customers. This article
looks at how the inbound call centres
are presently used in the following
environments, which between them
are responsible for handling approxi-
mately 1 billion calls per year:

@ answering Operator Assistance
enquiries (100, 155 and 999
emergency services),

® giving accurate number informa-
tion (192 and 153 services),

® receiving sales and billing enquir-
ies and taking orders (150), and

British Telecommunications Engineering, Vol. 18, Oct. 1999

@ taking fault reports from residen-
tial and business customers (151
and 154).

It does not consider some of the
more specialist centres (for example,
Welsh language, Directory Enquiries
for the blind and disabled) or
inbound services and business after-
sales units, although these all form
an important part of the BT Cus-
tomer Service call-centre manage-
ment operation.

The article explores ‘where we are
now’ and in particular focuses on
systems, switching and queuing
capabilities. Finally, it looks at the
future of call centres and gives some
indication of the way things will
change.

Evolution

Although the title call centre would
not have been used, BT has been
taking calls from its customers ever
since telephony was introduced. In
the early days, these were large
operator centres serving the geogra-
phy around the exchange. Over time,
separate centres for activities such as
sales and fault reporting were
introduced, but these again were
geographically based, generally small
and supported only by simple
technology.

The evolution from Telephone
Avreas to Districts and then to a more
functional organisation significantly
reduced the number of centres, but
there are still over 100 units and by
modern standards many of these
would be regarded as small. However,
the introduction of both switching
and systems technology has enabled
BT to maximise the efficiency of
these units, although more can and
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Figure 1—Operator Assistance
information systems

will be done (see paragraph on call
centre futures).

Operator Assistance

Originally the operator was the only
‘connect through’ service for all calls.
With progressive network automation,
this capability is now only used when
a customer requires assistance, when
a customer encounters difficulty (for
example, permanently engaged), or
when the customer wishes to use
special facilities such as alternative
payment options. BT’s Operator
Assistance covers assistance (100,
155) and emergency (999) services
and currently handles 500 000 calls
per day at 15 call centres.

Network and systems

Figure 1 illustrates the information
systems involved in Operator
Assistance.

Common call-centre technology
supports all types of call for Operator
Assistance (100), emergency services
(112, 999) and International Operator
Assistance (155). System X
BT operator services subsystem
(BTOSS) switches route calls to a free
operator together with associated
network data—such as calling line
identity (CLI) and class of service. The
operator assistance workstation
(OAWS), developed by BT, provides
integration of the telephony and
information systems, to present
operators with a highly integrated
and user-friendly interface to the
underlying systems. This allows it to:

@ obtain information from the
network via BTOSS,

@ obtain information from the
external database (EDB) (state of
line, name and address etc.),

@ obtain information from the
international database (IDB)
(time zones call tariffs, routing,
Inmarsat), and

@ vet BT Chargecards using CSRS
(via EDB as a gateway).
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To maintain the accuracy of EDB,
daily data feeds to EDB are received
from both the customer service
system (CSS) and other licensed
operator receipt system 2 (LORS2).

The design employs object-oriented
software and a script engine to achieve
a very efficient and flexible user
interface to capabilities which embody
the required operating procedures. The
workstation also incorporates voice
technology, which automatically plays
a greeting announcement in the
operator’s own voice on call arrival.

The handling of emergency (999)
calls demands extremely high
systems resilience and the architec-
ture is designed to achieve 99-9999%
systems availability. Information
required to handle 999 calls is held
locally and is available from remote
servers in the event of failure.
Further fall-back facilities are also
provided to protect against multiple
failures. Similarly, multiple levels of
network fall-back are used to ensure
network capacity is always available
for these calls and to automatically
route around network and call-centre
failures. A recent enhancement has
been the introduction of the en-

IBTN: INTERNAL BACKBONE TRANSMISSION NETWORK
ICN: INTERNAL CORPORATE NETWORK
10B: INTERNATIONAL DATABASE
IP: INTERNET PROTOCOL
IVR: INTERACTIVE VOICE RESPONSE
LORS2; OTHER LICENSED OPERATOR RECEIPT SYSTEM 2
NOISC: NATIONAL OPERATOR INFORMATION SYSTEMS CENTRE
OA: OPERATOR ASSISTANCE
0AC: OPERATOR ASSISTANCE CENTRE
OAWS: OPERATOR ASSISTANCE WORKSTATION

hanced information system for
emergency calls (EISEC). This
provides the caller name and address
information for a 999 call to the
emergency authority through the BT
firewall, saving critical seconds in the
response to an emergency.

Limited access, via the BT intranet,
is also provided to the service manage-
ment system. This enables operators to
check for and report faults when
required and transfer callers to an
appropriate service department.

Directory Assistance (DA)

BT has a broad range of number
information products including the
well known Phonebooks and more
recent innovations such as
PhoneNet—the Phonebooks on the
Internet (www.bt.com/phonenetuk).
Directory Enquiries is a key part of
the portfolio handling some 650 mil-
lion calls a year at 47 DA call centres.
Customer care, speed and accuracy
are high priorities in handling
Directory Enquiry calls. BT has
recently completed the ATLAS
programme, deploying state-of-the-
art technology into this service.
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Figure 2—Call centre and informa-
tion systems for BT Directory
Enquiries

Network and systems
Figure 2 illustrates the call centre
and information systems for BT
Directory Enquiries.

The DA service uses Lucent
Technologies 5ESS automatic call
distribution (ACD) switches. Put
simply, the purpose of the ACD is to
place each incoming call into a
single large queue so that the first
free operator can answer it, irre-
spective of where the DA centre is
located. However, for the service to
operate efficiently and effectively,
calls need to be handled by opera-
tors who have the best match of
skills to the call. This is achieved as
follows:

® Incoming calls are allocated to
queues based on the locality of the
caller (derived from the CLI).

@ Operators are grouped into
serving teams (skill groups)
identified by operator identity or
groups of workstations.

® Through configuration data,
serving teams are allocated to
each queue as the first choice to
handle calls from a queue: the
primary team. The configuration
tables (Figure 3) also define the
sequence of other serving teams to
which a queued call is offered if a
free operator in the primary team
is not available within the desired
answer time (the secondary team).
The configuration tables can be
changed dynamically and set-up
to change automatically; for
example, when a call centre opens
or closes.

Figure 3 —Queue configuration table

Queue: 11234 o 26
Primary Team: AlB|C|D]| wo 72
Secondary Team 1: (s (o] (o] s | A
SecondaryTeam 2: CIDJ|E|F| = B
Secondary Team 3: DIEJFELG]| e [
Secondary Team 4: E|JF]G|H D
Secondary Team ...: DA [ s fes] (i 3
Secondary Team 25: o2 (75 1N ] ] 57

CUSTOMER SERVICE

VIA 0APs

% SE MIS DATA
= o PATHFINDER
ll—]
MISAND %, SERVER A SYSTEM

n

PATHFINDER

]

ADMINISTRATION

ANA WEMS N
i MESSAGE DAWS 4
LAN AT’_
DA
SWITCH x

| ‘_%
LOCALITY-=-| ~ VADB
(5ESS) | et DAWSFILE Lad- FILES
DAVP SEAVER A VADB
(aNA) |[192,195 ADMINISTRATION
GR
css LJ
TERMINAL 0sIS =]
)
ADMINISTRATION
DAC
PROBLEM CUSTOMER ON-LINE
REPORTS COMPLAINTS BT/OLO
VADB
ADMINISTRATION CSS/CCH LORS2
GROUP
ANA: AUTOMATIC NUMBER ANNOUNGEMENT / A A
CH: CALL HANDLING
CSS: CUSTOMER SERVICE SYSTEM
DA: DIRECTORY ASSISTANCE OLA oLG LORS1
DAC: DIRECTORYASSISTANCE CENTRE
DAVP DIRECTORY ASSISTANCE VOICE PLATFORM
DAWS: DIRECTORY ASSISTANCE WORKSTATION
GR: GROUP
LAN: LOCAL AREA NETWORK 0LOs
LORS1 OTHER LICENSED OPERATOR RECEIPT SYSTEM 1

LORS2 OTHER LICENSED OPERATOR RECEIPT SYSTEM 2
MIS: MANAGEMENT INFORMATION SYSTEM
0AP: 0SPSADMINISTRATIVE PROCESSOR
OLA: OTHERLICENSEDADMINISTRATOR
OLG: BT's OTHER LICENSED OPERATOR GROUP
0LO: OTHERLICENSED OPERATOR
0SIS: OPERATOR SERVICES INFORMATION SYSTEM
SE: SEARCH ENGINE
RISLU2: REMOTE INTEGRATED SERVICES LINE UNIT 2
WFMS: WORK FORCE MANAGEMENT SYSTEM
VADB: VALUE-ADD DATABASE

The ACDs are also integrated
with management information and
workforce management systems
which are used to manage service
quality and achieve an optimum
match of operator resources to
incoming call volumes.

Operator workstations
Directory Enquiry operators use the
Directory Assistance workstation
(DAWS). As with the Operator
Assistance workstation (OAWS), this
provides integration of the ACD and
information systems, and employs an
intelligent application. This presents
operators with a highly integrated
and user-friendly interface to the
underlying systems and which
supports the business processes.
When a call arrives at the
workstation, an automatic greeting
in the operator’s voice plays. The
main function of the workstation is to
provide operators with access to
search the national directory infor-
mation database for numbers and
code information. When the correct
number has been located on the
database, the operator then transfers
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the call to the speech applications
server (SAS), which automatically
announces the number with the
familiar phrase: ‘the number you
require is ...\

Pathfinder database

The heart of the system platform is
the national Directory Enquiry
database (NDIS), supplied by
Hewlett Packard and PCPlus.
Dimensioned to hold over 150 million
listings, it will perform a search and
return information back to the DAWS
screen in less than 0-5 seconds. The
database receives 40 000 updates per
night.

Customer Service and
Sales, Account Services,
Sales and Billing and
Residential Repair

With the evolution of call centres
described earlier, similar technology
has also been deployed into customer
service centres (CSCs) supporting
150 (account services, sales and
billing) and 151 (residential repair)
calls. 150 accounts for approximately

167



CUSTOMER SERVICE

300 000 calls per day with about

70 000 per day offered to 151.
However, the arrival pattern on both
channels can be very irregular both
during the day (see Figure 4) and
through the week, with particularly
high call levels being experienced on
Monday morning or in periods of bad
weather.

Network and systems

The 55 customer service centres
throughout the UK comprise, on
average, 120 agent positions and are
served by two Nortel DMS-100
switches (Figure 5). The switches are
located remotely from the call
centres, providing ACD functions and
support load balancing between the
ACDs. Call routing strategies are
configurable and can be evenly
distributed or weighted to a particu-
lar ACD group or groups. Calls can
overflow after a given threshold has
been exceeded —either on number of
calls in queue or length of time in
queue.

SMART

As with the previous call centres an
intelligent agent workstation is
employed —SMART. SMART is a
three-tier distributed system, which
provides a graphical user interface to
the billing and order entry capabili-
ties of CSS and to the data of the
products and services database
(PSD). It supports a set of
configurable business rules, which
reduces errors and provides a
simpler more efficient set of proce-
dures compared with native use of

Figure 5—DMS 100 configuration
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Figure 4—Typical day’s call pattern into 151 repair

CSS. It also provides sophisticated
sales support tools which prompt
advisors with on-line selling ‘hints’
on the products or services best
suited to the particular customer.

The workstation client is a PC,
hosting SMART and other applica-
tions orientated to the needs of the
inbound channels. A mid-tier sup-
ports local data, particularly business
rules data, a communications
gateway to the CSS systems and a
set of ‘operability’ features designed
to facilitate remote management of
the SMART system across all three
tiers.

Management information
systems (MIS)

Good customer service depends on
having the correct numbers of agents
available to deal with the calls arriving
at that particular time of the day. The
resource and administration teams use
management information displays to
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monitor service quality throughout the
day. Most widely used in Customer
Service is the Nortel RT'1000 which
displays real-time information on
number of calls, number of available
agents, number of calls queuing, length
of time in queue, etc. Additional
advisors are brought on-line when
needed; however, a sophisticated
forecasting and scheduling package
ensures that accurate staffing is
achieved based on projections derived
from historical data gathered over the
previous three years. RT1000 has a
real-time adherence monitor, which
alarms if the ACD queues are over- or
under-staffed.

RT1000 also provides historical
reports and is able to change the call
flows in real time via load manage-
ment commands to the DMS ACDs.

Call steering

In order to deal efficiently with the
variety of call types being offered,
and to route them to advisors with
the required specialist skills, auto-
mated call steering is used.
Syntellect interactive voice response
(IVR) platforms are used in conjunc-
tion with Genesys computer tele-
phony integration (CTI) servers and
the Nortel DMS ACDs to capture
details of the calling customer and
the service request and then to route
the call to the most appropriate team
of service advisors. CTI is also used
to present the customer account
details to the advisors on call
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arrival—so called SMART screen-
pops. IVR-based call steering (Fig-
ure 6) permits a straightforward
customer contact strategy while
ensuring customers are routed to the
correct ACD queue via simple menu
selection from their telephone
keypad.

Automation

Customer Service has also imple-
mented a number of interactive
customer ‘self-service’ applications,
which enable customers to conduct
simpler service transactions them-
selves using IVR systems. Examples
include: changing Friends and
Family calling circle numbers,
simple billing enquiries, initial
reporting and progress enquiries for
faults. The fault reporting applica-
tion performs a line test on the
suspected faulty line and either
reports the fault automatically or
connects the caller to a service
advisor. If the later option is chosen,
the results of the line test are
presented to the advisor’s screen at
the same time as the voice call using
the CTI facilities as above. It is
estimated that the automated work
volume is equivalent to three call
centres.

These automation services are
also available to customers via the
Web (bt.com) and, via the BT
intranet, to advisors in other types of
call centres; for example, Operator
Assistance or Outbound Sales.

Business Customer Service

BT Business Customer Service has
five main components comprising
154 Fault Management, 0800 666777
After Sales, Customer Relations,
Simplex Management and the BT
Own Use Service Centre in Glouces-
ter. The combined units have in total
around 1200 service advisors distrib-
uted across 27 centres throughout
the country. The largest proportion of
these people are within the 154 fault
management centres (FMCs), which
comprise around 600 people in

12 different locations, followed by
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Figure 6—150 IVR call steering schematic summary

After Sales with around 250 people
in nine locations.

The customer segments supported
by these centres range from single-
line business customers through
small/medium enterprises up to
major customers. The customer base
is some 1-2 million customers with
some 4 million accounts. The Fault
Management and After Sales units
are predominantly inbound with
Customer Relations and Simplex
Management involving outbound
calling.

Network and systems
Compared with the residential arca,
the volume of calls handled are far
lower but calls are much more
complex. This is being fuelled by the
growth in data products and services.
As a result, the BT network now
carries more data traffic than voice
calls.

Calls are presented to advisors by
customers calling 154 or via 0800 or
dedicated numbers, all of which are
all delivered to a network of Nortel
Meridian switches: the CSC network.
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The CSC network then uses ACD
functionality to deliver the oldest call
in the network to the longest waiting
agent. The CSC network also seeks to
deliver calls from customers to their
‘home’ fault management centre; that
is, if a call is identified as being
generated from East Anglia, the
network attempts to deliver the call
to [Iford FMC first.

With the introduction of Marks-
man to Business Customer Service,
calls are still delivered by the
Meridian CSC network, but then
Genesys CTI takes control of the call
and the routing strategy for it. If a
customer has an outstanding order,
fault or issue with BT, CTI firstly
tries to route the call to the advisor
who originally dealt with the call. If
that agent is not available, then it
tries the advisor’s team, then the
remainder of the centre before
looking for the next free advisor in
the country. Planned enhancements
include the introduction of intelligent
call routing (ICR) enabling sophisti-
cated call plans and the use of IVR to
identify customers and the numbers
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Figure 7—Marksman overview

they are reporting faulty. Figure 7
shows how Marksman delivers a call
using CTI, IVR and the operational
customer database (OCDB).

Operational requirements
With the diversity of customers and
the product set that needs supporting,
speed of information retrieval is the
key to resolving a problem at the first
point of contact. The Marksman
programme has put in place a PC and
local area network (LAN) infrastruc-
ture within the service centres upon
which a series of high-speed applica-
tions can be built. The applications
make use of a variety of technologies,
ranging from bespoke Visual Basic
(VB) front-end screens to web-based
information pages. The ability to test
customers’ apparatus is also important
particularly with respect to their lines.
For complex problems such as those
posed by ISDN and Business Highway,
Marksman uses case-based reasoning
(CBR) to improve the probability of a
correctly diagnosed fault resolution.
Integrated with the CBR is an ISDN
line test system (IFETS) which checks
the customer’s line end-to-end. PSTN
lines can also be tested via the Marks-
man application. In future, line tests
will be performed automatically using
IVR collected data while the advisor is
confirming the customer details.
Further benefits this delivers are:

® More problems resolved at the
first point of contact without
increasing call handling times.

® The application is flexible ena-
bling the introduction of support
for new and bundled product sets

® The management information
statistics (MIS) allow manage-
ment of service levels and advisor
performance on a real-time basis.

Figure 8 shows the components of
the Marksman solution.

Marksman technical overview
The agent workstations are standard
desktop PCs. Automated software
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delivery to the PC ensures that the
current versions of software are
always maintained. In addition to the
Marksman application, the agent
workstations are provided with
standard office automation packages
and e-mail. The function of the back-
end systems is detailed below:

The customer handling intermedi-
ate server (CHIS) and common
handling of event service system
(CHESS) are mid-tier servers
providing an interface between the
OCDB and CSS. The mid-tier
services use event notification to
ensure that fault, order and issue
data on CSS is updated on OCDB.

Genesys T server is made up of
several different components, namely
router, stat server, call concentrator,
and database server. Together these
components provide the heart of the
CTI call delivery and drive the
intranet-based statistical information
on advisor performance.

The five case-based reasoning
(CBR) servers provide the interface
between advisors and the main CBR
case base server. The five interface
machines provide an equal load
sharing and back-up capability for
advisors logging onto case bases for
resolving customer problems.

The wall-board server drives the
tri-colour wall boards in the centres
which are used to inform advisors of
the current status regarding custom-

ers waiting or advisors waiting for a
call. They also inform management of
advisor status; that is, number of
positions manned, number of advisors
either on a call, not ready or waiting.
The script repository is used to
hold scripts which automate repeti-
tive tasks that would otherwise be
time-consuming and tedious.

Call Centre Futures

One thing that can be said with
certainty is that the information
revolution taking place in society
today will have a dramatic impact
upon call centres.

BT’s call centres have evolved in
an age where the telephone is king, it
forming the principal real time access
method into the business. This
philosophy is extended into both front-
and back-office support systems,
which today are organised around
customers’ telephone numbers.

The deployment and integration of
desktop computing and CTI into call
centres has brought about significant
improvement in efficiency and the
customer experience. Simultaneous
voice and customer data delivery at
the time of call arrival and the ability
to route calls depending upon
customer service advisor skills levels,
are examples in use today.

This incremental approach to
improving call centre infrastructure

British Telecommunications Engineering, Vol. 18, Oct. 1999



CUSTOMER SERVICE

SOFTWARE N :
PC PC PC PC FILE/PT DHCP DISTRIBUTION GeoLAN MERIDIAN
WP il bl i =) L | =
| TCP/IP VR
DACOM
N WALLBOARD(s)
CISCo cisco
T SERVER srgfgt!:sgn 7| DATABASESERVER []
30 IMAGES caL concentraror || | ORACLE DATABASE
IBM SERVICES 7 R
MPRN | G
cTl TSERVER | TSERVER
30 IMAGES | 30IMAGES
CHIS CHESS [ 1= i

\ \ HTTP\\\\

QMONITOR OMC

POLLER (SM)

QMONITOR QMONITOR
GBS

SERVER SERVER SERVER SERVER SERVER
DATABASES WWW
| B e R ST
BCS AND WALLBOARD SCRIPT
oo ADMIN SERVER REPOSITORY SEREHOMLEDUE A
BCS: BUSINESS CUSTOMER SERVICES
CBR: CASE-BASEQ REASONING
CHESS: COMMON HANOLING OF EVENT SERVICE SYSTEM

SHIB=GUSTOMERHANDINGINTERMEDIATESERVER I LOGALSITE | | IPSWICH COMPUTER CENTRE I I MARTLESHAM I

DHCP: DYNAMIC HOST CONTROL PROTOCOL

MPRN: MULTI-PROTOCOL ROUTER NETWORK
0CDB: OPERATIONAL CUSTOMER DATABASE
OMC: OPERATIONAL MAINTENANCE CENTRE
NGM: NEW-GENERATION MAIL

NT/AS: WINDOWS NT CLIENT

SPRN: SINGLE PROTOCOL ROUTER NETWORK

IBLETCHLEYCOMPUTEBCENTREI I IlNStEYGoMRuTEﬁ,QENTHE I | NON-MARKSMAN |

Figure 8—Components of the Marksman solution

has kept BT in a competitive position,
but is it sufficiently radical to leapfrog
the competition as BT confronts the
information revolution, and will it
deliver the efficiencies and capabilities
needed to run a world-class operation?

Site rationalisation

After extensive research, both in the
UK and abroad, plans are being
developed to consolidate the existing
call centres. Modular centres, which
are sized for the optimum number of
workstations will be created to make
most-effective use of accommodation
and management skills. This will lead
to fewer, but larger centres. These will
be provided with a common systems
hardware infrastructure, offering high
resilience and flexibility.

Customer touch points

Today we are witnessing a massive
growth in the communication chan-
nels that are being made available to
customers; the Internet, mobile
communications and Internet-enabled
TV are all areas experiencing fast
customer take up. Figure 9 illustrates
the communication channels which
will be available to customers.

been developed largely in isolation to
satisfy the specific needs of each
channel; for example, 150, 192. This
has resulted in a very close fit with
business requirement and world-class
performance but at the expense of
wide flexibility. A key constraint
arising from this ‘vertical’ approach is
to prevent the total call centre
resource being regarded as a single
resource ‘pool’ at times of peak
customer demand and makes organi-
sational change difficult.

By adopting a ‘horizontal’ ap-
proach to the systems architecture of
call centres, both new channel
integration and reuse of common

This spectrum of communication
channels will grow, as we come to
terms with the transformation taking
place in communications, moving from
voice to a data centric environment.

How will this change impact
on BT’s call centres?
Customers increasingly expect to be
able to do business via the communi-
cation channel of their choice, with
the ‘experience’ being consistent and
content rich.

To satisfy this customer expecta-
tion requires a new approach to the
way call centre systems are designed
and delivered. Historically, these have

Figure 9— Communications channels to call centres
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a call asking if they would like to
purchase the very same product!

As the number of customer commu-
nication channels increases and BT
moves towards the bundling of
products via propositions, the company
needs an integrated information
service that supports a complete view
of the customer relationship, delivered
via a powerful interface to the cus-
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Figure 10—Three-layer model

system components can be achieved.
Figure 10 illustrates the concept.

The approach has a number of
benefits:

@ For the construction of a new
service channel, for example,
Internet-enabled TV, the re-use of
common business services in the
layer 2 mid-tier enables both the
channel and the existing call centre
infrastructure to support this with
minimal new development. Hence
lower costs and faster time to
market result when compared with
the traditional approach.

@ Dynamic integration at the desktop,
of the applications and information
required for an individual advisor’s
skill set increases the flexibility of
the call centres and the advisor
resource pool.

® Provision of integrated workflow
capabilities enables a customer
service advisor to work on a
dynamic blend of customer service
requests including voice calls,
e-mail, fax, written correspond-
ence, etc.

This infrastructure has one further
major benefit: it forms the backbone
by which seamless customer-centric
service can be delivered, utilising a
complete view of customer relationships
to ensure service is tailored to their
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individual needs and preferences. The
call centres will increasingly take on the
roles of help desks, providing immediate
context sensitive support to customers,
with the majority of service transactions
handled in a ‘zero-touch’ manner. In

other words, service will be delivered to
the customer without any person being
involved except perhaps a customer
engineer. In this environment, if the call
centre is contacted, it will be increas-
ingly in a secondary ‘assistance’ role

rather than a primary transaction’ role.

Transactions to relationships
In a business environment, where BT’s
core network is no longer a competitive
advantage and where it is possible to
build a new telco from scratch in under
five months, how does BT compete?

Jack Welch, CEO of General
Electric, made the following state-
ment, ‘We have only two sources of
competitive advantage:

® The ability to learn more about
our customers than the competition,

® The ability to turn that learning
into action faster than the
competition.’

BT is confronted with exactly the
same challenge, a customer that has
brought a product via bt.com will
expect BT to know about it when they
ring in with a service call that same
day, and they will not expect to receive

tomer service advisors. This would
enable the complete customer relation-
ship to be visible no matter how the
customer makes contact.

Delivering systems and applications
that support this level of functionality
will be a significant challenge. How-
ever, the increasing functionality and
maturity of proprietary CRM and ERP
packages, means that it is feasible to
configure standard software packages
to achieve this rather than embark on
bespoke development. Availability of
‘out-of-the-box’ solutions will be
essential to support the evident rate of
change in the marketplace.

Several initiatives are underway
looking at how BT can satisfy this
requirement, with vendors of both
front- and back-office applications
being assessed.

In summary, BT’s Call Centres will
change dramatically over the next few
years as customer service, BT’s true
competitve advantage, is optimised.
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Telempathy

This article introduces
telempathy, a
complementary form of
telecommunications in
which the presence and
activity of remote people is
presented using ambient
displays. This paper focuses
on the ‘awareness’ of
people’s activities as a
precursor to more
conventional forms of
telecommunications. Initial
research is described in
which a framework for
software agents is used to
gather real-time
availability information,
displayed using visual and
auditory interfaces on
networked wearable
computers. The potential
market for telempathy
services is discussed. It is
believed that such services
will promote telephony
usage in a variety of
commercial and residential

applications.
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Introduction
Our senses are constantly giving us
peripheral information that we use to
focus our attention or monitor the
‘ambience’ of our environment. For
example, at work we use cues like the
sounds of doors opening, typing on
keyboards or lights in the office to
help subconsciously understand the
activities of other people. We also use
ambient cues, such as the posture we
adopt in our chair, to communicate
our own activity and availability.
Why then does current technology
not exploit the human ability to
process subtle changes in light,
sound, even smell and temperature?

Just consider modern telecommu-
nications. Today people have a
variety of ‘explicit’ communication
channels available. While this
enables us to become available more
of the time, a disadvantage is that it
also increases the likelihood that we
telephone ‘at the wrong time’ or have
to use a succession of communica-
tions types to contact people. E-mail,
for example, has become the default
method of communications for many
even though a ‘synchronous’ conver-
sation via a telephone call conveys
more in a shorter time, if of course
the person is there to pick up the
telephone. It is perhaps more likely
that the user will be connected to
voice mail. Keeping people ‘in touch’
demands more than current telecom-
munications provides.

