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GUEST EDITORIAL by John Ziemniak

Historically, the business of telecommunications service provision has been one
typified by customers having a need (basic telephony in many cases); the role
of the PTTs, in particular the engineering functions, has been to provide this
service in [aster time-scales, with higher quality and at lower cost allowing for
inflation.

Significant strides have been made in all of these key objectives, but the
market never stands still and what is acceptable today is not so tommorrow. I
believe we are now moving into a different era: competition is growing stronger
and new entrants are coming into the market. Growth in BT’s revenues will
depend on the company’s ability to ‘sell’ rather than simply because customers
pick up the telephone more often.

Selling is more difficult because not only are we competing with others, but
we also have to create within customers’ minds the desire to ‘buy’ our new
products and services. This presents a significant challenge to the engineering
fraternity in that the architectures that we propose and implement need to be
more flexible, cost effective at very low volumes and more feature rich than the
competition. The products and services as seen by BT’s customers also have to
be very easy to use and customers will increasingly desire their own control of
these new services.

Success can only be achieved if we not only deliver on our old targets of
speed of provision, better quality and lower costs, but also have within the
company a strong engineering fraternity that thinks in customer terms and
‘makes it happen’ in these new areas. We should welcome this challenge.

JOHN ZIEMNIAK
Director;, Policy, Planning and Performance
BT Worldwide Networks
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The Global Challenge: BT People Overseas

J. C. STOCKBRIDGEY

This article outlines BT's operations and experience overseas and sets a context for the further develop-
ment of Group strategy. It concentrates on the activities in the Middle and Far East, and Africa where the
company’s long experience of consultancy, training and supply contracts extends over many years.
Looking forward, the prime focus is Europe, North America, Japan and othermarkets with a geographic
concentration of targeted multinational customers. This article is based on a lecture to the IBTE London
Centre which sought to convey the flavour of BT’s overseas activities and the challenges which arise. The
context is the mission to provide a quality service to a new set of overseas clients. Service is essentially
about people and their interrelationships, supported by the technology, networks and systems which make
up BT'’s organisational capability. Complex though these are, they are overshadowed by the challenge of
providing excellent services to customers the world over; in different climates, cultures, languages and

customer requirem ents.

INTRODUCTION

The business of providing services to customers
worldwide can often be challenging, is frequently
rewarding and might even occasionally be frus-
trating, but it is essentially about people.

BT experience in operations overseas has
given the company thorough knowledge of how
to overcome the obstacles of language, culture,
varying climates and what each customer wants.

Activities in the Middle East, the Far East and
Africa stretch back over many years while the
main focus for the future includes Europe, North
America, Japan and markets where transnational
customers are concentrated.

1 Regional Director, Asia Pacific, BT Business
Communications

BT’s mission is to provide a high-quality ser-
vice to new clients overseas. That service depends
entirely on two major factors, people and high
technology.

The economically emerging Asia-Pacific re-
gion is one of three areas targeted outside the UK
along with Europe and America. BT already has
more than a decade of experience in Asia-Pacific,
mainly in consultancy work and equipment sales.
In Europe, BT links stretch back much further: the
first telephone line from London to Paris opened
a century ago in 1891.

Whichever continent BT is looking at, the
Group’s aim is to provide world-class telecom-
munications services which will fulfil customers’
needs, sustain earnings growth for BT sharehol-
ders and make a worthwhile contribution to the
communities in which business is conducted.

MILLIONS PAID MINS 1988 ———————l>
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Figure 1
Inter-regional
traffic flows



Figure 2
Global digital
optical-fibre network
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BT'S WORLDWIDE STRATEGY

BT’s strategy in the world telecommunications
marketplace is based on three basic principles:

@ It is fundamental that BT must continue to be
the leading supplier in its home (UK) market.

® Overseas, where BT does not have the imme-
diate advantage of established reputation, the
company must offer a range of competitive pro-
ducts, systems and services which can be sold in
those markets.

@ BT must also provide access to, or control of,
its networks from all parts of the world in order
to offer a complete global customer service.

To do this, BT must have a network of people,
agencies and facilities providing service to custo-
mers worldwide. Without the right people, that is
an impossible task.

Figure 3 A GOLDEN GLOBAL OPPORTUNITY
Market t i . . .
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population growth. The importance of the UK in
these flows is further illustrated by Figure 2,
where the pivotal position of UK relative to the
US, Europe and Africa is clearly identified. This
axis is also linked via the Middle East into
Singapore and Malaysia, through to Australia,
and, of course, to Japan. The circuit is completed
by the path leading back to North America.

That network of communications around the
world reflects a pattern identical to the principal
routes of airlines and ship operators, all of which
have similar characteristics of global trading. It is
around that network, therefore, that BT is now
focusing its energies to develop a high level of
customer service.

The implication of this is that BT is less inter-
ested than may have been the case two or three
years ago in participating in national infrastruc-
ture projects in the less-developed world.

A major consequence of the strategy BT has
been developing over the past year is this primary
focus on the main global lines of communication
and transport.

The digital optical-fibre systems that already
exist and are expanding make bandwidth, a pre-
viously scarce resource with older technology,
cheaper and more plentiful.

Falling costs and deregulation are encouraging
many new companies to emerge and new cables
may not necessarily be owned by the traditional
carriers. Instead, they are being promoted by pri-
vate investors who aim to maximise the amount
of trafficby selling aggressively to fill their cables
to capacity.

These are just some of the technological and
competitive pressures being exerted now that the
cost per unit of bandwidth is coming down rapidly
and they present BT with both threat and a golden
opportunity.

ASIA/PACIFIC: THE WAY AHEAD

The emerging market trends, depicted in Fig-
ure 3, make it clear that, five years hence,
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Asia/Pacific countries will be spending more on
telecommunications products and services than
America and Europe. It is therefore obvious why
BT is devoting considerable resources on getting
fully established in this exciting and rapidly
growing part of the world.

Notonly is the region itself expanding, but the
UK also has a key role to play in transit switching
between Europe, America, Africa and the Far
East. This has, in the past, given BT an ideal
opportunity to bring traffic into London and
switch it to other parts of the world: an activity
which has been very successful for British Tele-
com International. But BT does not play a signi-
ficant part in switching the growing traffic around
the Pacific and the issue here is of deciding how
best to approach this market. BT has already
invested in many of these cables as either partners
or lessees.

For some years, satellites have dominated the
phenomenal growth in capacity, but optical fibres
are now re-establishing the importance of terre-
strial routes. The main satellite facilities used to be
overshadowed by INTELSAT and INMARSAT,
but the choice is widening as many other satellites
are launched by individual countries, such as vari-
ous Middle East nations, India and Australia. In
these places, operators, either alone or in conjunc-
tion with partners, are putting up satellites for local
use and private enterprise such as those now used
for direct broadcasting in Europe.

But satellites for basic voice telephone ser-
vices, which account for about 90% of BT busi-
ness, have distinct disadvantages from the
customers’ point of view. As far as BT is con-
cemed, however, satellites will, for the foreseeable
future, have a specialised role as a supplement to
basic capacity planning and, for that reason, BT
is involved inmany of these projects. Against this
background, there is a picture of BT people put-
ting into practice this strategy.

Australia—At The Competitive Edge

BT started in Australia in 1984, has a registered
company there and trades in products, customer
services and investments.

A small research and development centre was
established at Parramatta in 1989 to meet Austra-
lia Government approval requirements for opera-
ting there. BT had to demonstrate value added to
the localinfrastructure, and this centre customises
products for the Australian market. Activities at
the centre focus mainly on customer premises
equipment, including product development and
the coordination and management of local manu-
facture. The centre has a group of experienced
systems engineers capable of both hardware and
software development. The laboratory is
equipped with modern tools and equipment enab-
ling in-house computer-aided design and PCB
board layout, circuit simulation and other fa-
cilities.

Other activities include the provision of pri-
vate networking facilities and the supply of fin-
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ancial trading systems, the latter being the generic
identity of the BT City Business Products touch-
screen dealerboard systems.

Tymnet is also present in Australia and offers
global network packet switching and value-added
services, supported by a local customer service
company. The BT office in Sydney is in an ideal
central location, where BT products have given the
company a leading edge in the highly competitive
market to supply main financial centres.

Japan—A Growing Market

BT’s presence in Japan began in 1985 and is
involved in sales, account management and corre-
spondent relationships. One interesting insight
into BT business there is the fact that the com-
pany’s high-technology modems and other equip-
ment can be sold into Japanese markets, where
BT’s reputation for research and development is
important.

BT also has very important collaborative ar-
rangements with NTT, which is Japan’s national
operator and the largest telephone company in the
world. It employs half a million people, and has
three times as many customers as BT. Through
direct investments in Japan and the acquisition of
Tymnet, BT has already established an important
presence and is positioned to take advantage of a
very large growing market.

Always willing to adapt to local customer re-
quirements, BT offers a version of its financial
trading system with Japanese (Kanji) characters,
which is distributed and maintained within Japan
by Mitsui.

Hong Kong—At The Financial Forefront

BT’s business in Hong Kong started five years ago
with financial trading systems. One example of its
use there is in a major bank where it forms part of
a global account, the customer being spread widely
throughout the world although not, historically, of
a major size in the UK. This means a very diversi-
fied type of customer to look after as far as account

Jerry Stockbridge
(author) with
other BT people
at the official
launch of BT in
Singapore in May
1991 (left to right:
Jane Foo, Jerry
Stockbridge, John
Poston and
Michael Thio)
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management is concerned and one where BT has
had to start virtually from scratch.

BT also supports local community projects, an
important BT value the company is always ready
to put into practice.

Singapore—Also Providing Marine
Services

In Singapore, many different activities are
covered. A local BT company provides a main-
tenance service for electronic marine and com-
munications equipment and provides a sales
outlet for the BT cableship fleet, which is one of
the largest and most cost-effective in the world.
Given the scale of planned penetration of cables
in the Pacific, this provides the company with an
excellent opportunity to win business by laying
and repairing undersea systems.

Financial trading systems are also demon-
strated at the local BT office which has also, more
recently, become the base for the company’s re-
gional sales and account management force.

Thailand—Collaboration and Assistance

In Thailand, the government has decided to de-
velop a modem network by inviting foreign part-
ners to work with Thai companies to build and
operate the networks needed for growth. This is
being undertaken in a spirit of collaboration with
the public network operator rather than in the
competitive sense.

BT isinvolved in a consultancy programme to
support this initiative, demonstrating how BT’s
experience of privatisation and liberalisation
gives it an edge, via the consultancy route, in
markets now following the same path. Few estab-
lished operators have had to make such rapid
adjustments to the commercial environment as
BT, and the company is looked to as a source of
advice and guidance by other operators going
through the same processes of change.

The Middle East—A Key Market

In Saudi Arabia, BT-al Saudia is a joint-venture
company which provides customer support ser-
vices and network selling capability. Established
in 1989, it already has important data networking
customers and is well placed to win key multina-
tional accounts as business returns to normal after
the Gulf War.

BT and a Saudi partner have just completed a
three-year operations-and-maintenance contract
for the Saudi telex and public data network. BT’s
experience and standing in general in the Arabian
Gulf means it is ideally positioned in a difficult
but key market for those industry sectors which
are important to the company; that is, energy,
finance and transportation.

BREAKING DOWN THE BARRIERS

Building relationships with customers, partners,
policy makers and regulators has allowed BT to

British Telecommunications Engineering, Vol. 10, Jan. 1992

enter many new markets which are culturally
and structurally quite different to those in the
UK, where corporate and operational experi-
ence and standing has been developed over sev-
eral decades. But the company has succeeded
with entry strategies in all the key markets and
now employs several thousand people who, col-
lectively, have learned how to break through the
barriers, develop relationships and get business
underway.

The success BT has had in penetrating these
new markets is extremely encouraging and rein-
forces the company’s vision to become the most
successful worldwide telecommunications

group.

THE TRANSNATIONAL CUSTOMER

The telecommunications market is now global
and BT is operating on that scale. The activities
described above play a crucial role in expanding
BT’s operations worldwide and they are a crucial
component in what is becoming BT’s increasing-
ly seamless global network and sales operation.

In this broader context, these activities also
play a vital role in BT’s new thrust towards meet-
ing the needs of customers more precisely. This
recognises that many large companies and cor-
porations have become transnational in their
operation and that the increasing international
dimension of commerce and trade will continue
to lead to unprecedented growth in demand for
international telecommunications.

Many of these customers require complex pri-
vate international communications networks in
order to conduct their business, and telephone
service providers can provide these either as a
physical or, increasingly, as a ‘virtual’ network.
The trend away from leasing exclusive circuits to
facilities using the public network as a platform
has been noted and is a major opportunity for BT
to exploit its international strengths.

More and more customers also want to free
themselves of managing an increasingly complex
combination of hardware and software from
many different suppliers. They want to concen-
trate on their ‘core business’ and leave telecom-
munications problems to others, but without
losing the feelings of control and security which
they have acquired during years of ‘doing their
own thing’. They are, therefore, open to consider-
ations of placing their networks in the hands of
third parties (outsourcing), but only if those par-
ties can demonstrate a high degree of perfor-
mance and reliability linked to real savings in
operational costs.

BT’s sophisticated Concert™ network and fa-
cilities management offering is uniquely placed
to satisfy these needs because it can manage
multivendor networks on a national or interna-
tional basis.

One-stop shopping is the next logical develop-
ment of this rationale. In the field of global private
voice and data networks, BT’s new company
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Syncordia breaks new ground by providing trans-
national companies with a single organisation to
manage their complex international communica-
tions systems.

The Global Network Service (GNS) portfolio
offers transnationals managed networking ser-
vices and international value-added services on a
worldwide scale. By integrating domestic Tymnet
and International Packet SwitchStream (IPSS)
networks in the USA and the UK, as well as
cross-border services available through its IPSS
and the Tymnet global network, BT is able to offer
enhanced data connections to more than 100
countries, including complete end-to-end service
to 20 countries.

THINK GLOBALLY, ACT LOCALLY

BT is also working closely with other telecom-
munications operators around the world to sim-
plify the setting up and running of customers’
international private networks. It is all part of
meeting the challenge of thinking globally, acting
locally.

This challenge is being faced as BT emerges
as a major player operating on a global scale—all
a far cry from the buff forms, green vans, black
telephones and red kiosks which greeted ‘sub-
scribers’ to the GPO telephone service.

What has not changed is the commitment and
dedication of BT people, the single most import-
ant factor in the organisation’s quest to become
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the most successful worldwide telecommunica-
tions company.
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The Haves and Have Nots of the Information Age

R. K. SNELLINGY

Figure 1
Progress towards
the information age

Within the next ten years, telecommunication operating companies will have built an infrastructure
capable of providing information age services. This infrastructure will be a key element in the economic
growth and viability of a community or a country. Those countries with a progressive regulatory regime
will benefit from the rapid development of this infrastructure, those without will lag behind. This article
explores the impact of the regulatory, technological and market aspects of the information age network.

INTRODUCTION

Ten years from now, many telephone operating
companies in the United States and around the
world will have built a telecommunications infra-
structure capable of providing information age
services. The thesis of this article is that this
infrastructure is a key enabler of economic devel-
opment and viability for a community or a
country, as well as an enabler of a high quality of
life for all citizens. The communities and coun-
tries with the best and most progressive regula-
tory and/or competitive environment will develop
the infrastructure more rapidly and effectively.
Thus, they will become the ‘have’ nations. Con-
versely, without a progressive regulatory and
competitive environment, other countries will lag
in the deployment of their telecommunications

1 Executive Vice President — Network Operations,
BellSouth Telecommunications Inc.

infrastructure (that is, network of networks) and
will become the ‘have nots’.

This article explores the implications of this
thesis and the impact of the regulatory, techno-
logical and market aspects of the information age
network. As a reference and starting point, it is
appropriate to begin with the evolution of the
network as exemplified by BellSouth Telecom-
munications, Inc.

NETWORK EVOLUTION

The network evolution that is taking place in-
cludes the transition from analogue to digital,
copper to fibre, and baseband to multiplex.
Figure 1reflects this programme with 1980 as the
time origin. The horizontal axis reflects what
happens as you move from a copper-based net-
work to fibre; that is, unlimited bandwidth. The
vertical axis shows what happens when you move
from passive switches to intelligence by using
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software and computers. Overall, what is de-
picted is the resultant customer services; that is,
an explosion of dynamic services—voice, data,
image and video—forecast by years. So far, this
forecast looks very accurate.

Figure 2 is an illustration of a ‘network of
networks’. It also depicts how that network would
be constructed. The design includes the concept
of multi-stage switching, broadband synchronous
envelope (SONET), and customer-controlled
voice and data in a self-healing wire (fibre)
centre. An overlay fibre network is built on top of
the copper-based network, with the switch pro-
gressing through three modules; that is, voice, fast
packet, then image or video under the control of
asynchronous transfer mode (ATM). Architectu-
rally, this network is fully capable of interfacing
with other networks, such as personal communi-
cation networks (PCN), or personal communica-
tion systems (PCS), wireless cable-TV (CATV)
or alternative access providers. Most importantly,
it provides very efficiently for a full range of
services for the customer.

Network Requirements

To add credibility to this conceptual design, the
network that BellSouth is developing is now de-
scribed. The network is:

@ self-healing;

@ integrated (that is, integrated services digital
network (ISDN)—narrowband and broadband
based);

@ intelligent; and

@ ‘automatic’, so that customers can gain access
to the network under their control without inter-
facing with the carrier at all for dial tone, band-
width, features and platforms.
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Figure 2—Network of networks

It must also be:

@ ‘telco programmable’; and
@® ‘customer controlled’

so that the telephone company can, through the
use of feature nodes, quickly provide customised
services or customers can provide such services
or changes for themselves (advanced intelligent
network 2).