The authors are exploring alterna-
tive communications interfaces, in
particular those that promote
telempathy within distributed
communities. As reported by Preece!
the term empathy has at least three
different meanings. It can mean
knowing what another person is
feeling, feeling what another person
is feeling, or responding compassion-
ately to another person’s distress. The
term ‘telempathy’ is used here to
refer to a system that allows a person

to know what a remote person is
feeling, their activity, availability or
other ‘contextual’ cues via a periph-
eral or ambient interface. Awareness
is essential in collaboration to
coordinate the activities in a shared
workspace. Technological devices
such as remote cursors, multiple
scroll bars, audio cues, and low-
frame-rate video have been proposed
to support the awareness of remote
collaborators’ activities. Dourish and
Bly’s Portholes project? is an example
of an awareness support system
using low-resolution low-frame-rate
video.

There are a number of awareness
cues that allow telecommunications,
particularly within distributed
teams, to be made more efficient. For
example, who is present or on-line?
Where are they and how can I reach
them? Are they available for synchro-
nous or asynchronous communica-
tions? Thus telempathy seeks to
provide a subtle, or ambient, sense of
presence rather than a direct commu-
nication medium such as synchro-
nous telephony or asynchronous
messaging. In a physical environ-
ment, people use their ambient
awareness of others as a precursor to
formal communications. The majority
of people quickly become astute at
personal communications based on
an interpretation of ambient, as well
as direct, visual and auditory cues.
Current telecommunications tech-
nologies offer little support for astute
personal telecommunications.
Methods of telempathy are required.

Tangible Bits

Before describing our research we
shall consider the previous work
which stems from the MIT Media
Laboratory. Ambient displays are
part of the broader ‘Tangible Bits’
vision of Wisneski et al.®. Notions of
ambient media were, in part, inspired
by the Fields and Thresholds work of

British Telecommunications Engineering, Vol. 18, Oct. 1999



TELECOMMUNICATIONS IN THE 21st CENTURY

Current BT research into telempathy is focused on supporting
collaborative working within distributed

Dunne and Raby* and the Live Wire
of Jeremijenko®. These projects
explored a theme of peripheral
awareness of external activity,
especially of activity attributable to
people. The AROMA project® further
investigates ideas of peripheral
awareness.

Several experimental tangible
interfaces have been demonstrated at
MIT that blur the boundary between
physical and digital worlds. The focus
for much of this research has been
the creation of tangible interfaces
onto intangible data. However, there
are examples of ambient displays
being used to convey remote presence
albeit within the same physical
building. The ambientROOM is based
on the Personal Harbor™ product
from Steelcase Corp.,a 6 ft x 8 ft
enclosed mini-office (Figure 1). The
ambientROOM surrounds the user
within an augmented environment—
‘putting the user inside the compu-
ter’—by providing subtle
augmentations to activities con-
ducted within the room. People are
made to feel connected to others
through a number of ambient
displays:

project teams.

® Active wallpaper Electric field
sensors are used to measure the
level of human activity in a work
area. They are set up to sense the
number of people in an area, and
how often people generally come
and go. This activity is repre-
sented by a pattern of illuminated

~ patches projected onto an inner

wall of the ambientROOM. When
activity is low, the movement of
these spots is minimal, but as
activity levels increase, so does the
motion of the spots, providing a
visual display of remote activity.

® Ambient sound A ‘soundscape’
arises out of activity on the digital
whiteboard in a remote
workspace. When the board is in
use, the sounds of the dry-erase
pens rubbing against the board
are transmitted into the ROOM in
a low-volume subtle way. This
gives the inhabitant of the ROOM
some awareness of activity in the
central workspace.

® Water ripples  One display in the
ambientROOM allows the user to
have some awareness of remote

Figure 1—Ambient media displays and controls
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activity, which is transferred to
the motion of a solenoid in a
shallow water tank. A lamp
reflecting off of the water then
produces rippling shadows on the
ceiling.

On first impressions it may be
difficult to imagine working within
an ambientROOM, and long-term
studies are required before effective
displays are revealed, but consider
the potential impact on telecommuni-
cations. The whole room becomes a
telepresence interface onto telephone
and computer services, without the
intrusion of permanent video connec-
tions or the isolation of current-day
‘click to talk’ teleworking solutions.

Ambient Telepresence
Through Wearables

Current BT research into telempathy
is focused on supporting collaborative
working within distributed project
teams. We believe that the most
appropriate platform for ambient
awareness interfaces are personal
devices such as ‘wearables’ and
mobile telephones. While some
potential forms of telempathy data
are public, temperature for example,
many forms of data relating to
collaborative working are personal.
For example, the real-time availabil-
ity of a person is privileged informa-
tion which should be released only to
trusted parties, and then only within
limits. Thus interfaces need to be
personal and in some cases private.
An installation such as
ambientROOM may be appropriate
for personal work cells; however, a
personal device has the advantage of
being able to deliver personal
information within a large shared
office and tailored to individual
preferences. It is easy to imagine that
if everyone in an office had ambient
audio interfaces these would soon
distract and annoy. Personal devices
also allow access to context specific
information when mobile; for exam-
ple, location-based availability
information as discussed in the
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Figure 2—Wearable computer

following section. Lars Holmquist has
similarly embraced the use of inter-
personal awareness devices (IPAD) as
communications interfaces’. His
definition of IPADs is that they are
‘small devices, designed to be carried
at all times...that give an indica-
tion—aural, visual, tactile, etc.—
when another IPAD is in the vicinity’.
The LoveGetty is an example of a
successful commercial IPAD, a device
the size of a key fob that can be
programmed with user interests.
When another LoveGetty comes in
range on the device’s infrared link
the interests are compared and the
device flashes when the people are a
good match. The Hummingbird has
been developed by Holmquist to
explore the issues of personal
awareness devices and can, for
example, be used to give aural and
visual indications of when other
group members are in the vicinity.
Whenever two or more Humming-
birds are in the vicinity of each other,
they chirp, and the identity of other
Hummingbirds in the vicinity is
shown on a display. Thus a Hum-
mingbird gives its user continuous
information of which other Hum-
mingbird-using group members are
close, whether in the place they
usually meet, or somewhere else.
‘Close’ in this case is approximately
when users are in the same building
when indoors, or within ‘shouting
distance’ when outdoors.

The first commercial personal-
availability tools are likely to be
variants of buddy lists delivered to
smart telephones on the current
global system for mobile communica-
tions (GSM) network. Buddy lists
such as ICQ® and PAL?® allow groups
of computer users to stay in touch.
Users register their details with the
service provider who maintains a list
of all connected clients. A user is able
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Figure 3— The personal agent framework and its role in telempathy

to select the names of other regis-
tered users whose availability they
wish to be aware of. Buddy-list tools
also support direct communications
by providing a wrapper to e-mail,
text chat and even Internet protocol
(IP) telephony applications. Ericsson
and other companies have launched
smart telephones and are developing
cellular JavaPhones. The handset has
a liquid crystal display (LCD) screen
and will be able to download Java-
based applications connected to
services in the network. Munch-
Ellingsen et al.'* from Telenor are
developing a buddy list or people’s
browser to support mobile virtual
co-location in groups.

Within BT, the authors have been
using wearable computers as a
platform for telempathy research.
These have the specific advantages of
supporting both visual and auditory
displays, significant local processing
power and a range of network
interfaces. Our current wearable
system is shown in Figure 2 and
consists of a body-worn Toshiba
Libretto computer, wireless local area
network (LAN) and GSM network
interface, spectacle-mounted display,
ear piece and corded ‘twiddler’
keyboard.

A particular advantage of wear-
able computers is their ability to
collect local contextual information.
The wearable could be collecting data
such as local light, sound, tempera-
ture and movement levels and
convert that into useful higher-level
information to determine the user’s
context: whether they are moving or
still, talking or in discussion, inside
or outside. Making some or all of

these cues available to remote
colleagues would allow more natural
communications. In the office, we
know if we can talk to or interrupt a
colleague just by looking over. In the
remote environment we do not have
the cues, and interrupt at inappropri-
ate times. The current research of the
authors is focused on providing
experimental audio and visual
interfaces onto availability, or other
forms of context data, to support
collaborative working in distributed
teams. Raw data is being collected
via the BT personal agent frame-
work, described below.

Personal agent framework
The personal agent framework
(PAF)!, developed at BT Adastral
Park, is a unified environment in
which many personal agents can be
integrated. The core part of the
personal agent framework proposes a
secure and private registered user
environment, which holds dynamic
user-profile information that can be
shared among agents in the frame-
work. A fundamental principle of the
PAF is the provision of personalised
services with minimal burden on the
user. Within the PAF, a user has a
personal profile, which describes his/
her interests and preferences. This
profile is then available for a number
of agent applications to find and
present information to the user, as
shown in Figure 3.

Some of the personal agent
applications we currently operate are
concerned with locating and provid-
ing the right information to the right
people at the right time. Thus having
a user profile that is rich enough to
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Figure 4— Availability information displays —the radar scope and the graphical display

contain not only the interest areas,
but also contextual information such
as when, where and in what situation
the various interests are relevant can
greatly enhance the effectiveness of
this type of system. Personal profiles
can also be available for use by
telempathy applications—to bring to
an individual’s attention those topics
of interest or importance to another
person according to the presence of
that physically remote person.

Within the PAF, the availability
agent (based on the APIA work of
Duke!) enables an individual’s profile
to be updated to reflect the current
status of his/her availability. Avail-
ability takes many forms, from a
simple presence to more complex
details of the tasks and loading of the
individual. The availability agent
attempts to provide information on a
number of such features. To determine
the simple presence of an individual,
the availability agent monitors the
keyboard and mouse activity, to give a
crude availability ‘score’. To provide
more detailed information, the
availability agent looks at the applica-
tions running on the machine.

Visual availability awareness
We have discussed the advantages of
making a remote user’s context
available to his/her colleagues so that
interruptions/discussions could be
timed to mutually beneficial times.

Even the simple availability aware-
ness of when the user last worked on
his/her machine is beneficial to
remote interaction. The availability
information gathered within the
personal agent framework can be
provided explicitly or implicitly.
Explicit provision can be seen in
Figure 4, where the availability score
is mapped in real-time onto the
desktop. The two applets in the figure
show two aspects of the availability
score—the radar scope is a snapshot
of the individuals’ availability,
whereas the graph shows an ‘histori-
cal’ view of availability over a period
of time. The radar scope allows for an
individual to have associated with
them a personalised image for
display (if none is available then a
blank profile is used), as well as a
personalised audio signature, to
enable the person monitoring to be
aware of who is available. This
feature merges the explicit provision
of availability information into
implicit provision.

Implicit provision of the availability
takes the idea of personalised visual
and audio cues a step firther into
integration with the environment.
Thus presence and activity can be
conveyed using ambient visual and
auditory stimuli, to enable telempathy
to be based on real-time, accurate
information. Even using the radar-
scope and availability graph for a short
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time influenced the way we interacted
with colleagues. When someone
suddenly comes on-line we have the
best chance of contact, and especially
when working with remote colleagues
(across the Atlantic) we have a much
better feel for their availability.

Audio availahility awareness
Our efforts have not just concentrated
on visual displays of people’s availabil-
ity, we have also been investigating a
wider use of auditory display in such
systems. The use of audio is a natural
approach to delivering ambient cues
as much of our peripheral awareness
is based on our auditory environment.
An experienced car driver knows
when it is time to change gear based
on the auditory feedback from the
engine without having to consciously
attend to it. This has the benefit of
leaving the visual field free to concen-
trate on the current task. The human
ability to monitor the auditory
environment as a ‘background’ task is
well documented; the ‘cocktail party
effect™® and Gibson'* show that people
can be aware of auditory stimuli
without it severely affecting their
conscious attention.

Organising auditory streans

To effectively convey information
through a graphical display, a lot of
attention is paid to the layout and
appearance of that information. In the
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same way, the elements of an auditory
display that may consist of a number
of different, simultaneous sounds need
to be organised in some way to
prevent a meaningless cacophony. We
have been considering two ways of
doing this: the use of auditory scenes,
and the use of musical rules.

Auditory scenes are created by
associating the availability param-
eters with particular sounds that can
be mixed together as part of a
auditory virtual environment. For
example, Audio Aura®® uses a beach
metaphor with the number of e-mails
waiting to be read associated with
the sound of seagulls, and general
group activity associated with the
frequency of surf hitting the beach.
We have used a similar metaphor
where the availability of people is
associated with a herd of cows in an
auditory scene with birds singing and
other natural noises associated with
other states. As more people become
available the herd of mooing cows
becomes larger. In this instance it is
not possible to detect exactly who is
available at any time, the aim is to
provide a general awareness of the
number of people currently available.

Our other approach to the prob-
lem of an organising structure has
been to use the rules of harmony,
rhythm and melody to bring together
sounds in a coherent way. By associ-
ating the data we want to convey
with musical sounds and passages
that fit together and make musical
sense, we have created musical
soundscapes in which changes in
individual elements can be detected.
To prevent the presentation of
different passages from becoming
repetitive, we are using a generative
music composition tool called Koan'®
to generate the music in real time.
The system works by associating a
person’s availability rating with a
motif played on a particular instru-
ment. As the person becomes more or
less available, the rhythm of the
motif is varied. When they have been
unavailable for some time, their
motif is removed completely. In this
way it is possible to determine who is
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currently available and to what
degree from the collection of motifs
making up the whole soundscape.
This is similar to Wagner’s use of
leitmotif and Prokofiev’s identifica-
tion of animals in ‘Peter and the
Wolf'. We are also using music to
‘build up’ to scheduled events by
raising the user’s expectation that an
event is about to occur, such as a
meeting or appointment.

Musical displays
The use of music has some advan-
tages over auditory scenes. Due to its
more abstract nature, the musical
approach is more scaleable as it does
not require the designer to find
sounds that fit the metaphor in a
meaningful way. There is also less
danger of a musical environment
interfering with the real environ-
ment, be it visual or auditory; one
can imagine real-world seagulls
being confused with waiting e-mail.
It is also possible to imagine
systems where the use of music is
taken further than direct associations,
and is manipulated to convey emo-
tions, moods and other states that are
hard to display graphically. This is
similar to the use of scores in feature
films and advertising where events in
the past, present and future are
brought together by music to enrich
the understanding of the scene!”. Also,
we must not forget the power of music
to affect the way we perform tasks.
Research into the use of muzak in
shopping centres and restaurants
suggests we can be strongly influ-
enced by the style and pace of the
ambient music we hear'® 19,

Business Potential

So why are we researching
telempathy and how could it impact
telecommunications? There are two
compelling examples of how people’s
lives could be positively influenced.
Firstly, consider business. Telecommu-
nications has revolutionised business,
and in various sectors has enabled
distributed team working and even
virtual organisations to flourish.

Within many companies teleworking
is actively promoted, and few can
resist working some, if not most, of
their time outside the office. However,
there are problems. In particulay,
teleworkers can feel isolated from
other team members. While communi-
cations via a variety of methods are
available they tend not to support the
informal repartee and exchange of
ideas that occur when people share a
physical workspace. Now imagine that
each member of a distributed team
had an awareness of each other; for
example, they could sense the avail-
ability of others using the same
background cues as if they shared
their physical space. This would
actively promote communications
within the group with all the positive
effects on team cohesiveness that this
implies. Perhaps the biggest potential
benefit is to encourage people to speak
rather than using e-mail excessively.
Because telephoning is ‘hit and miss’,
e-mail tends to be used as the first
option even when communicating
with others in the same office. In most
cases, e-mail can be avoided if you
know when to telephone, and tele-
phone conversations are certainly
richer in information.

Secondly, consider the potential
impact on residential services.
Routine social interaction is impor-
tant to the maintenance of relation-
ships. This becomes increasingly
difficult to maintain as friends and
family move away from each other.
People have a need to feel connected
to others, especially loved ones, and
we believe ambient displays can aid
in this connection. A recent pilot
survey of BT customers, reported by
Anderson et «l.?, reveals much about
how we communicate at home, and
proposes taxonomy of call types.
Findings also indicate several
opportunities for telempathy. People
are creatures of habit, and their
calling patterns are no exception. For
example, all survey participants
reported making duty cells to family
members. These ‘obligation’ calls are
often made on a weekly basis and
tend to be made at regular times,
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giving people an ambient awareness of other remote people or
events will complement existing telecommunications

usually during cheap rate periods
and especially on Saturday mornings.
Extra duty calls are also made on
birthdays and anniversaries. It is
easy to imagine that if members of a
family could receive a constant
stream of empathic bits this would
stimulate more frequent and timely
communications. An awareness of
others may even stimulate men to
make maintenance calls—that
maintain a friendship—as they
frequently wait for a reason to
telephone, rather than women who
are more likely to phone ‘for a chat’
(in fact woman are responsible for
twice as many calls as men). Other
call patterns may also benefit from
availability cues. Several participants
mentioned shared calls in which they
pass the telephone to another family
member during the course of a call.
This occurred most often when the
call was from another member of the
family, particularly in the case of
grandparents talking to grandchil-
dren, and more rarely in three-way
conversations with another member
of the family ‘listening in’ and
making comments on another
telephone. If members of a family, or
group of friends, were aware of calls
between members then this could
promote shared calls, with other
people joining conference calls in the
same way that members of a group
tend to be drawn in to a conversation
in a shared physical space. Pseudo
maintenance calls were also reported
and are made to friends in order to
keep in contact and maintain the
friendship. However, they are made
deliberately when the caller knows
that the call target is very unlikely to
be there and the object of the call is
simply to leave a message. Thus
remote-availability information could
even be used to prompt people to call
when they know the recipient is
unavailable. Conversely, availability
awareness could also reduce commu-
nications. Many participants
reported that if they make a call to a
target who is unavailable they often
make a call to a second, third or even
fourth friend until they find someone

to whom they can talk (a so-called
domino call). This behaviour was
much more common among female
participants than males. However, we
believe that an awareness of others
will, by and large, promote communi-
cations not restrict them. This
hypothesis is to be quantified during
future research; however, it has
already been validated on an ex-
tended internal trial. Four members
of a project team distributed on a
single site have used the web-based
availability radar and auditory
interface for three months. During
this time participants made increas-
ing use of the telephone (by as much
as 300%) and physical ‘chance
encounters’ based on the sense of
presence of others. E-mail use among
the group decreased. While this
evidence is inconclusive it does give
grounds to perform a larger user
study, in particular to assess the
impact of different interface devices.

Discussion

There are many examples of telecom-
munications being invasive or
inappropriate. We believe that giving
people an ambient awareness of other
remote people or events will comple-
ment existing telecommunications.
For example, a recent trial demon-
strated the possibility of gathering
life-style data on elderly people living
in their own homes. The system is
able to alert care staff when uncharac-
teristic behaviour is recognised,
perhaps a lack of activity in the
kitchen first thing in the morning.
While the benefits of such a ‘reactive’
system are undeniable, consider for a
moment if friends and family were
given a continuous ambient aware-
ness of their relative’s well-being
rather than an ‘alert on emergency’.
In an ideal case, such ‘telepresence’,
via a trickle of empathy bits, would
perhaps prompt social telecommuni-
cations and physical calling. Of course
it is equally possible to predict many
of the problems with such interfaces.
When we look at the idea of
telempathy and the need to project
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remotely the ambience of a group or
availability of a person, a major
consideration is that of personal or
group privacy. Because we are using
personal information to project
awareness we need to ensure that
this is used in a controlled and
acceptable manner. In the personal
agent framework all the information
is protected and it is up to each
individual to decide who else should
be able to see what parts of a profile.
For availability information we may
allow users to display different
granularities of information depend-
ing on who is asking. For example, I
may be willing to allow my close
colleagues to know what my avail-
ability is down to the nearest minute,
whereas for a total stranger [ may
only wish them to know that I am/am
not in the office that day. Addressing
privacy and security issues early on
will ensure that any solution gener-
ated will be more widely acceptable.
In addition to privacy and security,
the style and modality of interface is a
critical factor in the success of
ambient displays of any kind. The
choice of modality for the background
media should be considered with the
person’s foreground task in mind. For
example, if a person is in his/her office
performing a visually intensive
foreground task—say, writing soft-
ware—a visual ambient display might
not be as effective as an auditory
display. Similarly, when a person is
performing an intensive auditory
task, like talking on the telephone,
ambient information might be better
presented through non-auditory ways.
However, if the modality and spatial
configuration of a particular ambient
display is substantially altered during
the course of use, people may become
confused about the display mapping
being employed. Mynatt et al.®®
observed that the type of auditory
display also impacts the cognitive load
of the user. For example, vocal
feedback is familiar but usually
demands more attention than a non-
speech sound and musical ‘earcons’
demand less attention providing their
meaning has been learnt, which is not
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always easy. Familiarity with the
interface can also prove distracting.
For instance, Wisneski et al.? report
that the sampled looped sounds of
water in the ambientROOM became
annoying after months of repetition.
In particular, sounds that are looped
in some kind of discernible way tend
to become annoying very quickly. Also,
many media elements going on at
once can cause an ‘information
overload’. Display style and modality
can also impact user privacy. For
example, researchers at MIT experi-
mented with placing an infrared
camera in a physical space and
projecting its out-of-focus image on
the wall of the ambientROOM. It is
reported that many people thought
the camera-based display felt intru-
sive, as the mapping was too literal
and privacy had not been respected.

Conclusions

The authors have presented
telempathy as a complementary form
of telecommunications, which we
believe will be the basis of future
services. While the commercial
implications of telempathy are
largely unknown, Internet buddy
lists illustrate how computer users
are starting to keep in touch. We
predict such services will spread
rapidly to mobile devices, initially
delivered to conventional audiovisual
displays. The authors have developed
a number of visual and auditory
displays that are being used on both
wearable and desktop computers to
inform team members of their
presence and availability. Ambient
displays are particularly relevant to
viewing availability information
where privacy is a major concern. For
example, using our Koan-based
audio-availability awareness display
it is possible to hear a representation
of real-time availability information,
giving a sense of presence of a
distributed community of people
without revealing individual identi-
ties. The evaluation of such displays
represents a significant task. Mynatt
et al.® performed a small-scale
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evaluation of audio aura and
concluded that, in general, sound
was a good choice of display,
although some found the meaning of
sounds difficult to remember. We
have yet to formally evaluate our
current displays, although the visual
displays are in continuous use
within a distributed project team
and regularly initiate telephone
calls, physical meetings and even e-
mails. This is promising, and we
intend a formal evaluation by
comparing the communications
habits of people with and without
access to a variety of availability
displays. The BT research is focused
on developing less intrusive display
techniques for multi-modal wearable
or mobile devices. In the future we
would like to be able to display
availability information in a modal-
ity and style appropriate to the
user’s task, location, and environ-
mental constraints. This demands a
high degree of ‘contextual’ reasoning
and longer-term research.
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Alwyn Lewis and Graham Cosier

Whither Video?—Between
Sentiments and Signals

This is the fourth of five
articles about the future
role of video pictures in
telecommunications.
Previous articles™ have
outlined the history of
television and
videotelephony, reviewed
human behaviour in
communications and
explored engineering and
artistic conventions in the
use of pictures. This
article discusses the
implications for new
videotelephone,
telepresence and ‘virtual-
world’ communication

systems.
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A New Era

In the late 1960s, AT&T planned a
new era for telecommunications,
where telephones would be replaced
by videotelephones. Those pioneering
plans were wildly optimistic and
videotelephony has proved paradoxi-
cal—successful in niche applications
yet somehow barred from universal
appeal.

With the benefit of hindsight, the
authors are not surprised that
videotelephony was not as successful
as the introduction of the telephone.
Technical and commercial limita-
tions played a part, but more
fundamental inhibitions lay else-
where. This series of articles attempts
to understand this paradox and
what it suggests about future
developments in human telecommu-
nications.

Reprise

The first article! described the
prodigous creativity of early
television technology, that helped
make television a plausible model
for early videotelephony. The
second article? posed the question
‘Do minds meet more easily when
voices are disembodied?’ and
described human perceptual
abilities in sight and sound. It
contrasted a human-centred view of
videotelephony with the more
traditional technology-centred view.
The third article® discussed picto-
rial culture in terms of the multi-
modal interactions between
physical optics and human psychol-
ogy. It also explained why the
pictorial culture of television,
widely successful as entertainment,
is a bad model for videotelephony.

Paradox in Perspective

Human culture has exploited the
subtle power of pictures for tens of
thousands of years, since the days of
the cave painters (Figure 1). In the
last hundred years or so, we have
been able to make our pictures
move’. Real-time moving picture
technology has been developed
within living memory. But all these
different kinds of pictures, live and
still, share one common characteris-
tic. Someone in the role of artist,
photographer, designer or director
deliberately selected, created or
composed each picture. Even a
surveillance camera shows a
conciously chosen viewpoint.

What’s Novel?

Artists find self-portraiture difficult.
Photographers take pictures of other
people. Live self-photography is a
new idea. We have little or no
cultural adaptation to self-portraits
we take to represent ourselves
remotely, or to live pictures taken
without our control by an autono-
mous machine. We should not be
surprised that videotelephony still
evokes mixed reactions from its
users—it differs fundamentally from
the conventional use of pictures and
needs a new approach.

Figure 1—26 000-year-old cave-
painting at Lascaux, France
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Figure 2— Process hierarchy for
telephony

Videotelephones have often been
classed as a novel application
(personal communication) for an
existing technology (television). The
authors think this classification is
misleading. Videotelephony is better
seen as an existing application
(telephony) for a novel technology
(live self-photography). The area with
less knowledge is likely to have more
novelty.

The Way Ahead

There is now good evidence®” to
suggest that video pictures can
enhance the effectiveness of human
telecommunications, if used appropri-
ately. The design and use of
videotelephones should evolve so that
users feel more confident about how
others see their self-photography
image.

Videotelephones can be more
effective than simple telephones, but
they are nowhere near as simple to
get right. The significant problems
are no longer technical but cognitive,
in understanding the ergonomic
aspects, social norms, cultural
adaptations and psychological
requirements of videotelephony.
Anderson® proposes an outlook for
telecommunications that focuses on
task not technology, fully under-
standing why something is useful
before defining how it should be
achieved.

The future growth of interactive
telepresence and multimedia commu-
nications requires greater under-
standing of the roles and benefits of
pictures in real-time, bi-directional
systems. It also requires a fresh start,
free from preconceptions. Why has the
telephone been so overwhelmingly
successful? What are the factors that
connect psychology with engineering
in telephony and videotelephony?
What lies between human sentiments
and electrical signals?

Hierarchy of Representation

Figure 2 shows a process hierarchy
for telephony, composed of various
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levels of representation between
sentiments and signals. Note that, in
this context, the word ‘sentiment’ has
no association with sentimentality. It
is used as an alternative to the word
‘motive’, because human communica-
tion occasionally occurs without
precise motives.

The technical signals are at the
bottom levels of Figure 2, with the
human-related processes of tele-
phony above. Each level is in two-
way contact with its immediate
neighbours, forming a serial chain
running from bits through sounds
and phonemes to semantics and
sentiments; and vice versa. External
factors, such as environmental
context or verbal culture, can link
with more than one level.

Side Channels

There are some processes which jump
over’ this serial arrangement of levels
in telephony, such as the interpreta-
tion of tone of voice. This can result in
semantic or cognitive content linking
directly to a representation in sound.
Such side channels can carry signifi-
cant information, but the most
important channel in telephony is the
serial chain of representations that
form speech. This is probably no

British Telecommunications Engineering, Vol. 18, Oct. 1999
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accident, since sound is a single
stream of succesive events with only
one chance to observe each event as it
happens. The nature of sound seems,
in part, to have dictated the nature of
its cognitive processing. The process
hierarchy for telephony is therefore
largely single-channel and time-
invariant.

Benefit of Sound

The scale at the left of Figure 2
indicates the relative amount of
design effort that has been involved
in telephony. Only the lowest human
level, marked ‘Sensation and genera-
tion’, has required any expenditure of
effort, to match the telephone to
human physical and psychoacoustic
characteristics. The largest design
effort in telephony has been devoted
to the technical levels of transmis-
sion and switching. Almost all the
human-related levels of representa-
tion in telephony have been inher-
ited, without modification, from
face-to-face conversation. No engi-
neering design effort has been
needed to shape these representa-
tions for telephony. That is why the
‘1 metre air-path’ has been such a
successful performance metric in
telephonometry®.
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Figure 3— Process hierarchy for
videotelephony

The levels marked ‘cognitive
content’, ‘semantics’ and ‘grammar’ in
Figure 2 together connect psychologi-
cal sentiments to the mechanistic
parts of speech. As a group, they
essentially define the purpose or
benefit of sound in telephony.

Hierarchy for Pictures

Figure 3 is a process hierarchy for
the picture component of
videotelephony. The technical levels
are analogous to those of telephony.
The lower human-related levels also
resemble those of telephony, although
the external factors such as environ-
mental context and device limitations
have more impact.

The higher human-related repre-
sentational levels of videotelephony are
unlike those of telephony. Pictures are
unlike sounds, being more than one
thing at a time and more than one time
at a thing. As with telephony, the
nature of pictures seems to have
dictated many features of our cognitive
processing. In the multi-stream,
parallel world of pictures there is a
complicated relationship between the
‘sentiments’ and the ‘observations and
behaviours’ levels. A parallel arrange-
ment of channels thereby emerges,
with no dominant channel and no
definite side channels. Instead, the
importance of a given channel changes
with time, depending on the tasks.

Environmental context mainly
alters the human-related levels rather
than the technical ones in
videotelephony. Environmental factors
can directly modify the relevance of
observations, the interpretation of
behaviours and some aspects of the
usefulness of pictures.

Benefit of Pictures

Instead of a serially-connected group of
three functionally-distinct layers, that
define the benefit of sound, Figure 3
represents the benefit of pictures as a
single layer. This layer has multiple
overlapping and interdependent
functions and connections, whose
relevance changes with time. The links
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between these functions, within the
layer, can be as strong or stronger than
the links to neighbouring layers,
depending on the task. At the ‘benefit’
level, where the use and purpose of the
picture is represented, videotelephony
has a process hierarchy that is multi-
channel and time-variant.

Three kinds of functions are shown
within the ‘benefit’ layer in Figure 3,
grouped together as objective content,
illustrative content and emotional
content. These groups, shown in more
detail in Figures 4-6, are not meant to
imply hard-edged or exclusive bounda-
ries but toillustrate the range of
functions in a complex continuum. For
example, objective content can have
emotional aspects, and illustrative
content often has objective aspects.

The relative design-effort scale, at
the left of Figure 3, shows that some
effort has been devoted to human-
related representation levels in
videotelephony, especially for objec-
tive content. However, less effort
(compared with telephony) seems to
have been expended on the ‘image’
and ‘picture’ levels, either side of the
human-technical interface.

Early trials of videotelephony
tried to adopt the ‘benefit’ structure
of telephony, with some additions
from television culture. Except in
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special cases, this approach did not
prove successful and the complexity
of the videotelephony ‘benefit’ layer
may be the reason. Its multi-channel,
time-varying nature may also explain
why no satisfactory equivalent of the
‘1 metre air-path’ has been adopted
for videotelephony.

Objective Content

Figure 4 shows some aspects of the
objective content of a videotelephony
picture, classified by information,
interaction, transaction and ergonom-
ics. Many of these aspects can be
represented in a simple telephone call
or audio conference. Videoconference
equipment is usually designed for a
wide range of objective content but
videotelephones often focus on social
interaction through facial expression,
with little provision for other kinds of
content. Transactional content is
expressible in speech, but is much
more intuitively expressed through
body language.

lllustrative Content

Aspects of illustrative content in
videotelephony are shown in Fig-
ure 5, classified by demonstration,
behaviour and circumstance. These
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Figure 4 —Objective content of a
picture, grouped by type

aspects are very difficult to represent
by speech or sound. This kind of
content is typically the subject of
carefully-directed video productions
for training or education, but
videotelephony can offer similar
content in a spontaneous or informal
way. This requires considerable
flexibility of camera positioning and
control, by the local or distant user.

Emotional Content

Lewis and Nightingale discuss
emotional content in videotelephony
using the terms expression and
projection'®, Expression is used to
describe emotional properties of the
picture that are obvious to an
independent observer, while projec-
tion describes properties that are
truely interpreted or experienced
only by the participants.

Figure 6 shows an alternative view
of emotional content in
videotelephony, categorised by
external situation or internal state of
mind. Some of this information can be
conveyed by telephony, in tone of voice
or tempo of conversation. But most of
the aspects in Figure 6, such as
misgivings or distractions, are more
easily and accurately portrayed by
pictures. Negative aspects, about what
is not said or done, cannot usually be
conveyed without certain kinds of
pictures. Body language is usually a
good indicator of state of mind, even to
the extent of contradicting the
semantic content of speech.

Surrogacy

Emotional content in videotelephony
is strongly related to a sense of
surrogate presence, or presence by
proxy, at a remote location. This
surrogacy might involve psychological
empathy or a shared state of mind.
Alternatively, surrogacy can mean a
shared awareness of situation without
any marked emotional involvement.
The two categories of Figure 6 reflect
these two kinds of surrogacy, which
often have contradictory implications
for picture taking. Creating empathy
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Figure 6—Emotional content of a picture, by external or internal category
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implies the use of close-up views of
the face, while awareness of situation
demands wide-angle views of the
surroundings. Flexibility of camera
positioning and control, by the local or
distant user, is again required.

In audioconferencing, speech alone
can provide a good sense of surrogacy,
while broadcast television offers
passive surrogacy as an observer.
Videoconference systems provide active
surrogacy when the room layout and
equipment performance satisfy user
motivations, although the ‘people on
the box’ sometimes risk being ignored
if there are too many deficiencies.

As described earlier, the benefit of
pictures in human communication
relies on multi-channel and time-
varying processes, in both face-to-
face conversation and group
interaction. Controlling and captur-
ing such pictures, to translate
sentiments to and from signals in
realisable systems, is a challenging
task. Neither signal nor sentiment
matters in isolation, because it is the
appropriateness of the linkage that
creates the benefit. In speech, the
linkage is static but when communi-
cating with pictures the links are
dynamic.

Converge or Diverge?

The improvement of videotelephony
is one element in a greater trend of
convergence between telecommunica-
tion, computing and entertainment
systems. This is a convergence of
means not ends. Early hand tools
were made of wood, then stone, then
metal. The modern hand tool indus-
try has converged on a common
production technology for meat
cleavers and butter knives, but the
products evoke divergent attitudes in
use. Divergence might be a more
profitable focus for the future use of
electronic pictures in telecommunica-
tions, because it emphasises the
needs of the user. Technological
convergence does not imply conver-
gence in design or purpose.

Just as different forms of enter-
tainment use different pictorial
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conventions, so the purpose of a
communication can change the
technical and psychological aspects of
picture capture, transmission and
display. The design of video-tel-
ephones is increasingly likely to
depend on why the communication is
required, whether the purpose is
formal or informal, through a mobile
or a fixed link, over a local or an
international network for educa-
tional, social, medical, industrial or
business needs. Such a variety in
matching technologies to markets
follows a trend described by
Bonfield!!, where the telecommunica-
tion industry departs from its former
‘one size fits all’ outlook. This variety
is possible because of the flexibility of
digitally-encoded signals.

There is unlikely to be a single
kind of videotelephony machine, as
there has been a single telephony
machine. Telepresence means
different things at different times
and is likely to have different
embodiments. It means modest
improvements to tomorrow’s desktop
videotelephones as well as fully-
immersive and ultra-realistic
videotelephones for the shared-
virtual-reality societies of the future.

Common Aims and Issues

Yet such widely different implemen-
tations will share common aims. All
videotelephony and multimedia
telepresence systems aim for en-
hanced transmission of sensations,
closer to the complex sensory inter-
play of face-to-face interaction. It is
now clear that these sensations are
unlikely to be expressed in the face
alone. Body language, the back-
ground scene and nearby objects play
important occasional roles.

The benefits of a picture are more
complex to create, transmit and
portray than the benefits of sound.
The factual, illustrative and emo-
tional issues in communicating with
pictures are more task dependent
and more interdependent than when
communicating by speech alone. But
there are shared questions underly-

ing these design issues as Pickard
and Cosier discuss'2

When exploring the features of
the signal-to-sentiment linkage in
the evolution of improved video-
telephony, the authors suggest four
generic questions could provide
illumination. They resemble the ‘four
whos test’ used by economists:

® Who benefits from a feature, when
and why?

® Who loses by that feature, when
and why?

® Who provides the control decisions
for the feature, what, when and
how?

® Who pays for a feature, in what
way and how much?

There are also four general issues
about the interworking compatibility
of bi-directional videotelephony
systems with existing communication
devices:

® heterogeneity—the inter-operabil-
ity of different technologies;

® representation—the expression of
information at a selected level of
abstraction;

® symbiosis—a balanced combina-
tion of presentation, design and
meaning; and

® immediacy—a low latency in
information delivery.

A fresh approach to the interface
between signals and sensations in
videotelephony is likely to be market-
specific and should make a funda-
mental re-examination of the
purpose of the picture. What should
it be a picture of, and why?

Conclusions
The authors wish it were otherwise,

but they know of no magic potion to
increase the success and popularity
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of videotelephony. They see a hard
road ahead of greater psycho-
ergonomic understanding and more
subtle engineering development,
exploring the complexity within the
signal-to-sentiment linkage of
pictures in telecommunications.
Their nearest approach to a magic
potion is an attitude of mind for the
journey.

The authors believe that too little
is yet known for detailed engineering
design or even for academic study of
many issues in the signal-to-senti-
ment linkage. A playful outlook with
an undamped, broad-focus curiosity
and frank user feedback should prove
rewarding in this poorly-known yet
fertile territory between communica-
tion technology and its customers.

Coming Next

The next article will conclude the
series with a collection of pictures,
illustrating some of the issues raised
and suggesting directions for
exploration.

References

1 Lewis, ALwvN; and CoSIER, GRAHAM.
Whither Video? —Television and
Telepresence. Br. Telecommun.
Eng., Oct. 1998, 17, p. 158.

2 Lewis, AtwvN; Cosier, GRAHAM; and
NIGHTINGASLE, CHARLES. Whither
Video?— Videotelephony in
Perspective. Br. Telecommun. Eng.,
Jan. 1999, 17, p. 245.

3 Lewis, ALwyN; and COSIER, GRAHAM.
Whither Video?—Pictorial Culture
and Telepresence. Br. Telecommun.
Eng., Apr. 1999, 18, p. 30.

4 CHRISTIE, I. The Last Machine—
Early Cinema and the Birth of the
Modern World. British Film
Institute and BBC Educational
Developments, 1994.

5 SHANKAR, B. Breaking the Ice in
Greenland. Telecommunications,
July 1997, pp. 57-59.

6 http://www2.state.ga.us/Depart-
ments/DOAS/GSAMS/ (distance

learning).

7 http://www.mayo.edu/telmed/
history.html (telemedicine).

8 ANDERSON, R. Value Extracting
Services—A Better Deal for
Customers. Supplement to
Competitive Edge (BT internal
publication), July/August 1997.

9 RicHarDS, D. L. Telecommunication
by Speech. Butterworths, 1973.

10 Lewis, ALwyN; and NIGHTINGALE,
CHaRLES. The Paradox of
Videotelephony— Unconcious
Assumptions and Undervalued
Skills. Br. Telecom. Technol. J.,
Jan. 1998, 17, pp. 47-58.

11 BonrIeLD, P. From Marconi to
Multimedia. Executive Voice, Nov.
1996.

12 Picarp, RosaLIND; and COSIER,
GranaM. Affective Intelligence —
The Missing Link, Br. Telecom.
Technol. J., Oct. 1997, 15, pp. 151~
162,

Biographies

1 Alwyn Lewis

' Networks and

~ Information Services,
. BTUK

| Alwyn Lewis is an
advisor in
Advanced Appli-
cations and
Technologies, in Networks and
Information Services, BT UK. He
gained a B.A. from Cambridge
University in 1971, and an M.Sc.
from Essex University in 1972. After
a spell with Plessey working on
format-tracker vocoders, he joined
BT Laboratories to work on acoustics,
telephotonometry and telephone
design. In 1984, he became head of a
team developing a duplex hands-free
telephone with a custom VLSI chip-

British Telecommunications Engineering, Vol. 18, Oct. 1999

TELECOMMUNICATIONS IN THE 21st CENTURY

set and a DSP microprocessor. He
thenled the speech coding team,
helping develop and test DSP
software for CallMinder and for
Skyphone facsimile and data serv-
ices. His interests include beam
steering microphones, speech coding
and enhancement, adaptive audio
signal processing and the social
impact of electro-technology. He is a
Chartered Engineer and a Member of
the IEE and IEEE.

Alwyn Lewis can be contacted at
alwyn.lewis@bt.com

= Graham Cosier

;? Networks and

é{ Information Services,
-+ BT UK

1

=

Prior to 1984,

" Grahama Cosier
worked in the area
of electro-acoustics
and published several papers on
auditory human perception which
contributed to the British Standard
for hands-free telephony. In 1986, he
became involved with the emerging
digital mobile radio system in Europe
and was elected chairman of one of
the technical groups that standard-
ised GSM. In 1988, he became head
of the group concerned with the
assessment of coding methods,
channel optimising techniques and
echo control systems for increased
utilisation of services using telephone
networks. In 1994, he was appointed
UK coordinator for ITU SG12, where
he led the formation of the interna-
tional standard for digital telephony.
In 1995, he was appointed as the BT
technical manager for the MIT Media
Lab and was involved in establishing
the UK Creative Art and Technology
Centre. He is also the business
support manager for BT Global
Marketing, championing a vision of
‘through the screen telepresence’'—the
ultimate collaboration space, that will
provide a ‘better than real life’ experi-
ence between remote locations with
the vision that ‘you don’t have to be
there, to be there’.

187



TELECOMMUNICATIONS IN THE 21st CENTURY

Ian Marshall

Active Networks—Making
the Next-Generation Internet

Active networks is a
popular area of research
that aims to enable the
addition of new services
to the Internet by the
users, using simple
components that anyone
can build. The techniques
involved also allow the
network infrastructure to
automatically adapt to
any changes in traffic
patterns caused by the
new services. This will
increase network usage
and revenues, while
radically reducing the
cost and complexity of
service and network

management.
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Flexible

Introduction

Network users always want more
services, better services or different
services. To attempt to keep their
customers happy, network operators
have to support a bewildering array
of services and features, leaving
managers in the same position as a
magician keeping a large number of
plates spinning on top of long poles.
Clearly there is a limit to how many
plates can be kept up without any
embarrassing failures. If the audi-
ence demand more plates, extra
magician’s assistants must be
trained, and the audience must wait.
The same is true in network manage-
ment—new services cannot always be
introduced without some delays due
to equipment change or staff train-
ing. This makes the customers
unhappy.

Active networks"? is a worldwide
programme of research that aims to
address this problem. The idea is to
enable customers to make their own
services by sending special instruc-
tions to network devices along with
the information they are sending
across the network. This is a bit like
the magician teaching the audience
to spin their own plates. Unfortu-
nately it is not so easy, since network
users are much more likely to get in
each others’ way than the magician’s
audience. It is not obvious that if 1
ask for fast delivery you will get slow
delivery, but that is often the case in
practice. One way to reduce the
possibility of interference is to insist
that the user’s instructions run on a
protected virtual machine. This is

known as application layer active
networking?®.

Researchers have already demon-
strated benefits using application
layer active networking for a range of
applications including: transcoding
web content, smart web caching,
multicast bridging, reliable
multicast, link-by-link compression,
active web pages, information filters,
alternate path routing for improved
quality and security, security proxies,
and personal profiles for mobile
users. Nevertheless, as might be
expected, researchers must address
many issues before this radical new
proposal can be used in anger. The
most obvious outstanding require-
ment is to develop a management
system that will help network
operators and their customers
develop, deliver and maintain
products and services with the speed,
flexibility, quality and economy
necessary for future multiservice
networks.

This article presents an overview
of active networks research, and
reviews the benefits of active net-
working to network operators. As an
illustration of current active net-
works research, the evolution and
activity of the Alpine project’ are
described. The article concludes with
some thoughts about the probable
introduction schedule for active
networks.

Active Networks
Existing networks are very expensive,

and the deployment of new communi-
cation services is currently restricted
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by slow standardisation, the difficul-
ties of integrating systems based on
new technology with existing systems,
and overall system complexity. The
biggest cost is management. The
network of the future will need to be
kept as simple as possible by using as
few elements as possible, removing
duplication of management over-
heads, minimising signalling, and
moving towards a hands-off network.
The simplest (and cheapest)
current networks are multiservice
networks based on powerful asynchro-
nous transfer mode (ATM) or Internet
protocol (IP) switches. New transport
networks are designed on the basis
that nearly all applications will
eventually use Internet-like
connectionless protocols. The difficul-
ties of adding services such as
multicast and quality of service (QoS)
to the current Internet demonstrate
that even these simpler IP-based
networks will require additional
mechanisms to enhance service
flexibility. Improving information
flows so that customers can more
easily express their desires, while
providing the support that enables the
desires to be realised, is the most
obvious way to successfully enhance
flexibility. Figure 1 shows the infor-
mation flows between the
stakeholders of a network. Currently,
if a consumer requests some content,
his/her request goes to a provider who

then supplies the content. Both
parties have to formulate their
request and response in terms laid
down in policies specified by the
administrator, and both generate
usage events which will be seen by the
administrator (and the owner if they
are very important). Active network-
ing' adds extra mechanisms (high-
lighted in red) to enable customers
(consumers and producers) to add
programmes and policies of their own,
rather than being too tied to those
provided by the operator as at
present. For example, the customer
can supply an information filter of his/
her own choice, avoiding the risk of
only being sent information that earns
revenue for the network, or for a
provider (as with the Amazon.com
agent), while minimising his/her
transport costs by filtering at the
optimum site in the network. Those
customers requiring global service
have a further advantage, as they can
supply programmes into all the
networks their service crosses, and
are not restricted to the lowest
common denominator service that is
currently available. In other words,
active networking avoids the need to
standardise services and enables
customised services with global reach.
Active networking was originally
a proposal, by Tennenhouse at MIT?,
to increase network flexibility by
adding programmes to the packet

Figure 1— Network information flows. The flows available in active networks but
not traditional networks are highlighted in red
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header. These programmes are
intended to run on network devices
that the packet encounters. This is
referred to as the capsule approach.
There are a number of problems:

® The maximum transport unit
(MTWU) size in the Internet is
typically 565 bytes, so if there is to
be a program embedded in every
packet the program must be very
small.

® The proposal envisages pro-
grammes being supplied by
network clients. However, service
operators will never permit third-
party programmes to run on their
equipment without a strong
guarantee that the program will
not degrade performance for other
users.

® The programmes are added to the
switch control kernel in the
router; however, all the known
approaches to making the kernel
extensible degrade performance.

® Undesirable interactions between
programmes and network features
are almost impossible to predict
and control.

@ Standards for the interface offered
by active routers must be devel-
oped before any service based on
this proposal can be offered.
Appropriate standards are not
even being discussed at present.

Despite the manifest difficulties
inherent in this proposal, it has
succeeded in highlighting an impor-
tant requirement, and stimulating
discussion among a previously
disparate community of researchers
attempting to develop more immedi-
ately realisable means to resolve the
requirement. The main alternatives
are summarised below.

The first alternative is a somewhat
different flavour of active networking,
in which the packets do not carry
programmes but flags indicating the
desirability of running a programme?.
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This approach attempts to resolve the
issue of restricted program size, and
potentially gives network operators
the freedom to choose an appropriate
program of their own which has been
tested. However, the range of flags
cannot be large, as the space available
in the transport layer header is tiny.

The second alternative is usually
known as programmable networks®. In
this system, clients can download
their own software onto network
devices before using their application.
However, this presumes the client
knows which devices will be used. In
the Internet the client typically has no
idea where his/her packets will go,
indeed it is quite possible for packets
in a flow to follow a number of routes.

We have proposed a third alterna-
tive, known as application layer
active networking (ALAN)?, which is
perhaps the most immediately
realisable. In this system, the
network is populated with active
nodes that can run user-provided
programmes on top of the network
stack rather than within it. The
active nodes are offering a general-
purpose processing platform, and
they are logically end systems rather
than network devices. The approach
relies on redirecting selected packets
onto the processing platform, where
user space programmes can be run to
modify the content or the communi-
cation mechanisms. Packets can be
redirected using a single active
packet tag in the transport-layer
header, or on the basis of the mime
type in the application-layer header.
The programmes can be selected
from a trusted data source (which
may be a local cache) containing only
well-tested or specified programmes,
and can be run without impacting
router performance or requiring
operator intervention, since they do
not impact the control kernel for
normal packets. Programmes can be
chosen to match the mime type of the
content (in the application-layer
header), so again no additional data
or standards are required. Alterna-
tively, a more detailed specification
can be supplied using XML, the
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Figure 2—Schematic of an ALAN overlay, showing alternate path routing (green)
for the producer’s response to a customer’s request

infinitely extensible new language
for the World Wide Web®. There is a
small performance penalty associated
with the redirect operation, but this
is acceptable for most applications.
The major outstanding issue is the
interaction between dynamically
loaded programmes, and this is a
priority for ongoing research.

Figure 2 illustrates an ALAN
implemented as an overlay on the
existing Internet. The basic idea is that
return traffic will follow a different
route (shown in green) from the
outgoing traffic (shown in red). The re-
routing allows the traffic to be sent via
a site where enough computing
resource exists to perform any extra
operations specified by the consumer

Figure 3—Aircraft services application
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or producer. These could include
transcoding for low-capacity receivers,
link technology specific compression,
establishment of trust relationships, or
using the nearest cache that already
has the requested content.

In general, modern networks must
frequently optimise the management
of communication among nodes that
are interconnected by diverse paths.
These paths may be based on hetero-
geneous technologies with divergent
properties. This makes smart path
choice an essential feature in order to
provide quality services. An interest-
ing application that highlights many
of the issues is the aircraft services
application illustrated in Figure 3.
There are two basic services: commu-
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nication with the flight deck and e-
commerce/WWW access for the
passengers. The aircraft (Node 1) has
a 64 kbit/s radio-based bi-directional
link to the control tower and a very
small aperture terminal (VSAT) based
downlink (2 Mbit/s). The control tower
can use wide-area connectivity to
establish a high bandwidth link to the
aircraft using ATM and satellite
combined. Path selection is performed
at the control tower by examining the
meta-information of the packets,
deciding which is the most appropri-
ate path and adding security if
needed. QoS management will also be
needed in the plane, to ensure that
life-critical information from the flight
deck is delivered into the bandwidth-
restricted downlink before any traffic
originating from passengers. For this
application, QoS can be characterised
in terms of bandwidth, latency,
security, strength of guarantee and
uni- or bi-directionality. Current
Internet routing protocols, for exam-
ple, OSPF and RIP, use shortest path
routing that is optimised for a single
metric, the hop count. The aim here is
to enable route decisions to be made
on a more application-specific basis. In
this design, the application require-
ments are expressed in XML, a
language that is rich enough to
express the application requirements
and force a correct route choice. Our
scheme also allows return traffic to be
correctly routed using an appropriate
dynamically loaded program, supplied
by the application and run in the
control tower or some other more
appropriate intermediate node near
the head-end of the satellite link.

Benefits of Active
Networking

The key benefit of active networking
is the ability to support the deploy-
ment and execution of network
programmes as and where required
by operators and users. Active
network services enable rapid
deployment of ‘value add’ that is
apparently part of the network, but
can be sourced from third parties.

This will enable market response to
be quickly tested, and market
presence to be rapidly established
with minimal development costs.
There will also be real benefits to
users compared to ‘plain vanilla’
Internet service provider services,
which will tend to increase network
traffic. In addition, there will be
many opportunities for novel forms of
commercial activity by both opera-
tors and their customers. Some key
revenue enhancement possibilities
are:

@ provision of active network
services;

® service and code brokerage;

® directories for active programs
and their sources;

@ service ‘operating system’ leasing
(processing time to be charged);

® active network program distribu-
tion and storage (information
logistics);

® facilities management of third-
party services (advertising, access
control, usage logging, billing,
revenue collection etc.);

® rapid launch of new services;

@ additional flexibility to facilitate
fast service enhancements;

® the range of services will increase
(This is a direct consequence of
the programmability and third-
party involvement—when every-
one can develop services, rather
than just those developers
employed by operators. Many
more services can be developed in
response to user needs.); and

® customised services will increase.

Active networks also promise
diminished network operating costs.
Central management overheads are
reduced and service management is
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simplified. Rather than operators
being required to manage a huge
range of Internet services, users are
free to compose and manage their
own services. Operators only need to
manage the platform. The benefits of
active networks are clearly substan-
tial if they can be realised. Many
operators have now set up research
projects to help develop the technol-
ogy required and resolve the out-
standing issues. To illustrate the
work, and the radical changes of
thinking it represents, the Alpine
project set up by BT is described
below.