To build this infrastructure, fibre optics are
needed as an enabler. Figure 3 illustrates the
amount of fibre-miles shipped in a given year in
BellSouth. As the deployment of fibre is in-
creased, there is a corresponding decrease in
miles of copper shipped. A steady increase of
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fibre-miles over the next few years is predicted
and this increase is expected to be primarily in the
loop, as opposed to the trunk, network. This
means that, today, BellSouth is putting in fibre at
the rate of 95 miles per hour (or approximately
60 km per hour). In terms of capability, using
SONET as the standard, it means that the infra-
structure that took 115 years to construct in the
previous copper technology is totally reproduced
every 3-3 days. This is a powerful network indeed,
capable of far more than simply voice, although
it is economic for voice alone.

CATYV has now joined the telecommunications
industry in the deployment of fibre. Figure 4 illus-
trates the dominant architecture that the National
Association of CATV companies is declaring as its
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Table 1
munications Common-Channel Signalling

1989 1990 1991 1992 1993 1994

Percentage access lines

with common-channel signalling

equipped
467 577 757 87-6 92-8 96-8

Number of common-channel
signalling equipped switches 333

599 833 1186 1402 1538
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preferred architecture. Fibre is placed in the back-
bone feeder routes, with coaxial cable in the local
distribution network. There is further indication
that the CATV industry proposes to use wireless
technology—in addition to one-way video—at the
subdivision entrance to the living units for voice
and video services. Both CATV and the telephone
industry are moving towards the same market with
very similar architectures. In fact, it seems reason-
able that both industries will use each other’s archi-
tecture when the opportunity presents itself.
Time-division multiple access (TDMA) and code-
division multiple access (CDMA) are the enabling
wireless technologies.

Figure 5 depicts the current fibre-to-the-curb
architecture for telecommunications. The various
components are reflected, showing similar archi-
tectures with a slight deployment difference at the
end, but the customer and the technology are the
same.

Switching Requirements

Another element of the telecommunications in-
frastructure is switching. BellSouth’s switching
accomplishments include the complete conver-
sion to all-electronic in 1990, with presently bet-
ter than 50% digital, and projections for 80%
digital by 1995. This lays the foundation for the
next generation switch modules as follows:

(a) narrowband circuitswitch characterised
by switches that are already deployed today and
providing the foundation for baseband,

(b) narrowband packet switch characterised
by Northern Telecom’s DPN and other systems;

(c) broadband circuit switch characterised
by CCITT Group XVII, which accommodates
switched video transport including advanced de-
finition; and

(d) fastpacketmodule performs the steering
functions for the other three modules. It also
performs the ‘mixing and de-mixing’ functions so
that the bits moving into the switch go to the
appropriate switch module for proper treatment
using ATM or bandwidth on demand.

The deployment of common-channel Signall-
ing System No. 7 is critical to the evolving net-
work. BellSouth projects that by the year-end
1991, 76% of its access lines will have common-
channel signalling as their foundation which pro-
vides for custom local area signalling services
(CLASS), see Table 1. The market has been ex-
tremely receptive to these CLASS services,
which in BellSouth are known as 7ouchstar™.

BellSouth is also committed to the deployment
of ISDN, and projections are that 121 switches
will be equipped with ISDN at the end of 1991.
This number doubles almost every year through
the early-1990s.

Earlier, the goal of making the network ‘auto-
matic’ was mentioned. The automatic network is
tied together by systems and databases as de-
picted in Figure 6. This illustrates that BellSouth
takes the customer request and enables the switch
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to provide dial tone and other types of service for
business andresidence. In a portion of the service
area, that is, in the four eastern states of the
BellSouth region, dial tone can be provided un-
touched by human hands 46% of the time.
Anew service called Quick®™Service is offered
and requires no visit in order to connect new
service. When premises are vacated, there is no
physical disconnection at the central office or at
the premises. Dial tone is present always, but
contact can be made only with the telephone
business office (and the emergency services). The
new customer simply dials the telephone business
office to arrange for billing and features. Full
service can be provided within a few hours with-
out the need to dispatch a technician. This is the
precursor service for the automatic network.

Network Management

As fibre continues to be deployed economically
further into the network, fibre-in-the-loop (FITL)
operation-support systems for provisioning, test-
ing and surveillance are also being deployed very
rapidly in the United States and, indeed, world-
wide (Figure 7). The Raynet system, called
RIDES, is becoming popularin the United States,
both for Raynet as well as other fibre-based sys-
tems. BellSouth presently has an outstanding bid
request for fibre-to-the-curb systems. It is ex-
pected that several manufacturers/suppliers will
meet the bid price. If this happens, BellSouth will
contract one or more suppliers to equip up to
100 000 living units. This will enable BellSouth
to be ‘off and running’ with fibre-to-the-curb ap-
plications and will thus have broken the learning
curve dilemma.

One of the most advantageous applications of
fibre technology is in the evolution of a self-heal-
ing network. In BellSouth, there are many exam-
ples. One is the Atlanta Metro Fibre network,
which by 1995 will be primarily digital, with a
self-healing trunking network (see Figure 8). This
is coupled with self-healing capabilities planned
for the loop feeder routes so that approximately
35% of these routes will be self-healing in the
same timeframe.

This means that if there is a break in a node, or
simply a cut by a road digger, the route works;
that is, transmission continues in the opposite
direction round the loop. During the Gulf war, a
situation was experienced when a 12-fibre cable
serving Fort McPherson was cut. Six wire centres
serving 155 000 lines were potentially affected.
The route healed itself as service was switched to
an alternative route in less than 50 ms, with no
service interruption to customers. This is the net-
work quality of the 1990s from the customers’
perspective—a reliable and survivable network.

Customer Interface

The final piece of the architecture is the home
network controller (which can also be adapted as
an office network controller). The home network

294

CUSTOMER
ACCESS INSTANT
SYSTEM OIALTONE

BUSINESS CUSTOMER

CENTREX CUSTOMER REARRANGEMENT

(o] o o | o [
(s J o [ et
CUSTOMER DIRECT SWITCH DDD 0o

aoE — forss OPERATION
ADMINISTRATION
RtTroueH png’c“g’égoﬁ CONTROL —|™| INTERFACE |~ BUSINESS
SYSTEM SYSTEM
- ' {
BILLING i
SVST'EM MAINTENANCE m =
SERVICE SYSTEMS

REPRESENTATIVE RESIDENCE

OIRECT
ORDER
ENTRY

Figure 6—Service order provisioning in an automatic network
environment

PROVISIONING I ' TESTING | I SURVEILLANCE

METALIC
TEST HEAD

REMOTE

CENTRAL
OFFICE TERMINAL

EOC: Embedded operations channel
Figure 7—Fibre-in-the-loop operations support

TO FLBR

DLLS

TOVLRC

TOCVIN

TOCVIN

HMTN TOGREN  TOJCSN
PTCY

PROPOSED ALL-
@ s /\ DMs100 OIGITAL SWITCH
B eess (@ FEMOTESWITCHING  ____ SINGLE-MODE FIBRE
UNIT

Figure 8—A tlanta Metro Fibre network (1995)

British Telecommunications Engineering, Vol. 10, Jan. 1992




Table 2
Facilities of the Information Age Home

Input/Output

Personal
Smart house

Home computer

Audio High-quality stereo
Intercom
Video High definition

Flat screens
Interface to standards

Master antenna and
wiring systems

Systems Home security

Life support

Energy management

Videotex

Meter reading

Financing Mortgage—new

Contract or
purchase—existing

Functions

Monitor and Control
Input/output

Multiple

Characteristics Synergistic
Robust

Inexpensive

Telco System integration role

controller becomes the platform to which the
consumer electronics of the living unit are shared;
the multiplex over the fibre is terminated, and the
customer-specific central office functions are dis-
tributed—all integrated for communications.
Then, PCS can also be integrated so as to extend
the network from the home. Table 2 suggests
some of the typical facilities of the information
age home.

COOPERATION AND COMPETITION

In order to facilitate the advancement of technol-
ogy and the network architecture described thus
far, it is firmly believed that cooperation and
competition are necessary requirements. It is also
the view that cooperation and competition can
coexist and to that end, the appropriate govern-
mental and/or regulatory bodies should seek
unique and creative ways to foster an environ-
ment that supports both—dependent, of course,
on business needs.

Given this dual scenario, there is a fear that
chaos would result from an unconstrained com-
petitive level of activity. Certainly, there are
examples of that around the world today. To
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prevent such chaos, however, the parties or
players should be limited in number by the regu-
latory bodies; that is, limited to two, three parties
etc. Perhaps a good start would be the creation of
a duopoly for local service areas. But whatever
the parameters or limitations might be, one key
element is that the government agencies must
ensure a ‘level playing field’ between all the
contending parties. This is true not just for the
parties directly involved, but also for all those
who wish to interface with them.

Provision of Competition

Around the world, there have been a number of
efforts to provide for competition. The United
States may have been one of the first, but its use
as a model is limited and there are far better
examples. Probably the best to serve as a model
for the rest of world is Australia—far away and
‘down under’. Australia seems to have learned
from the mistakes and experiences of others. It is
building on the ‘shoulders’ of those who have
strived long and hard to move away from a con-
trolled monopoly environment to one of more
competition.

Australia is presently providing for a second
carrier opportunity. In so doing, it will continue
to provide telecommunications under national
jurisdiction. Apparently, the government is con-
cemed about too much telecommunications de-
regulation, and as a result, has decided that they
must regulate to create a duopoly. They are pre-
pared to regulate to prevent the dominant carrier
from ‘destroying’ or adversely affecting the com-
petitor. A further part of their strategy is that the
second carrier should have less regulatory con-
trol. In addition, the government of Australia also
plans to give total access to the primary carrier’s
local loops and customers. This principle is, of
course, completely contrary to the United States
approach going back to 1982, prior to divestiture,
when it was decided that companies could separ-
ate toll and customer premises equipment from
the rest of the network. (Unfortunately, electrons
and photons do not know if they are in the regu-
lated or unregulated mode!) This particular prin-
ciple has not served the United States well nor
others where it has been applied.

Another factor in the Australia case is that
there is no limit on what the second carrier can
provide withrespect toboth facilities and service.
The government will allow interconnection with
the first carrier as needs dictate. Atthe same time,
they will allow the second carrier the use of
physical facilities (conduit runs, streets and rights
of way, etc.).

Competing Industries

This raises the question of why have opportunities
like this not been propagated in other parts of the
world? Part of the problem is a fundamental one;
that is, businesses compete for profits and have
different stakeholders. The industries involving
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computers, CATYV, broadcasting, telecommunica-
tions, and consumer electronics all use common
technology. In many cases, the chips are the same
and serve common purposes; however, the indus-
tries have different owners and shareholders (that
is, stakeholders). Unfortunately, there is a tremen-
dous contention worldwide, which is, in fact,
deferring the information age. Responsible gov-
ermnmental bodies must foster a higher level of
understanding so that these interested parties can
move to the market with a ‘level playing field’. In
the United States, this means that the current
struggle between the CATYV industry and the tele-
communications industry (that is, the ‘telcos’)
could be mitigated significantly if there were
opportunities for both parties to compete in each
other’s markets. This should be done with appro-
priate constraint and regulatory oversight suffi-
cient to prevent abuse by either industry or the
emerging alternate access providers.

The consumer electronics industry is now in-
cluded in the picture because, up to this point, it
has not been a central player in the development
of the integrated technologies. Consequently, the
standalone consumer electronics approach has
basically provided a significant amount of ineffi-
ciencies in the delivery of products and systems
to the business and residential markets. Examples
can be found in any moderately priced home
where the duplication of consumer electronics is
rampant. A much more orderly and integrated
approach could improve the consumer accept-
ance of the information age. In addition, the cost
to the consumer would be significantly reduced.

The broadcasting industry, along with the
CATYV industry, is caught in its own struggle in
the United States relative to who pays for the
signals across the air. Indeed, this is a global
struggle taking place in Europe, Japan, Australia,
as well as North America.

The bottom-line on this whole subject of com-
peting and merging industries is that there are five
contending parties with common technologies all
moving to the same market; that is, information
services. The governmental and regulatory bodies
must understand the forces involved and ensure
that each party’s needs for delivering services to
the customer are recognised.

THE CHALLENGE

Given the telecommunications infrastructure de-
scribed, a fundamental question must be asked:
why should there be both cooperation AND com-
petition? The answer is that with so many services
coming into the network, competition will ensure
the most services at the best price. There is room
for alternative access providers and there is also
room for CATV entry into the market. The market
is growing rapidly, so let the market determine the
final outcome. This means that the telecommuni-
cations industry must open up their cherished
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voice market to competition. And the entertain-
ment industry must be open as well from a CATV
standpoint. There may well be cooperation be-
tween the contending parties, but only as business
needs dictate. All would be on alevel playing field
and under non-abusive regulatory oversight.

If, in fact, these issues are not addressed to
allow for both cooperation and competition, there
will be locations (states, regions or nations) in the
provision of information services where it will be
possible to differentiate between the ‘haves’ and
‘have nots’. The ‘haves’ will:

@ leap-frog technologically
@ develop economically

and the ‘have nots’ will:

@ fall behind
® exhibit growing political and social discon-
tent.

Currently, the ‘haves’ would include Australia
and portions of Europe where governmental regu-
lation is supportive. Germany would be classified
as a ‘have’ nation, as it moves ahead both East and
West to build a telecommunications network. The
United States could well become a ‘have not’
nation, primarily due to the disarray precipitated
by the current regulatory environment.

Characteristics of the ‘have’ nations or regions
would include:

@ all digital broadband ISDN;

@ allfibre;

@ integration of telecommunications, comput-
ing, broadcasting, consumer electronics; and

@ fully developed alternate sources of technol-
ogy; for example, wireless, landline, broadcast
and interactive.

With a strong telecommunications infrastruc-
ture, the ‘have’ nations or regions are also posi-
tioned to develop superior systems for education,
health care, finance, government, entertainment,
and virtually all areas of business and/or private
life.

The reality of the vision is that if consumers
are not provided with the most modern communi-
cations network economically feasible, they will
be denied the communications capability that
they may need to fulfil their economic and per-
sonal needs in the future. Indeed, those industrial,
governmental and geographic areas that fail to
keep pace with this technology will become the
‘have nots’ of the information age, while those
entities who lead will improve the quality of life
of the consumer/customer, attract business, and
achieve high levels of share owner value.

The real challenge at this point is for the econ-
omic and technical communities of the world to
inform their governments and regulatory bodies
about the benefits and threats of the emerging
information services era and the corresponding
consequences to their national welfare.
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Programme and Project Management in BT

A.J. ORRY, and P. MCKENZIE*

The Sovereign Project, resulting in the reorganisation of BT, provided the opportunity and incentive to
review the company-wide quality of its programme and project management. This article focuses on how
Divisional Project Management Support Units, with the common goal of radically improving project
management, have tackled those issues which enable the effective management of cross-divisional

programmes and projects.

INTRODUCTION

BT’s capital investment programme, which has
averaged around £3 billion per annum in recent
years, represents over 7% of the total private fixed
capital investment in the UK. Without that invest-
ment the rest of British industry would be denied
the telecommunication infrastructure it needs to
be competitive in the years ahead.

Personal Communications Division (PC) has
the task of meeting increasingly demanding per-
sonal customer requirements in the UK; while
Business Communications Division (BC) faces
the challenge of serving the needs of business
customers throughout the world. These two main
customer-facing divisions are rapidly becoming
the driving force for market-driven project-based
activity across BT, and the majority of BT’s major
change programmes are owned by them.

Worldwide Networks (WN) has a mission to
provide and operate high-quality, value-for-
money networks to meet the demands of BT’s
customers in the UK and worldwide. Much of the
£3 billion capital investment is spent on the net-
work to promote growth, modernisation and en-

1 BT Programme Office
* BT Worldwide Networks

TABLE 1
Definitions

Project Management

Programme Management

Group of related tasks, or activities, which
together satisfy one or more objectives.

The planning, directing and controlling of
tasks or activities and resources with the
objective of completing a specific project
with predetermined parameters of quality,
time and money.

A group of related projects which are
managed in a coordinated way to gain
benefits which would not be possible were
the projects managed independently.

The coordinated support, planning,

prioritisation and monitoring of related
projects to meet changing business needs.
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hanced functionality, and to enhance the oppor-
tunity for the customer-facing divisions to deliver
BT’s range of products and services to the mar-
ket-place.

It will come as no surprise, therefore, that BT
views professional programme and project man-
agement as an effective means of ensuring that it
delivers what it promises, when it promises and
at a price which represents value for money,
which is in the interests of its customers, share-
holders, suppliers and its own people.

The project management approach is, of
course, no new innovation to BT. The company
prides itself on its long-standing professionalism
of the management of customer projects and its
own internal technology-related projects.

The reorganisation of the company, effective
from 1 April 1991, provided the opportunity and
incentive to review the company-wide quality of
its programme and project management and put
in place a formal structure, together with pro-
cesses and systems, to ensure quality and continu-
ous improvement.

DEFINITIONS: PROGRAMMES AND
PROJECTS

The science of project management can be sum-
marised as giving absolute clarity on what s to be
delivered, by whom, when, how and at what cost;
and then controlling and managing the delivery.

It would be remiss in this article, therefore, to
gloss over the terms project and programme and
their management.