A History of the Alpine
Project

The Internet opened up to commer-
cial users in 1991, offering an
anarchic model of service provision.
This was largely ignored by estab-
lished operators, as the Internet (due
to problems with security, quality
and reliability) was seen as an
expensive academic toy, not as a
credible option for major business
users. In 1993, the first Mosaic
browser appeared, providing for the
first time a genuinely useful graphi-
cal interface to Internet features.
This provided a compelling demon-
stration of what the Internet could
offer, and enabled telco-based
researchers around the world to
convince their senior managers and
strategists to take the Internet
seriously as a future option.

One of the impacts of this change
on the BT research programme was to
set up a major university research
initiative (the management of
multiservice networks (MMN)
University Research Initiative (URI)")
which combined most of the UK
universities with prominent work on
internets, management and distrib-
uted systems. The URI was first
discussed in late-1993 and eventually
started in September 1994. The initial
work of the URI was largely con-
cerned with QoS architectures and
management, and, with the honour-
able exception of the prime contractor
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at UCL (Jon Crowcroft) who was
pushing an end-system-based ap-
proach (derived from his Internet
Architecture Board work), tended to
follow a somewhat centralised control
model. Moving away from centralised
control is hard for scientists and
engineers who have been using it
successfully for many years, but is
essential to make the best use of
active networks. The URI succeeded
through absorbing new people and
new ideas as described below.

In mid-1995 the MMN research-
ers were joined by Mike Fry from the
Sydney University of Technology, who
had been working in the ESPRIT
project HIPPARCH on the applica-
tion layer framing (ALF) and inte-
grated layer processing (ILP) ideas
proposed by Clark and Tennenhouse
at MIT®. The discussions leading to
this new contract had dramatic
effects.

The potential of the ALF/ILP
ideas was so enticing that we were
able to embrace customer empower-
ment through adaptive applications
and an adaptive [P-based infrastruc-
ture in our main research project. We
concentrated on enhancing the WWW
by adding a distributed processing
capability to enable transactions,
messaging, streaming and dynamic
applications. The URI partners
refocused their work. Lancaster
moved from QoS architectures with
global knowledge to architectures
based only on local knowledge, and
concentrated on the local resource
control necessary to deliver QoS.
Imperial moved from centralised
configuration management using
policies to a more distributed role-
based model, and concentrated on
dynamic stack building in end
systems. Cambridge moved from
considering how to securely manage
the switches in an operator domain
to enabling customers to manage
switchlets. Oxford Brookes moved
from available bit rate (ABR) to
heterogeneous multicast. Loughbor-
ough continued their work on
Internet control message protocol
(ICMP) based monitoring but focused

192

on monitoring switchlets. UCL
remained focused on end-system-
based network admission control.
UTS commenced by building an
audio application that used Java in
an adaptive integrated layer protocol
stack controlled by ALF. We also
joined the HIPPARCH II project,
which is also part of the ESPRIT
programme, and later the COIAS
project in the ACTS programme, in
order to develop links with research
and development by potential
suppliers.

By Christmas 1996, the team was
exploring the use of network inter-
mediaries based on http caches. The
idea was that caches could serve as
the platform for the web extensions
we wanted. Discussions among the
team led to the first enunciation of
the concepts now called ALAN?,
which were based on developing the
ALF/ILP ideas for the context of
interactive multimedia services in a
cache hierarchy. A year later we had
the first ALAN demonstration
working. We are planning a full-scale
test open to real users on the public
Internet in three years time. The
research that must be done first is
the ongoing work of the Alpine
project.

Some Issues Alpine is
Addressing

Alpine is coordinating a range of
tasks (highlighted in Figure 4) with a

wide variety of partners. Some of the
key activities are summarised below.
Preventing programmes or policies
supplied by a user from interfering
with the operation of policies and
programmes supplied by other users,
unless the interference is authorised
by both users, is the most obvious
unsolved problem in active networks.
Both direct interference (as in
hacking attempts) and indirect
interference (through resource grabs,
name conflicts etc.) need to be
considered. It is alsoimportant to
recognise that most cases of potential
interference are not deliberate, but
are the result of programming errors.
The research community has so far
concentrated on two approaches:
‘safe’ programming techniques and
languages, and protected environ-
ments. Our own research uses an
enhanced Java virtual machine
(JVM) and operating system to
provide a strong protected environ-
ment. Our reasoning was that safe
programming is not good at dealing
with platform code errors, and in any
case users will not be keen on the
languages. Currently, proprietary
language-based active networks are
losing popularity elsewhere too.
Management of active networks is
a second major problem, which has
not been widely considered as yet.
Although active networks consider-
ably reduce the service management
overhead of today’s networks, the
element (router/switch, pipe and

Figure 4—Task structure of the Alpine project
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processor) management needs are
still considerable. Management
architectures such as telecommunica-
tions management network (TMN),
which were designed for relatively
static network provision scenarios, do
not cope well with a requirement to
continuously add management
routines for new programmes
supplied by users. In addition, they
constrain users to design services
which conform to a single service
model (designed by operators, for
operators), which in many cases does
not match the users’ needs (for
example, the intelligent network (IN)
call model does not allow changes
like upgrade quality to be made
during a call, and the management
system does not allow users to define
their own call models). We have
proposed a highly distributed system
based on established research in
distributed processing. Our proposal
uses policies to provide the dynamic
programmability, and a combination
of message-based push and demand-
led pull, through a cache hierarchy to
distribute the policies. To avoid
imposing a model, users are left to
manage their own policies and
programmes in their own way, while
the operator simply polices and
controls resource usage on the
devices he/she owns.

Performance is a further area that
raises unanswered questions for
active networks. Scaling the through-
put of routers to billions of packets
per second has been a long hard
struggle, and there is a risk that the
packet-handling overhead implicit in
active networking could eat away the
performance gains that have been
achieved. In application layer active
networking? we have attempted to
sidestep this problem by minimising
the change in the forwarding path,
and by not allowing the forwarding
rules to be dynamic. In ALAN a
single header byte can be used to
mark the packet as active. The only
change in the forwarding path is then
to add a forwarding rule which routes
active packets to an internal network
port attached to an active proxy

server where the active services are
implemented. In the future, use of
adaptive hardware such as field
programmable gate arrays will
enable this redirect to be dynamic
without reducing performance.
Resource discovery is emerging as

a hot topic in all varieties of network-

ing at present. The debates around
directory-enabled networks, WWW
search engines and IP telephony
have all highlighted the need for
effective mechanisms for users to
identify who and what are connected
when and where. In active network-
ing it is also necessary to discover
programmes which can be used to
build services. Our current approach
is based on indexing the contents of
caches at the active nodes, and
distributing the indexes to neigh-
bouring nodes. Each node will have
local policies (based on usage) to
decide which entries to keep and
which to pass on further, and users
can push entries into their local
index. The resulting directory can
resolve enquiries for popular items
with a very localised search, but can
also support more exhaustive
distributed searches on the few
occasions when they are necessary.
Traffic in data networks is highly
unpredictable, and designing the
network to be efficiently utilised,
without incurring unacceptable loss
rates on popular routes, is very
difficult. Active networking is likely to
make it even harder to design a good
network. We believe it is vital to
obtain an improved understanding of
traffic statistics in data networks, and
develop improved models to assist
network designers. With this in mind
we have studied a variety of Internet
traffic types in detail, and are using
the results to develop a range of
models. One interesting (but specula-
tive) approach is to test control rules
which enable a stable network to
emerge from a process which ran-
domly adds nodes to the network
(rather like growth in the current
Internet), and avoid the need for an a
priori ‘design’ altogether. Of course, in
an active network the nodes need not
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have fixed properties; nevertheless,
the network can still be stable if the
control rules are well chosen.

Currently, Alpine plans to have
demonstrated usable solutions to all
the above within four years.

Possible Introduction
Schedule for Active
Networks

It is highly probable that a limited
form of active networking will be
deployed on the public Internet
within two years. This is likely to
involve active nodes at the edges of
some network domains that run
simple programmes in a protected
virtual machine. The programmes
will not interact with each other, and
will primarily be proxies for applica-
tion operations currently carried out
more remotely, such as transcoding,
compression, authentication, advert
selection and directory search.

About five years from now, when
many of the research issues are
resolved, a second generation of
active network will be available. This
will be based on a network-wide
overlay of high-performance active
nodes that can handle a wide range
of programmes. Additional enhanced
services will include personal agents
and mobility services, reliable
messaging and multicast, flexible
service level agreements and QoS
mechanisms, a direct management
interface for users and dynamically
upgradeable protocol stacks.

Five years later, in 2009, there will
certainly have been further develop-
ments. While it is difficult to make
meaningful predictions in an area of
technology moving as rapidly as the
Internet, it is clear from current
research that dynamically
configurable hardware will be
available. Such hardware will
increase the flexibility and perform-
ance of active networks and will
certainly be used in some way. It is
also possible that a modified routing
architecture, designed to enable
continuous modification of the
forwarding rules, will be in place.
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Any operator wishing to take
advantage of these opportunities will
need to ensure its network designers
and engineers adopt the decentral-
ised approach implicit in active
networks. As illustrated in the
development of the Alpine project,
this is certainly possible, but will not
be easy. I hope this article will act as
a catalyst for some of its audience,
and encourage the development of
new approaches to network engineer-
ing, including active networks.
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Simulation Modelling in
BT Operations

With the advances in
technology and the
opportunities that follow
within the
communications world,
BT’s operational
environment is becoming
increasingly complex.
Traditional process
management methods are
becoming outdated and
BT is updating its
process management
tools and techniques to
ensure its operational
environment remains
state-of-the-art. Discrete
event simulation is one of
the tools being introduced
into BT’s toolkit to
provide a scientific
approach to operations

management.

Introduction

BT processes and systems have
evolved over the last few decades to
support the rapid increase in volume
and complexity of new technologies
and services being introduced into its
network. Consequently, the opera-
tional environment as a whole has
become very complex and very
difficult to understand and manage.
The Operational Design team,
part of BT Advanced Communica-
tions Engineering, has been identify-
ing and demonstrating tools and
techniques that would help improve
process management within the
company. Among the tools and
techniques evaluated, discrete event
simulation was found to be a very
powerful and effective tool. This
article presents a brief introduction
to discrete event simulation and its
application to BT operations.

Simulation

A simulation in this context is a
computer model that mimics a real-
life process and can be used to study
the behaviour of the process in a
scientific way. The computer model
consists of a set of assumptions which
describe how the process works in the
form of mathematical and logical
relationships. If the relationships are
simple then it is possible to use
mathematical deterministic methods
to study the behaviour of the process.
However, most real-world processes
are too complex for these methods,
and this is where simulation can help.
A simulation brings together the
components of the process that
interact to produce the overall
characteristics which the process
displays. These include key process
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activities and their relationships to
each other, the activity times, the
people in the process, their responsi-
bilities and skills, the orders and their
attributes such as product type,
priority and agreed completion time.
Having built a simulation model,
experiments can be performed by
changing parameters and predicting
the response. Experimentation is
normally carried out by asking ‘what-
if’ questions and using the model to
predict the likely outcome. However, it
is important not to overlook the fact
that simulation is a decision support
tool and does not seek to directly
optimise a process.

Simulation models can be catego-
rised as being either discrete or
continuous. A discrete model is one in
which the state variables have step
changes in line with certain events at
separate points in time, such as orders
joining or leaving a queue. In a
continuous model the state variables
change continuously with respect to
time; examples are the speed and
direction of a car. As most processes
contain aspects of both discrete and
continuous behaviour, it is possible to
use either type of model. However, the
behaviour of the operational processes
being considering within BT fall
mainly into the discrete category and
therefore discrete event simulation is
of most interest.

Though discrete event simulation
has been used for many years in most
business sectors, including both
manufacturing and service indus-
tries, its use within BT has been
limited to a number of small projects
up to now. The Operational Design
team at Adastral Park, Martlesham,
is the first group to build the skill
into the team and apply it widely
throughout the company.
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Why Use Simulation?

Simulation models can be used to
facilitate improvements such as
reduced cost, reduced process lead-
time and improved quality of service.
For many applications, simulation is
the only tool that is capable of
providing scientific analysis to
support these types of improvement.

There are many other benefits
from using simulation. The procedure
of constructing a simulation model
itself leads to a better understanding
of the overall process. Then any
improvements identified can be tried
out in a safe environment before
making the change to the real
process. This gives greater confidence
and reduces risk.

With a model, the user has control
over the rate the simulation is run,
therefore the impact of a seasonal
type trend can be evaluated in
minutes using a simulation model
instead of waiting several months to
see how the real process will react.
The model is also repeatable, and so
the same situation can be tested
under slightly different scenarios to
identify the most suitable process
behaviour.

Other benefits of simulation
include the power of its communica-
tion and creative environment. Not
only is it very good at demonstrating
what is currently happening, it is
also effective at evaluating and
demonstrating new ideas. It fosters
creative attitudes and encourages
end-to-end solutions.

Application Areas

Simulation can be used for a wide
variety of problems and applications.
The main application areas within
BT currently include the following:

Process re-engineering

This involves constructing a model to
help understand the behaviour and
characteristics of an existing process
or components of an existing process.
This model is then used to experi-
ment with scenario changes to help
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define and quantify suitable improve-
ments.

Process engineering

When designing a new process,
simulation can be used for communi-
cation and to ensure that the new
process behaves as required. By
imitating the operation of the new
process, potential bottlenecks can be
identified, shortages found and
solutions designed.

Operational planning

There are many ways in which
simulation can assist in making the
best use of available facilities
through day-to-day planning and
scheduling support. It is good at
representing the transient effects of
processes and so can be used, for
example, to look at existing work
stacks and look ahead several days to
predict the expected outcome of a
particular resource decision.

This article now presents two
simulation models that are currently
being developed, one applied to
process re-engineering and the other
applied to operational planning.

SDH Circuit Throughput
Model

Process re-engineering is currently
one of the main application areas for
simulation in BT. Given a specific
objective, the first step is to translate
the process requirements into
information requirements. The
information is then captured, usually
in the form of an activity process
flowchart and associated data such
as activity times, percentage failures,
number of people, volumes of orders,
order profiles ete. This information is
built into the simulation tool and
validated to ensure that it is a
reasonable representation of the
actual process. After an iterative
cycle of data capture, validation and
refinement, the model can be used for
analysis and scenario testing. This
type of model is very powerful
because it consists of real data and

information and can greatly improve
the understanding of a process
operation and behaviour.

The production of a model for the
synchronous digital hierarchy (SDH)
core transmission technology is a
process re-engineering exercise
which is required to understand the
existing behaviour of the SDH
provision process and to identify the
best strategy for quickly increasing
the daily average throughput
volumes for new customer circuits.

The SDH model is built around
the process of the network operations
units NOUs)t in Manchester and
London, the central operations unit
(COU)* in Oswestry and the plan-
ning assignment and configuration
system (PACS). The process is broken
down into the three main process
function areas: routing, where the
customer circuit is designed through
the network; assigning, where the
network databases are updated to
register the new circuit; and configu-
ration, where the network elements
are configured remotely to enable the
new circuit. The process flow and
functional areas are shown in
Figure 1. The process flow follows the
PACS system state transitions from
placed (PLC) to awaiting route (ART)
to routing (RTG) etc. This allows the
PACS system operations database log
of all historical circuit provisions to
be used in providing the timings and
success/failure percentages for all
system functions. Validation takes
place by comparing the model
performance to the real-life meas-
ures; the model is then refined until
correctly calibrated.

The procedure of constructing a
model such as this effectively provides
a framework in which to gather
information. This results in a very

1 The network operations units are
responsible for providing, configuring and
maintaining the SDH network.

*The central operations unit is
responsible for planning and managing
core network capacity, designing,
configuring and maintaining the core
network.
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Figure 1—Representation of SDH circuit throughput process in the simulation model
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ics of the system. Some examples of I e
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this analysis are now given. DAILY ‘ UTILISATION
An example of the initial analysis} THROUGHPUT 24 [~ i )
of the process sensitivity to volume Sl [ ] g
increases is shown in Figure 2. This . ’ gl e : er—h 1
shows how average throughput A 7 - 2
increases as the volumes of orders 4 10
increase, but only up to a certain i 3

level. This equates to the maximum
circuit throughput volume. The graph
shows that component 1 reaches
100% utilisation first and hence is
the bottleneck in the process. Also it
shows that increasing order volumes
beyond this point can have a detri-
mental effect on circuit throughput.
Action can be taken to increase the
capability of component 1 and
remove it from being a bottleneck.

The next stage of the analysis is to
produce a utilisation profile for
component 2 by artificially removing
component 1 as a bottleneck. This is
achieved by running separate
simulations of the model for increas-
ing levels of component 1 capacity,
and then recording the maximum
average throughput and component 2
utilisation level for each run. Figure 3
shows the result of bringing together
the information from these simula-
tion runs.

T The data used in this example is for
illustrative purposes only
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Figure 3—Theoretical maximum circuit throughput for component 2
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The theoretical maximum circuit
throughput for component 2 is then
identified; in this example the
maximum is around 90 circuits per
day. Additionally, the graph indicates
that when component 2 is operating
at maximum capacity it requires
component 1 to have a capacity of at
least 9.

Hence the user can identify the
amount of capacity required for a
given number of circuits per day and
is now in an informed position to
decide if a maximum of 90 circuits
per day is acceptable and, if so, how
much capacity is required from
component 1. Alternatively, if they
require more than 90 circuits per day
then further analysis can be per-
formed to determine the required
capacity of components 1 and 2 so
that system changes can be devel-
oped in parallel.

By broadening the scope of the
model to include more components of
the process it is possible to carry out
further investigations. For example,
one of the components contained in
this model consists of a number of
sub-functions that could be looked at
in more detail.

The benefits of this type of
modelling are to greatly improve the
understanding of the process behav-
iour, to highlight bottlenecks within
the process and to quantify the
volume of orders at which these
components become a problem. Often
the process component changes
required to increase the capacity of
these components involve system
development changes and people
training. Both of these changes incur
a significani lLime delay, so using
simulation to understand and
quantify requirements initially is a
great benefit.

The use of simulation in this
project has been greatly assisted by
the quality and availability of process
audit information obtained from the
PACS system log. The accuracy of
any simulation model is dependent
on the quality of the information
available, thus if more operational
systems had suitable instrumenta-
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tion built-in, it would support future
process analysis and improvements
through the use of simulation and
other tools and methods.

Wideband Performance
Analyser Model

The objective of this model is to
illustrate how simulation can be used
to address resource management
barriers and maintain the prescribed
level of quality of service for provi-
sion of a product to customers.
Consider a provisioning process
which has a lead time of 30 days.
This time window is used to allow
sufficient time to complete all the
necessary activities for each cus-
tomer for their chosen product. The
activities required can include some
or all of the following: network and
customer site planning, external and
customer network construction, core
network jumpering, exchange
equipping and final tests and service
commissioning. Often extra time is
built into the standard lead times to
allow for variability within the
process, particularly for the variation
in daily order volumes. However,
sometimes the flexibility built into
the process through the standard
lead times is not sufficient to cope

with large variations in orders for
particular geographical areas. The
desired method of coping with these
geographical surges is to proactively
move available resource capability
into that geographical patch on a
temporary basis.

If there is a limited amount of
information available, combined with
complexity of products and a number
of different parallel activities, it is very
difficult to manage the work and the
people in a proactive way. This can
result in a time lag between identifying
potential failure to meet a deadline,
and the resource management teams
recognising and reacting to this trend.

This results in a situation where
the resource teams do not realise they
are about to fail to meet their target
delivery times until it is too late to
react. Consequently the process has
the potential to go into a failure mode
for a period before being brought back
on track, see Figure 4. The reactive
resource movement graphs demon-
strate the situation where the
resource management teams do not
have sufficient information to react
until it is too late. This is reflected in
the performance distribution graph
where the cycle time often exceeds the
target. The second set of graphs
showing proactive resource move-

Figure 4— Rationale behind moving from reactive to proactive resource manage-
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ments illustrate how the situation can
be improved if more information is
available to the resource management
teams; they can then react earlier and
reduce the amount of process failure.

Simulation can be applied to this
type of problem. The simulation uses
available information about existing
work stacks, people availability and
activity assignment rules to predict
future resource capacity require-
ments on a geographical basis. The
simulation will also highlight
surpluses and deficits in resourcing
and thus facilitating proactive
resource management of the existing
people within the process.

The type of simulation model which
could be used to provide decision
support to the resource management
teams is shown in Figure 5. This shows
the graphical interface to a model and

allows the user to view the volumes of
activities as they flow through the
various resource team queues within
the process and to view the utilisation
of the people within the individual
work teams.

There are potentially a number of
significant benefits in using simula-
tion to assist in decision support of a
process as described above. These
include:

@ improved performance in terms of
delivering to agreed dates (dead-
lines are not missed, so compensa-
tion is not an issue);

@ increased dependability, leading to
—more business and thus
increased revenue, and
—improved customer and employee
satisfaction; and

Figure 5—Wideband performance analyser model
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® improved resource utilisation
leading to lower unit costs.

Conclusions

Simulation has proved to be a
valuable and effec*’. ¢ tool in process
management. It is a very powerful
tool that, when used appropriately, is
a great enabler to understanding
chosen areas of today’s complex
operational environment. However,
the quality of each model is depend-
ent on the information available and
the user’s ability to interpret the
information in the correct way to
produce a valid model. The ability to
operate a simulation tool can be
picked up quite quickly. However, the
application skill required to use the
tool for particular problems has a
much longer learning curve, and
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hence there is a risk that an inexpe-
rienced user may produce invalid
models, possibly without even
realising it. Therefore care should be
taken when using these tools. The
Operational Design team is working
with the rest of BT to ensure that the
tools are applied to appropriate
applications and in the correct way.
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Statistics—An Indispensible
Management Tool for
Telecommunications

The current trend for
management by statistics
can be flawed by a lack of

appreciation of the
complexities of a subject
that appears
straightforward.
Statistics, as a subject,
goes much further than
the common
interpretation —that of
summarising values of
data. This article
introduces the reader to
the subject of statistical
analysis, and presents
case studies describing
how it may be applied by
managers, with
particular emphasis on
management within
telecommunications

companies.

Introduction

Eee=sataago

The world in which we live today is
full of facts and figures which are
used to advertise products, manage
businesses, provide proof in court, or
demonstrate that one sportsman is
better than another. Modern society
has become so accustomed to ‘statis-
tics’ that it seems that everyone can
use them to make some point. Using
statistics can be a very worthwhile
exercise—used judiciously statistics
can be employed to tell the irrefutable
truth. However, as Disraeli famously
said, ‘There are three kinds of lies:
lies, damned lies and statistics.’
Advertisers may tell us that 9 out of
10 people preferred a certain brand,
but we don’t know who these 9 people
are, and we certainly are not told
whether it is 9 out of every 10 people.
Governments may inform the public
that the rate of inflation (RPI) is
decreasing, but what they rarely tell
us is the way in which the RPI is
calculated, and how it can be adjusted
every month so as to mask the rise in
prices of a particular commodity.

Statistics can be used to inform,
but they can, and often are, used to
mislead the public. Unfortunately,
inadvertent deceptions can often be
the result of the good intentions of
enthusiastic employees.

Statistical analysis is applied in
most science and engineering
subjects to study variation in the
measurement of experimental
parameters. With the more exact
sciences, such as physics and chemis-
try, most of the variation present in
experimental results is due to
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experimental error. Even the most
precise experiments are subject to
tiny amounts of variation. This
irreducible variation can normally be
averaged out over several repeated
determinations. In other subjects
such as biology, psychology and
management science the inherent
variation has to be accepted. How-
ever, experiments in these sciences
are subject to greater variation than
that caused purely by experimental
error and, consequently, averaging
observations can disguise very
important specific instances that
result in different outcomes. As a
result it is very difficult to determine
whether any differences are caused
by some real phenomenon or purely
by chance.

This is when the scientist should
turn to statistical methods. It is a
common misconception that as
variation in data increases, the less
useful statistical methods become. In
reality, the opposite is true. The
greater the variation present, the
greater the need for the powerful tools
available to the statistician. Many of
these tools are relatively straightfor-
ward to apply and, with the wide-
spread availability of statistics within
spreadsheets and similar packages,
are regularly used. Herein lies the
problem: to apply many of the
statistical techniques little or no
mathematical knowledge is necessary
but, virtually without exception, these
methods require fundamental
conditions to be met before they can
be used. It is therefore of paramount
importance that the user of statistics
is aware of such conditions. Further-
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more, the user should have the
understanding that when a non-
standard situation occurs the usual
test may be invalidated. Finally, and
perhaps most importantly, the user
has to appreciate that if the technique
is correctly applied then the result is
valid, even if it is undesirable.

This article serves two purposes.
First, it is to introduce the power of
statistics and the possibilities that the
use of the method can give rise to, and
to illustrate the pitfalls of using
statistics! It is common to misuse some
techniques, and to the unscrupulous, it
is possible to abuse the methods.
Second, while this article will aim to
illustrate ideas and concepts, it is
impossible in the margins of such an
article to provide detailed theory. Any
reader who is interested in developing
a greater understanding of statistics is
directed to any of several excellent
texts that are referred to throughout
the article. A BT intranet web site is
also available for BT people at
http://odta.aom.bt.co.uk/acp/
projpub.htm.

What is Meant by Statistics?

Historically, statistics developed from
state arithmetic or state-istics* which
was the collection of population and
economic information vital to the state.
This kind of data collection has some
very famous examples—the census
that required Mary and Joseph to
journey to Bethlehem in the Biblical
story and William the Conqueror’s
Domesday Book are examples of how
population and resources could be
determined. This was (and still is)
essential to the running of a state.
Without knowing the size and composi-
tion of the population, it was impossi-
ble to know how many men could be
called upon at a time of war, or how
many taxes could be raised to finance
that war. However, the raw information
cannot easily be used, and so it
requires summarising. As a result
these census counts led to summary
values called statistics.

By definition a statistic is any
single figure that describes a set of
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data?, and summary figures such as
the average (the measure of central
tendency) or the variation (the spread
of data) are typical of this definition.
The word average is derived from the
Latin havaria, which was the name
given to the compensation money paid
to the owners of merchandise carried
by old sailing vessels that was lost at
sea. The total cost of the lost cargo
was divided equally among those
whose cargo was being carried®.

Some modern-day interpretations
of statistics, such as sports averages
and workers’ performances are
essentially summary values of an
entire group, or population (for
example, a cricketer’s career batting
performances). Other statistics, such
as TV viewing figures, are based on a
small section, or sample, of the
population, and values derived from
the sample are used to infer charac-
teristics of the population. This
statistical inference, just one branch
of the subject, is widely used as
economic or time constraints rarely
permit censuses to be carried out.