Table 1 provides definitions to aid clarity.

The key point is that a project delivers one or
more objectives with associated benefits; a pro-
gramme delivers the maximum benefit resulting
from the effective coordination of related projects.

THE IMPACT OF SOVEREIGN ON
PROJECTS AND PROGRAMMES

The Sovereign Project, resulting in the reorgani-
sation of the company and completed on
31 March 1991, has added a new, critical dimen-
sion to the management of projects. Before
Sovereign, BT divisions, forexample, BTUK and
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BTI, were relatively self-sufficient units which
were able to deliver all aspects of a project from
within their own resources. With the implemen-
tation of Sovereign, aimed at putting customers
first through teamwork, no one division is, in
general, able to deliver a major project without
contracting out to other divisions. Thus, most
major programmes comprise projects contracted
out to more than one division, and most projects
comprise work packages contracted out to more
than one division. These are termed cross-divi-
sional matrix, programmes and projects.

An essential enabler for the successful de-
livery of cross-divisional projects is a disciplined
and commonly understood project management
process.

Such a process provides a framework for the
unambiguous statement of objectives and bene-
fits, for understanding relationships between pro-
grammes and projects and, as a key to success, a
common understanding of roles and responsi-
bilities.

Figure 1 illustrates the typical organisation of
a cross-divisional project. Key points are that:

@ the clientisresponsible for justifying, funding,
continually reviewing and ensuring the delivery
of the benefits of the project;

@ the project manuger (appointed by the client)
is responsible for delivering the project to the
client’s time, cost and quality requirements;

@ the contractor is responsible for ensuring de-
livery by the contracted division;

@ the contractors’ project managers are, for the
duration of the project, an integral part of the
project team and are responsible for delivering
their work packages as required by the project
manager; and

@ the project manager is empowered to work
across organisational and functional boundaries.

GROUPING OF PROJECTS INTO
PROGRAMMES

Ideally, projects exist within clearly defined pro-
grammes which meet business objectives. Thus,
the programme definition provides goals and fit
with business objectives, and sets boundaries and
direction to its constituent projects.

Careful grouping of projects into programmes
enables many other potential benefits to be ac-
crued including, for example:

@ resource/skill sharing,

@ engineering/software commonality,

@ research and development commonality,

@ supplier commonality and potentially im-
proved purchasing power, and

@ shared costs across projects; for example, in
marketing a related group of products.

Programmes themselves are also commonly
grouped into higher-level categories, again with
the aim of focusing even more closely onto the
means of, and progress towards, achieving busi-
ness objectives.
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Worldwide Networks, for example, cate-
gorises programmes into one of two types:

(a) Ongoing business programmes: driven by
growth, modernisation and routine replacement
of the network in line with approved policies,
technologies and suppliers to meet agreed de-
mand and quality for existing products and ser-
vices; for example, exchange modemisation.

(b) Change programmes: concerned with in-
troducing systems, processes and technologies to
improve customer service, increase income, re-
duce costs, and meet regulatory requirements; for
example, national code change.

The focus in WN is shifting more and more
towards change programmes and projects where
responsiveness to the needs of the customer-fac-
ing divisions and product lines is going to be the
key to BT’s future competitive advantage. WN’s
future plans contain a raft of change programmes
aimed at building a leading-edge competitive net-
work.

Figure 2 illustrates, in simple terms, the relation-
ship between business objectives and projects.

SUPPORTING CROSS-DIVISIONAL
PROGRAMMES AND PROJECTS

The reorganisation of the company into its new
divisions, and the new era of matrix programmes
and projects, highlighted the need for establishing
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a support organisation which would enable the
divisions to work together to rationalise and in-
troduce project management processes suitable
for the matrix environment.

The outcome was the setting up of small
centres of project management expertise within
each of the new divisions which would be re-
sponsible for building the infrastructure, sup-
porting clients and project managers and
providing a coherent view of the division’s pro-
grammes and projects aimed at delivering busi-
ness objectives.

The design of the Programme Support Com-
munity was based upon three main building blocks:

® A BT Programme Office Located within
Group Finance, the BT Programme Office would
have specific responsibility for ensuring consist-
ency and quality of project management across
the company, for project management policy and
leadership of the community.

® Divisional Programme/Support Offices 1Lo-
cated within each of the key operating divisions,
the Divisional Offices would have responsibility
for defining and implementing divisional project-
management policy.

® Zone Project Offices Located within the PC,
BC and WN Zones, these project offices would
have responsibility for supporting local manage-
ment in all aspects of project management and
implementation.

The period since the core organisation was put
into place has been one of understanding, learning
and evolution. Increasingly, the project manage-
ment support organisations within the divisions
have each evolved to meet the specific needs of
their division.

The focus of the units and the organisation
within the divisions depends upon many factors
including:

@ the type of work undertaken by the division
and its component parts;

@ the scope of the programmes and projects;

@ the level of project management skills and
understanding; and

@ the complexity and number of interfaces both
internal and external to the division.

The following brief insights into the BC Pro-
gramme Office, the PC Programme Office and the
WN Project Management Support Organisation
illustrate how the support organisations are evol-
ving to address the specific needs of the individ-
ual divisions.

BC Programme Office Focus

The BC Divisional Programme Office provides a
focus for guidance on programme and project
management quality recognising that support to
clients and projectmanagers in the early stages of
a project is essential to success.

Helping the division to build the big picture, that
is, understanding the relationships and contribu-
tions of BC’s wide spread of activities (both UK
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and globally), is seen as an effective means of
creating the right conditions for good teamwork. In
this way, every project manager and project team
member can see how their individual activities
contribute towards the project, the programme and
ultimately the division’s business objectives.

BC, in common with other divisions, increas-
ingly recognises that people are the key to suc-
cessful projects, and that project management is
largely about helping people to work together as
a team to achieve common objectives. Thus
people skills in professional project management
are high on the agenda.

PC Programme Office Focus

The PC Programme Office focus has centred on
building a firm foundation of project manage-
ment support within the division. This has been
based upon a community of Zone Project and
Functional (Payphones, Group Logistics and
Marketing) Programme Offices. The community
isnow largely in place and is beginning to address
the target set by the Managing Director of:

@ coordinating project and programme propo-
sals to assist the PC Board in selecting those
programmes and projects which make the greatest
contribution to the divisional vision and mission;
@ identifying linkages and dependencies be-
tween projects to maximise project synergy;

@ assisting in the rigorous achievement of bene-
fits.

Worldwide Networks Project
Management Support

Within WN directorates, the organisational struc-
ture has been designed with project management
as a key central focus to the planning and oper-
ational functions.

Within the WN directorates, Programme and
Project Offices, plus associated support units, are
responsible for improving the management of
programmes and projects so that their time, cost
and quality requirements are delivered. The focus
is on helping to achieve greater standardisation
and consistency and, in cooperation with BC, PC
and BT Products and Services Management, im-
proving the definition of programmes and pro-
jects to optimise their contribution towards
business objectives.

Within the Zones, Works Programme Of-
fices, for example, manage projects as well as
the capital ongoing business programmes and
ensure that project management principles are
an integral part of day-to-day activities. As the
interface between customers and the delivery
units, the Works Programme Office is a central
focus for problem solving, work allocations,
communications and programme/project con-
trol in the WN Zones.

WN Programme and Project Offices also pro-
vide a channel for the two-way flow of informa-
tion about successes, barriers, lessons and
developments.
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SUPPORT TO CLIENTS AND PROJECT
MANAGERS

An essential role of the Programme Office Com-
munity is to provide help and guidance to clients
and project managers in the application of the
project management process. A key added value
of the Programme Office Community stems from
being uniquely placed (through its network) to
provide advice on programme and project poten-
tial overlap, duplication, fit and interfaces with
others across divisions.

Support to the client and project manager is
generally provided by the Programme Office in
which the project is cliented. Support to contrac-
tors (the work package managers) is generally
provided by the contractor’s Programme and/or
Project Offices. However, notwithstanding these
principles, the community takes a pragmatic ap-
proach to providing support, recognising that it
needs to make optimum use of its total resource.

The type of supportprovided during the incep-
tion phase (see Figure 3) of a project ranges from
advice on who should be the client right through
to helping the client navigate the essential busi-
ness processes that lead to formal approval of the
programme and authorisation of the projects.

As projects emerge during the definition phase,
the emphasis moves away from the client to the
project manager, helping him/her to organise,
define and plan the project, select the training
necessary for the team and launch the project.

At such time as the requirements of the contrac-
tors have been defined by the client division and
the client has obtained buy-in, the contractor’s
Programme and Project Offices are there to assist
in the detailed planning of the work packages.

Throughout the process, communication across
the Programme Office community is driven by the
Programme Office in the client division.

PROCESSES FIT FOR THE MATRIX
ENVIRONMENT

An integration of BT project management pro-
cesses has been one of the essential requirements
following the reorganisation of the company.

Project Management Handbook Process

The processes used in the management of pro-
jects, pre-Sovereign, have been reviewed by the
new divisions and each has selected one which
meets its needs. The most widely adopted process
is that defined in the Project Management Hand-
book, originally a BTUK product.

All divisions are participating in a formal and
comprehensive review of the Project Manage-
ment Handbook and have radically improved the
quality of its contents, including expanded de-
scriptions of the process with everyday applica-
tion models.

Particular successes have been achieved in
improving the quality of the contents in respect of
the Client Requirements Definitions (CRD) and
Project Requirements Definitions (PRD) in
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response to the wide recognition that effort ex-
pended in the early stages of a project pays real
dividends.

Figure 4 is a reproduction of the CRD example
used in the Project Management Handbook.

The example assumes that the problem is:
insufficient leisure time for golf and family acti-
vities at the weekend.

INCEPTION Flgure 3

FEASIBILITY

DEFINITION

DEVELOPMENT

INSTALLATION E

PILOT

ROLL-OUT

POST
IMPLEMENTATION

OBJECTIVES ANO DESCRIPTION: To make more leisure time available - at least six hours per weekend

/ - in order to play more go!f and spend more time on family activities. This will be achieved by

Project life cycle

moving house to one thatrequires far less maintenance.The end benefits will be realised by ™
subscribing to membership of the exclusive local golf club and encouraging other members of the
family to make similar commitments.
BUSINESS FIT: In line with personal development strategy of reducing work stress by playing more
sport, and improving quality of family life.
SCOPE: Project limited to selection and purchase of new house - it specifically excludes selling of
presenthouse and physically movinginto the new house.
OUTLINE DELIVERABLES SPECIFICATION:
@ Maintenance-free external and internal fixtures and fittings.
@ Garden not to exceed 3000 square feet.
@ Sound property investment in current town.
@ Allintegral fittings in good order and not requiring replacement.
@ No internal decorating required for at least five years.
@ Brick finish to exterior.
@ Comparable accommodation to existing property.
@ No more than 20 minutes drive from golf club and sports centre.
DEPENDENT ANO DRIVER PROJECTS: A driver project is the sale of the current house which
must be completed prior to purchasing the new one.
CONSTRAINTS: No increase in mortgage.
ASSUMPTIONS: Membership available at local golt club. Sale price of current house
sufficient to purchase suitable property.
Figure 4—Client Requirements Definition—example
British Telecommunications Engineering, Vol. 10, Jan. 1992



CAN WE IMPROVE WHAT'S
ON WHAT WE'VE GOING ON?
DONE?

HAVE WE cONTINUgy WHAT DO
SOLVED THE WE KNOW?
PROBLEM?

PROBLEM
SOLVING

PROCESS

WHAT ARE
HOW DO WE THE ROOT

« GOABOUTIT? Merovene CAUSES?

WHAT'S THE
BEST THING TO DO? WHAT COULD

Figure5 Afirst step could be to use the problem solving
Total quality process (see Figure 5). On reaching stage 111, it will
management (TQM) e peen established that the root cause of the lack

blem-solvi . .. . . .
?vlifeelem solving of leisure time is the time spent decorating/repair-

ing the house and maintaining the garden.

The options can be evaluated—for example,
refurbish house, employ handyman/gardener, or
move house—and a final choice made on the
preferred solution (Stages IV and V of the TQM
problem-solving wheel). The example now as-
sumes that the preferred solution is to move to a

maintenance-free house with a small garden. Itis
at this stage that the CRD is raised.

Note that the original objective was to make
more leisure time available, not to move house.
This solution has been selected as the preferred
means of achieving the objective. Moving house
will not, in itself, achieve the objective. Itis up to
the client to capitalise on the house move to make
more leisure time available, thus meeting the
objective.

Thus, the client has stated his requirements in
the CRD and it is now the responsibility of the
project manager to investigate, discuss and record
how well those requirements can be met in draw-
ing up the PRD.

Project Management Framework

There are other project management processes,
apart from the PMH, which are used within the
company; for example, Telstar, which is used for
information-technology developments.

The ‘fit’ between the various processes has
been defined and communicated through the pub-
lication of a reference document called the Pro-
Jject Management Framework. This document
enables the majordivisions, using the PMH pro-
cess, to communicate effectively with specialist
units using non-PMH processes by providing a
common terminology and reference life cycle on
which other life cycles are mapped. Figure 6
illustrates the reference life cycle.

The company policy is that the client deter-
mines the project management process to be ap-
plied in consultation with the project manager. It
is then the project manager’s role to ensure that
processes used by contractor divisions interface
with the client’s preferred approach: the Project
Management Framework provides the common
understanding necessary to define the interfaces.

Figure 6 - = z
How project gy =5 o — E%é w3 z =
proj Zg 5E3 =3 g EEE w 8= o5& £g
management g2 =533 7 3 £58 g sif 252 2
processes fit into the BES EEEZ = = BEES & v sE 2 BEYS
BT reference life cycle 1 INCEPTION/ INITIAL VET (PRE-INITIATION) INITIATION PROPOSAL PREBID 1
INTIATE | CONCEPTION [ pusivess INTIATION PROJECT INITIATE
SURVEY N INITIATION
FEASIBILITY FEASIBILITY z FEASIBILITY
2 DEFINITION PROJECT g ANALYSIS 2
SPECIFY INITIATION e [ — Qmmm SPECIFY
REQUIREMENTS w2
SPECIFICATION Za -
SYSTEMS SPECIFICATION &5 & | | AUTHORISATION BID S
SPECIFICATION = _ @
13 DEVELOPMENT | INTERNAL DESIGN £3 23 EDUCATION |IMPLEMENTATION 3. §
. DESIGN ZE gE ' =]
X INSTALLATION PROGRAM DEVELOPMENT 5 8 z E COMMUNICATION .
P DEVELOPMENT S | [ IMPLEMENTATION | & 55 '
[-=§vT} w
1 oo UNITTESTING oz Sg QUL ‘O
D! PILOT SYSTEM ~ ] o IMPLEMENTATION . D
U, TESTING 2 PLAN WU
£ c
‘E: ' ACCEPTANCE £ OPERATIONS VE
L TESTING £ | |(mcoeprance [ (| |____ X
' ROLL- [ROLL-OUT INSTALLATION | INSTALLATION IN-SERVICE IMPLEMENTATION ROLL- !
' out /HOLD THE GAINS our !
4 POST- POST- OPERATION CLOSURE PROJECT PROJECT 4
CLOSE (IMPLEMENTATION | INSTALLATION POST- CLOSURE CLOSE oUT CLOSE
REVIEW IMPLEMENTATION

Note 1: The above diagram shows a ‘best fit’ mapping of individual processes to the reference life cycle.
Note 2: The translation of one process to another will be subject to individual programme/project variations and therefore the direct

relationship of process life cycles will not always be as illusarated.
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Finance Processes

The projectmanagement process cannot, of course,
live in perfect isolation from other business pro-
cesses. It needs to link with the company’s formal
financial approval and authorisation processes and
with the business planning process which culmi-
nates each year in the production of the Annual
Quality Plan and Budget.

The Group capital and project expenditure
process (owned by Group Finance) is a key en-
abler for successful matrix management and,
more importantly, it has the ultimate objective of
ensuring that the company obtains value for
money and the achievement of planned benefits
and returns on all capital and project expenditure.
The process provides a framework for the auth-
orisation, reporting and control of fixed asset
capital and other project-related expenditure.

Key principles underpinning the capital and
project expenditure process are:

@ the integration of financial and project man-
agement processes (simply tracking spend
against budgetis no indication of value formoney
at any point in time);

® ‘approval in principle’ of programmes (a
group of related projects) at the earliest practical
stage;

@ ‘authorisation’ of projects before any financial
commitments are made, based on formal business
cases supported by evidence of the application of
professional, approved project management pro-
cesses; and

@ formal buy-in from contracting divisions to
deliver theirelements of projects and the planned
benefits.

The group capital and project expenditure pro-
cess operates for high capital spend projects. The
divisions each operate similar processes in re-
spect of other projects.

PROJECT MANAGEMENT SKILLS
DEVELOPMENT

At the end of the day, projects are delivered by
people who need to have varying levels of skill in
applying the project management process.

Often, developing people to be effective in a
project environment is related only to the use of
tools and techniques; for example, the process
and systems. With the predominance of the matrix
project, the project manager’s task is often to
manage across functional and organisational
boundaries without line authority.

An effective matrix project manager has to
maintain excellent and diplomatic relations with
his conwractors, while directing the wider team and
delivering the project as required by the client.

The most common approach to project man-
agement skills training is to bring together the
project manager with his team, often with the
client being involved as well. The Project Plan-
ning Workshop (managed by Training Division
and contracted out to divisions) seeks to provide
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technical training in the process, develop relation-
ships and establish leadership while, at the same
time, making visible project progress. This event
typically takes a CRD as the input, and works
towards producing a first-cut PRD as the output.

The Core Training Programme includes a
basic module on project management principles.

CONCLUSION

Effective project management requires disci-
pline. Itis not esoteric: itis simply the use of good
practices which are commonly understood and fit
for purpose, combined with good management,
especially in respect of dealing with and mana-
ging people.

Successful project management enters the
bloodstream at such time as individuals recognise
it as helpful and not bureaucratic.

Effective programme management is a skill
without which business objectives are unlikely to
be met.

Excellent programme and project manage-
ment are, without doubt, considered by BT to be
critical success factors. It is expending time on
getting the portfolio right and driving up the
quality of project management through improved
processes, systems, skills and support.
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Development of the National Code Change

N. A. C. MCLEODt

When the present numbering plan was developed in the 1950s, it was expected to last for 50, or perhaps
even 100, years. Advances in technology and the emergence of new services in a liberalised telecommuni-
cations environment are creating a demand for numbers and codes that cannot be sustained by the present
UK numbering arrangements®. This article discusses the factors that were taken into account in
developing the National Code Change as the solution to take numbering for telecommunications into the

twenty-first century.

INTRODUCTION

In many countries throughout the world, telephone
network numbering plans are undergoing major
changes to enable them to meet the demands im-
posed by growth and the emergence of new ser-
vices. Throughout its life, the UK numbering plan
has seen relatively few major changes. The national
change of most significance to customers occurred
in the 1965-70 period when the alphanumeric
codes were replaced by all-figure codes. Most of
the activity has been confined to the evolution of
local numbering schemes coincident with ex-
change replacement and, more recently, the mod-
ernisation of the network with digital switching
equipment. The London Code Change of May
1990, although of national significance, was essen-
tially a local number scheme change.

In the UK, the changing regulatory environ-
ment, which has introduced competition in the
provision of networks and services and accel-
erated the pace of change, has brought an addi-
tional dimension to the pattern of demand that has
contributed to the earlier than expected demise of
the present national numbering plan.

REQUIREMENT

Afundamental requirement in the management of
numbering plans is the continuous availability of
numbers, notonly in quantity but alsoin terms of
their suitability for the intended purpose. A BT
study as far back as 1982-3 identified that the
major concern for the future of the UK numbering
plan was its ability to continue to make available
national codes for the new services that were
beginning to emerge. At that time this was most
evident in the area of mobile communications,
where plans were being laid for the introduction
of cellular radio and advances in technology were
foreseen that would bring the concept of personal
communicators nearer to reality. On the other
hand, local numbering capacity was, for the vast
majority of locations, considered to be more than
adequate to meet future needs. The few local areas
that might need an increase in capacity were also

t BT Worldwide Networks
* McLEoD,N. A.C. Numbering in Telecommuni-
cations. Br. Telecommun. Eng., Jan. 1990, 8, p. 225.
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a potential source of further demand on the
limited number of national codes.

The 1982-83 study established that the key
design requirements for a future numbering
scheme were that it should have capacity, flexi-
bility and the potential for longevity. A further
requirement, which arose largely from the intro-
duction of competition, was that of the quality of
the codes and number blocks that could be made
available. For example, some new network oper-
ators look for sequential runs in codes available
for allocation to their services in anticipation of
growth, others look for memorable combinations
of digits.

These requirements have endured through
many studies, not least being the investigation
carried out by the Telecommunications Numbe-
ring and Addressing Board, which was set up to
fulfil the required consultation process stipulated
in the BT Licence.

Developing and implementing a new national
plan is a task of considerable magnitude. While
the numbering plan has its origins and is em-
beddedin the network, itsinfluence, and therefore
the impact of change, is wide ranging. In the first
instance, any change must be technically and
operationally achievable, at an acceptable cost
and in the available timescale. In modern tele-
communications network operations, there are
three areas where technical considerations need
to be addressed in a numbering plan change: the
switching systems and network configuration, the
computer support systems for planning and man-
aging the network, and the computer systems
used for administration and customer support.

In the final analysis, however, it is the con-
siderations relating to customers, both present
and future, that have the greatest influence in the
choice of a solution. For example, customer
premises equipment, from the telephone instru-
ment upwards, now includes sophisticated fea-
tures based on the storage and recognition of
number information. It is therefore a prime re-
quirement that the change is easy to understand
and apply. Additional benefits that flow from this
are that the change is easier to explain and the
incidence of misdialling using the old procedures
is likely to be minimised. The possibility of mis-
dialling cannot, however, be ignored. It is there-
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fore essential that the implementation arrange-
ments provide for the interception of such calls so
that they can be routed to announcements that
give customers guidance on the new procedures.

The criteriaagainst which the options for chang-
ing the numbering plan had to be tested were:

Design Requirements

® Capacity.

@ Flexibility.

@ Potential longevity.

@ Ease of understanding.
@ Ease of use.

Implementation Requirements

@® Minimised impact on customers.

@ Technically achievable in network, switching
systems and computer support systems.

@ Misdialled callinterception and routing to an-
nouncements.

@ Achievable in an acceptable timescale.

THE IMPLEMENTATION OPTIONS

While the design objectives set out the framework
within which the numbering plan was required to
be developed, it was the implementation con-
siderations that defined the practical limitations
within which any development could be achieved
and provided the main focus for the study of the
options. Two possible approaches for changing
the numbering plan were available: rearrange-
ment of the existing 9-digit scheme or increasing
the significant number length to 10 digits.

Rearrangement of the 9-Digit Scheme

There can be no doubt that the present 9-digit
numbering scheme, with a theoretical capacity of
1 billion numbers, has the potential to meet that
aspect of the design criteria. Where the scheme
falls short isinits lack of flexibility of application.
This derives from the historic structure and appli-
cation of the scheme, which was designed in the
context of the customer requirements, network
configuration and system capabilities of an anal-
ogue network.

An obvious option for the creation of addi-
tional codes is the amalgamation of numbering
areas where there is low utilisation of the avail-
able capacity. Codes released in this way would
reflect the random distribution to be found
throughoutthe network, and therefore it wouldbe
unlikely that blocks of sequential codes would be
made available. This could beremediedby target-
ing particular codes for recovery, but this would
almost certainly mean making changes in numbe-
ring areas with substantial numbers of customers.

In practice, the code-recovery option could be
achieved only through a programme of changes
running over a number of years. During that time,
changes of increasing complexity would be re-
quired, probably involving some customers in
both code and number changes in order to create
the space for the next change.

304

Increasing the Number Length to 10
Digits

When the option of increasing the maximum length
of the national significant number from 9 to 10
digits was being considered, there were two possi-
bilities for the position of the additionaldigit: in the
middle of the number after the numbering area code
or at the beginning of the area code.

Putting the additional digit in the middle of the
number can bring about an increase in capacity in
two ways. Placed at the beginning of the local
number (Figure 1(a)) it would bring relief to the
local area numbering schemes. There is, however,
very limited application for this approach and the
end result would be the creation of large amounts
of capacity in the areas where there was no need.
There is also the potential difficulty in managing
the call-trapping arrangements for calls dialled
using the old numbers after the change. The prac-
tical realisation of this requires the additional
digit to differ from those used as the existing first
digits of local numbers and this would not always
be possible.

(a 0 ABC XDEFGHJ Part of the local number
L} 0 ABCX DEFGHJ Atthe end of the national code
(4 0XABC DEFGHJ Atthe beginning of the national code

Figure 1—Options for the placement of the
additional digits

Attached to the end of the numbering area code
(Figure 1(b)) the additional digit would have the
effect of increasing the number of codes. While
this approach would be easier to implement, 1 or
0 could be used as the additional digit in the first
instance, the use of the new 3- and 4-digit codes
would be limited to a significant extent and per-
petuate the incoherent structure of the existing
numbering scheme. There would also be little
opportunity for creating customer-friendly num-
bering schemes for new networks and services.

Putting the new digit at the beginning of the
national code, after the prefix digit ‘0’, (Fig-
ure 1(c)) would offer the greatest scope for crea-
ting a large-capacity flexible numbering scheme.
New initial digits, when brought into use, would
not be constrained by the existing geographic
structure, and the opportunity would therefore be
available to design numbering arrangements ap-
propriate to the networks and services requiring
them. This therefore became the preferred solu-
tion. The problem was to devise an acceptable
implementation plan.

Initially, there were few options forimplemen-
tation of the ‘digit-at-the-front approach’ and all
of them required a series of changes staged over
a number of years. The problem was that the
existing national code structure used all the avail-
able initial digits. Early stages of the change
process would therefore have to be directed at
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Figure 2

Plan for the
National Code
Change

Figure 3
New numbering
scheme

clearing space for the full implementation of the
plan. From a customer perspective this was con-
sidered to be unacceptable since the change
would be prolonged and complex making it diffi-
cult to publicise and understand. Considerable
resources would have to be deployed to counter
the potentially high level of misdialled traffic
during the change. The clear preference was for a
single-stage change.

The situation was dramatically changed by the
decision to resolve the impending exhaustion of
the London numbering capacity by replacing the
national dialling code 01 with 071 and 081. The
release of the initial digit ‘1’ created the ideal
platform from which to launch a change to the
numbering plan. It also raised a question as to
whether a change was needed at all! Re-examin-
ation of the issues, however, showed that, while
significant benefits could be gained in the short
term from the reuse of the 1XX code capacity,
there was still a strong likelihood of an increase
in number length being required by the end of the
century. The window of opportunity for a ‘simple’
change would therefore have been lost.

NATIONAL CODE CHANGE

The planned change to the national numbering
plan is shown in Figure 2. The change will be
achieved by inserting the digit ‘1’ after the prefix
digit ‘0’ to provide a new leading digit for all
numbering area codes; that is, those national
codes that are allocated to identify the geographic
locations of the fixed public switched telephone
network. National codes allocated to the ‘non-
geographic’ applications such as cellular radio,
premium rate services etc. will not be included
under digit ‘1’ since these services are likely to be
identified by other leading digits at a later stage
in the development of the new numbering plan.

To put the additional digit '1' at the beginning of the PSTN numbering area code:
0 1ABC DEFGHJ
Examples:
Birmingham 021 246 7890 becomes 0121 246 7830
Brighton 0273805469 becomes 01273 805469

Non-geographic codes (for example, cellular radio 0836, 0860)
are not included under digit '1*

NATIONAL LEADING
DIALLING DIGIT
PREFIX

0 Future international dialling prefix
- 1 PSTN numbering areas

2 May be reserved for expansion of PSTN numbering

~

Other networks and services;
for example,

mobile networks

special services

personal numbering
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This scheme enables the main customer-re-
lated criteria to be satisfied. The change will be
easy to explain and to understand, and conse-
quently the risk of confusion reduced. The inter-
ception of misdialled calls and routing them to
announcements after the change will be relatively
straightforward since, with the exception of the
few non-geographic codes, leading digits 2-9 will
be unoccupied.

FUTURE DEVELOPMENT OF THE
NUMBERING PLAN

The National Code Change, by opening up a full
range of new leading digits as seen in Figure 3,
creates a platform for the development of coher-
ent and lasting numbering arrangements in the
UK. As experience already shows, this does not
necessarily create an inexhaustible supply of
numbers. If the UK is to avoid going through
number plan changes of the magnitude of the
National Code Change in the future, then the new
capacity must be used with care. The needs of
customers, service providers and telecommunica-
tions operators must be balanced against sensible
policies for the conservation and evolution of the
numbering plan.

Attention is currently being focused on the
numbering requirements of the non-geographic
telecommunications services. These are seen to
fall into two main categories: mobile services and
specially tariffed services. The questions to be
resolved for each of these is whether or not they
warrant the allocation of a leading digit as a
unique identifier and to what extent consider-
ations such as product branding should feature in
the allocation of codes to service providers.

The requirement for personal numbering is
also coming nearer to realisation with the interna-
tional standards now being developed for a
universal personal telecommunications (UPT)
service. After the National Code Change, there
will be full scope to develop the new numbering
scheme so that all telecommunications services,
including UPT, can be accommodated within
universal numbering arrangements that use fam-
iliar and common dialling procedures.

The National Code Change provides a unique
opportunity for creating a numbering scheme that
meets the needs of the evolving competitive en-
vironment for telecommunications.
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Implementing the National Code Change

A. CROFTt

Thisarticle outlines the project management process that has been put in place to implement the national
code change whereby the numbering scheme in use in the UK would be extended to ten digits by the
inclusion of an additional digit at the beginning of the national code.

INTRODUCTION

When the present numbering plan was developed
in the 1950s, it was expected to last for perhaps
100 years. Anincreasing demand for new services
has meant a reappraisal of the numbering arrange-
ments in the UK' and the decision to change the
national codes by the inclusion of an additional
digit at the beginning of the code. This article
outlines the project management process being
set up and some of the key activities required to
implement the national code change.

LEARNING FROM EXPERIENCE

The National Code Change (NCC) project was
initiated while the London Code Change® was
still being implemented. The structure of the Lon-
don Code Change project had proved successful
and it was decided that, as far as possible, the
NCC project would be organised along the same
lines. The NCC would not face the problems
encountered in London by creating two areas (071
and 081), but on the other hand would affect the
whole country. The many lessons learned during
the London Code Change are proving invaluable
in tackling this new task.

SCOPE AND ORGANISATION OF THE
PROJECT

Within BT, the project will affect everyone—if
not in the implementation, then in assisting cus-
tomers or as users themselves. Telephone num-
bers are an integral part of the network, but they
are also used in support systems (for example,
Customer Service System (CSS)), in publications
(directories and leaflets), in customer apparatus
(for example, call barring), and in every BT func-
tion (for example, notepaper and telephone calls).
The project organisation has to embrace all these
and more. The structure is, therefore, to have a
project team representing broad business func-
tions working to the project manager, who in turn
reports to the Numbering Steering Group and to the
lead client—Director, Worldwide Networks Policy,
Planning and Performance. (See Figure I).

1t BT Worldwide Networks
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CLIENT: DIRECTOR WN POLICY, PLANNING AND PERFORMANCE

NUMBERING STEERING GROUP-CHAIR: MANAGER WN SPECIAL PROGRAMMES

PROJECT MANAGER PROJECT OFFICE

SUB-PROJECTS

NETWORKS

SUPPORT PRODUCTS CUSTOMER
AND \
SERVICES

SYSTEMS COMMUNICATIONS
PC AND BC

CUSTOMER AND

MARKETING G
DEVELOPMENT FRONT OFFICE
PLANNING BILLING COMMUNICATIONS
OPERATIONS NUMBER INFORMATION CUSTOMER APPARATUS
INTERNATIONAL LOCAL SYSTEMS PAYPHONES AND FACILITIES
DATABUILD OPERATOR SERVICES
BC: BT Business Communications
PC: BT Personal Communications
WN: BT Worldwide Networks
FEASIBILITY STUDY Figure 1

Project organisation

The first task of the project team was to scope the
project and carry out the feasibility study. It was
important that the full implications were known
before consultation with the Telecommunications
Numbering and Addressing Board (TNAB) and
the Office of Telecommunications (OFTEL) be-
came too advanced. The study assumed what
proved to be an impossible target date of mid-
1992 for the code-change, as this was thought to
be the absolute earliest time that any such change
could be completed. This was an onerous target,
butit was important to establish realistically what
the earliest implementation date could be. This
assessment would need to stand up to scrutiny by
the regulator who was under some pressure to
bring an early solution to the shortage of codes.

The Networks sub-projects (Inland, and Inter-
national) had to consider three aspects:

(a) modifications required to handle the addi-
tional digit;

(b) capability for handling old and new codes
during the parallel running period; and
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(c) capacity to handle the misdialled calls
after the change.

Each switch system had to be considered
against these criteria. Each system has different
requirements and different solutions.

Simple analogue systems (TXS and TXE2)
cause no concern as they do not store or process
the dialled digits. Crossbar systems (TXK1 and
TXK3) need modification to store and forward
the extra digit. Modern systems which store and
process the digits (TXE4 and TXD) require de-
velopment to give the necessary extra function-
ality.

The switch and transmission demands due to
the misdialled calls after the change can be ac-
commodated within the network margins and so
are not significant factors, althoughitis necessary
to ensure that the announcement capacity is ade-
quate.

The support systems team had to trawl through
all BT computer systems to establish those which
process or hold telephone numbers. Some 150
such systems were identified. Key areas are bill-
ing, CSS and directories, but all the 150 will need
to be modified or replaced before NCC day. A
strategy for conversion is needed and facilities for
handling old and new numbers (for example,
when customers dial the new codes in advance of
NCC day).

The customer communications responsibility
also embraces internal communications. A plan
for the communications activities was outlined to
embrace major customers, other customers, (at
home and overseas), special interest groups (rep-
resentative bodies, user groups etc), specialist BT
people (account managers, customer service
duties), publicenquiries, and everyoneinBT.One
requirement that was established at this stage was
the importance of setting and announcing the date
of the change-over at the outset so that customers
and staff can focus on that date.

Products and Services embraces the customer
premises equipment (CPE), payphones, Network
(Star) services, operator services and all other BT
offerings. For each service it was necessary to
assess the impact of the code change and to pro-
duce outline plans to implement any necessary
action.

The outcome of the feasibility study was that
the 1992 date could not by any means be
achieved. The absolute earliest NCC date would
have to be 1994, and even that is a challenging
objective.