Statistics these days has come to
refer to a much broader subject than
summary values. Widely-used tools
such as charts and averages, known
as descriptive statistics, are useful to
provide a snapshot of a set of observa-
tions. Other methods, such as those
used in statistical inference and other
analytical tools, are under-pinned by
complex mathematics and are reliant
upon fundamental assumptions being
met for any results to be valid. This
mix of descriptive and analytical
methods is better described as
statistical analysis, and it is with this
set of techniques that the statistician
approaches both the simple and
complex problems that occur in
everyday life and in the applied
sciences.

Basic Concepts

To a manager in a telecommunications
comapny, statistics may mean a series
of performance measures with which to
monitor the engineers in his/her patch
or the agents in a call centre. Statistics

may also be the number of jobs that
remain in the work-stack at the end of
each day, the number of faults per day
per exchange connection, average
travel times or the number of jobs that
fail to meet the commitment time.
There may be literally hundreds of
measures, each one a statistic. How-
ever, these figures are summary or
descriptive statistics. While recognising
the importance of such information,
this article is more concerned with the
tools available that enable the statisti-
cian to place such values in context,
interpret results and make legitimate
and correct decisions based upon the
analysis of such data.

It may be pertinent to present a
more formal definition of statistics.
Statistical analysis is a method that
draws upon a set of tools that can be
used for the collection, analysis and
presentation of data and results. The
complexity of each of these three
areas ranges from the simple to the
intricate depending upon the task.

It is important for users to
understand the nature of the prob-
lem that they face, the tools at their
disposal, the limitations of those
tools, and the target audience. Before
setting out to perform a statistical
analysis, the practitioner should ask
him/herself four questions:

® What do I want to investigate?
@ What kind of data do I need?

® What method of analysis am I
going to use?

® How do I best get the point across?

Deciding upon the aim of the
analysis prior to collecting the data is
essential. Clear definitions of the
problem and how it may be solved
can save time, effort and money in
the data collection phase. Knowledge
of the goal of the analysis highlights
what data should be collected and
which techniques can be used.

Data collection is as important to
accurate statistical analysis as the
calculations that follow. Moreover,
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while it may be possible to collect a
very precise set of data, the overall
analysis can be rendered useless if the
wrong analysis is performed. Likewise,
the most accurate calculations on
poorly recorded data are useless. Even
so, there is more to data collection than
accurate recording of experimental
results. Many statistical analyses are
performed on data that has been
recorded without any forethought.
Specifically designed experiments may
be required to show clearly the true
effects of the factors under considera-
tion. Other statistical analyses are
performed in hindsight on data that
has already been collected, simply
because it was possible to measure a
factor. A problem prevalent in some
sciences is the injudicious collection of
data and subsequent ‘blind’ analysis in
the hope that some statistical relation-
ship will appear. The risk here is
finding a chance result as opposed to a
true relationship.

Issues surrounding sampling
further confound the problems of
data collection. If a census cannot be
performed, then an unbiased sample
that reflects the population must be
used. Often a random selection of
subjects is sufficient, but more
complex sampling techniques are
sometimes required to counteract
bias or to extract as much informa-
tion from a sample as possible. A
well-constructed sample (even if it is
only a truly random one) will provide
data that can be analysed easily and
should yield results that truly reflect
the phenomenon being investigated.

Given the data has been collected,
which are the best analytical methods
for the situation? Most methods
require certain assumptions to be
true. If the data does not satisfy these
assumptions then the method may
produce erroneous results. Choosing
the right method therefore is para-
mount and failing to understand the
underlying principles is a common
problem. While it is not necessary to
be an expert to perform statistical
analyses, it is essential that all users
understand the limitations of the
methods at their disposal.

Finally, if the message fails to
reach the audience, all previous
efforts to achieve an accurate
analysis of well-collected data can be
rendered useless. For instance,
graphs can show much more informa-
tion and are easier to interpret than
a table of numbers. Individual figures
are meaningless, and a far more
powerful result will be achieved if the
result is placed within a proper
context. Most importantly, if the
analysis has been performed cor-
rectly, then the result, whatever it
may be, must be presented.

Case Studies
To illustrate the benefits of using an
analytical approach, and possible
pitfalls, the rest of this article looks
at how statistics can be applied by
managers in a telecommunications
company. Each of the three cases
described below is hypothetical, but
all are representative of situations
that could easily arise. While the
data presented is typical, being based
on real figures, all cases have been
modified to highlight potential
problems.

Case study 1—the CST
manager

The day-to-day management of field
engineersis divided into geographi-
cal units called customer service
teams (CSTs). The CST manager is
responsible, among other things, for
ensuring that adequate resources
(engineers) are available to meet the
number of jobs in the daily work-
stack. There are several factors that
influence the size of the workstack,
the number of engineers available
and the number of jobs that can
physically be performed, and these
influences such as the type of job, the
travel times between jobs and the
skill level of the engineers have to be
monitored to ensure a smooth
operation. One statistic in which the
CST manager is interested is
productivityt as it reflects the
amount of work that is likely to be
performed. Thus productivity
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influences the number of jobs that
can be completed on a given day by a
given number of engineers and the
number of jobs that are carried over
to the next day. If productivity is
known and the workforce is managed
effectively then the number of jobs
that fail to meet their targeted
completion time is reduced and so
customer satisfaction may improve.
Consider the manager of a CST
which covers six patches, with each
patch comprising a team of engi-
neers, or work team members
(WTMs), themselves supervised by a
field manager (FM). When examining
the last week’s performance figures
(Table 1) of the teams under his
control, he notices that Patch 5 has
the highest average at 3-78, and that
Patch 2 has the lowest at only 2:62.

Table 1 One Week’s Average Engineer
Productivity of the Engineers in Each
of Six Patches in the CST

Patch Average Productivity
Patch 1 3-02
Patch 2 2:62
Patch 3 293
Patch 4 314
Patch 5 3.78
Patch 6 2.97

Given these performance figures,
what conclusions can he draw? He
may think that Patch 5 is much
better than all the other patches, or
that Patch 2 is much worse than the
others. In fact, the manager has
already concluded all that is reason-
able to infer—that last week Patch 5
had the highest productivity of all
the patches under his control, and
Patch 2 had the lowest.

The manager is aware that the
target for engineer ‘productivity is

T Productivity is a function of the
number of jobs completed by engineers,
the number of hours actually worked by
engineers and the number of howrs in a
standard working day. The figure can be
calculated for individuals or teams.
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3:08 jobs per day. He is pleased that
Patch 5 performed well above target,
but can he be sure that this is typical
of that patch’s performance? Con-
versely he might be concerned that
Patch 2 performed well below target.
Should he take action to ensure that
Patch 2 is more productive in the
future?

It is important that the manager
does not react to these performance
statistics without knowing the
context within which they sit. For
instance, just from the performance
figures in Table 1, he can see that
four of his six patches failed to meet
the target last week. Statistically
speaking, unless he is able to see a
wider picture he cannot possibly say
that Patch 5 is better than Patch 2.
For this he needs to consider the
average performances of the patches.

Ideally, the manager needs to
consider several weeks’ performances
for all the patches under his control
to get an idea of the big picture. If he
then finds that Patch 2 is still
underperforming then he may take
action. The CST manager wants to
answer two questions:

1 Isthe mean productivity level of
Patch 5 significantly better than
that of Patch 2?

2 Are the mean productivity levels
of Patch 2 and Patch 5 signifi-
cantly worse or better than the
target?

These questions can be answered
using statistical tests, but to be able
to perform these tests the manager
requires more information. He needs
to develop an understanding of the
average performance level of each
patch and the variability of the
performances. The manager decides
that rather than collect the last few
week’s performances he would be
better served by considering produc-
tivity levels over a greater length of
time. This in itself presents problems,
as he does not really want to spend
too much time collecting data. To
overcome this, he chooses a random
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Table 2 Average Productivity of
Patches 2 and 5 for Seven Weeks, Six
Chosen at Random from the Last Year

Week Patch 2 Patch 5
3 2:88 3.48
22 3:25 3.86
26 313 3:54
40 2:99 3-88
2 2:30 3.34
32 2:72 348
42 2:82 319
13 3.04 3-69
10 3:51 379
Last Week 2:62 3-68
Mean 2:93 359
Standard 0-36 0-24
Deviation

sample of nine weeks from the past
year (Table 2), and then includes last
week’s performances. The CST
manager can now see that while last
week’s performances of the two
patches are not that unusual, it does
appear that the two patches may be
very different in their overall
performances.

To answer his questions the
manager employs two different
statistical tests that enable him to
work out the chance of getting a
specific result by chance. The tests
are based on the normal probability
distributiont (Figure 1), which has a
distinctive bell shape and approxi-
mates many natural phenomena. By
translating the user’s questions into
mathematical relationships, or
hypotheses, then, providing the mean

and standard deviation of the
distribution are known it is possible
to determine the probability of
specific values occurring. If this
probability is large then the likeli-
hood of the result occurring by
chance is low, and so the hypothesis
is ‘not rejected’; that is, it can be
taken as being true based on the data
used in the calculations. If, however,
the probability is small then the
hypothesis is said to be ‘unsupported
by the data’, and so can be dis-
counted.

The CST manager translates his
two questions into hypotheses,
known as null hypotheses. To answer
his first question, to investigate
whether the two patches are differ-
ent, the manager uses a test that
compares the difference between
pairs of values. The manager assumes
that the differences between the two
patches should be zero, and so, in
statistical parlance his null hypoth-
esis is that the mean productivity
level of Patch 2 equals the mean
productivity level of Patch 5. He will
test the null hypothesis against an
alternative hypothesis: that the mean
productivity levels of Paich 2 and
Patch 5 are different.

1 Each normal distribution has a
mean, l, and standard deviation, c. The
properties of the distribution are such
that approximately 67% of the distribu-
tion lies within p+o, approximately 95%
lies within p+20, and approximately
99:7% lies within p+3c. Figure 1 shows
the standard normal distribution, with
mean p=0 and standard deviation o=1.

Figure I —The normal distribution with zero mean (1=0) and unit standard
deviation (o=1). 95% of the distribution lies within +2 standard deviations of the
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The Paired t-test* 40 gives a test
statistic that can be compared with a
value from the normal distribution,
called the critical valuet, to see
whether or not the result is statisti-
cally significant. (The tests described
below use critical values based on
0. = 5%.) The null hypothesis is said to
be ‘not rejected’ if the test statistic is
less than the critical value. If the test
statistic exceeds the critical value, the
null hypothesis is Trejected’. Note that
it is said that the hypothesis is ‘not
rejected’ as opposed to ‘accepted’ as
the test is only for a given sample; a
different sample may give a different
result.

The results given in Table 3 are
obtained from using the ‘t-test:
Paired Sample for Means’ in
Microsoft Excel. The important figure
is the t-stat, which is compared with
the t-critical two-tail value.

t The critical value corresponds to the
limit of the normal distribution beyond
which the user deems a value to be
unacceptable. The user defines a value (o)
for a given test which is equivalent to the
percentage of times the user is prepared
to allow for an incorrect result, and as o.
tends to zero so the test becomes more and
more strict. In one-tail tests the 0% of
values that are at one end of the distribu-
tion, in two-tail tests those values that lie
in the 0/2% of both ends of the distribu-
tion. Tables of critical values for the
normal (or t-) distribution are available in
most statistical test books.

Table 3 Partial Print-Out of Excel’s
t-Test: Paired Two Sample for Means

As the CST manager is interested
in simply seeing whether or not the
patches are different, he examines
the absolute value of test statistic
(t-stat) which is 5:15 (he ignores the
minus sign as this indicates that
Patch 2 is less than Patch 5). As this
value is greater than the critical
value, t-critical two-tail = 2-26, he
concludes that average performance
of Patch 5 is statistically different
from the average performance of
Patch 2. By looking at the value of
P(T<t) two-tail he sees that the
probability of getting the same result
by chance is 0:0001; that is, very
small. He can think of it as the
chance of Patch 2 and Patch 5 being
equal as 1 in 10 000 (0-0001).

Now that the manager has
established that the performances of
the two patches are different, he
wants to know whether it is true to
say that they are both achieving the
target productivity of 3-:08. He uses a
t-test* p2¢e 387 performing the test
twice, once for each patch. This time
his null hypothesis: that the mean of
each patch is 3:08 is tested against
the alternative hypothesis: that the
mean is not 3-:08. Table 4 gives the
results for both patches.

As the t-test is performed on both
patches the CST manager has to
make two sets of comparisons. First,
he looks at the test statistic for
Patch 2 and sees that the absolute
value of t-stat is 1-42 (again he
ignores the minus sign), which is less

Table 4 T-test Results for the Null

Patch 2 | Patch 5 Hypothesis: The Means of Patch 2 and
Patch 5 are Equal to 3-08
Mean 2:926 3-593
Patch 2 | Patch 5
Variance 0-3411 0-2270
Mean 2:9270 | 3-5925
Observations 10 10
Stand Deviation 0-3411 0-2270
Hyp. Mean 0
Difference Observations 10 10
Df 18 Standard Error 01137 | 0-0757
t-stat -5149 t-stat -1-4181 | 7-1396
P(T < t) two-tail 0-0001 Critical t 2:26 2-26
t-critical two-tail 2:26 P<t 0-1898 | 0-0001

British Telecommunications Engineering, Vol. 18, Oct. 1999

STRUCTURED PROCESS IMPROVEMENT

than 2:26, the critical value. He
therefore concludes that the perform-
ance of Patch 2 is not significantly
different from the target of 3-08.
When he looks at the test statistic for
Patch 5 (t-stat = 7-14) he sees that is
much greater than the critical value
(2-26) and so infers that the engi-
neers in Patch 5 are performing
significantly better than the target.
The probability of seeing this result
occurring by chance is 0-0001; that is,
1in 10 000.

Overall, the manager finds that by
using two different statistical tests
he has prevented taking action
against a patch that appeared to be
under-performing. His natural
reaction might have been to inter-
vene, but doing so could have had a
negative impact. Telling someone
who has just completed a very
difficult job successfully that they
should be working harder is not
going to help the morale of the team?®.
The manager should, given the
statistical analysis, examine the
reasons why Patch 5 is so much more
productive than the other patches
and look to see if there are any
working practices that can be
transferred to the other patches to
aid productivity.

Case study 2—the call centre
manager

Call centres are managed to meet
various targets and produce a
number of statistics with which to
assess how a call centre is perform-
ing. Each procedure that is per-
formed within a call centre is
assessed in some fashion, and if that
process is failing then the call centre
manager or agents are put under
pressure to improve, often without
any changes to the process or
assistance with the current proce-
dure. Some targets are set at what
appear on paper to be achievable
levels but, for practical reasons, are
rarely revised if they are never met.
These targets are often based on
management beliefs, rather than
considered estimates derived from
current performances.
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The manager of a call centre has
been asked to make a presentation to
other managers describing the
statistics he had used to demonstrate
how changes to the call centre were
necessary, and how those changes
resulted in dramatic improvements.

A year earlier the call centre
manager had been under pressure as,
during one particular month’s
performance review, it was seen that
the average percentage of promptly
answered calls{ in his call centre was
approximately 88%. He was criticised
for the poor performance, and told
that for promptly answered calls the
critical value was 93% and the target
value was 96%. Although he was
aware of these figures he felt it
impossible to meet them, given the
constraints he had to work under.

At this point the manager had
decided to use statistics to explain his
problems at the next performance
review. From his background in the
manufacturing industry he was aware
of the power of statistical process
control (SPC), and how it could be used
to illustrate the capability of processes.

The control chart is a graphical
tool used to show when processes are
in, and out of, control; that is, operat-
ing within the expected limits of the
process. To develop such a chart, the
manager had collated the perform-
ance of all the agents in his call centre
for the previous 13 weeks, which was
to act as the training data. After
taking a random sample of four
agents for each week, he calculated
the sample means and control limits*®
and plotted them on a chart, along

1 The industry standard definition of a
promptly answered call is that which is
answered within 15 seconds.

* The control limits are based on the
range of values used to calculate the
average percentage of promptly answered
calls at each time period. The upper and
lower performance limits are defined as
P +(0.48 x R), where P is the average of
all the performances considered in the
construction of the graph and & is the
average range of values, each week’s
range is the difference between the largest
and smallest values for that time period.
For a full description of the calculations
see reference 6, page 390.
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with the critical and target values. He
continued to do this for each week up
to the performance review.

The control chart (Figure 2)
clearly shows that the call centre is
not attaining the standard required.
The mean performance levels are all
around 88%. However, the process
can be said to be ‘in-control’ as all but
Week 2 and Week 10’s performances
are within the control limits. The
manager explained that the graph
demonstrated that the call centre had
been operating within its process
capability, and as such the performance
is unlikely to exceed the upper per-
formance limit of approximately 89%.

The call centre manager explained
that because the process under
consideration was ‘in control’ then to
meet the targets imposed upon him
he had three alternatives:

1 improve the system,
2 distort the system, or

3 distort the data’.

While only the first of these
options is desirable, the manager
described several instances of control
engineers and managers who, under-
pressure to meet targets, ‘fudged’
calculations or redefined control
limits so that the targets were
achieved. In order to meet his
targets, the manager went on to
explain, required an undertaking in
either revising the processes by
which the call centre operated, or by
employing more staff to cope with the
demand. The manager had identified
that both a process re-engineering
exercise and more staff were neces-
sary, and even then it would take
several weeks to meet the targets.

After being given the go-ahead to
redesign the processes, but not to
recruit, the manager continued to
collect the measures of promptly
answered calls measures. In this
hypothetical example, the new
processes went live after three weeks,
and the effects were first seen in
Week 21 (Figure 3). The performance
improved (93:4% in Week 22), but the

Figure 2— Control chart for the call centre’s promptly answered calls
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re-engineering alone was not enough
to reach the target levels required.
Because of the vast differences in
how the processes operated, the
manager had re-calculated the
control limits for the period since the
re-engineering and reported his
findings. These improvements were
enough to be able to convince his
superiors to allow a one-week trial
(Week 32) during which additional
staff were employed. (Note that
Week 32 is not included in the
calculations of the control limits for
this phase.)

The evidence of the improved
performance in Week 32 was enough
to convince his superiors that
additional staff were required all the
time. After several weeks in which
the performance level was main-
tained at an average of 93:1%, the
manager’s request for more staff was
granted. The new staff, once fully
trained, were employed from
Week 37, and the performance
improved to 96-5%. After a further
six weeks, the manager calculated
another set of control limits based on
an average performance level of
96:2%.

The control chart for the period of
change is given in Figure 3. Note
that the three phases are clearly
observed in the chart, and that the
control limits clearly change as, first
the process re-design and then the
additional staff take effect. While the
performance remains within the
control limits the process is said to be
‘in-control’.

While SPC can be used to demon-
strate when processes are operating
within their natural capability and
when there are changes in the mean
level, SPC can also be used to show
when the inherent variation in the
process changes. There are, however,
many rules for understanding
whether a process has changed, too
numerous to be addressed here.
Several of these tests detect whether
observations fall outside of the
control limits. However, in some
cases action must not be taken. In
this case study, Week 32 stands out

as being unusual and in SPC this is
known as a special cause. Action
would not be taken here as an
explanation can be found. Typical
special causes might include a high
proportion of untrained staff or low
staff numbers due to widespread
illness. In normal process conditions
if a valid reason for an unusual
observation can be found then it
should be noted but ignored when
calculating control limits.

Case study 3—the distribution
warehouse manager
Distribution warehouses operate
according to several performance
measures. Some of these measures
are dependent on the productivity of
the staff, which is affected by the
number of staff working each day.
While the manager can resource the
warehouse according to how much
work is anticipated, he/she also has
to make allowances for how many
staff will be on sick leave. The nature
of sick leave is such that it cannot be
anticipated, but the manager can
make allowances for the number of
people expected to be on sick leave as
a result of accidents that occur
within the warehouse.

Until recently a manager has
estimated the number of accidents
that occur each month. The manager
is aware that there are two types of
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accidents that need to be considered,
non-sick absence causing accidents
(NSACs) and sick absence causing
accidents (SACs). He estimated that
there would be five NSAC accidents
and three SAC accidents every
month. Using these values he has
been able to work out the amount of
overtime that would be needed, and
manage his staff accordingly.

However, the latest directive
aimed to introduce target values of
2:5 NSAC and 1-3 SAC accidents per
month. Obviously, these targets are
much lower than the levels he
currently works to. Unsure of what to
do to tackle the problem, he decides
to investigate how appropriate his
estimates are and how reasonable
the targets are.

First, he collects 12 months of
accident data, and calculates the
monthly average (denoted by the
Greek letter ‘mu’, p) of both SAC and
NSAC accidents. He finds that the
average number of SAC accidents is
Hgye = 2'8 per month, and the average
number of NSAC accidents is iy, =
3:5 per month.

The manager then uses probabil-
ity theory, specifically the Poisson
probability law* ¢ ?® This law
enables him to work out the prob-
ability of a certain number of
accidents occurring each month.
First, he has to ensure that the

Table5 Probability Valuesfor k=1, 2, ..., 10 Accidents Occurring in a Given Time
Period, Based on the Mean Levels of SAC and NSAC Accidents

Sick Absence CGausing Non-Sick Absence Causing
Mgy = 2:8 Hygao = 39
k p(k) Cumulative p(k) Cumulative
0 0-0608 0-0608 0-0302 0-0302
1 0-1703 0-2311 0-1057 0-1359
2 0-2384 0-4695 0-1850 0-3208
3 0-2225 0-6919 0-2158 0-5366
4 0-1557 0-8477 0-1888 0-7254
5 0-0872 0-9349 0-1322 0-8576
6 0-0407 0-9756 0-0771 0-9347
7 0-0163 0-9919 0-0385 0-9733
8 0-0057 09976 0-0169 0-9901
9 0-0018 0-9993 0-0066 0-9967
10 0-0005 0-9998 0-0023 0-9990
>10 0-0002 1-0000 0-0010 1-0000
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Figure 4— Plot of cumulative probabilities for sick absence
causing and non-sick absence causing accidents

situation he wishes to model satis-
fies the assumptions of the Poisson
distribution, namely:

@ that only one accident can occur
at a given time,

@® that the chance of an accident
occurring, say, in any one hour is 24
times less than an accident occur-
ring during a 24-hour period, and

@ that if an accident does occur then
it has no effect on the chances of
another accident occurring.

The manager decides that, on the
whole, the accidents are independent
of each other, that they are likely
occur at all times of the working day
and at any time during the year with
the same probability. Hence the three
assumptions are valid.

A Poisson probability is calculated
by \

pk) =" e,

k!

which is the equation that he now
uses to work out the probability,
denoted p(k), of a given number (k)
accidents occurring in a given time
period. By adding values together the
probability of less than a specific
number of accidents occurring can
also be determined. Table 5 gives the
values fork =1, 2, ..., 10 and for
k >10. It is important to note that
these probabilities will change for
different values of p.

The manager can now look up any
value in the table to determine the
chances of a situation occurring. For
instance:

@ the probability of exactly two SAC
accidents occurring during any
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values of u

given month is SAC p(k=2) =
0-2384; and

@ the probability of four NSAC
accidents occurring in a month is
NASC p(k=4) = 0-1888.

By looking at the cumulative
probabilities he can see that, for
example:

@ the probability of four or less SAC
accidents occurring is SAC Cum.
p(k<5) = 0-8477; and

@ the probability of less than three
NSAC accidents is NSAC Cum.
p(k<3) = 0-3208.

Using these calculations the
manager can decide whether his
estimate of the current situation and
the targets he has been given are
reasonable. He can see that his
estimates of three SAC accidents
occurring is reasonable compared to
the mean, but only has a probability
of 0-22; that is, three accidents will
only occur 22% of the time. Similarly,
he can see that the chance of five
NSAC accidents occurring is even
smaller (p(5) = 0-1322).

The manager cannot actually
determine probabilities using the
Poisson law for the target values as
the law only allows for whole num-
bers, but he can make an estimate
from the plots of the cumulative
probabilities on a graph. Figure 4
shows how the cumulative probabili-
ties for the SAC and NSAC accidents
differ for k2 =1, 2, ..., 10. He can now
see at a glance that the chance of up
to two SAC accidents occurring is
roughly the same as up to three
NSAC accidents. Furthermore, the
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Figure 5 —Cumulative probability plot for four different

probability of less than 2:5 NSAC
accidents occurring is approximately
0-4 while the probability of less than
13 SAC accidents occurring can be
estimated at approximately 0-3.

Using the cumulative probabilities
in Table 5, the manager sees that the
probability of meeting these targets
every month is low. However, the
manager understands that the graph
and table are representative of the
current situation. For the targets to
be met the manager realises that
different safety measures have to be
implemented so that the average
number of accidents is reduced.

By using different values of the
average number of accidents per
month (g, , and p, ) the manager
can calculate probabilities and plot
graphs to see which average rate will
give him a reasonable chance of
meeting the targets. Figure 5 shows
how the probabilities of each number
of events change as the average
number of accidents changes. The
cumulative probabilities are plotted
forp=1,2,5 and 10, and the plot
shows that as |1 increases, so the
chance of getting a small number of
accidents every month decreases.

From this plot the manager can
see that if he can reduce the average
number of accidents to one per
month then he will only fail to meet
the NSAC target of 2:5 on a handful
of occasions. If he can reduce the
average number of accidents to two
per month then he should meet the
NSAC target approximately 75% of
the time, while the SAC target would
still only be met on approximately
half the occasions. While this may not
be too encouraging, he can use these
probabilities as evidence that the
targets may have been set too low
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and that it is unrealistic to expect
them to be met on every occasion.
Summary
Statistical analysis should be
considered as a toolbox containing a
wide variety of implements with
which a statistician can determine
the proper result. Just as a carpenter
requires the correct tools to produce
a piece of furniture, so a statistician
needs the proper tools to perform the
best analysis possible. Understand-
ing the role and limitations of these
tools is of paramount importance, as
misuse only leads to misinterpreta-
tion of the situation.

It has been stressed that some of
these tools require assumptions to be
met. However, it is rare that all
assumptions will be satisfied com-
pletely. The t-tests described in Case
Study 1 are very robust and will
produce a valid result in circum-
stances where some assumptions are
not met. However, other methods are
particularly delicate and highly
susceptible to the slightest deviation
from the assumptions underpinning
the method. In the instances where
assumptions are not fully met, it is
the responsibility of the statistician
to decide how suitable the tools at
his/her disposal are to the situation.