FIXING THE DATE

The choice of actual date was governed by several
factors. Ideally a long weekend (a bank holiday)
should be selected. This gives customers a natural
break in their business use. It gives BT more time
to convert systems ‘out of office hours’. It gives a
low level of usage at the time of change-over and
a slow build up in the days after the change as many
businesses extend the holidays. The Christmas and
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New Yearperiodhas an abnormal calling pattem—
and getting staff to work over that period would be
difficult. Thus Easter Sunday was chosen. To avoid
the confusion that sometimes arises from the use of
midnight, it was decided to set the exact time of the
change as 01.00 hours on the morning of Sunday
3 April 1994,

KEY ACTIVITIES

Development and roll-out of the necessary fea-
tures for System X and AXE10 digital exchange
systems and for TXE4 are crucial to the project.
Analogue exchanges, in particular the remaining
crossbar units (TXK1 and TXK3), require a modi-
fication to store and forward the extra significant
digit, and this will be an in-house modification.
Network support and test systems require appro-
priate changes. Liaison with other network oper-
ators will be necessary in order to coordinate data
changes and testing. International switching cen-
tres will require data changes and announcement
facilities. Overseas administrations are being
asked to provide announcements in the country of
origin wherever possible.

Modifications are being developed for all
computer systems which hold or process tele-
phone numbers. The billing and directory systems
are the two major customer-facing systems which
must be changed on time. The billing system must
correctly charge for any calls made using the new
codes in advance of the formal change and so
must be ready by the time of the first data changes
in the network. In order to be consistent with the
policy of not encouraging early use of the new
codes, itemised bills will show calls against the
‘old codes’ until the day of change-over, even if
the new code has been dialled. The directory
systems will convert the codes both for the printed
directories and for the directory enquiry service,
which will change the automatic voice an-
nouncement at the time of the NCC.

There will not be a special reprint of telephone
directories, but it is important that those issued
immediately before the code change show the
new codes. Earlierissueswill have special notices
advising callers of the pending change.

Public payphones will require modification to
the fault monitoring system to enable the auto-
matic dialling for fault reporting to use the new
codes. Other customer equipment which stores
and or processes numbers (for example, short
code dialling, call barring, carrier selection) will
need reprogramming and may need hardware
changes. Reprogramming can often be carried out
by the customer, but a survey will be carried out
to identify those customers who need practical
assistance from BT. Network (Star) services cus-
tomers will need to ensure that they use the cor-
rect codes when setting up call diversion.
Operator Services will need to train their people
to respond to customer requests in the new form
and to give advice where necessary.

A major part of the project is the communica-
tions campaign. The campaign must cover custo-
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mers (business and residential), BT people (cus-
tomer facing and others), special interest groups
(political and technical) and people overseas who
makecalls to the UK. The main campaign will run
from “Two years to go’ through to and beyond the
NCC day in April 1994. A customer helpline is in
operation during normal hours and this will be
constantly monitored to ensure sufficient cover-
age as the campaign builds up. The Connections
in Business bureau in Bristol will handle the
first-level calls, using scripts provided by the
project manager. Calls which cannot be resolved
from those scripts will be passed to the second-
level helpline in the project office.

CUSTOMER ISSUES

The smooth London change-over has shown that
BT canimplement such a major change without
any significant disruption for customers. The ex-
perience and research shows that customers need:

@ reassurance that BT will do everything it can
to help;

@ clear simple messages;

@ time to plan and to implement such items as
printing and signage thus minimising cost to cus-
tomers;

@ guidance on making changes to programmed
numbers and when this can be done (there is no
need to stay up until 1.00 am);

@ offers of help where engineering action is
necessary (for example, on call barring);

@ casy access to information, for example, from
the helpline, with a consistent message from all
points of contact; and

@ helpful recorded announcements giving the
correct code (to cover those codes which have
changed and those which have not).

As might be expected, the customers with
greatest concern will be businesses in London
who have already been through a change of code
in 1990. Although itis still fresh in the mind, there
will be almost four years between the changes and
the national code change will not present any real
difficulty.

PROJECT MANAGEMENT PROCESS

The project has to bring together plans and infor-
mation across the business. Different work areas
use different practices and different systems. The
coordination of all these activities and the identi-
fication of the dependencies across work areas are
crucial to success. In each work area, work pack-
ages with clear deliverables have been defined
and broken down into individual tasks. For each
package, the dependencies, in and out, have been
recorded.

The top-level plan is being recorded by using
the Hornet Project Management software on
standalone PCs. Two versions of the plan are held
on different PCs: one being the approved master
plan; the other being the working model. Apart
from the security that this provides, the model can
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be used to assess the impact of any changes on the
total plan before the changes are accepted in the
master. The system is used to generate requests
for progress reports on all current activities and
those due to commence within two months. The
requests are sent to the sub-project managers who
fax the returns so that the model plan can be
updated and, if accepted, transferred to the master
plan. The size and complexity of the project and
the range of systems in use across the business
precludes any direct automated linkage between
the project office system and individual sub-pro-
ject systems.

Cost-tracking procedures have been estab-
lished to pick out costs from the on-line systems
in Networks and off-line from other areas. Work
package progress and spend reports are therefore
available for the monthly project meetings and the
quarterly Steering Group meetings.

The specific phases in the BT Project Manage-
ment Handbook do not apply to this project. For
instance there cannot be a pilot stage, one area
cannot be changed in advance of the others, and
certainly cannot be changed back again. The basic
principles are, however, being applied, and finan-
cial authorisation is being sought on an annual
basis, see Figure 2.

PROJECT MANAGEMENT HANDBOOK
PROJECT LIFE CYCLE

NATIONAL CODE CHANGE
PROJECT LIFE CYCLE

INCEPTION

BT BOARD POLICY
ON NUMBERING EVOLUTION

CRD

FEASIBILITY

FEASIBILITY

DEFINITION

CONSULTATION
AGREEMENT (OFTEL)

DEVELOPMENT

SUB-PROJECT DEFINITION

PROJECT
PRD PLAN

INSTALLATION

SUB-PROJECT DEVELOPMENT

INSTALLATION

PILOT

TESTING

ROLL-0UT

PARALLEL RUNNING
D-DAY CHANGE OVER

POST IMPLEMENTATION DOCUMENTATION

POST IMPLEMENTATION

CRD: Client requirements definition
PRD: Project requirements definition
IMPLEMENTATION Figure 2
Outline of national

The implementation has to be carefully arranged
so that each step occurs in the correct sequence.
For example, the billing system must be able to
charge for calls by using the new codes before the
first routing data changes are implemented in the
network. Data changes for routing must be made
in the correct sequence such that a call routed
from one exchange will not be rejected at the next.
The outgoing data changes must be complete

code change project
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before the calling line identity (CLI) changes are
made as it is a feature of the integrated services
digital network (ISDN) that return calls can be
made to the CLI number in order to verify the
authenticity of the call origin.

Routing data changes will commence up to a
year before the change and the target date for
‘network ready’ is November 1993. This will fit
in with inter-network testing with other operators
and leave the way clear for a period of parallel
running. This will permit specialist changes such
as the autodiallingcomponentin security and care
alarms.

Computer support systems will generally
change as a big-bang operation after close of
office on 31 March 1994. Directory enquiry sys-
tems will quote the new number from as close to
the NCC time as possible.

Throughout all this time a full customer com-
munications campaign will be maintained. Let-
ters to major customers, bill stuffers, leaflets etc.
will be backed up by an advertising campaign
climaxing on 3 April 1994. The sequence will
start with general awareness and the need to pre-
pare, through detailed planning (for example,
printing changes, CPE changes) to implementa-
tion. The campaign will be adjusted in the light of
regular market research which will assess the
levels of awareness, so that the correct balance is
attained. Too little publicity will lead to customer
dissatisfaction and possibly high levels of mis-
dialling, too much will lead to claims of over-
spending, and could in itself obscure the key
message—simplicity.
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CONCLUSION

In summary, the project affects everyone in the
UK. BT has the the plans in place and the com-
mitment to make it happen on time. Everyone has
their part to play so that, on 10 April 1994, one
week after the NCC, everything from the custo-
mers’ point of view will have gone so smoothly
that it will be seen as a non-event.
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BT Energy Overview

C.L. WRIGHT+

The effective management of energy resources is
an important aspect of business efficiency and
BT’s contribution to the wider environment.

The company’s expenditure on energy now
exceeds £115M, over half of which s incurred by
the network. This represents over 9% of BT’s
retained profits and is increasing in terms of en-
ergy consumed.

Most of BT’s energy costs relate to the pur-
chase of electricity (see Figure 1). BT is already
taking advantage of competition in the electricity
supply industry to secure improved electricity
prices for sites with consumptions of above
1 MW. To date, savings of 25% have been made
on electricity costs for these sites in a climate of
real price increases in unit costs generally. This
will be extended to sites above 100 kW in 1994
and to all sites in 1998.

Technical innovation, combined with new
commercial practices, offers many opportunities
for significant reductions in energy costs. Energy
consumption must be considered an important
issue when options for new building and

ELECTRICITY

Figure 1—BT’s energy expenditure (1990/91)

equipment designs are evaluated. This is espe-
cially important as all energy consumed generally
requires energy-hungry cooling equipment which
itself is expensive and occupies accommodation
with overheads.

The BT energy bill represents several hundred
pounds each year per employee, and much of this
iscontrollable such as lighting, heating and office
equipment. Switching off such equipment when
not requiredis a simple energy-saving action that
can now be applied by all BT people. Closing
doors and windows and not wasting hot water are
all personal actions that can be taken which will
help control BT’s energy costs.

1 BT Worldwide Networks
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The commercial advantages of improving en-
ergy efficiency are clear. Simple investments in
energy saving can often produce very significant
savings in operating costs and consequently in
bottom-line profits. However, energy consump-
tion is not only an economic consideration, but
the production and use of energy is one of the
single biggest causes of damage to the environ-
ment. The activities of commerce and industry are
currently responsible for half of the emissions of
carbon dioxide in the United Kingdom. This is
one of the main contributors to global warming.
It is expected that regulation will require a reduc-
tion in harmful emissions such as carbon dioxide
from electricity generators to be contained below
1990 levels. This is the subject of a Government
White Paper This Cominon Inheritance.

BT plans to make a corporate commitment to
the Government initiative on energy management
in the first half of 1992. This will give a high
priority to energy management, publish a corpor-
ate policy statement, ensure that energy manage-
ment responsibilities are understood, increase
awareness of energy efficiency among BT people,
set and review energy performance targets, hold
regular reviews of achievements and report per-
formance changes and improvements to BT
people and shareholders.

BT plans to be a world leader in energy man-
agement and to be the role model for best practice.
In order to achieve continuous improvement in
the management of energy, an Energy Manage-
ment Policy Group has been established and this
will, in turn, advise the company’s Environmental
Policy Steering Group.

The following two articles in this issue of the
Journal describe some of the plans and achieve-
ments to date. It is important that everyone in BT
understands that they have a potential impact on
BT’s energy consumption. Continuing interest in
the company’s effectiveness in energy manage-
ment will help meet the business challenges of the
1990s and the company’s wider social obligations
as a major consumer of energy resources.
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BT’s Energy Use

G. S. CLARK, and A. C. BEALINGT

Energy management is becoming even more important as the threat of climate change hangs over us all.
This article looks at how BT is using its energy now, and how its energy requirements have changed over

the years.

INTRODUCTION

Interest in BT’s use of energy has accelerated over
the past two decades in line with the increased use
of, and dependence on, electrical energy. Pressure
to conserve and manage energy has now become
amoral as well as an economic consideration, and
BT’s customers and shareholders are now in-
creasingly being made aware of the link between
energy use and the environment.

BT in its previous guises (the General Post
Office, the Post Office and British Telecom) paid
attention to energy management by establishing
posts such as fuel economy officers. The energy
crisis of 1974 formalised energy management
with the introduction of field energy managers
and, for the first time, comprehensive annual en-
ergy statistics were produced. During the 1970s
and the 1980s, modern technology started to in-
fluence energy management particularly through
control, heating and lighting systems. Any sav-
ings on energy expenditure made in these areas
over this period were countered by an increase in
the electricity consumption of the telecommuni-
cations system, as a result of its rapid modernisa-
tion with electronic equipment, which usually
consumed more energy than the electromechan-
ical equipment that it replaced.

Figure 1 In 1986, energy management was reinforced by
Energy and a government initiative known as Monergy Year:
exchange
connections -
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BT played an active part in this with an energy
awareness campaign which first targeted senior
managers for eventual dissemination throughout
the business. Energy managers in BT were given
videos and other briefing material to help pass the
message on to people in their district.

The energy manager has a variety of tasks:
education, consultancy, data gathering, monitor-
ing and auditing. The use of energy is not always
apparent, and the energy manager’s main func-
tion is to determine where energy is being used
wastefully, and to take corrective action. Energy
use may be wasted due to poor design or poor
housekeeping, and a quite different approach is
required in each case. BT has around 25 energy
managers, each dealing with up to 1600 sites.
They are assisted by a computer-based energy
monitoring and targeting systcm.

PAST ENERGY USE IN BT

The public telephone service started in the late-
1800s, and as it was a manual system, most of the
energy used was in the form of solid fuel and town
gas for heating, with electricity and town gas being
used for lighting. In 1912, Strowger electromech-
anical systems started to replace the manual sys-
tems and, from then, electricity became the vital
energy source that it has remained ever since.

Valve repeaters were first introduced on long-
distance trunk routes in 1920, and this allowed the
use of a lighter gauge of cable. By 1930, it became
economic to use valve repeaters on the shorter trunk
and junction routes. The energy demand of these
valve repeaters significantly increased the elec-
tricity consumpsion at each site. For the next few
decades, new installations of both switch and trans-
mission equipment increased the electricity con-
sumption in line with the growth of the business.

Mechanical ventilation, with its associated en-
ergy demand, was introduced in some cases to
dissipate the heat produced by the transmission
part of the exchange.

Installation of electronic exchanges com-
menced in 1963 and, unlike the earlier valve
systems thattolerated high temperatures, the new
equipment contained closely-packed tempera-
ture-sensitive solid-state electronics. This made
energy-consuming cooling systems a necessity
that is still with us in the present digital era.

Figure 1 shows, for the period 1910 to 1990,
the energy used from electricity, gas, oil and solid
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fuel, the total amount of energy used and the
number of exchange connections.

The power plant that provides the electrical
energy for exchange equipment has also changed
over the years. Power plant is designed not only
to provide a nominal -48 V DC supply to the
equipment, but to ensure that, in the event of a
mains failure, the exchange continues to operate.
For short breaks in the mains supply, a battery
back-up enables the exchange equipment to con-
tinue operating; longer breaks are backed up by
means of a diesel generating set. Modern technol-
ogy has enabled batteries and rectifiers to be
accommodated in equipment suites instead of in
a separate power room.

PRESENT ENERGY USE IN BT

Energy Sources

The energy that BT uses is now obtained from
three main sources: electricity, gas and oil.

@ Electricity is mainly used for network equip-
ment (including its cooling), heating, lighting,
catering, personal computing, mainframe com-
puting and other building services such as lifts.
@ Gas is mainly used for heating and catering.
® Oil is mainly used for heating.

A very small amount of solid fuel is still used,
but as this comprises only 0-1% of the total, it can
be ignored for practical purposes.

Over the last ten years, BT’s electricity con-
sumption has doubled. Figure 2 shows the elec-
tricity consumed by BT from 1980 to 1990. The
increase in consumption is due to increased tele-
communications traffic and because, as already
stated, modern digital exchanges use more energy
than Strowger exchanges. Although the maximum
demand of digital exchanges is usually no more
than that of the equivalent Strowger exchange, they
have aflat load profile and are therefore consuming
energy all the time, not, as in the case of a Strowger
exchange, only when being used.

2.2_ KWh
(x109)

Figure 2—Electricity consumption
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The expenditure and consumption for all fuels
from 1974 to 1990 is shown in Figure 3.

The BT energy bill is about 0-25% of the total
for the UK, excluding fuel for transport in both
cases.

Electricity Privatisation

Since the privatisation of the electricity supply
industry, it has been possible to tender for the
supply of electricity at sites where the maximum
demand is more than 1 MW. Maximum demand
is calculated as the average of the three highest
monthly maximum demands in the preceding
twelve months. Fifty seven BT buildings are sup-
plied with electricity as the result of competitive
tendering. It is estimated that the savings on the
cost of electricity at these buildings is about £5M.

After 1 April 1994, it is intended that the lower
limit for the supply of electricity by tender will be
reduced to 100 kW, and after 1 April 1998 it is
planned that the limit will be removed altogether.

ENERGY USE AND THE ENVIRONMENT

The World Environment

Twenty years ago there was concern that
everyone would soon shiver to death because of
the speed that the Earth’s energy reserves were
being used up. Artists impressions, showing Lon-
don under about 5 m of snow, were produced.
Today the fear is of the overheating of the planet
resulting from the build up of man-made gases in
the atmosphere. Pictures now show a new coast-
line with whole areas wiped out by the sea which
has risen due to melting of the ice caps.

These apparently conflicting predictions have
a common theme. It is that energy efficiency is
notonly of concern to the thrifty, but is the respon-
sibility of us all. Carbon dioxide released by
burning fossil fuels along with other man-made
gases are thought likely to be raising the tempera-
ture of the Earth’s atmosphere by trapping solar
heat and creating conditions that cause a warming
of the Earth. This warming has become known as
the greenhouse effect.

The global average air temperature is higher
than during the 1880s, at the start of the industrial
revolution. The amount of carbon dioxide in the
atmosphere has also increased during this period.

Figure 3
Expenditure and
consumption on all
fuels
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Figure 4
Carbon dioxide
emission

On present trends, carbon dioxide levels could
reach double the pre-industrial level by the
middle of the next century. It will be some years,
however, before any greenhouse effect stands out
clearly from random climatic variations.

Despite the lack of conclusive proof about the
greenhouse effect, it would be foolish not to con-
sider the possibility of global warming as a real
threat. The time to take action to reduce it is now,
not in the future when proof beyond all doubt is
available. Even if the threat of global warming is
found to be unfounded, putting resources into
saving energy now will not be wasted and will still
bring financial benefits to BT and any other or-
ganisation that manages its energy well.

Controlling BT’s Effect on the
Environment

There are proposals still in the discussion stage at
the time of writing to ensure that BT matches any
forthcoming legislation that relates to the reduc-
tion of carbon dioxide emissions. A Government
White Paper, This Common Inheritance, publish-
ed in September 1990 sets out UK policy. It states
that ‘The Government has announced that Britain
is prepared if other countries take similar action
to set itself the demanding target of returning
emissions of carbondioxide, the dominant green-
house gas, to 1990 levels by 2005°.

In BT s operations, the most significantenergy
source responsible for carbon dioxide emission is
electricity, and BT is currently facing a rise in
electricity consumption due to the continuing
modernisation programme for network equip-
ment. Figure 4 shows the carbon dioxide emission
resulting from BT’s energy sources.

Electricity has the highest carbon dioxide
emission to energy conversion factor of the en-
ergy sources used by BT. Carbon dioxide con-
version factors are published by the Department

2 350
of Energy”. These enable emissions to be calcu-
lated from the amount of energy used, the fac-
tors are:

@ Electricity 231 kg/GJ
® Gas 55 kg/GJ
@ Oil 84 kg/GJ
@ Solid Fuel 92 kg/GJ

ELECTRICITY
1810

k TONNE
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Carbon dioxide conversion factors may
change in the future. For example, if the mix
between coal/gas/nuclear/renewable generation
for electricity changes, the carbon dioxide
emission per unit of electrical energy produced
will alter.

It is estimated that BT’s electricity consumption
will peak in 1995 and, by the use of new technology
in the network, will reduce to a level by the year
2005 such that BT will be able to meet the Govern-
ment’s proposals for carbon dioxide emission. Fig-
ure 5 shows the estimate of carbon dioxide
emission from 1985 to 2005 resulting from BT’s
use of electricity for network equipment, electricity
for non-network equipment and other fuels (of
which only gas and oil are significant).

EMISSION
(k TONNE)

2500

1 T
1985 1990 1995 2000 2005
YEAR

Figure 5S—Estimate of carbon dioxide emission

The carbon dioxide emission for gas and oil are
produceddirectly by BT, whilst the carbon dioxide
emission for electricity is produced by the genera-
ting companies at the point of generation. BT’s
carbon dioxide emission of about two million ton-
nes annually is about 0-5% of the UK total.

Network electricity includes the electricity
used by network supporting equipment such as
cooling plant, the energy consumption of which
will reduce as the network equipment energy
consumption reduces, as described later. The
small reductions in non-network electricity and
the other fuels used will be achieved through
energy management and changes in volume and
technology.

NETWORK SYSTEMS

The electricity used by network equipment is now
the major portion of BT’s energy cost. Although
electricity consumption is increasing as the net-
work is modernised, a number of technology ad-
vances are starting to limit the increase. Forty
percent of the energy consumption is used by the
network, but because the cost of electricity per unit
of energy is more than that of gas or oil, electricity
used in the network is responsible for 55% of BT’s
energy expenditure. As the building stock and the
number of BT people are not changing significantly,
increases in energy consumption are the result of a
greater consumption by the network.
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The item with the greatest impact on energy
consumption within a digital exchange is the
route switch. In System X exchanges, this is
known as the digital switching subsystem (DSS).
Prior to 1990, System X exchanges used the DSS
Mark 1 route switch. The power consumption of
a maximum size (terminating 2048 pulse-code
modulation (PCM) 2 Mbit/s systems) DSS Mark
1 is approximately 47 kW. Since early-1990, ex-
changes have been delivered with a DSS Mark 2
route switch. The design criteria for the DSS
Mark 2 included a reduction in energy consump-
tion. The use of large-scale integration and cus-
tom-designed integrated circuits enabled a
complete redesign of the switch architecture. The
result, in power consumption terms, is that the
equivalent to the maximum size Mark 1 DSS, that
is, terminating up to 2048 PCM systems, con-
sumes approximately 8 kW.

There is a similar story with transmission
equipment as technology moves from transistor-
transistor logic to complementary metal oxide
semiconductor. In energy terms this means that a
transmission shelf catering for one system and
consuming 130 W has been replaced by a shelf
catering for four systems and consuming 100 W.

COOLING SYSTEMS

BT Cooling Practice

Cooling systems for current digital switching and
transmission equipment are able to take advant-
age of its relatively high tolerance to temperature
and humidity. The climatogramin Figure 6 shows
the temperature and humidity limits for equip-
ment which is to be sited in conventional ex-
change apparatus rooms.

In theory at least, very little energy, if any,
needs to be used to keep the room environment
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within the limits shown. The low temperature
limit of 5°C will normally be met by the heat
dissipation of the equipment itself. The upper
limit of 40°C can be met by the use of mechanical
ventilation alone making refrigeration plant un-
necessary. It is fortunate that in the UK the hu-
midity within an equipped building will stay
naturally within limits, therefore avoiding the
need for energy consuming humidification and
dehumidification plant.

In practice, attended buildings are held at a
nominal 24°C in order to provide an acceptable
environment for the people who install and main-
tain the equipment during its useful life. This
necessitates the installation of refrigeration plant
to take over from mechanical ventilation during
the 20% of the year when outside air temperatures
are too high to provide the required amount of
cooling. Heating systems are not fitted to most
attended exchanges.

Unattended buildings do not have the same
restrictions and they enable BT to optimise en-
ergy savings by allowing the temperature to drift
towards the upper limit of 40°C during very hot
summer days. These sites rely on mechanical
ventilation and so refrigeration plant is not pro-
vided. Similarly, during the winter months, the
temperature is allowed to fall towards the lower
limit of 5°C and heating, although provided, is
only called upon in the severest of weathers.

As digital equipment becomes established and
the need for people in attendance at them becomes
less, there will be further opportunities for reduc-
ing the cooling energy bill. It will be possible to
allow higher room temperatures during the sum-
mer period, thus reducing the time that refrigera-
tion plant is running.

Alternative Cooling Methods

Schemes that use cooling water drawn from rivers
or bore holes to be used directly or via a heat pump
to provide air cooling for network equipment have
been evaluated by BT. A number of unexpected
costs have made these schemesrisky to repeat. They
all work well, but need constant attention because
they are dealing with raw water with a dissolved or
undissolved content that can vary considerably.

European Standards

The European Telecommunications Standards In-
stitute (ETSI) is currently standardising many
aspects of telecommunications, climatic environ-
ments being one of the first. Document ETS
300 019 includes climatograms defining various
environments within which telecommunications
equipment must work. The temperature and
relative humidity limits for a normal equipment
roomare shown in Figure 6. Adoption of the ETSI
standard by manufacturers has enabled BT to buy
equipment from a wide variety of sources know-
ing that it will all work up to the high temperature
limits shown. This continues to facilitate the
adoption of standardised energy-efficient cooling
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solutions. It has avoided the necessity for install-
ing refrigeration plant in small unattended build-
ings and provides potential for reducing the
amount of chilling done at larger sites, as the need
for attendence becomes less.

Future Cooling Trends

There are potential stumbling blocks on the road
to reduced energy consumption. The potential for
increased equipment packing density brings with
it the threat of higher heat density. This has al-
ready led some manufacturers to fit cooling fans
on racks and, if pursued, this could ultimately
force manufacturers to fit integral energy-con-
suming refrigeration plant within each rack.

Reducedenergy consumption will come about
by careful compromise between equipment pack-
ing density and room size so that energy-efficient
cooling systems can continue to be used.

RECOVERY OF ENERGY

Since BT has a substantial quantity of high-dissi-
pation equipment that needs cooling, the question
of heat recovery often arises. A number of heat-
recovery ideas have, in fact, been investigated
with some getting as far as a trial. All have proved
uneconomic when everything is taken into ac-
count. Normally, the low-grade heat that can be
recoveredis most plentiful when it is not required.
There are also very few sites where accommoda-
tion that could use the heat is reasonably close to
where the heat that could be recovered is dissi-
pated. This, and BT’s constantly changing use of
buildings makes it unlikely thatheatrecovery will
ever be used successfully.

A fairly extensive total energy scheme was
commissioned during the 1970s where electricity
was generated on site by using gas/oil engines and
heat was recovered from both the exhaust and the
water jacket. Some of the exhaust heat was con-
verted, by using an absorption chiller, to chilled
water and this was used in fan coil units to cool
the network equipment. Initially, the scheme was
economic, but changes in fuel prices and a steep
rise in maintenance for the specialised equipment
put the running costs above those of a conven-
tional system where energy is purchased from the
normal suppliers. The plant has recently been
de-commissioned.

There are a number of low-grade heatrecovery
schemes designed to provide domestic hot water
and, although these can be shown to payback in
about five years, they use heat pumps that are
more complicated and expensive than immersion
heaters and need more maintenance. None have
been spectacular in their performance.

CONTROL SYSTEMS

Optimum Start

Although a lot of energy used in a building can
still be saved by human actions, control systems
are gradually doing more of this work. Optimum
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start was an early idea that had considerable
impact on the control of BT’s heating systems
during the 1970s.

Prior to the use of optimum-start systems, a
building’s heating was controlled by a time clock
that was set to turn the heating on early enough to
ensure the building had reached the required tem-
perature in time for occupation. Since buildings are
not normally occupied over weekends the heating
was turned off, by using a ‘day omission’ facility
on the time clock and the building allowed to cool
down to a low temperature over two days. To
achieve occupation temperature on Monday morn-
ings, the time clock had to be set to turn the heating
on early, and the same setting was used for all week
even though there is normally residual heat in the
building from the previous day. Some systems even
used a night set-back method thatkept the heating
on, but at a lower temperature so that morning
warm up was easier to achieve.

The optimum-start system monitors internal
and external temperatures and is set according to
the buildings thermal inertia so that it turns the
heating on early enough to reach occupation tem-
perature justin time. Fuel bills for a building were
easily reduced by about 15% by installing opti-
mum start, and installation costs could be re-
covered in less than a year for most installations.
There was a noticeable reduction in the com-
pany’s heating oil requirement after the optimum-
start installation programme was completed for
major buildings.

Building Management Systems

These early systems have now generally been
superseded by computer-based building-manage-
ment systems, which are able to provide many
more facilities. A building-management system
can monitor all functions in a building and react
appropriately. Advanced systemsincorporate ex-
pert systems and learning features.

In a building-management system, informa-
tion is gathered by means of sensors for parame-
ters such as temperature, pressure, flow rates,
electricity and gas consumption. Programmed
control actions are transmitted to various actua-
tors for switches, valves, dampers etc. Informa-
tion can be displayed on a computer screen or
dumped to a printer. Temperature set points, ti-
mers, boiler controls etc. can be modified by
usingthe computer keyboard. Controlis achieved
either by means of a central processing unit where
information is stored, manipulated and analysed
centrally or by means of distributed intelligent
outstations, each of which can control a building
or part of a site with a full-range of control fa-
cilities. Distributed outstations can communicate
with each other by means of data links.

Since the introduction of computer-based
building-management systems, energy costshave
continued to increase while all the time the cost
of computing power has been decreasing. A
growth in the number of building-management
systems in BT is therefore inevitable.
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The energy-management value of a building-
management system rests with its ability to con-
trol effectively plant and services, particularly at
large and complex sites. Typical information ob-
tained would be reports on space temperatures,
plant and alarm conditions, and energy consump-
tion. This is all information that is very useful to
an energy manager for the analysis of energy
consumption trends which would be difficult to
obtain by any other means. Remote sites can be
monitored and controlled without the need for
visits, thus allowing more effective use of man-
power.

Lighting Control Systems

Lighting is perhaps the most abused energy-con-
suming system, and although BT uses many light-
ing-control systems in its buildings, it is still very
much under local human control. Considerable
savings have been achieved by installing special
lighting-control systems in apparatus rooms.

Gangway lighting can be controlled by time-
delay switches or presence detectors, some of
which have been specially developed for BT. The
expenditure on electricity for rack lighting is
more than £3M, and large savings can be made by
using lighting controllers either based on timers
or movement detectors. Typical energy savings
are shown in Figure 7.

Movement detectors use ultrasonic or passive
infra-red detection methods. The ultrasonic de-
tectors transmit ultrasonic waves at a frequency
of typically 40 kHz and use the Doppler effect to
detect a presence. Passive infra-red detectors
work by detecting the infra-red energy emitted by
a person in the sensitive zone.

DAILY CONSUMPTION 41 kWh

08000300 1000 1100 1200 1300 1400 1500 1600 1700
TIME OF DAY

LOAD PATTERN WITH RACK LIGHTING CONTROL
LOAD DAILY CONSUMPTION 16kWh

08000300 1000 1100 1200 1300 1400 1500 1600 1700
TIME OF DAY

Figure 7—Rack lighting control
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OTHER AREAS OF ENERGY USE

Computing

Approximately 10% of BT’s electricity is used by
mainframe and personal computing activities.
There was a rapid increase in mainframe com-
puter sites and personal computers during the
1980s. Now, more effective computing systems
using new technology are leading to a reduction
in the number of mainframe sites and the intro-
duction of low-energy-consumption personal
computers to undertake some of the work that was
once done by mainframe computers is reducing
the use of energy. This has had the effect of
curbing the rapid rise of energy consumption in
this area.

There are two areas where significant energy
saving can be made in BT’s computing acti-
vities:

(a) more efficient air-conditioning plant for
mainframe computers, and

(b) improved operating procedures by users
of personal computers.

Over the past five years, higher-efficiency
cooling systems have been developed for use at
large sites, such as mainframe computer centres.
Large refrigeration machinery was, however,
notoriously inefficient on part load, an operating
condition quite common at computer centres
outside the peak summer conditions. Savings of
30% to S0% have been achieved by the use of
modern variable-capacity refrigeration plant
that is able to operate efficiently over its normal
load range.

‘Switch off when notrequired’ is a simple often
repeated energy saving message that can now apply
to most of the personal computing equipment and
other electronic office equipment such asterminals,
photocopiers etc. At one time, the reliability of this
equipment was compromised by switching on and
off, and it was common practice to leave some of
this equipment powered up continuously. Overall,
it has been estimated that if everybody complied
with the ‘switch off when not required’ slogan for
office equipment, a 30% saving would be achieved
in this area.

Catering

Energy is a real cost which has to be passed on to
the restaurant customer. According to investiga-
tions, commercial caterers use eight times as
much energy as the practical minimum?. To
achieve this practical minimum would, however,
need perfect working practices and a kitchen de-
signed from the outset for minimum energy use.
Typically, the energy cost per meal in a BT
restaurant is 12p, and with 14 million main meals
served annually, a 20% energy saving represents
£336 000 in total, or 2-4p per meal. This saving
is, on average, more than £6 per year for each
regular customer served one meal per day.
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CONCLUSIONS

Everybody who works in a BT building should
know who is responsible for energy manage-
ment in that building so that they can contribute
directly towards saving energy. The BT energy
bill is about £500 per capita of which about
£200 is people controllable, such as heating,
lighting and office equipment. Closing doors
and windows, turning off lighting and office
equipment when not required, and not wasting
hot water, all quite modest actions, can save
considerable sums of money and contribute to-
wards a better environment.
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Keeping Account of BT’s Energy Use by Means of a
Personal Computer

A. C. BEALINGH, and P. K. MARTIN*

The current emphasis on energy management makes it very important to know where energy is used and
how much it costs. In addition, using a computer to assist with the adjudication of electricity tenders
ensures that the maximum advantage is taken of this new opportunity resulting from the Electricity Act,

1989.

INTRODUCTION

Without the use of a computer and suitable soft-
ware, keeping check of the energy consumption
of more than one building can prove difficult. BT,
with its multiple sites, would suffer under a huge
deluge of paperwork and site information. The
task of simple monitoring for overspend or energy
saving would be difficult, and targeting by accur-
ately adjusting to variables such as external tem-
perature, hours of occupancy and changing
equipment load might prove too difficult to even
consider.

Fortunately, the advent of the personal com-
puter has changed all this. The office personal
computer with its software can be used as the
energy manager’s ‘eyes and ears’. Overspending
buildings can quickly be highlighted, and savings
can be accrued and logged accurately.

The computer enables a wide range of infor-
mation and data to be stored on disc. The results
froman analysis provide the energy manager with
performance reports for closely monitoring the
energy use at each site.

At the 1987 BT energy managers’ conference,
it was decided to investigate what monitoring and
targeting systems were available so that a standard
system for use by Districts could be recommended.

A working party comprising five Districts was
set up to undertake investigations into monitoring
and targeting and to establish which personal-
computer-based system would best meet the
needs of BT. Five different systems were investi-
gated and preliminary demonstrations were
given. Three of these systems were discarded
because they were either too underdeveloped or
because they were not flexible enough for BT’s
needs. Because of the size of BT, it was con-
sidered very important that the system chosen
could be adapted to meet its specialised needs.

Two monitoring and targeting systems looked
worthy of further investigation, and these were
evaluated by the East of Scotland and Westward
Districts.