Furthermore, while it may be
possible to produce results from any
set of data, to make a full and
reasoned analysis, the statistician
requires knowledge of the problem
and the data. Unless the statistician
knows the reason for the analysis
and the exact source of the data it is
unlikely that he/she can produce a
fully enlightened summary.

Finally, if the statistician has
collected data and analysed it
correctly, then the conclusions that
he/she draws are representative of
the situation investigated. The
conclusions may not be those that
were hoped for; however, it is also the
duty of the statistician to present the
results as they are found, and in the
correct context, so as not to mislead
the audience.

The aim of this article has been to
provide an insight into the benefits
that can be gained from statistics. To
use such analytical techniques in
management is straightforward, but
they can often be misused. It is hoped
that those managers who already use
some statistics will be encouraged to
develop their understanding of the
subject, and that those who are
unfamiliar with the intricacies of the
subject will be tempted to go beyond
managing by the usual measures and
investigate the power of statistical
analysis.

There are several very good
introductory textbooks and popular
science books that discuss statistics
in a straightforward and enlighten-
ing manner, some of these are given
in the bibliography. A BT intranet
web site (http:/odta.aom.bt.co.uk/
acp/projpub.htm) is available which
addresses statistical issues com-
monly faced by managers. The author
and his team are also available to
answer further questions and will be
happy to discuss any subsequent
issues.
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Bob Ruddock and Pete Whelan

Network Electrical

External sources of
electromagnetic energy,
both man-made and
naturally occurring, can
disrupt the transmission
of telecommunications
signals and create
hazards to equipment
and users. This article
gives an overview of
recent work in the field of
network electrical
protection. Developments
in lightning protection,
line isolation units, and

noise suppression are

described.
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Protection

Introduction

Network electrical protection is as old
as the network itself. From the very
beginnings of telecommunications,
attempts have been made to preserve
the integrity of the electrical signal
propagated over the copper network.
Over the years this task has become
more demanding as the network has
been extended to all corners of the
globe and the electromagnetic
environment in which it operates has
become more and more intense.

Today the network is expected to
function normally in the presence of
everything from electric fence pulses
to lightning surges, from electrified
railways to high-voltage power lines.
This has occurred against a back-
ground of greater exploitation of the
vast copper network infrastructure.
The frontiers in terms of the type of
services the network is capable of
carrying havebeen pushed back and
back from its humble beginnings as a
carrier of telephony.

Along the way optical fibres have
been introduced and in the long-term
they will no doubt provide the ultimate
solution to all issues of electrical
protection. However, in recent years
the pendulum has swung back
somewhat, and copper has been given
a new lease of life with the launch of
BT Highway and the asymmetrical
digital subscriber line (ADSL) trials.

This article reports on the continu-
ing work to maintain the safety and
integrity of the copper network, while
at the same time not restricting its

potential for even greater exploitation.

Lightning Protection

The United Kingdom is not noted for
a high incidence of lightning activity,

but even so it is not unusual for there
to be 80 000 ground strikes on a
single day.

Figure 1 shows the distribution of
lightning activity in a typical storm
earlier this year, and Figure 2 shows
the amount of lightning activity
during 1998. It would not be eco-
nomic to attempt to protect BT’s
network against direct strikes, but
induced surges resulting from
proximity strikes can usually be
nullified providing the appropriate
protection devices have been fitted.
Fortunately, direct hits to one of BT’s
4 million poles is not that common,
but with so many ground strikes you
can be sure that wherever the
lightning goes to ground the BT
network will not be far away.

Proximity strikes give rise to
induced surges in BT’s network. Once
a lightning surge enters the network
it can cause havoc. Cable is robust
and is able to carry surges over long
distances without any noticeable
damage to the sheath. The resistibil-
ity of customer’s equipment and

Figure 1—Lightning strikes on
29 May 1999

Lightning strike
strengths:

<10 kA: 26583
10-20 kA: 2360
20-40 kA: 787
40-80 kA: 201
>80kA: 74
Total number of
strikes: 30005
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Figure 2— Lightning activity during
1998

exchange linecards is, however, far
less and will frequently be damaged
unless they are adequately protected.

Lightning protection has tradi-
tionally been achieved by gas
discharge tubes (GDT). These devices
consist of a spark gap in a tube filled
with a rare gas mixture, which allows
the electrical properties to be
precisely controlled. When a light-
ning surge occurs, the high-voltage
triggers conduction across the gap to
a low-resistance earth connection.
Once the lightning surge has been
dissipated, conduction across the
spark gap ceases and normal service
continues. GDTs are high energy and
robust devices capable of discharging
surges up to 5 kiloamps. In addition,
GDTs are virtually transparent to all
network services, both those existing
and those proposed, such as ADSL.

Over the years, GDTs have proven
themselves to be reliable and effec-
tive lightning protection devices.
However, in more recent years we
have seen the robust electromechani-
cal equipment used in exchanges and
customers’ premises replaced by
sophisticated computer-controlled
microelectronic systems. While being
highly efficient these systems are,
however, much more susceptible to
induced overvoltage and can be
damaged by fast-acting transient
voltages. Protection devices using
semiconductor technology are faster
and more sensitive and better able to
deal with fast-acting transients than
the relatively slow GDT.

In recent years, semiconductor
technology has increasingly been used
in lightning protection devices. The
device currently used in the network
is a two-stage device. The first stage is
a GDT, which provides the high-
energy capability. The second stage
consists of two fast-acting diodes,
which are designed to provide protec-
tion against fast-acting transients.
These protectors therefore combine
the high-energy capability of the GDT
with the fast-acting semiconductor.
Together the two components provide
comprehensive protection against
induced surges of all types.
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However, semiconductor devices
have a higher capacitance than GDTs
and while this is not an issue for
existing services, which include ISDN2
and BT Highway, it may become an
issue as bandwidths are extended
further to include ADSL at 6 Mbit/s.

It is important that the deploy-
ment of services over the network is
not restricted by the presence of
protective devices, and to this end BT
and its suppliers have been working
on ways of reducing the capacitance
of the semiconductor component of
the protectors.

The current module design
The current PM6A design (Figure 3)
is capable of withstanding a broad
range of electrical surges such as
high energy 8/20 s, 10/700 ks to fast
transient 5/50 ns waveforms. The
module consists of a three-element
gas tube and two transient voltage
suppressors (TVS). The operation of
the module is as follows, assuming
the pulse is from line ‘A’ to GND. As
the pulse ramps up, the voltage
across the gas tube and TVS in-
creases. Therefore, the gas tube
begins to charge. When the voltage
across the gas tube reaches the
breakdown voltage of the TVS, the
TVS sinks current and clamps the
voltage across the gas tube at the

Figure 3—Current 6A module
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TVS’s breakdown voltage. The voltage
across the gas tube is clamped to the
TVS'’s breakdown voltage until the
gas in the gas tube ionises and
dissipates the pulse.

The typical response time of a
semiconductor-type surge suppressor
is in the picosecond range, while the
gas-tube response time is in the
microsecond range. The TVS device
used, however, is limited in the
energy that it can dissipate before
being destroyed by the electrical
surge. Further, these devices add
significant levels of capacitance to
the surge protection circuit. A typical
gas tube has a capacitance of be-
tween 2 and 7 pF (picofarads), but
the semiconductor used in conjunc-
tion with the gas tube increases the
capacitance of the circuit to about
100 pF. The problem with such
relatively high capacitance is that it
limits the bandwidth and, therefore,
the signal transmission rate of the
transmission line to which the surge
protector is connected. This is
primarily due to the fact that the
module capacitance is seen as a
discrete discontinuity rather than a
distributed circuit parameter.

The ultra-low-capacitance module
(Figure 4) is capable of withstanding

Figure 4—Ultra-low capacitance
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Figure 5— Balanced ultra-low-capacitance robust module

the same electrical surges as the 6A
module. The module consists of a
three-element gas tube and two
transient suppressors (TVS) with two
layers of high-speed rectifiers. The
purpose of the parallel arrangement
of diodes in series with the TVS
semiconductor is to reduce the
overall capacitance of the surge
protector between line to ground and
line to line. The parallel capacitance
of the fast recovery diodes sum in
series with the capacitance of the
TVS semiconductor is:

S T ST T o
where C, is the capacitance of the
clamping circuit between line ‘A’ to
ground, C, is the capacitance of the
parallel arrangement of the fast
recovery diodes, C,, is the capaci-
tance of the additional arrangement
of the diodes, and C, is the capaci-
tance of the clamping diode. Each
fast recovery diode has a capacitance
of approximately 10-15 pF and the
clamping diode has a capacitance of
approximately 180 pF. With these
components, the circuit has aline-to-
ground capacitance of 20-25 pF and
a line-to-line capacitance of 11-13 pF.
The parallel arrangement of the fast
recovery diodes in a reverse-polarity
configuration is used to allow the
surge protector to operate
bidirectionally.

Figure 5 shows the circuit design
for the PM6B protector module. It
not only provides for ultra-low
capacitance, but also incorporates
features for increased robustness and
the added benefit of a balanced
design. These features are discussed
separately below:

Robustness
Although the solid-state TVS device
exhibits extremely fast response
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compared to a GDT it is unable to
survive sustained high surge energy
pulses. A 600 W device subjected to a
5kV 10/700 ms pulse of 125 A will
typically fail short circuit within 10-
14 ms. In this situation the time
taken for the gas within the GDT to
ionise and initiate conduction is
critical. At present it is necessary to
specify the GDTs such that only the
fastest are used in the protection
module. This requirement to care-
fully match the GDT to the TVS may
be avoided by the insertion of a series
resistor as shown in Figure 5. Under
conditions of a transient surge
passing from left to right in this
diagram, the voltage impressed onto
the GDT is the sum of the voltage
drop across the resistor between
points ‘C’ and ‘D’ and the TVS
clamping voltage of point D to GND.
For a rising transient the increase of
volt drop caused by the presence of
the resistor will result in faster
ionisation of the GDT and thereby
limit the energy dissipated by the
TVS.

Balanced design

The circuits shown in Figures 3 and 4
are unbalanced, meaning the capaci-
tance between line and ground and
line to line are different. The circuit
shown in Figure 5 has the substan-
tially low capacitance (< 25 pF)
between lines and ground and either
line to the other. In addition, how-
ever, in this case all the capacitances
are within 5 pF of each other.

The balanced line has the advan-
tage of providing improved noise
immunity over an unbalanced line.
Since transients are usually common-
mode, it is important that the circuit
operates in a balanced fashion,
otherwise common-mode transients
can cause differential mode distur-
bances, which will result in errors.

Figure 6 —Internal construction of the
protector module 6B

We shall return to the subject of line
balance later in this article when
considering noise suppression.

Summary

In summarising this section of the
paper the requirement to reduce the
capacitance of protection devices to
less than 25 pF has been achieved
using the balanced bridge configura-
tion with series resistance.
Configuring the diodes in a bridge
arrangement allows the module to be
in a balanced state for protection
against both positive and negative
transients and the TVS device need
only be unidirectional. The addition
of the series resistor ensures that
even with relatively slow GDTs the
GDT will ionise before the TVS is
damaged. Figure 6 shows the
internal construction of this protector
module. This protector, which is
suitable for use on the main distribu-
tion frames within the telephone
exchange, will be introduced in
November 1999. Similar protectors
for use at the customer end of the
network will be introduced at the
same time.

Line Isolation Units

The second topic in this article
concerns line isolation units (LIU).
Line isolation is required on circuits
that terminate on sites which are
prone to a rise in earth potential.
These sites are commonly referred to
as hot sites. For the benefit of readers
who may not be familiar with the
concept of hot sites the following
description is provided.

Hot sites

Electricity generating and trans-
former stations can experience a local
rise of earth potential during certain
types of fault on the electricity supply
network. At some sites, particularly

British Telecommunications Engineering, Vol. 18, Oct. 1999



those in areas of high soil resistivity,
the rise in potential can reach several
thousand volts relative to remote
earth. This rise in earth potential will
not normally present any hazard to
people on the site since all metalwork
will be bonded together and there will
be no chance of exposure to different
potentials simultaneously.

However, should a remote or true
earth be introduced on to such a site
then this would present a hazard to
people and equipment. This is
precisely the situation that occurs
when BT lines are connected to hot
sites. Copper-pair cables are con-
nected to earth at the telephone
exchange, and before they can be
terminated on a hot site they must be
isolated from the exchange earth.
This is achieved by fitting an LIU at
the customer end.

The electricity companies require
telecommunications services to their
sub-stations for telephony, telemetry
and the control of their power
switching and protective systems.
They also have requirements for
Kilostream and ISDN2 services, and
separate LIUs have been designed
for each of these services. A recent
incident, however, has resulted in the
requirement for yet another LIU, but
before describing this new unit it is
necessary to consider the assessment
of the rise of earth potential.

Assessment of the rise in
earth potential

Currents flowing in the ground as a
result of a phase-to-earth fault in a
high-voltage power line will cause a
rise in earth potential, relative to
remote earth in the regions where
current enters and leaves the ground.
To enable the precautions for safe-
guarding telecommunications plant
againstrise of earth potential to be
determined, it is necessary to assess
the magnitude of the potential rise of
the station earth system under fault
conditions. Figure 7 shows the
conditions which arise when a fault
occurs on a system whose neutral is
earthed at the station.

An earth fault on a line fed from an
electricity station causes a line fault
current I to flow. This current I, flows
through the earth unless the power
line is provided with a continuous
earth wire or a metallic cable sheath
bonded to the earth electrode system.
In which case, a return current /,
flowsin that path and the current
through the earth is (I -I,). The
currents (I-I,) and I, flow back to the
system neutral point over the paths
shown. It is the earth current (I -I,)
flowing through the impedance Z of
the station earth system which raises
the potential of the system relative to
that of the true earth. The rise of
earth potential is thus (I-1,)Z volts.

Figure 7—Effect of a fault in a high-voltage power line system
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For a 400 kV power line, the total
fault current can be as high as 60 kA
flowing through the ground.

Soil resistivity

Soil resistivity is the resistance of the
soil and the most common unit of
measurement is the ohm-metre. This
is defined as the resistance between
opposite faces of a one-metre cube of
earth. Typical values range from

2-3 ohm-metres for marshlands,
90-800 ohm-metres for sand to
500-10000 ohm-metres for rock.
Thus the value of Z varies from
location to location depending on the
particular soil resistivity on which
the electricity supply station stands.
In areas of high earth resistivity, the
rise in earth potential may reach

10 kV RMS during an earth fault on
a power line.

Hot zones

The area over which the rise of earth
potential extends is referred to as the
hot zone. Here again this will vary
according to local conditions but 100 m
is a typical hot site radius. The end of
the hot zone is defined as the point at
which the rise of earth potential is
down to 430 V relative to true earth. In
the case of high reliability power lines
(that is, where the associated circuit
breakers operate within 0-2 seconds) a
voltage of 650 V is used. The responsi-
bility for defining the hot zone rests
with the electricity industry but where
they have not provided this informa-
tion they have agreed that BT should
assume it is 100 m. It is this last point
that has given rise to difficulties
recently. The LIUs supplied by BT are
designed to be fitted at the generating
station or sub-station and the electric-
ity company concerned is charged
accordingly. However, recently damage
occurred to a customer’s equipment as
aresult of a rise in earth potential
where no hot zone boundary had been
provided, and the customer concerned
was some 300 m from the sub-station.
Although this was an extreme situa-
tion where the earth resistivity was
very high, this has caused some
electricity companies to assess the
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extent of the hot sites they control, and
this work has identified further
situations where the hot zone extends
beyond the electricity supply site. Any
part of a zone, which is outside the
boundary of the electricity supply site,
is called off-site hot.

An LIU for residential
customers

As a result of the situation described
above it has been necessary to design
an LIU specifically for customers
who have premises within an off-site
hot boundary. The existing LIUs were
designed for use by the electricity
industry at their sites, whereas in
the off-site hot situation isolation will
be required at the premises of
residential customers. This is, of
course, an entirely different environ-
ment, and the design parameters
need to reflect this. Otherwise the
unit would, quite simply, not be used.

The objective therefore was to
design a unit which would provide
the necessary protection, but at the
same time be less obtrusive than the
current range of LIUs. For less
obtrusive, read smaller. The LIU for
the residential customer needed to be
considerably smaller than that
currently used to provide isolation on
lines carrying a telephony service at
electricity supply stations.

In general terms, the size of the
current LIUs is proportional to their
complexity and the required isola-
tion. A rise in earth potential is
normally centred on the high-voltage
compound and the voltage/distance
gradient is at its steepest close to the
centre such that the voltage at the
electricity supply site boundary is
considerably down on the maximum
value. The required isolation for off-
site hot customers is therefore much
less and the design parameters have
taken account of this fact.

Apart from the size of the unit,
another important consideration was,
of course, cost. The politics of who
pays for isolation provided to off-site
hot customers has not been finally
determined, and a discussion of those
issues is not appropriate in this
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article; suffice it to say that a cost
reduction was necessary.

LIU 11A

The new LIU 11A is shown in Figure 8.
It ishoused in a case which has the
same dimensions as a double-gang
power outlet, and it is designed for wall
mounting. The front plate provides the
normal NTES customer interface.

The operation of the unit is based
on the sensing of a local earth point
with respect to the distant exchange
earth (Figure 9). When the local earth
potential rises above a set threshold,
current flows to the line, triggering a
pair of latching relays to open-circuit
the line within 10 ms of going above
this value. While in the open state,
current is drawn from the exchange
that feeds a timer circuit, the opera-
tion of which is indicated by a red
LED on the front of the unit. After one
minute, the timer attempts to re-close
the circuit. If the voltage is below the
threshold level, then service is restored.

One of the most significant differ-
ences between the LIU 11A and the
existing range of LIUs is that the
existing units maintain service before,
during and after a rise of earth
potential (ROEP), whereas the new
unit provides service before and after
but not during a ROEP. In fact, the
interruption extends for 1 minute,
which is considerably longer than the
duration of the ROEP. This compro-
mise was necessary to achieve the cost
and size targets. However, it should be
borne in mind that an ROEP only
occurs under fault conditions and this
is not an everyday occurrence. In
addition, the customer will have a
visual indication from the LED that

Figure 8—LIU 11A parts (front-plate,
back-box and customer disconnect
plug)

the line has been temporarily discon-
nected.

Most importantly though, the unit
will protect the customer and his/her
equipment in the event of an ROEP
and is designed to be unobtrusive
and inexpensive, which means that it
will be used. The LIU 11A is cur-
rently subject to a field trial which
started in September 1999.

The final topic in this article on
electrical protection concerns low-
frequency interference.

Interference

Transformers are extensively used in
electrical engineering, and indeed it
is difficult to imagine how we would
manage without them. Transformers
exploit a fundamental facet of
physics, which is that whenever a
current flows there is an associated
magnetic field. This magnetic field
will, if it links with another conduc-
tor, cause an induced EMF in the
secondary circuit. Although desirable
in the case of transformers, magnetic
fields associated with current flow in
power lines will cause an induced
EMF in nearby parallel telecommu-
nication lines. This unintentional
induced voltage interferes with the
normal operation of the telecommu-
nications line (Figure 10).

Induced voltages on
telecommunications circuits
The induced voltage appears on the
twisted-pair telecommunications
circuit as a common-mode (CM)
voltage (Figure 11).

The CM voltage is the voltage
measured with respect to earth. The

Figure 9—LIU 11A block diagram
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Figure 10— Power line interference

differential mode (DM) is the voltage
measured between each conductor of
the circuit. The speech or data
(telecommunications signal) is
transmitted as a DM signal. Telecom-
munications cables are constructed
in such a way as to minimise any DM
noise signal. The cable balance is a
measure of the extent to which CM
noise is converted to DM noise by the
parameters of the line. Poor insula-
tion or high-resistance joints can
lower the balance of a cable. Cables
with a poor balance (less than 60 dB)
will have a higher DM noise signal.

There are three main sources of
interference in the BT network:
power lines, electrified railways and
electric fences.

Power lines

Power lines run together with
telecommunications cables in almost
every street in the country.

Underground power cables
normally consist of three live conduc-
tors and one neutral conductor.

The resultant magnetic field is
reduced because the current in each
conductor is phase shifted by 120
degrees.

However, three-phase systems are
never perfectly balanced and there is
always a residual magnetic field
which may cause interference to a
telecommunications cable depending
on other factors such as the length of
the parallelism and the separation of
the two cables.

In addition, there are situations
especially in rural areas where
overhead single-phase power sup-
plies are used.

High levels of 50 Hz induction can
create hazards to telecommunica-
tions users, whereas harmonics of the
50 Hz fundamental are frequently
created by, for example, heavy
industrial power users, and this gives
rise to troublesome interference
within the audio band.

Electrified railways

Running telecommunications cables
parallel to overhead-electrified
railways is to be avoided wherever
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possible. This at first sight may not
seem too onerous, but when one
considers the zone of influence can
extend to cover a corridor 6 km wide
and includes both the east coast main
line (Kings Cross to Edinburgh) and
the west coast main line (Euston to
(Glasgow) and a number of other
shorter lines, then it is apparent that
this is not a trivial matter.

The overhead 25 kV system
operated by Railtrack powers the
locomotive from a contact wire
suspended from the overhead
catenary. The pantograph on the
locomotive is designed to collect the

energy from the contact wire and the
running rails are used as a return
conductor. An accelerating locomotive
may draw 500 A from the supply,
which, being single phase, is totally
unbalanced. This creates a huge
inducing loop, which will link with
nearby telecommunications cables
and may result in induced voltages
up to 30 V peak. Although the
running rails are on ballast, current
leaks into the earth and returns to
the supply via this route.

Examples of CM and DM noise
signatures from electrified railways
are shown in Figure 12. The record-

Figure 12— Typical 50 Hz notse signatures
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ings are from the west coast main
line at Manchester. The sampling
frequency was 44-1 kHz. The DM
signal has been low-pass filtered to
reject harmonics outside the voice
frequency bandwidth.

Electric fences
Electric fences have grown in
popularity in recent years, espe-
cially mains-powered high-energy
units, and now rank alongside
power cables and railways in the
‘harmful to telecommunications
league’. The electric fence generator
produces a particularly troublesome
pulse, which results in an audible
click at approximately 1 second
intervals on nearby telecommunica-
tions lines. The fence wire is
connected to the pulse generator,
which transmits a pulse, such that
when an animal comes into contact
with the fence wire it will complete
the circuit, receive a short sharp
but harmless shock, which it will
not wish to repeat and so retreats
back into the confines of the field.
In practice, undergrowth which has
not been cut back comes into
contact with the fence wire and the
generator is continually transmit-
ting pulses into a low-impedance
circuit.

As well as producing the clicking
noise on telephony circuits, the

Figure 13— Electric fence noise

interference can also distort fax
transmissions and produce errors on
digital systems such as ISDN2.

A typical waveform for an electric
fence pulse is shown in Figure 13; the
pulse has a duration of approximately
1-2 ms.

Traditional methods of
interference suppression
CM filters are used to suppress the
induced voltage with some success.
However, twisted-pair circuits are
never perfectly balanced and the CM
noise is converted to DM noise. The
DM noise has frequency components
within the audio band, which cannot
be attenuated using simple filters.
The approach taken to date has
been to use CM filters on circuits
where the cable balance is good.
Where the cable balance is poor and
cannot be improved another tech-
nique is used. This is to convert the
line to digital access carrier system
(DACS). DACS uses digital transmis-
sion, which means the induced DM
voltage can be rejected at the DACS
remote unit where the digital signal
is converted back to an analogue
signal. The problem with this
approach is that the DACS remote
unit does not suppress the CM
voltage, which passes through and
may be converted to DM over the
final drop to the customer.

Noise cancellation
Although the so-called traditional
methods have served us well over the
years and produced significant noise
suppression in many situations,
customers’ expectations in terms of a
noise-free service have become ever
more demanding, such that novel
ways of dealing with the problem have
been necessary. Noise from external
sources has become more noticeable
as the general background noise has
all but disappeared following the
exchange modernisation programme.
For the past three years, BT has
been collaborating with the Univer-
sity of Essex on a joint project to
develop an adaptive noise cancellation
unit. Although the concept of noise
cancellation is not new, the adaptive
phased-locked buffer described here
uses the periodic nature of the
interfering signal to produce an
accurate replica of the noise with only
minimal computation.

The adaptive phase-locked buffer
(APLB)

The principle of this technique is to use
an anti-phase signal to cancel the noise
interference. One period of the interfer-
ence signal is stored in a buffer. The
waveform in the buffer is synchronised
to the incoming waveform and sub-
tracted from it. The buffer is updated
on every cycle of the noise to take
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@ This type of interference appears when twisted pairs are in proximity to electric fences
@ Every second, a pulse is injected on the copper pair:
—it has a duration of approximately 1-2 ms
—itis heard as a ‘click’ on atelephone handset
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account of any changes in the noise
waveform (Figure 14 refers).

Operation

The telephony/data signal (S) has
superimposed on it a differential-
mode noise signal (DM).

The APLB receives the reference
signal (CM) and the residual/error
signal (DE) and creates a replica of
the DM noise waveform which is

Figure 14— Noise cancellation using
the APLB

TELEPHONE
EXCHANGE

INTERFERENCE

The adaptive phase-locked buffer (APLB)

@ injects an anti-noise signal on the telephone line
@ quickly locks to the periodic noise

@ updates itself on every input noise cycle

Figure 15—The APLB —principle of
operation

S: INFORMATION SIGNAL (SPEECH/DATA)
OM: DIFFERENTIAL-MODE NOISE COMPONENT
CM: COMMON-MODE NOISE COMPONENT
DE: DIFFERENTIAL-MODE SIGNAL AFTER NOISE
__ SUPRESSION
DM: DIFFERENTIAL-MODE ANTI-PHASE WAVEFORM

@ The APLB processes the DE samples and creates a
replica of the OM noise waveform which is phase-locked
with the incoming OM signal

@ When speech or datais present on the line, a spcech
detector ‘freezes’ the adaptation mechanism

Figure 16 —The APLB —cyclic buffer
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@ A cyclic buffer is used to store one cycle of the periodic
noise waveform.

@ When the anti-phase signal is synchronised with the

i ing OM noise p each tap corr toa
specific part of the noise waveform.

phased-locked with the incoming DM
signal (Figure 15 refers).

A cyclic buffer is used to hold one
cycle of the periodic noise waveform.
Once the anti-phase signal is syn-
chronised with the incoming DM
noise, then each location (tap) in the
buffer corresponds to a specific part
of the noise waveform (Figure 16).

All taps are updated during one
noise cycle. If w_ is the value of the
tap m at period n, then the buffer is
updated as:

w (n+1) =w, (n) + gDE (n),

wherem =0, 1...N-1, N is the number

of taps and n is the current cycle.

The step size g controls the speed
of adaptation and is set to 0 when
speech or data is present on the line.