As a result of these evaluations, the TEAM
(Targeting Energy Auditing and Monitoring)

1 BT Worldwide Networks
* Energy Auditing Agency Ltd
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system was adopted. This would provide BT with
a system that could evolve in accordance with its
requirements; there was also the possibility of
special developments to meet future needs. A
licence was agreed between the Energy Auditing
Agency, who produce the system, and BT; this
enabled Districts to obtain TEAM to a standard
set of conditions.

Figure 1 shows the system layout and how the
information may be input to a personal computer
in various ways to obtain a variety of different
outputs.

DATA ENTRY

Data may be entered into the TEAM systemin the
following ways:

(a) manual input by means of a keyboard,

(b) download from magnetic tapes or discs
supplied by the utility companies, or

(c) direct from energy-management systems.

DATABASE
Information Held on the Database
. Figure 1
One of the most important aspects of acomputer-  TEAM system

based monitoring system is the database. layout

==

=

= uTILITY oA

TAPES LOGGERS

FUEL INVOICES
= MONITORING / ===l NeRoY
— AND MANAGEMENT
’——[— TARGETING SYSTEMS

/ i

=

INTELLIGENT
METERS

CENTRAL
MAINFRAME
COMPUTER

British Telecommunications Engineering, Vol. 10, Jan. 1992




Figure 2
Site details: plant list

Subsequent analysis is only as good as the data
supplied, so it is important to establish satisfac-
tory procedures for obtaining and entering data.
An energy manager’s database includes the fol-
lowing information:

@ Property details: building name, address, site
contact, telephone number, account number,
utility board.

@ Fuel data: delivery or meter reading data, en-
ergy usage, cost.

® Further information if the energy manager
wishes: floor area, heated volume, exposure,
hours of occupancy, holidays, shiftwork.

Having created a basic file of information on
energy use and related details, the computer may
be used to log other information such as boiler and
hot water plant, controls, building fabric, main-

tenance records and schematic diagrams of the
plant layout. Figures 2 and 3 show how site details
may be printed or displayed on the screen as a
plant list and a schematic diagram.

Use of the Database

The energy consumption and expenditure infor-
mation held on the database helps to ensure that
investment decisions that are dependant on en-
ergy use are made objectively and that energy
consumption targets are achieved.

On a more day-to-day level, when a report is
generated by the computer showing a building
overspending to target and in need of attention,
the energy manager can produce a computer
printout of the plant details if these have been
entered into the database. The maintenance

PLANT INVENTOR
A. Heating Boilers (No.2) :

B. HWS Boilers (No.2)

HWS Cylinders
Boiler Pumps
Heating Pumps

(No.2)
(No.2)

moon

Nos.
HWS Primary Pumps
. HWS Secondary Pumps
Heating Control

T

HWS Control (No.2)

K. Optimum Start Control
(Heating Boilers)
Inside sensor

Outside Sensor (No.2)
. Outside Compensator

Z 3 [

temperature to the system.

thermostatic control.

Beeston Robin Hood Major
Selectos JSS4 Pressure
Jet 0il Burners

Beeston Robin Hood RS02
Selectos JSS2 Pressure
Jet 0il Burners

1600 Litres Capacity

Turney Turbine

86089 & 86090
Grundfos

Turney Turbine No. 79439
Langis & Gyr 3" Three
Way Mixing valve

Landis & Gyr 1.1/2"

3 way Diverting Vvalve
Landis & Gyr 0SC8

Landis & Gyr RVL41.00

Control: The Heating boilers are on optimum start control
with an outside compensator varying the flow

The HWS boilers are on

time switch control and the HWS cylinders have

Roiler Al A2 Bl B2
Control Stat 80C 80C 80C 80C
Flue Temperature 400C 380C 540C 440C
Co2 % 12 9.5 6 5
Excess Air % 25 57 140+ 150+
Flue Gas Loss % 26 29 55 50
TEXACO
OIL PRICE 30.0

1-3 Normal Day & Time

4 Normal ‘On’ 09.00

5 Normal “Off” 16.00

6 Normal Search 4 hours
7 Early Search 6 hours
8 Frost Level 10C

9 Normal Building Temp. 19C

10 Min. Design Outside temp. -1C
11 Alternative "Off” 17.00
12 Extension Time 04.30

Monday - Friday
Omit Saturday & Sunday
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manager can then be provided with information
by the energy manager to help his team diagnose
the problem and take the correct spares to site
on the first visit.

WEATHER ADJUSTMENTS

Comparing a building’s present energy use and
costs to previous years does not provide a true
picture. Adjustments are necessary to make pro-
vision for variables such as:

@ external air temperature,

@ changesin the telecommunications equipment
load, and

@ building occupancy.

Each of these variables may effect the energy
use and it is therefore necessary to establish the
significance of each.

External air temperatures are adjusted by the
weather-adjustment factor known as degree days;
these enable an allowance for temperature vari-
ations from year to year to be made when com-
paring the efficiency and fuel consumption of
heating plant.

The generally-accepted definition of a degree
day is the daily difference in degrees centigrade
between a base temperature of 15-5°C and the
24 hour mean outside temperature, when this is
below the base temperature. When the 24 hour
mean outside temperature is above the base tem-
perature, the degree day figure is zero. The
monthly figure is obtained by adding together all
the daily figures for the month in question. De-
gree-day figures for calendar months in the cur-
rent and previous years and the monthly 20 year
average figures are published and available to
energy managers.

By dividing the 20 year average figure for the
months in question by the current figure for those
same months, a correction factor is obtained.

Adjusting the heating-fuel consumption to
outside temperatures is also a useful tool for the
energy manager when asked to justify a capital
investment scheme that at first glance does not
appear to be paying back because more energy is
being supplied to the building than at the same
month during the previous year. Analysing fuel
usage on the computer enables paybacks to be
verified in cases like this where the extra energy
used results from colder weather than that of the
previous year.

OUTPUT PRESENTATIONS

Energy Consumption Movements and
Trends

Where several sites are to be compared, league
tables are useful for displaying highest through to
lowest consumers. For sites of a similar type (for
example, standard buildings with similar ex-
change equipment), it may be possible to compare
them directly. Selective searches can be made to
identify these sites. If a direct comparison is not

320

Hiem)

PLANT ROOM

T

HOT WATER

HEAT
PUMP

\WARM
AR | —

lanannd

i
Jil

- =

Z ~
%//////////////////////////////////////////////////////////////%

DRAW OFF

N/C: normally closed

possible, weather adjustment factors have to be
used. Figure 4 shows the changes of electricity
consumption at selected sites over one year. From
this it can be seen that the best and worst sites are
easily identified. The annual electricity consump-
tion in kilowatt hours and changes in kilowatt
hours and percentages are shown compared with
the previous year.

Calculation of monthly figures allows a
month-on-month comparison of movements and
trends. There are many methods of displaying
the analysis, and Figure 5 shows a three dimen-
sional histogram of the gas usage at a particular
site for a year July to June. A comparison of one
month’s data with the same month in the pre-
vious year can provide a useful indication of
movement and it allows increases in consump-
tion to be quickly identified.
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Figure 3
Site details: plant
layout

Figure 4
League table of
movement on
previous year
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Figure 6 shows two years consumption on the
same histogram. Movements over a number of
years may be monitored by comparison with a
base year. Any 12 month period can be selected
for a base year although it is usually best to use a
financial year before any energy management
measures were implemented.

Dependence on a Particular Factor

Changes in the telecommunications equipment
load are calculated by using power-consumption
information obtained from equipment planners.

Building occupancy can be monitored by en-
suring that any change of use of the building is
recorded.

The usual method of establishing dependency
on a particular factor is by common sense and to
plot energy usage against the factor over a 12
month period to obtain the ‘line of best fit’
through the points. A significant slope on the line
indicates a relationship. If no factor is found to be
significant or there is a large amount of scatter
about the line, adjustment should not be at-
tempted. In the latter case, more accurate data
may be required.

Base Load

Figure 7 shows a regression analysis where the
boilers are also used for the generation of domes-
tic hot water throughout the year. Note the ‘base
load’ offset at the intercept with the y axis. This
base load is not weather dependent and has to be
subtracted during adjustment. Only the heating
load (signified by the gradient) need be adjusted
to the weather factor. It is important to separate
the variable portion of the fuel’s usage away from
the non-variable base load portion.

The base load can be seen to have reduced,
although the heating load remains the same. In
this instance the base load had been reduced due
to energy saving measures implemented by the
energy manager.

CUMULATIVE SUM DEVIATION (CUSUM)

An additional method of analysis uses the
CUSUM technique to show how much energy or
cost has been saved from a given date. The user
specifies when an energy saving measure has
been implemented and the computer software
calculates the total saving or overspend to the
present date.

This is achieved by specifying a base period
within the database range which acts as a standard
by which savings are judged. This typically might
be a period of one year prior to the implementa-
tion of energy saving measures.

Data may be analysed month by month and a
cumulative saving (CUSUM) derived. The result
may be shown in report or graphical format.
Figure 8 is a graph showing the cumulative sav-
ings of gas following an energy saving measure
introduced in the last quarter of 1987.
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FORWARD FORECASTING AND
TARGETING

Forecast statistics are derived by using regression
analysis and estimates of any adjustment factors
used during the forecast period. For example, by
using heating fuel data adjusted to 20 year average
degree day figures, (the average weather data over
the last 20 years) estimates of future usage can be
predicted over a financial year. Weather predic-
tions of this nature could normally be unreliable on
a month-to-month basis, but over a year the esti-
mates can provide a good indication of future en-
ergy consumption. This method can also be useful
for budgeting and for cash-flow predictions.

A target consumption can be set for a property
by using these normalised performance indicators,
calculated design consumption, predicted energy
savings from, say, insulation, or a simple percent-
age reduction. The performance compared to the
set target can be monitored on the computer.

CASE STUDIES

Faulty Control

An energy manager, without visiting the site, no-
ticed from his computer that a particular building
had a rising energy consumption trend. When the
manager responsible for the building was con-
tacted, the energy manager got the not surprising
reply that as he had not visited the site how did he
know that there was anything wrong? A check was
however carried out and all thermostats and boiler
controls were found to be in order, but the rising
trend continued. It was then decided to undertake a
round-the-clock check on the building, by means
of recording instruments, and it was discovered that
the 19°C internal temperature was being main-
tained at night when the building was unoccupied.
Furtherinvestigation revealed that a button near the
doorkeepers desk intended to override the normal
timer settings and provide a further 2 hours of
heating in the event of late working had become
stuck in the ON position.

During the few months after the rising con-
sumption had been noticed and before the sticking
button found, the unnecessary energy used had
cost around £20 000. Without a monitoring and
targeting package and a vigilant energy manager,
the button may well have remained stuck and so
continued to waste energy.

Inaccurate Meter Reading

A search of high-energy-use buildings on a dis-
trict TEAM database revealed that a repeater sta-
tion that had had its equipment removed was
among the list of high energy users. The only
electrical loads were a compressor and a few
lights, a consumption of just a few kilowatt hours
per month. Further analysis revealed that a num-
ber of meter readings had been estimated. It was
discovered that the electricity board had assumed
that the meter readings had gone round the clock
three times, to give approximately the previous
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consumption, rather than the consumption being
reduced. A check meter was installed for two
weeks by the electricity board and as a result of
this they credited BT with £17 000 at the time of
the next invoice.

In the District where this occurred prior to the
installation of energy monitoring software, elec-
tricity invoices were paid by the accounts depart-
ment and the energy manager was not able to
inspect them closely.

A monitoring-and-targeting system makes it
much morelikely that errors of this sort are noticed.

ELECTRICITY TARIFFS

A tariff module for TEAM is available for all of
the electricity companies supplying BT. Any 12
month period within the database may be ana-
lysed by the package for both quarterly and
monthly billing periods. Graphs show compari-
sons over several years of all elements within the
fuel bill (for example, day units, night/off-peak
units, maximum demand, fixed costs and load
factor). ‘Break-even’ points may be determined
to show cost equality between two tariffs, such as
the percentage night usage required before a
change to a night-time tariff is appropriate.

Each site may be analysed individually, but to
save time a summary table showing sites most
likely to be on the wrong tariffs can highlight
problems more quickly.

The simplest method of identifying incorrect
tariffs is to display a league table of cost over
usage for all sites on the same tariff. Sites at the
top of the list and having a high cost per kWh are
then analysed in more detail.

The tariff module may also be used to detect
when the maximum demand is significantly
below the availability level that the electricity
supply company is charging for. In this case, a
saving may be made by reducing the availability
in the forthcoming year.

Figure 8
Cumulative savings
display

British Telecommunications Engineering, Vol. 10, Jan. 1992




d N sures that BT is in a position of strength when
negotiating contracts with the electricity suppliers.

Ref Name Account Tariff p/kUh  Hax MD Max Serv % Night Various contract tariffs are created and stored

24 ANOTHER TE 80PP432515486 WEBQ 3  5.57 ] 8 64.78 for quick access during compa'risons. Information

2 Sosoou W 4% 2 0 S| ffom the past twelve monihs is then used to pro-

26 FICTION TE 8099707815798 HNWH 3  4.28 62 158 26.23 vide a historical profile of electricity use.

2 W0 TE Bodbcucoa7or UESH i .44 189 200 4123 As experience is gained with electricity con-
tracts, load profiles will be obtained from build-
ing-management systems or directly from the

\_ ) electricity supply company meters. Experiments
are taking place with these methods now. This
will give a very accurate indication of when and

Figure 9 Figure 9 shows a table from the tariff database (ljl;);v ;nagélf ]g:t:gltc))lnltiu?l?eoézrréh:ciil::: Zgg
Tariff database which indicates the best tariffs for a number of i : T 8 .
% : comprehensive the information used, the more
analysis sites that have been analysed. . .
accurate the evaluation of the tender will be.
ELECTRICITY CONTRACT 3 Dur.ing the first tenders, all. the necessary in-
ADJUDICATION ormation was not always gvallal?le. This meant
that estimates of load profiles using the District
The Electricity Act, 1989, has ended the 40 year energy manager’s local knowledge had to be
monopoly for the supply of electricity. For sites used. In these circumstances, the software uses
of more than 1 MW maximum demand, it is now interpolation techniques to build up a load profile.
possible to place competitive tenders for the sup- ‘What if” routines are initiated when the vari-
ply of electricity with the various competing elec- ous tariffs are overlaid on the site load profile.
tricity supply companies. Many calculations are done by the software to
A tariff adjudication module has been de- determine the projected annual running cost
veloped to help with electricity supplies over under each contract. The various costs for differ-
1 MW so that the best supply contract may be ent potential contracts are then displayed. These
chosen to maximise cost savings. may then be transferred to a simple spreadsheet
Even a 1% cost saving at a site can resultin the which shows at a glance the costs for all the
saving of thousands of pounds. The supply con- different tariffs and all the sites. There were 43
tract tariffs of National Power, PowerGen and the sites and 14 possible suppliers when the last ten-
area electricity companies are usually complex in der was adjudicated.
structure, therefore a like-for-like comparison A wide variety of graphical and tabular dis-
cannot be made. The task of evaluating the most plays are provided for viewing; these include
favourable supplier is therefore difficult without cost, tariff and consumption details. Cost-sensi-
the assistance of a computer. tive periods of the day and year may also be
Comparisons can be made on computer by displayed. Figure 10 shows how the day is dis-
using historical billing information and a knowl- played so that the most sensitive part of the day is
edge of the site electricity-use pattems. This en- shown, in this case between 16.00 and 18.30.
Figure 10
z)isPlay 0{_ o S RATE1  4.45p
ost-sensitive periods : 2
P ?II\_REI';?ME E)E(éhg%ESEASONAL TIME OF DAY WA
FILENAME : EXAMPLE RATE3  14.79p
DATE : THU 8/2/90 COST () : 270.17 RATE4  6.00p -
16 —
12 |
C
0
S
T
¢ *
4] v ;
7 ity
Z I Z%Z%Z%Z%
VNN VNN
0 02 04 06 08 10 12 14 16 18 20 22 24
HOURS
British Telecommunications Engineering, Vol. 10, Jan. 1992 323



Datafile

Tariff : EEB ST1 Seasonal Time of Day Standing Charge £ 17.60

Filename : EXAMPLE Availability kva 300

Availability p/kVA 72.00

Date : Apr 1989 Reactive p/kVA .00
Month kWh Cost(£) MDkKkW Factor MDkVA p/kVA Cost(£) kVAr Cost(f) Total(f)
Apr 111290 4291 227 1.000 227 .00 0 0 0 4524.42
May 117266 4512 226 1.000 226 .00 0 0 0 4745.39
Jun 108929 4192 217 1.000 217 .00 0 0 0 4425.64
Jul 98387 3792 193 1.000 193 .00 0 0 0 4025.76
Aug 92873 3573 179 1.000 179 .00 0 0 0 3806.96
Sep 96317 3712 194 1.000 194 .00 0 0 0 3945.97
Oct 109299 4209 213 1.000 213 .00 0 0 0 4442 .54
Nov 1172717 6400 234 1.000 234 247.00 578 0 0 7211.02
Dec 118277 8906 233 1.000 233 792.00 1842 0 0 10981.11
Jan 127278 9911 245 1.000 245 792.00 1940 0 0 12084.03
Feb 118282 6419 254 1.000 254 247.00 628 0 0 7280.95
Mar 119299 4594 232 1.000 232 00 0 0 0 4827.68
72301.48

Figure 11 shows an annual estimate for a particu-
lar tariff for comparison with other tariffs, the
total annual cost for that particular tariff is shown
to be £72 301.48.