The noise signal is based on a
fundamental frequency of 50 Hz and
the presence of any non-50 Hz signal,
such as speech or data, is detected.
The process assumes that the noise
signals do not change significantly
from period to period. The cancelling
process is suspended while there is
speech or data on the line.

Synchronisation

Synchronisation between the incom-
ing DM noise and the anti-phase
signal is critical to the operation of
the APLB. The contents of the buffer
must be refreshed during one cycle of
the noise signal such that the buffer
waveform corresponds to one cycle of
the noise signal. The updating
frequency of the taps is the product
of the number of taps and the
fundamental frequency of the noise
signal. A digital phase-locked loop is
used to lock onto the noise signal
(Figure 17).

Figure 17—Phase locking
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The phase detector compares the
zero crossings of the fundamental
frequency noise signal with the
buffer pointer and determines
whether any adjustment to the phase
of the cancelling signal is necessary.
Any errors are smoothed by the loop
filter and then applied to a delta
sigma modulator (DSM). The DSM
has an integer output, which deter-
mines the number of sample arrivals
before the update of the next tap.

Next steps

The APLB approach relies on the
periodic nature of the interference to
operate effectively. Analysis of typical
railway, electric fence and power
cable noise signatures suggests that
the APLB is a suitable approach for
this type of interference and the
results produced in laboratory
conditions have been encouraging.
The APLB method of noise cancella-
tion will, unlike existing techniques,
suppress both the CM and DM
components of the noise without
degrading the telecommunications
signal, and requires relatively few
computations which means it can be
implemented on a single DSP chip.
At the time of writing, prototype
models are being prepared for a field
trial beginning in October 1999.

The Future

[t is clear that for the foreseeable
future copper will continue to be the
predominant medium for the trans-
mission of telecommunications
signals over the access network. It is
also apparent that as more and more
business is transacted electronically
via the Internet the demands on that
network will continue to grow.
External sources of electromagnetic

CM —p
PHASE > LOOP FILTER > DELTASIGMA INTEGER
BUFFER DETECTOR MODULATOR OUTPUT
POINT

@ The phase detector compares the zero crossings of CM with the buffer pointer.
@ Any errors are smoothed by the loop filter and then applied to a deita sigma modulator (DSM).
@ The DSM has an integer output which determines the number of sample arrivals before the update of the next tap.
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energy will continue unabated and
novel methods of suppressing these
influences will be required. This
article has described the most recent
work in the field of network electrical
protection.
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Alison Brady, Simon Broom and Felicia Holness

38th European
Telecommunications

Introduction

The 1999 Congress of the Federa-
tions of Telecommunications Engi-
neers of the European Community
(FITCE), held in Utrecht—the
‘Congress Capital’ of the Nether-
lands, in August 1999, created a
valuable opportunity for the key
players in the telecommunications
industry to discuss major develop-
ments in the evolving area of tele-
communications. The participants
were operators, telecommunications
systems and software producers,
service providers and researchers.

IBTE contributed to the Congress
by producing the Proceedings of the
Congress, which was also published
as the special August 1999 edition of
the IBTE Journal.

Utrecht is a truly beautiful and
enchanting city that is steeped in a
wealth of history and tradition. At its
centre stands the Domtoren, a clock
tower which is all that remains of a
medieval church. Another memorable
feature of the city is the Central
Museum which is located in a complex
of historical buildings around a
beautiful inner garden.

FITCE ’99 had a truly interna-
tional feel as it attracted delegates
from 13 countries, as far afield as the
United States of America. There were
representatives from throughout
Europe, including Austria, Belgium,

Alison Brady and Simon Broom
are from BT, and Felicia Holness is
from Queen Mary and Westfield
College, University of London

Congress

Czech Republic, France, Germany,
Greece, Ireland, Italy, Netherlands,
Spain, Switzerland and United
Kingdom.

The Opening Ceremony

The opening ceremony of this year’s
Congress was held in the impressive
auditorium of the Beatrix Theatre,
where Dipl.-Ing. Guntram Kraus,
President of FITCE, welcomed the
delegates to Utrecht. He was followed
by Ms Monique de Vries, Vice
Minister of Transport, Public Works
and Water Management of the
Netherlands, who pointed out the
importance of water management in
a country where a large track of land
was below sea level! The Minister
then gave the audience some insight
into the Dutch Government'’s forth-
coming policy in respect of the
telecommunications sector.

The other speeches at the opening
ceremony were delivered by Herr
Dieter Kaiser, Vice-Chairman of the
Board of ETSI on ‘The Future of
Normalisation in Telecommunica-
tions’, then by Mr Peter Scott of the
European Commission, DGXIII, on
‘The Mutual Influence of Technology
and Regulation’. Mr Patrick Morley,
Chief Technology Officer and a
member of the Board of KPN, gave an
interesting talk on ‘Networking the
Future—The Art of Deconstructing
Networks'.

Now customary, the FITCE
Overture ‘an Invitation to European
Dialogue’ was performed by Musical
Intermezzo con Corde during this
session.

British Telecommunications Engineering,Vol. 18, Oct. 1999

Technical Sessions

A total of 45 presentations over four
days provided real substance. In
addition various technical visits were
arranged on the afternoon of the
third day to Ericsson, KPN and
Lucent Technologies sites in Holland.
If these choices didn’t whet your
appetite the alternative was a
workshop on Internet 2 comprising
an introduction, various perspectives
and the opportunity of discussing all
the relevant issues.

The overall quality of presentation
was excellent and the topics covered
the whole spectrum of telecommunica-
tions. Each session comprised either
three or four twenty-minute presenta-
tions followed by coffee or lunch giving
ample opportunity to discuss the many
issues raised during the talks. The
presenters themselves were from all
across Europe and beyond. Notably the
first American presenters at a FITCE
Congress, from the University of
Southern California, opened the first
session on the first day.

Topics ranged from nuts-and-bolts
technology issues onto, much talked
about, voice-data convergence through
network planning and management,
touching on legal and market issues
before finishing the conference with a
look at applications. This diversity
provided an excellent overview of all
aspects of telecommunications backed
up by the variety of professions among
the delegates.

Interoperability was frequently
mentioned during the Congress, and
may well be the key to ‘Networking
the Future’. Convergence of voice and
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data networks has already started
but still has a long way to go. A
common theme among several
presentations was that the current
call quality of voice and other real-
time services carried over Internet
protocol (IP) networks is still the
barrier to its success. Mechanisms to
enable a guaranteed quality of
service are needed before services
such as voice-over-IP become a real
threat to traditional telephony.

Several presentations covered
mobile communications, which is
currently one of the fastest growing
market sectors in telecommunications.
An evolutionary process towards
future system generations, such as
UMTS, will be the key to continued
market growth, while the convergence
of networks technologies and services
will be the key to seamless mobility.
This will help to open up the mass
market in mobile communications
although naming/numbering issues
still need to be addressed.

Many of the challenges facing
network operators in integrating
multiple network technologies were
discussed. These included the need to
provide inter-domain network
management to allow coordinated
and integrated service management,
customer care and billing. As the
number of network technologies and
network users increases, together
with higher customer expectations,
these challenges are sure to increase.

In the long-distance telecommuni-
cation market, liberalisation has
turned out to be the main driver for
the change in services. Supported by
the rise of the Internet, it has created
new commercial opportunities like the
introduction of electronic bandwidth
auctions and electronic commerce.
Such global networks could make it as
easy to do business with a company on
the other side of the world as with one
on the next street.

To support these new broadband
networks and services the access
network must also evolve. While the
cost of bit transport in backbone
networks continues to fall, the access
network represents an increasing
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part of a carrier’s overall investment.
Several presentations covered
broadband access and its role in the
future of networks.

Internet 2 Workshop

A workshop on Internet 2 was based
on three presentations, namely, («)
‘Deutsche Telekom: Internet Revolu-
tion in Germany’ by Herr Georg Bohm
of Deutsche Telekom; (5) ‘Advanced
Internet Services Networks: A Status
Update on Internet 2 and Related
Projects’ by Mr John Silvester, a Vice-
Provost of University of Southern
California and (c) ‘GigaPort Network’
by Mr Kees Neggers.

Congress Awards
Each year, awards are presented for
outstanding papers and this year was
no exception. Awards were made as
follows:

® Best paper: ‘ADSL Roll-Out in
Belgacom’ by Koen Berteloot of
Belgacom, Belgium.

® Most Promising Young Engineer:
Patrick Steemer for his paper
‘Quantifying the Market Demand
for In-Vehicle Telematics Internet
Services’, jointly written by Mark
Hoogenboom and Albert Kuiper,
all of Cap Gemini, the Netherlands.

® Technical Committee Award:
David Simpson of Oftel, UK, for
his paper ‘Internet Service
Providers—Anarchy in the UK.

Dave Simpson, Oftel, receives his
award from Technical Committee
Chairman Vim van der Bijl

Cultural and Social Aspects
Aside from the technical content, one
of the biggest components of the
Congress is the cultural and social
aspects. Everyone was keen to meet
new people and spend time getting to
know the other delegates. This
general attitude makes FITCE a very
pleasant forum for one’s first interna-
tional presentation.

The conference also catered for
the partners of the delegates by
having a separate partner’s program,
and a highlight was a visit to the
famous Kroller-Miiller museum
suitated in the national park.

Other cultural events included a
reception at Sint Jins, an old but
recently refurbished church near the
centre of Utrecht, and a concert in the
‘Nieuwe Kerk’ (New Church) in The
Hague. The young members of the
Athenaeum Blazers (Wind) Consort of
the Royal Dutch Conservatory at the
Hague treated delegates to a stupen-
dous brass and wind concert. The
church was an auditorium worthy of
the music played which included
pieces by Dukas, Rossini, Strauss and
Poulenc. In particular, Wagner and
Sibelius will never be heard again
without conjuring up the image of
that setting.

A special evening in the Singer
Museum at Laren enabled delegates
to visit the unique collection of
Belgian art as well as to listen to the
ensemble The Broken Consort.

On the final evening, participants
were treated to a stage performance
by a local dance production company.
The evening closed all too soon after
a memorable and sensational laser
display tracking the evolution of
communication throughout the
century.

Conclusion

All in all, it was a most enjoyable
experience with many new friend-
ships being formed. We are looking
forward to a stimulating and attrac-
tive Congress in Shannonside,
Ireland, in 2000.
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Journal Awards for 1998/99

This journal is an important record
by which the membership of the
Institution of British Telecommunica-
tions Engineers (IBTE) and others
can keep abreast of items of interest
in telecommunications.

To encourage readers in further-
ing the role of the journal, and to give
authors due recognition for outstand-
ing contributions, the IBTE Board of
Editors operates an annual award
scheme. Prizes are awarded to the
authors of articles, which, in the
opinion of the Board, demonstrate
excellence in content and presenta-
tion and which enhance the quality
and range of contributions published.

For 1998/99, the Board awarded
prizes for best article published in
Volume 17 of British Telecommunica-
tions Engineering, together with three
runners-up, and for best Structured
Information Programme unit. The
prizes were presented by IBTE
President Chris Earnshaw, BT’s Chief
Technology Officer, at the IBTE
Awards Dinner held on 1 October
1999 at the Mall Galleries in London.

Awards for Journal Articles
The prize for best article went to

Andy Catchpole for his article ‘Voice-
Data Convergence and the Corporate

Chris Earnshaw with Andy Catchpole, the Journal award
winner

Voice-over IP Trial’ published in the
January 1999 edition. Andy received
a crystal bowl inscribed with the
IBTE logo, cash prize and certificate.

The authors of the three runner-up
articles received IBTE crystal goblets,
cash prizes and certificates. The first
runner-up prize went to Chris
Gibbings, Mark Barrett, Margarida
Correia, Uma Kulkarni and Kevin
Smith for ‘Broadband Multicast on
BT’s Futures Testbed’, published in the
October 1998 edition. A second prize
went to Andrew Grace, Richard Jacobs,
Jon Cox and Angela Barrow for their
article Intranet TV—Video Streaming
for the World Wide Web’, published in
the April 1998 edition and a third prize
went to Megan Brown for her article
‘Customer Service—The Key to
Satisfaction and Loyalty’, published in
the October 1998 edition.

Structured Information
Programme Award

Victoria Hillier and Rhoda Holmes
received the prize for the best unit
from those published in issues 28-30
of the Structured Information
Programme for their unit ‘Forming
and Managing Alliances in the
Communications Value Chain’,
Chapter 16, Unit 8.
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Article Assessment

The Board of Editors is assisted in its
decisions for selecting articles for the
awards by a number of readers who
complete article assessments for each
edition. Any reader interested in
participating in this activity are
invited to contact the Managing
Editor on (0171) 843 7623.

Richard Jacobs and Andrew Grace
with Chris Earnshaw

Megan Brown and Chris Earnshaw

(I—r) Chris Gibbings, Uma Kulkarni, Mark Barrett, Chris
Earnshaw and Margarida Correia
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Peter Cochrane, Chief Technolo-
gist BT, continues his regular
column in the Journal. Most
people think of computer-
telephony convergence, but here
Peter is looking at the conver-
gence of carbon and silicon.

Carhon-Silicon Convergence

For most people in the IT industry
the word convergence conjures up a
world of radios, TVs, hi-fis, personal
computers, personal digital assist-
ants, telephones, cameras and more,
coming together to communicate and
interact on a global network. They
are right of course, but it seems to me
that this is the easy and almost
incidental part. Convergence will go
much further to realise a far greater
symbiosis between us and our
machines—it is about the creation of
networked things and intelligence to
help us fit into a world changing
faster than we have evolved to
accommodate.

Consider the millions of people
with pacemakers, cochlea implants,
pain relief modules, and other forms
of electronics imbedded in people. We
no longer use IT to merely communi-
cate, entertain, sell and trade, we use
it to enhance human abilities and to
sustain life. Only a fraction of us
would be alive today without the
intervention of technology. Imagine
what would happen if we suddenly
switched off all the computers and
networks. In one fell swoop, a large
fraction of humanity would die. We
would be unable to create and
distribute the food, clothing, water
and energy required by the near
6 billion people on the planet.

Will our dependence on technology
grow? Without doubt it will be
difficult to refuse the future life
enhancement and repair abilities on
offer. At the frontier of today’s
research there are paraplegics with
brain implants controlling computers
by thinking, and as a result realising
a communications channel for the
first time. A handful of experiments
with silicon retinal implants have
been encouraging, as have direct
interfaces to the human nervous
system for the control of prosthetics.
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Work on the use of silicon tracks to
by-pass spinal and other gross
nervous system damage is in its
infancy but producing encouraging
results. Closer to reality is the
artificial pancreas, and the internal
pharmacy. Imagine travelling the
world in the sure knowledge you
carry an internal drug store ready to
electronically dispense the right
antibiotic on demand —it is in the
laboratory now.

A few years ago I suggested that
chip implants would eradicate the
need for keys, passports, driving
licences, identity cards, money, bank
accounts and central medical records.
Two years later Professor Kevin
Warwick at Reading University had
a chip implant in his arm to auto-
matically open doors, allow him
access to secure buildings, and be
tracked by his secretary. [ now hear
on the grapevine that some Italian
diplomats are having electronic
implants to counteract abduction.
Obvious extensions would of course
include tagging prisoners and
criminals, but probably the greatest
benefit would be the potential to rid
ourselves of the inconvenient docu-
mentation and security parapherna-
lia of modern life.

Of course, nothing is certain or
without competition. Genetically
engineered solutions to our biological
problems are also making great
advances with the help of IT. Being
able to model and fabricate piece
parts, and repair elements, for our
own bodies and systems is a worthy
cause and a potentially huge market.
The question is—who is going to get
there first, and which technology will
dominate? In the area of artificial
hearts it looks as though the early
efforts of the mechanical engineers
will be eclipsed by carbon solutions
using animals, and perhaps, genetic
engineering.

Some find it comforting to think
we are in control of our destiny. But
I am not so sure we are, or indeed, if
it would even be a viable or desir-
able proposition. The natural mode
of our world is for chaos (in the
mathematical sense) and evolution
to go hand in hand. In such a world
everything increasingly comes in

bursts—as is now visible with
stocks, Internet activity, and e-
commerce. As a very simple exam-
ple, consider simple elements like a
cup of coffee or a ladder bringing
down mobile networks. At a large
conference no one is using a mobile
until 10.15 when coffee arrives. Two
thousand people stream into the
foyer and 100 mobile phones come
out and overload the cell site in two
minutes. On a motorway a ladder
falls off a contractor’s truck and
brings down the 999 service. The
mechanism? Every car that swerves
to miss that ladder hits 999 and
locks up the service until the ladder
is removed.

In the future we will not think
‘Intel Inside’, but UMTS (3rd
generation mobile) or Bluetooth (a
new radio LAN technology) inside.
Buy a microwave meal, and instead
of a bar code, there is a printed chip
transponder on the packet. The
same will be true of products in the
stores. All stock control and pur-
chases will be automated without a
checkout—each item will communi-
cate with the chips you carry in your
wristwatch, jewellery, and else-
where. And back home that meal
will be recognised by the microwave,
the correct algorithm will be loaded,
and the food cooked to perfection
without your intervention. This may
well alarm the cooks reading these
words, but then again, where are the
hunters among us? How many could
now catch and skin a rabbit? Most
would not appreciate the opportu-
nity or enjoy the experience, so is
food that cooks itself such a big
step?
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Historically we have always used
technology to create more prime time
for those things that we really want
to do. But technological evolution will
not provide any relief if we cannot

Satellite Communications
Systems (Third Edition)
edited by B. G. Evans

gdited bY
Jan

B. G.

The IEE’s summer vacation school
held each year at Surrey University
has stood the test of time to become a
reliable and valuable way to educate
and introduce new workers to the
field. As correctly stated in the
preface, generations of students have
benefited from the course which has
always been well supported by the
UK satellite industry.

Recognising the value of the
material, the IEE has published the
lecture notes in book form for
sometime. This enables the work of
the lecturers to reach a wider
audience and provides a handy
reference source all year round.

The third edition not only brings
this fast moving subject up-to-date
but is broader in scope and fully
reflects the growing interest in
satellites by a wider community. As a
result there are several new and
interesting chapters on growing
areas of business such as personal
communication systems, multimedia,
military, navigation and positioning
as well as the development of
‘minisats’.

The volume still retains its compre-
hensive review on the basics of the

pcochrane@btlabs
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understand the mechanisms and
apply some steer. Most aspects of
modern life have made a subtle
change from being dominated by
atoms to being dominated by bits.

book reviews

subject that provides a readable and
useful reference source. As well as a
thorough review of the history of the
subject it introduces the reader into the
fields of radio propagation, earth station
and satellite design and communica-
tions channel engineering. The rapidly
growing fields of digital broadcasting of
video and audio material are introduced
for the first time.

The fact that experts are drawn
from satellite users gives a wider
perspective than most similar
satellite communications textbooks.
Chapters covering satellite and
network planning show how satel-
lites play their part in an increas-
ingly integrated field.

For those who intend to use
satellites as part of their overall
communications solutions there are
chapters on the planning, networking
and regulatory aspects of satellites.
These areas are becoming increas-
ingly important and will widen the
appeal of the book.

The future is also explored. Here
the increasingly important business
aspects are considered in some detail
and this helps the reader to under-
stand the wide range of factors that
have to be handled in the increas-
ingly competitive and fast moving
world. With the bewildering range of
new systems being proposed and
under development this is a very
welcome addition to the traditional
format.

Bringing together a wide range of
expert authors from industry and
universities this book will be of interest
to anyone who seriously wants to
appreciate the fundamentals of this
rapidly developing and exciting field.

Published by the Institution of
Electrical Engineers
ISBN 0-85296-924-4
£75:00. xxvi + 727pp.

hitp:/ lwww.iee.org.uk
Reviewed by Russell Silk
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Well, it looks like part of this evolu-
tionary path will see us converging in
thought and in form with our own
technology.

Web-Based Network
Management—Beyond the
Browser)

by Curt Harler

Curt Harle®
An increasing number of network
equipment vendors are providing a
browser front end for the management
of their equipment. Web-based Network
Management— Beyond the Browser is a
good practical guide to implementing a
flexible web-based network access and
management system.

The only criticism I have is that I
do not like the inclusion of suppliers
with their web pages. [t turns the
book into a catalogue and it will
make the book out of date very
quickly. Nevertheless, it does not
detract from the practical value of
this book, which is written in a clear
easy to read style. It is not aimed at a
reader who wants to build a web-
based management system but more
at an audience who want to decide if
this type of system is for them.

There is a balanced view of the
pros and cons of using web-based
management tools. The types of tools
available are described with full
coverage of the benefits and the risks
that will result. The discussion gives
support to the implementation of web-
based management systems. However,
chapter three gives a good overview of
the practice and methods required to
maintain a secure system. It does not
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delve into the technicalities of
network security. However, it gives
clear guidance on the areas to be
included in a security policy. This
section also provides an overview of
Java and its operating environment.

The final two chapters round off
the book with the penultimate
chapter describing real implementa-
tions of web-based management
systems—how they were used to
meet management goals focusing on
the benefits that web-based manage-
ment systems can provide.

The last chapter covers current and
future relationship between web-based
management systems and the current
TCP/IP management components. As

SNMP, RMON and RMON2 are some of

the keys to knowing what is going on in
a network it is useful to understand the
relationship between these components
and web-based management systems.
The use of Neutral agents promise
benefits in that it will be possible to use
them to predict when a network could
be running into problems.

Mr. Harler’s book is a clear
intelligent look at the products and
issues associated with the implemen-
tation and integration of web-based
network management products into a
network management strategy. I
enjoyed reading this book but I wish
the tome were bigger with more
information on the practical side of
installing and commissioning of the
web-based applications.

Published by John Wiley and Sons
£22-95. x1 + 244pp.

ISBN 0-471-32739-5

hitp:/ [ www.wiley.com/compbooks /
Reviewed by Philip Stevenson

BT Demonstrates Gigabit
Ethernet Over DWDM

BT has established the world’s first
Gigabit Ethernet link running over
dense wave-division multiplexing
(DWDM) equipment on its LEAnet
high-speed Internet protocol (IP)
testbed network.

The research project, achieved in
collaboration with Lucent Technolo-
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Optical filter design and
analysis

by Christi K. Madsen and
Jian H. Zhao

This is a highly technical book. A
serious amount of mathematics is
involved and hence a competent
grounding in that specialism is a
prerequisite. Indeed, the book is
targeted at graduate students and
researchers in the field. My own
background is in the design and
production of optical thin-film filters
and hence I choose this chapter to ‘dip’
into first. The nomenclature of digital
filter techniques is entirely different
from that of optical thin films and I
was glad to see both methods ad-
equately described. The digital filter
techniques (the Z-transform method)
was described clearly but I found
myself referring back to previous
sections for further analysis and
definitions. It became clear that this
review was not a simple undertaking!
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gies, is a major step in demonstrating
high-bandwidth multimedia applica-
tions. It combines the strengths of
DWDM, as the key to high transport
capacity for future multi-service
networks, with Gigabit Ethernet, an
open networking standard based on a
long line of Ethernet technology
going back to the early 1970s. This
heritage makes it attractive to the IT
industry, as operators find it familiar.

The initial chapters set the scene.
The plane wave model is derived
shortly followed by the slab
waveguide derivation. Technical
sections on particular devices are
followed (generally) by sections on
the material properties and fabrica-
tion processes. For example, the short
section on producing planar devices
includes much useful information
and is backed up by suitable refer-
ences.

The text book describes a
number of different filter configura-
tions; for example, multi-port
[ilters, lattice filters, thin-film
filters, and Bragg-grating filters.
The final chapters are taken up
with optical measurements with
respect to optical filter analysis and
concludes with a brief future
directions section.

Good clear diagrams are used
throughout the book with a problem
page at the end of each chapter
(sadly, without answers).

In conclusion, I found the book a
useful source of information for
anyone embarking on the rapidly
advancing field of optical filter design
and analysis (the driving force here
is the interest in dense wavelength
division multiplexing in optical
networks). Christi Madsen and Jian
Zhao are to be congratulated on
producing this book which will
certainly find a place in my reference
library.

Published by John Wiley and Sons
ISBN 0-471-18373-3

£54:95. xiii + 408pp.

hitp:/ www.wiley.com

Reviewed by Ian Reid

The network link operates
between BT Adastral Park, Martle-
sham, and Cambridge. BT will be
making the link available for experi-
mental purposes to leading technol-
ogy players in Cambridge, including
members of the Cambridge Network
and the university.

Stewart Davies, BT’s director of
advanced communications engineer-
ing, said: ‘By creating advanced
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networks and experimenting with
them we are learning about their
capabilities and implications for our
business and our customers’ busi-
nesses.

‘The project opens opportunities
for operators to offer new services by
using this proven and ubiquitous
technology. Furthermore, it will be
increasingly relevant for evolving
networks in a campus environment
with fibre-optic connectivity.

Testing on the link started in July
1999. It uses Lucent
WaveStar&trade; OLS 80G DWDM
and Gigabit Ethernet optical trans-
ponder units. DWDM nodes are
located at Adastral Park and Cam-
bridge, allowing the connection of a
pair of gigabit routers over the
107 km link.

The line speed currently deployed
is 1:25 Gbit/s, giving 1:0 Gbit/s of
useful native Ethernet per channel
on the DWDM system, providing a
total useful data speed for the single
fibre strand of 16 Gbit/s. While a
major advance, this represents no
more than a start on what will
shortly be possible.

Stewart Davies said: ‘In the near
future, we expect to reach Ethernet
speeds of 10 Gbit/s on each channel.
Even with today’s 16 channel DWDM
that will give us data speeds of
160 Gbit/s per fibre, but such is the
rate of development in multiplexing
that in as little as a year from now 40
or even 80 channels will be available.
Multiplying the two advances will
take us well along the path to
practical terabit networking.’

BT and Microsoft Agree to
Create Mobile Internet
Products and Services

BT and Microsoft have announced an
agreement to combine efforts in
developing world-leading mobile
Internet and multimedia applications
and equipment.

The worldwide agreement will
lead rapidly to new types of service
with broad consumer appeal.

The companies will join forces to:

® create a mobile multimedia service
which allows customers to display
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and access personalised informa-
tion on hand-held wireless devices;

® develop hand-held interactive
wireless devices based on the
Microsoft Windows CE operating
system; and

@ establish an open industry forum
for the development of third
generation (3G) mobile Internet
applications.

Both companies are to commit
substantial resources to collaborative
work in the belief that the market for
mobile Internet and multimedia
products and services represents a
massive opportunity for rapid busi-
ness growth, based on existing mobile
networks as well as the forthcoming
third generation (3G) networks,
including the Universal Mobile
Telecommunications System (UMTS).

Sir Peter Bonfield, BT’s chief
executive, said: ‘By deepening our
relationship with Microsoft we
believe we can create world-class
capabilities for our customers. Mobile
access to the Internet is a fantastic
growth market.

Bill Gates, chairman and CEO of
Microsoft Corp., said: ‘Mobility is a
key component of Microsoft’s vision,
and we are excited about working
with a world-class network provider
like BT to make that vision a
reality.

‘Microsoft’s platforms and services
combined with BT’s mobile networks
will enable users to access rich,
interactive information anytime,
anywhere and on any device.’

The collaboration will give indi-
vidual, personalised deliveries of
Internet content and services to users
of mobile telephones, laptop comput-
ers and a forthcoming new generation
of interactive consumer devices.

This capability will complement
Project Nomad, an existing collabora-
tive development programme
between BT and Microsoft, which lets
users of mobile telephones read, send
and receive e-mail and calendar
information.

BT will develop additional
consumer products, including games,
music and other interactive services.
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The two companies will work
together to build a new generation of
mobile handsets and computing
devices which will exploit fully the
power of BT’s mobile networks to
deliver multimedia content and
interactive games.

They will also found a forum for the
development of 3G and GPRS mobile
applications. This will be an open
industry forum based on Internet
standards to encourage development of
new multimedia applications for
mobile devices, and the conversion of
existing applications to work in the
wireless mobile environment.

The first products and services
from the new agreement are expected
to become available to customers
next year.

BT Steps Forward in
Preparations for Next-
Generation Internet

BT has announced an important step
forward in unlocking the long-term
potential of the Internet as a commu-
nication medium for its customers.

The company is in the first wave
of European organisations to be
awarded an initial tranche of com-
mercial address block allocations for
IPv6, the next-generation Internet
working protocol which will push the
commercial potential of the Internet
beyond its present capabilities.

The allocation ‘future-proofs’ BT
against [P-addressing limitations in
the foreseeable future, and makes it
possible for BT to respond rapidly to
any new business potential arising
from the expected formal launch of
IPv6 early in the next decade.

Stewart Davies, BT’s director of
advanced communications engineering,
said: TPv6 has huge potential to
expand the scope and reach of Internet
applications. It will open up exciting
opportunities for new types of service
in the next decade, including innova-
tive network applications which exploit
the greater scope for communication
among machines and their users.

‘While new services for consumers
are likely to be some years away, BT
intends to maintain its position as a
major contributor to IPv6 research
and development.’
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The planned commercial exploita-
tion of the Internet has evolved very
rapidly, taking the scope and scale of
Internet applications far beyond
those envisaged when the first-
generation protocol, IPv4, was
implemented. While many of the
original constraints of IPv4 have
been overcome in various ways, IPv6
will make the Internet a better
environment for e-commerce.

Advantages offered by IPv6 include:

® Massively increased address
space, so that it will be possible
for the growth of the Internet to
continue at explosive rates for the
foreseeable future. IPv6 will be a
building block in the ‘networked
society’, in which many types of
consumer and industrial devices,
including mobile telephones, car
navigation systems, home enter-
tainment systems or even kitchen
refrigerators could have perma-
nent IP network addresses, and so
be connected to the Internet.

@ Improved potential for supporting
different service qualities based on
customer and application require-
ments. Advanced quality-of-service
techniques for IP networks contin-
ues to be the subject of research and
development, and IPv6 extends the
potential to selectively recognise
different traffic types and treat
them appropriately in the network.
It also provides the ability for the
network to more efficiently recog-
nise individual customer and
applications flows, so that all the IP
packets in an individual video call,
for example, can be treated uni-
formly.

® Built-in support for authentica-
tion, data integrity and confidenti-
ality, including encryption of
packets and authentication of the
sender of packets. These facilitate
a new standard of security to
Internet applications and could
boost the prospects for e-business.

BT’s preliminary plans include
enabling IPv6 on its LEANet
advanced IP testbed network, which
has nodes in London, Cambridge and
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Adastral Park, BT’s research and
development centre in Martlesham.

The company is also advanced in
its work on mechanisms which will
be available for a seamless transition
of IP environments from IPv4 to
IPv6, and the interoperability of the
two protocols, as and when such
transition becomes desirable.

BT has maintained an active
interest in IPv6 over the past three
years through its involvement in the
global experimental IPv6 network,
the 6bone. It has made substantial
contributions to standards develop-
ment work within the Internet
Engineering Task Force (IETF), and
is a founder member of the [Pv6
Forum, a collaboration established to
promote the development of IPv6. BT
also participates in an EU funded
project, 6INIT, with a brief to pro-
mote the introduction of IPv6
services in Europe.

Revolutionary Workstation
Goes into Production

BT has announced that its
Smartspace multimedia workstation
of the future has been licensed for
production by a British company,
Incorporated Technologies Ltd.

The Smartspace concept was
devised and demonstrated in proto-
type form at BT’s Adastral Park near
Ipswich. Created as BT’s vision of a
personal working environment for
the on-line, multimedia age, it brings
together all the benefits of a high
powered workstation. It has video
conferencing and Internet capability,
full cinematic reproduction of
audiovisual material, 3D sound and a
user interface which uses touch, voice
and biometrics to reduce effort and
improve efficiency.

Smartspace offers a new type of
virtual interface—a combination of
desk and chair with a wrap around
projection screen and 3D surround
sound. Unlike virtual reality systems
which involve helmets or headsets, it
immerses the operator in the sights
and sounds of the display without
cutting him or her off from the
outside environment.

Smartspace can be configured to
display data in wide or split screen

format. The size of the display provides
a workspace large enough to project
many different data streams at once.

Its economical use of floor space
makes it a practical proposition for
limited office accommodation or even
a home office.

As a videoconferencing access point,
Smartspace provides all the benefits of
personalised interaction, including the
capability to control a remote camera
through built-in chair sensors.

Smartspace can bring a distant
specialist to a consulting environ-
ment in seconds. The consultant can
speak face-to-face with a client
hundreds of miles away, using the
split-screen technology to conduct a
live videoconferencing session on one
side of the display and screen-based
documents or other types of on-line
information on the other.

Many forms of business consulting
and professional services are expected
to be important applications.

However, the technology also lends
itself to medicine, counselling or even
political applications, opening up the
possibility of European MPs overcom-
ing distance barriers by carrying out
‘virtual’ constituency surgeries.

Its design makes Smartspace
ideal as a way of introducing people
to virtual reality scenarios. These
could include giving prospective
house purchasers a very real flavour
of the properties they are interested
in, without having to travel from and
estate agent’s office.

Entertainment is also possible.
Smartspace shows the latest DVD
movies with full cinematic style
reproduction and Dolby Digital AC3
sound reproduction. It is also a near-
perfect environment for developing or
demonstrating computer games
software.

The Smartspace story began in
April 1997 with a concept by BT
engineers. The first prototype made
its public debut in October 1997,
since when it has been widely shown
and attracted favourable comment at
technology events in several coun-
tries including the United States,
Japan, Belgium and the UK.

John Collins, a technology integra-
tion specialist who has been with the
project from the beginning, said: ‘Our
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original unit provoked considerable
interest from senior executives and
technical specialists in major indus-
tries, including banking, entertain-
ment, travel and industrial control.
‘Our two years of development
experience and feedback from
potential users, coupled with consid-
erable improvements in some of the
available component technology,
mean that today’s Smartspace can be
vastly more capable than the origi-
nal, and far more practical to own.’

An artist’s impression of a
Smartspace workstation

BT to Offer Wireless Voice
and Data Networks for
Home and Office

BT is to introduce a range of wireless
networking products enabling users
to connect digital devices around the
home or small office to the Internet
or other on-line services. The net-
works, which will be available early
in the year 2000, have been devel-
oped in BT-funded research by
United States start-up Home Wire-
less Networks Inc. (HWN).

The system gives users a single,
flexible integrated voice and data
network at affordable prices. The
modular design has four core compo-
nents: a controller, data sockets,
telephone sockets and handsets.
Computers, peripherals and handsets
are connected by wireless.

BT expects home networking to
become a big growth sector and
predicts that more than five million
UK consumers will start using home
networks within the next five years.
At the same time, up to 10 million
small businesses and teleworkers
will find the flexibility and power of a
wireless network an ideal fit for their
expanding use of e-business. Wireless
home networks will offer an ideal
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complement to BT’s ISDN and ADSL
services, enabling wireless distribu-
tion of broadband services to multi-
ple users in the home or office.

The two companies have been
working together since June 1998
to develop products for the Euro-
pean market in response to the
dramatic growth in Internet
services and e-commerce. Sales of
the products in the first year are
expected to exceed £35 million ($50
million) in the UK.

HWN'’s product line in North
America combines the features of a
wireless telephone system with the
functionality of a wireless LAN. As a
part of the BT-funded research, DECT
and 802.11 compliant systems have
been developed at HWN'’s UK facility
in Cambridge. At the heart of the
system lies a wireless ‘intelligent
gateway’ to the global network, which
will support all major international
standards, including ISDN and ADSL.

BT will launch two-line and four-
line systems with wireless smart
handsets, wireless telephone sockets,
and wireless data sockets. The
systems are modular in design and
feature expansion slots for the
addition of a variety of additional
products which will include ISDN
access, Voice Mail, and 802.11
wireless Ethernet.

BT Outlines Plans for High-
Speed Data Service

New connections will transform the
Internet experience and provide the
platform for a new wave of multime-
dia-rich services.

BT has outlined roll-out plans for
new high speed data services which
will turn an ordinary telephone line
into a high-speed digital connection
capable of carrying information at
between 10 and 40 times the speed of
a conventional modem.

It will significantly enhance
existing services such as the Inter-
net, videoconferencing, on-line
education and information services,
enabling users to download informa-
tion, images, video or graphics almost
instantly.

Getting information, education
and entertainment on-line will soon
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become as quick and easy as flicking
through a magazine or changing TV
channels, thanks to the new flat-rate
‘always on’ high-speed data connec-
tions for homes and businesses.

The technology, known as asym-
metric digital subscriber line (ADSL),
will be the catalyst for a wealth of
new services and products, the new
information services of the future.
These could include:

@ on-line shopping and electronic
commerce;

@ interactive games with players in
different locations;

® teleworking;

@ videoconferencing and video-
phones; and

@ education and distance learning.

ADSL is added to an existing
telephone line by attaching advanced
electronics to both ends: at the local
exchange and at the office or home.
The network is upgraded without
digging up the streets and pavements.

Among the earliest parts of the
UK to benefit will be London within
the M25, Cardiff, Belfast, Coventry,
Birmingham, Manchester, Leeds,
Newecastle, Edinburgh, and Glasgow.
400 exchanges, covering almost six
million households and businesses,
will be upgraded by March 2000.

Sir Peter Bonfield, BT’s chief
executive, said: ‘This roll-out plan is a
major step towards making Britain a
world leader in the information
revolution. By committing to a large-
scale roll-out, BT will play a vital
part in stimulating a competitive
mass-market. It will drive new
information industries and services
to the benefit of all.

‘Our intention is to be at the heart
of the information society in the UK’

These new services are part of BT’s
strategy to provide consumers and
businesses with the facilities to enable
them to operate effectively in the
information age. In September 1998,
BT launched the Highway family of
products bringing digital data
connections to the mass market. In
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addition to its new high-speed data
services, the company has substantial
shareholdings in BiB and in BT
Cellnet, which expects to introduce its
high-speed mobile-data service
(GPRS) early in the year 2000.

BT intends to provide ADSL
connections wholesale to a wide range
of service providers and other opera-
tors, enabling them to develop
packages of digital content and digital
connections to their own customers.

Corporate customers will be able
to order high-speed data services for
installation in the homes of tele-
workers, giving them access to the
full facilities of corporate networks.

One of many advantages of BT’s
high-speed data service is the ‘always
on’ data connection which will give
consumers convenient, fast access to
their service provider.

Massive Expansion plan
Internet Network in the UK

BT has announced a massive expan-
sion plan for its Internet protocol (IP)
backbone network in the UK. It will
be 60 times faster and able to grow to
300 times the capacity of today’s

IP network.

By March 2000, BT will have
expanded dramatically its IP back-
bone network from 14 to 103 points
of presence (POPs), using its high-
speed, high-capacity multi-service
broadband platform. This will give
BT the greatest number of access
points of any UK IP network,
opening the way to significantly
faster and more efficient on-line
communications for residential and
business customers.

The announcement is part of
BT’s BeTaNet infrastructure—an
advanced IP and multimedia
network unveiled in February 1999.
It will support the massive growth
in IP traffic generated from Inter-
net, e-commerce and multimedia
services, expected to grow at
around 400 per cent every year.

The latest multi-gigabit router
technology and wave-division
multiplexing (WDM) optical fibre
systems, will give BT’s IP backbone
network the dramatic increases in
speed and capacity.
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BT also announced plans to
deploy 100 000 extra IP dial ports
(the modem gateway to the Internet
network) by April 2000, with up to a
further 100 000 planned by the
following September.

Dave Hughes, BT’s head of
Internet and IP network services,
said: “The combination of these major
network developments will position
BT as the leading IP network
services provider in the UK.

‘BT’s IP network is fundamentally
much better suited to carrying
Internet traffic than the public
telephone network, and does so at
lower cost, making it possible to
reduce prices for Internet service
providers (ISPs) and their customers.
These ISPs can be safe in the knowl-
edge that however fast their networks
grow, BT is committed to being at the
forefront of Internet technology
development and deployment.

‘We envisage that, ultimately, this
network will carry many tens of
gigabits of backbone IP traffic and
tens of millions of dial Internet calls’

Currently, one in every four calls
made across BT’s networks is for IP.
The IP dial access market alone is now
forecast to grow to 35 billion call
minutes by March 2000, and to
140 billion by March 2004.

IP backbone

By March 2000, following successful
trials, BT will bring into service

14 gigabit routers at seven ‘super
node’ sites across the UK.

These routers, connected by high-
capacity WDM optical-fibre links, will
support, initially, transmission speeds
of up to five gigabits per optical fibre
strand, with scope to increase band-
width to 40 gigabits within two years.
Each fibre strand can carry the
equivalent of half a million simultane-
ous dialled Internet sessions rising to
20 million after two years.

By utilising BT’s common multi-
service broadband network, the IP
backbone can handle large volumes
of Internet traffic in a flexible, cost-
effective and scaleable manner.

Dial Internet ports
The introduction of additional dial
Internet ports will enable BT to

separate Internet calls from voice
calls at its local exchanges, and
stream the traffic on to its
IP-backbone network rather than the
core public telephone network. This
is the most efficient network design
for dealing with the mass adoption of
Internet access in the UK.

BT Launches Smart Card
Trial for Workers on the
Move

BT has announced it is to launch a
trial of smart card technology to give
easy remote network access to employ-
ees working away from the office.

The trial, to be run with Microsoft,
will involve up to 500 people and will
use Microsoft’s newly launched
Windows Smart Card tool-kit.

Steve Brown, BT’s head of smart
cards, said: “This pilot will be the first
of its kind in the UK and will allow
us to examine the smart cards in
operation. BT intends to be a key
player in smart card systems and
this trial will be an important part in
the development of our smart card
strategy and technology.

BT has 30 000 people who access
the company’s network and intranet
using laptops and PCs while away
from the office. Currently, they use a
combination of passwords and
randomly-generated security codes to
gain access. These will be replaced
with a simple PIN.

Employees taking part in the trial
will be issued with a card reader and
smart card which will contain a
cryptographic application, and BT
Trustwise certificates allowing fast
and secure log-on to the network.

In the future, the cards could be
developed to give a broader range of
applications such as access to
buildings, secure electronic corporate
transactions, on-line banking, e-cash
and customer loyalty programs.

Steve Brown said: ‘Smart cards
are going to be an important tool for
businesses which want to exploit
e-commerce and Internet opportuni-
ties. BT will become a key player in
this market by partnering other
companies to provide technology and
solutions, as well as being a trusted
name for customers to rely on.’
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Nuisance and Hoax 999
Calls

BT welcomed representatives of
other telephone companies and the
emergency services to the inaugural
forum of a working party to try to
reduce the number of 999 hoax calls.

Lord Bassam, Home Office Minister,
said in the opening address: ‘The Home
Office has given a great deal of
attention to the problem of hoax 999
calls, working with the telephone
operators and emergency services in
the 999 Liaison Committee.

‘We deplore the making of hoax
999 or nuisance telephone calls. These
are not children playing with the
receiver or misdials but deliberate
calls, made maliciously with intent to
cause distress to the person receiving
the call or to mobilise a fire appliance,
police patrol car or ambulance.

‘For the emergency services, such
calls pose a serious risk to life and
waste valuable resources. They also
reduce the efficiency of the service
which is provided to genuine ‘999
callers. ‘We have to work together to
help eliminate these calls.’

Some 11 million false, nuisance
and hoax calls are made to the
emergency services each year out of
16 million 999 calls made from fixed
lines and six million 999 calls made
from mobile telephones.

Oftel Sets Out Ideas for
Cheaper Internet Access

Oftel has set out a number of ideas
and policy initiatives to reduce
charges for interconnection to BT’s
network for Internet calls.

The initiatives aim to separate
Internet charges from the current
telephony charge structure, so that
there is much greater flexibility in
the way Internet calls are priced.

OFTELs invited industry discus-
sion on new approaches to intercon-
nection charging, including:

@ allowing Internet service provid-
ers greater control over the
setting of retail prices;

® splitting the current pence per
minute price into an initial set-up
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charge and separate lower call
duration charge to make long
duration Internet calls cheaper;

® discounts on interconnection
charges for long-duration calls; and

@ options for providing wider
unmetered access.

Most operators currently rely on
BT to carry the first leg of the call,
and the structure of the interconnec-
tion charges for this first leg is likely
to impact on the range of retail prices
that operators can offer their custom-
ers. BT presented to the Forum its
new access services.

Oftel made clear at the meeting
that it is for the telecommunications
industry to agree any new pricing
structures for these tariffs with BT.
Oftel believes that more variety in
BT’s wholesale tariffs would encour-
age more innovative retail price
packages for consumers. However, if
new price structures could not be
agreed, Oftel would be prepared to
intervene to resolve any disputes.

Commenting on Oftel’s sugges-
tions, David Edmonds, Director
General Telecommunications said: ‘Tt
is clear that the availability of a wider
range of pricing options, including
unmetered access, will encourage
greater use of the Internet.

‘Our ideas presented to the
industry should give greater flexibility
and choice over charges for Internet
access, resulting in even cheaper calls
to the Internet, together with innova-
tive pricing packages.

‘The industry should consider how
they can make the most of these
proposals to offer cheaper Internet
access to their customers.’

Year 2000 International
Calls

Telecommunications carriers from
around the world expressed their
confidence that calls between
countries will get through over the
millennium period.

The carriers announced the
conclusion of a global testing pro-
gramme coordinated by the Interna-
tional Telecommunication Union
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(ITU) Year 2000 Taskforce at a
meeting held at Inmarsat Headquar-
ters in London which wrapped up its
testing work. Many of the world’s
international telephone carriers have
worked since March 1998 to simulate
the rollover into the year 2000 and
other critical dates. Telecommunica-
tions companies in North America,
Africa, Asia Pacific, Europe, Middle
East, Indian Sub-Continent and
Central and South America linked
international gateway voice and data
switches, following Year 2000 testing
standards agreed upon by the ITU
Year 2000 Taskforce.

Over 140 global inter-carrier tests
have been concluded across numer-
ous combinations of international
voice and data switches. All tests
were successfully executed without
any Year 2000 errors using the
guidelines developed by the ITU Year
2000 Taskforce. This programme
complemented the thousands of
extensive tests conducted by telecom-
munications companies on their
domestic interconnect and local
networks.

This outcome confirms the indus-
try’s forecast that Year 2000-related
concerns are unlikely to impact
international calling in any major way
during the century date change or
leap year periods. Possible areas for
concern have been highlighted in a
number of well-publicised reports.
Overall, however, industry testing
indicates that there are unlikely to be
any difficulties experienced in the
vast majority of cases, although there
are a number of countries that have
either not shared their Y2K readiness
plans or are experiencing difficulties
in assessing their readiness.

Carriers demonstrated an unprec-
edented level of cooperation through
participation in this voluntary, self-
financed testing programme. The key
benefits from this work have been to
enable participating and non-
participating carriers and customers
around the world to assess the
readiness of international telecom-
munications equipment and services.
This work is in direct support of the
continuity of their products, services
and operations over the New Year
transition.
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Millennium Eve
Demonstration to the Met

999 on 9/9/99!
Responding to continued concerns in
the public arena as to whether the
public switched telephone network —
and 999 in particular—would be safe
from the ‘millennium bug’ on New
Year’s Eve (traditionally an ex-
tremely busy time for 999 calls), BT’s
Y2k Programme set up a special end-
to-end demonstration of the 999 sys-
tem in conjunction with the
Metropolitan Police.

The demonstration involved
999 calls being made from a
payphone on the Adastral Park
network —via the test PSTN,
including BTOSS—and then ex-
tended by Megastream (to act as an
ISDN 30 connection) to New Scot-
land Yard’s recently installed
Ericsson ACP6000 switch. This
simulated conditions on a typical
999 call. BT's integration testing
team at Adastral Park ensured that
digital local exchange (DLE)/ digital
main switching unit (DMSU)
processor clocks were set so that on
the day of the demonstration,
12 noon was equivalent to 12 mid-
night on 31 December 1999. In
addition, the clock on the Scotland
Yard Ericsson ACP6000 switch, and
also the Met’s computer-aided

field focus

despatch system were also similarly
rolled forward.

For good measure, to prove their
confidence in their systems, the
demonstration was held on 9/9/99.

Calls were made (successfully)
before, during, and after the ‘Millen-
nium’ in the demonstration, to which
a selection of senior players from
Oftel, the Home Office, the Inspector-
ate of Constabulary, and Action 2000
had been invited. BT Adastral Park
and Scotland Yard were connected by
video link.

The event was opened by Sir Paul
Condon, the Metropolitan Police

The 999 end-to-end demonstration set-up

Commissioner, and hosted by John
Evans, Vice President, Association of
Chief Police Officers, who subse-
quently confidently issued a press
statement ‘999 System Ready for the
Millennium—A demonstration by the
Police Service and the telecommuni-
cations industry of the 999 emer-
gency phone system shows that it
will not be affected by millennium
‘bug’ problems, say police chiefs.
Lizzie Beesley, BT’s Year 2000
Programme Director, added. ‘This
was an important group to influence
and they were delighted; it was a
major bit of work, but well worth it’.
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11 January 2000. SMI Conferences.
Tel: (0171) 827 6000. Fax: (0171) 827
6001. http://www.smi-online.co.uk/
conferences/ E-mail:
customer_services@smiconferences.co.uk

Broadcast at Internet 2000—
Exploit ing Convergence
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Advanced Operating Systems—
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Edwardian Marlborough, London,
17-18 January 2000. ITR Conferences.
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5056. http:/www.iir-conferences.com/

opsystems.
E-mail: opsystems@iir-conferences.com

IP/PSTN Service Convergence
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18-20 January 2000. ITR Confer-
ences. Tel: (0171) 915 5055. Fax:
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conferences.com/ip-pstn.

E-mail: ip-pstn@iir-conferences.com

xDSL 2000
Hotel Inter-Continental, Geneva,
20-21 January 2000. Access Confer-

ences International Ltd. Tel: (0171)
840 2700. Fax: (0171) 840 2701. http:/
[www.access-conf.com E-mail:
pippa@access-conf.com

Training & Development in
Telecoms The Kensington Hilton,
London, 24-27 January 2000. IIR
Conferences. Tel: (0171) 915 5055.
Fax: (0171) 915 5056. http:/www.iir-
conferences.com/ip-pstn.

E-mail: ip-pstn@iir-conferences.com

GPRS Implementation and
Deployment. London, 25-26
January 2000. ICM Conferences.
Tel: (0171) 647 2331. Fax: (0171) 629
3533. E-mail: karineb@thguk.com
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FEDERATION OF TELECOMMUNICATIONS ENGINEERS
OF THE EUROPEAN COMMUNITY (FITCE)

39th European Telecommunications Congress

FITCE 2000 Call for Papers

Telecommunications in the Third Millennium: New Dimensions, New Challenges.

23-26 August 2000, Shannonside, Ireland

Every year since 1962, the FITCE Congress has provided the European telecommunications community with an update on
services, networks, operations and support systems. Over the years, ongoing change has added new dimensions to the
challenges faced by FITCE members. The 39th European Telecommunications Congress in Shannonside offers FITCE an
opportunity to explore these dimensions and share views on how the challenges can be tackled.

Contributors are invited to address the theme ‘New Dimensions, New Challenges’ by discussing changes, risks and
opportunities in telecommunications and related industries. Presentations are expected to be of interest and value to
fellow professionals in European telecomunications.

Sessions will be scheduled to fit the contributions received. Possibilities include:

e The Technology Dimension New solutions and their effects; evolution versus revolution in technology policy
planning.

e The Industry Dimension New relationships in the equipment, network and service markets; privatisations,
alliances and takeovers; increasing overlap with IT, media and other industries.

e The User Dimension How are end-user needs and expectations evolving? What efforts are the industry making to
shape them? What usage patterns are emerging from new methods of service delivery?

e The Regulatory Dimension What is regulated, how does it affect the other dimensions? Are international stand-
ards bodies still worthwhile?

e The Political Dimension Is the vision of a unified global infrastructure still relevant? Does Europe have to compete
to retain its voice?

e The Professional Dimension What are the career implications for FITCE members, and what should they and
their employers do?

e The FITCE Dimension How should FITCE develop to maintain its value to members in a much-changed environ-
ment?

e New Dimensions What new dimensions will emerge in the Third Millennium?

Abstracts of 200 words or less are invited, with a deadline of 15 February 2000. A brief biography of the author(s) should

also be provided.

e Abstracts should be submitted in the English language.

e Papers should be unpublished.

e Abstracts should be sent before 15 February 2000 to: Paul Flanagan, FITCE Papers Coordinator, Room 5.8, Eircom
Headquarters, 114-117 St Stevens Green West, Dublin 2, Ireland. (Telephone: +353 1 701 5515;
Facsimile: +353 1 475 0140. E-mail: pflanagan@eircom.ie)

e The abstracts will be reviewed by the International Paper Selection Committee for relevance, technical content and
originality. Authors will be informed whether their proposed paper has been selected for presentation by 31 March 2000.

e The full text of the selected papers, in English, is required by 1 June 2000.

e Authors may wish to consult with their respective national representative of the FITCE Comité de Direction with
regard to coordinationg national contributions.

www.fitce.org
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