ACCRUALS

An accruals module has been developed for BT.
This enables the cost of energy to be accrued to
any chosen date. Financial departments need this
as utility invoices do not coincide with BT’s ac-
counting dates.

The most common need for an accrual calcu-
lation is when monthly accounts are needed. If an
accrual is required one or two months after the
last invoice, the programme estimates the ex-
pected energy use based on previous figures. This
estimate may incorporate weather adjustment
factors when heating fuels are being analysed.

THE ENVIRONMENT

The threat of global warming, environmental
instability and the possible use of green or carb-
on taxes on fossil fuels has increased the need
for energy efficiency. Energy management is
now recognised as one of the easiest and most
cost-effective ways of limiting or reducing
carbon dioxide emissions.

To reduce greenhouse gas emissions, it is
necessary to utilise these basic management tech-
niques:

(a) understand what gases are emitted, where
and in what quantities;

(b) formulate plans to reduce these through
new practices or projects;

(c) implementenergy saving measures and set
reduction targets;

(d) monitor the success of the energy saving
measures over time; and

(e) disseminate this information.

The easiest way of achieving these objectives
is not by taking air samples, but by monitoring
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energy consumption and calculating the various
emissions from the energy used. This of course is
just the method used in energy monitoring and
targeting methods.

Energy and environmental emission monitor-
ing therefore go hand in hand. Every kilowatt
hour of electricity, therm of gas, litre of oil and
tonne of coal consumed contributes in some way
to the greenhouse effect or atmospheric pollution
either on site or at the power station where the
electricity used is generated.

Published conversion information' states that
for every unit of energy consumed, the following
carbon dioxide emissions result:

@ clectricity: 231 kg of carbon dioxide per giga-
joule of energy consumed;

@ gas: 55 kg of carbon dioxide per gigajoule of
energy consumed;

@ oil: 84 kg of carbon dioxide per gigajoule of
energy consumed; and

@ solid fuel: 92 kg of carbon dioxide per giga-
joule of energy consumed.

This enables a direct comparison of carbon di-
oxide to be made between different energy sources.

Using the more usual units for the different
sources of energy results in the following carbon
dioxide emissions:

@ eclectricity: 0-83 kg of carbon dioxide per kilo-
watt hour;

@ gas: 5-83 kg of carbon dioxide per therm;

@ oil: 3-19 kg of carbon dioxide per litre; and

@ solid fuel: 2576 kg of carbon dioxide per tonne.

Energy consumed in BT buildings is respon-
sible for producing approximately two million
tonnes of carbon dioxide annually. To control this
BT people have to be encouraged, motivated and
made aware of the benefits of saving energy,
which may be displayed in environmental rather
than energy terms.

A recent survey by the Department of the
Environment? showed that 83% of people inter-
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Figure 12

Typical

energy-saving
message display

viewed were either very worried or quite worried
about the depletion of the ozone layer, whereas
72% were very worried or worried about the
warming of the atmosphere due to the greenhouse
effect. This is a powerful body of opinion to
mobilise.

Some of the main reasons why an already
overworked energy manager should take on the
added responsibility of reducing greenhouse gas
emissions are:

@ it provides an opportunity to make a genuine
contribution to a worrying condition,

@ it is an excellent opportunity to reinforce the
importance of energy efficiency to BT people,
and

@ such responsibilities enhance the perceived
status of the energy manager, and this is not
difficult to do if energy use is already monitored
closely through an energy monitoring-and-target-
ing system.

With this in mind, the Energy Auditing Agency
has developed a reporting module for BT’s use.
This makes possible the generation of graphical
site-performance reports showing carbon diox-
ide emission trends with energy use and expen-
diture information for individual sites. These
may be pinned to notice boards alongside a
simple good housekeeping reminder. A2 size

ENERGY AND ENVIRONMENTAL REPORT SHEET

—noo

APR MAY.  JUN

T T T — T T T T =
JuL AUG  SEPT  OCT NOV DEC  JAN FEB MAR

Graph of this year against last year
Cumulative cost spend on energy

1988 —
1989 - - -

FUEL MONTHLY YEAR TO DATE

Sept 1989 Variance on Sept 88 1989 Variance on 1988
Gas 325 -50 2292 -272
Electricity 279 +45 1654 -195
Qil 105 -22 892 -150
Water 121 -7 759 -7
TOTAL 875 -34 5597 -694

I ENERGY SAVINGS FOR THIS YEAR

694 pounds I

l €0, EMISSION DECREASE

11.4 tonnes ,
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coloured posters have been produced with an
energy-saving message to draw attention to
the printouts on display. BT claims to be the
first company in the world to display energy
and emission information in this way. A repor-
ting package printout for display in a BT build-
ing is shown in Figure 12.

CONCLUSION

The personal computer makes the energy man-
ager’s job easier by taking the hard work out of
energy monitoring, alerting the manager to sites
that need attention and accuratelycalculating sav-
ings that have been achieved.

The increased public awareness of the possi-
bility of global warming has prompted com-
panies such as BT to review their energy use and
the resultant greenhouse gas emissions, with a
view to reducing them. Fundamental to such
programmes is the need for an information sys-
tem that can log, analyse and report not only on
energy use, but on carbon dioxide emissions as
well.

The energy manager is in the best position to
operate such a system. By seizing the opportunity,
it allows him or her to repackage an old message
and stimulate a greater awareness of the benefits
of energy efficiency.
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Beyond the Second-Generation Mobile Radio Systems

S.T.S. CHIAt

The third-generation mobile radio system will be a multi-service, multi-environment system which will
see aconvergence of the second-generation cellular and cordless functions into an integral service entity.
It will be supported by a range of multi-functional terminals providing reliable, ubiquitous, and
good-quality services to customers. This article examines the issues affecting the service provision and
the system capacity of the third-generation mobile system. In addition, it presents some of the salient
features and technical possibilities for the radio network, the radio interface, and the supporting fixed

network.

INTRODUCTION

Over the last decade, cellular mobile radio tech-
nology has opened up a world of new possibilities
across Europe'. To many, the dream of being able
to communicate by telephone while on the move
has finally become an affordable reality. Indeed,
in many parts of the world, cellular radio services
have quickly, yet fundamentally, transformed the
pattern of communications among the business
communities. With the penetration rate predicted
to grow by at least 40 times that of today?, mobile
communications are destined for more exciting
developments over the next decade. In fact, long
before the first-generation mobile radio systems
attained maturity in the 1980s, the design of a
number of second-generation digital mobile radio
and cordless telecommunication systems (here-
after referred to as the second-generation sys-
tems) was already in progress. Moreover, the
emergence of their corresponding multi-national
standards in Europe (including the pan-European
digital mobile system—GSM?>?, the second-gener-
ation cordless telephone-—CT2, and the digital
European cordless telecommunication system—
DECT?®) will forever change the boundaries of the
telecommunications map. Selected characteristics
of these second-generation systems are shown in
Table 1.

Foresight is always the key to a lasting future.
As we are living in a world where the demand for
mobility is greater every day, a new third-gener-
ation mobile radio system, otherwise known as
the universal mobile telecommunication system,
will be required to meet customers’ demand by
the turn of the century. This third-generation
mobile radio system (hereafter referred to as the
third-generation system) will be a multi-environ-
ment, multi-service, multi-operator digital sys-
tem” 8. Above all, it must be able to satisfy three
basic service criteria: reliability, universal cover-
age, and good voice quality.

With these service criteria, the commitments
to future customers are rather simple. Specifi-
cally, the commitments will be:

1 BT Development and Procurement
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® Reliability—whoever wishes to set-up a call
will be able to complete it successfully;

@ Universal coverage— whenever they wish to
make a call, no matter whether it is in a rural area
or inside an office building, a radio channel will
be available for the call attempt;

® Good voice quality—as voice communica-
tions are expected to have by far the largest de-
mand in the whole portfolio of service offerings,
the voice quality must, therefore, be at least equi-
valent to the level of today’s public switched
telephone network.

However, it will eventually be the service pro-
viders who will be interfacing with the customers.
In fact, these service providers simply supply
value-added services to the customers by using the
features and the functions provided by the third-
generation system. Naturally, customers would

TABLE 1

Characteristics of Some European Second-Generation Mobile

Communication Standards

Spacing (kHz)

Standard CT2 DECT GSM

Application Cordless Cordless Cellular
telephone telephone radio

Spectrum 864-868 1880-1990 890-915

Allocation (MHz) 935-960

Modulation Frequency shift Gaussian Gaussian
keying minimum shift minimum shift

keying keying
Carrier 100 1728 200

Multiple Access |Frequency-division | Time-division
multiple access

multiple access

Time-division
multiple access

Rate (kbit/s)

Duplexing Time-division Time-division Frequency-divi-
duplex duplex sion duplex

Bit Rate (kbit/s) |72 1152 271

Speech Coder  |ADPCM* ADPCM* LPC-RPE}

Speech Coding |32 32 13 (full rate)

* ADPCM—Adaptive differential pulse-code modulation

+ LPC-RPE—Linear predictive encoding with regular pulse excitation
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Figure 1

Service and
functions evolution

for the

third-generation
mobile system

expect to see a continuity of service provisions
from the second-generation system to the third-
generation system. In other words, all the services
available in the second-generation systems must
also be available in the third-generation system and
the service providers must be able to meet this
demand. Furthermore, the third-generation system
is expected to be capable of supporting new ser-
vices which are beyond the capability of the sec-
ond-generation systems. In fact, the ability of a
service provider to provide a better range of ser-
vices is very much dependent on the capability of
the network as well as the resources made available
by the network operator.

For the network operators, they need to pro-
vide the necessary network infrastructure in order
to support the service providers and meet the
demand of high user capacity. They are con-
strained by the finite spectrum allocation, the cost
of the network infrastructure, and the require-
ments to interwork with other existing networks.
To elaborate on this further, the very existence of
any radio system depends on the availability of
sufficient frequency spectrum. With a finite spec-
trum allocation, a high user capacity system could
only be achieved by reusing the frequency allo-
cation geographically. To meet the predicted
mobile communication penetration of between
20% and S0% of the population®, the cellular
architecture for the current radio network has to
be revised. Evidently, a change in the radio net-
work architecture will have a major impact upon
both the base station systems and the supporting
fixed network. This impact will not only be in
terms of the volume of signalling traffic, but also
in terms of the interworking with other existing
networks.

SERVICES

The design of any communication system is best
driven by the services it is intended to support.
For this reason, before the design of the third-
generation system is undertaken, the services an-
ticipated must be clearly defined. With the
services defined, the traffic could then be esti-
mated. However, predicting the future is never
easy and, indeed, rarely accurate. Recognising
this fact, atleast a minimum set of services should
be defined. Very briefly, this minimum service set
requires the third-generation system to support a

SERVICES

FUNCTIONS
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range of tele-services (including voice, video, and
data) and bearer services. Moreover, the basic-
rate integrated services digital network (ISDN)
access must also be supported as a standard. In
addition, higher bit-rate services in excess of
144 kbit/s may be supported, either within a spe-
cific environment, such as inside a customer
premises network, or on the basis of bandwidth
reservation in a public network. Other mobile-
specific services such as navigation and road traf-
fic informatics may also be supported.

In principle, the service concepts for the third-
generation system could be expanded beyond
those for its predecessors'®. In the past, many
system functions, such as location registration
and handover, have been provided to the users as
standard system features in order to maintain the
system integrity. These features could, however,
be offered to the customer as subscribable service
options. For instance, in order to reduce the
amount of signalling traffic due to location regis-
trations, a number of roaming-capability options
could be offered for subscriptions. At the bottom
of the service range, a terminal will be able to
support no location registration and will, there-
fore, be unable to receive any incoming call.
Similarly, this service could further be graded
according to the capability of provincial roaming,
national roaming, and international roaming. On
the same token, handover could also be offered as
aservice. For instance, mobile units subscribed to
a lower class of service will have a lower relia-
bility in handover. Indeed, the possibilities are
endless.

As has been pointed out, the provision of ser-
vices should be evolutionary. All the services
supported by the second-generation systems must
be supported by the third-generation system. This
is important to ensure a continuity of service
provision when customers migrate from the sec-
ond-generation systems to the third-generation
system. Evidently, the service set for the second-
generation systems will only be a subset of that
for the third-generation system. As illustrated in
Figure 1, the implications could be far reaching.
One of these is that the third-generation system
must also be evolutionary in terms of fixed-net-
work interworking. To be more precise, the third-
generation system must be able, at least, to
interconnect into all contemporary networks in-
cluding the public switched telephone network
and the ISDN.

In order to promote the range of services on
offer, they must be matched by a range of termi-
nals. Until the terminals are sufficiently cheap,
the third-generation system will not be able to
penetrate into the mass market. To accelerate the
process, a new range of terminals should be of-
fered to the customers. For the majority of the
public, a simple voice terminal for occasional
outgoing calls would satisfy their needs in most
circumstances. A range of relatively inexpensive
terminals should be available for this purpose. By
contrast, customers with more requirements, such
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as those in the business sector, would need a much
wider range of services. For these customers, a
range of terminals with full service capabilities
should be available for their selection. This will
enable them to use the terminal as a cordless
handset within an office environment or a low-
power hand-held teiephone in acityenvironment,
or even as a higher-power mobile telephone in a
suburban or a rural environment. Thus, an import-
ant underlying principle which has been illus-
trated here is that the third-generation mobile
system must see a convergence of today’s cord-
less and cellular functions and be supported by a
range of flexible, multi-functional terminals.

SYSTEM CAPACITY

A main concern for any radio communication
system is the user capacity. From a customer’s
perspective, this could be directly associated with
the radio coverage and service reliability. When
there is no radio coverage, there will be no capac-
ity. Likewise, when a call set-up or a handover
fails, the service reliability will be degraded. By
contrast, from the network operators’ point of
view, user capacity is directly proportional to the
infrastructure investment, and their ability to op-
timise a whole host of system parameters, such as
frequency reuse planning. The issue of providing

high user capacity thus deserves very careful de-

liberations.
With a finite spectrum allocation, user capac-
ity could only be increased by adopting a higher-

density frequency reuse pattern''. With conven-
tional radio coverage techniques, which employ
base station antennas mounted at prominent posi-
tions, the cell size will ultimately be limited by
the radiowave propagation characteristics. The
underlying reason is that when the base station
antenna is above the sky-line of its neighbouring
buildings, the radio coverage area within the close
proximity of the base station is influenced by all
the surrounding buildings and the local terrain
features. As a result, the exact cell boundary is
unpredictable. To circumvent the problem, we
can introduce microcellular techniques by reduc-
ing the base station antenna height from the top
of tall prominent buildings to the street-lamp
elevations'2. Their relative dimensions are shown
in Figure 2. With this technique, the signal trans-
mitted by the base station is confined within a
small segment of a street. With the buildings
acting as natural barriers to the proliferation of the
signal energy, the radio channels in one street
could be reused in a nearby street. As a result,
there will potentially be ahigh increase in the user
capacity.

Inorder to provide universal multi-environment
radio coverage, a single cell size will not be suffi-
cient. The cell size must be adapted to the specific
environment in accordance with the traffic de-
mand. Specifically, within acity centre, the cell size
could be as small as one kilometre or less in radius
in order to enable much denser frequency reuse. By
contrast, in a rural area, the cell size could extend
to beyond 20 km in radius. However, even within
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Figure 2

Relative dimensions
of a macrocell and a
microcell
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Figure 3
A mixed cell system
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a city centre, road traffic statistics have shown that
most of the vehicles and pedestrians are concen-
trated in the main urban throughways and pede-
strian precincts. Beyond those areas, the number of
vehicles and pedestrians would be much lower.
Moreover, microcells are ideal for providing
strategicradio coverage to the area with hightraffic
density. Because of these reasons, contiguous de-
ployment of microcell base stations on a wide-area
or a national basis is not economically viable nor
necessary. In order to provide continuous radio
coverage across the whole area, it is proposed to
use a mixed cell architecture where the microcells
are overlaid with macrocells'® !, see Figure 3. The
latter will provide wide-area radio coverage, while
the former will provide strategic radio coverage.
With these fundamental modifications in the cellu-
lar architecture, a number of new issues have to be
addressed. Specifically, on the one hand, new chal-
lenges in the frequency planning and handover
have been created, while on the other hand, new
requirements for the design of the radio interface
have been created. Both of these issues are non-tri-
vial and some of their salient points will be ad-
dressed in the next two sections.

RADIO NETWORK

A radio network forms the kernel of a mobile
radio system. With the ability to perform fre-
quency reuse planning and handover, a network
operator will be able optimise the user capacity
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and the system performance. The latter is fre-
quently measured in terms of call blocking prob-
ability, handover failure probability, and
interference probability. In order to understand
the characteristics of the radio network for the
third-generation system, extensive radiowave
propagation measurement campaigns have been
undertaken in the past'>~'8, This information has
proved to be invaluable in providing insights on
frequency reuse planning and handover proce-
dure developments.

For a conventional cellular radio system, fre-
quency reuse planning is normally performed by
first dividing a service area into a mosaic of
hexagonal regions!. Each hexagonal region will
form a cell and will be associated with a base
station. The spectrum allotment is divided over a
repeating pattern of coverage area, so that no
adjacent cells use the same frequency set. As the
traffic demand grows, the cells could be sub-
divided or sectorised in order to provide a higher
user capacity yet maintaining a sufficient carrier-
to-interference ratio. Unfortunately, in reality,
cells are never perfect in shapes and ideal base
site locations are not always available. Thus, a
sufficiently large safety margin for the radio link
budget has to be implemented. This safety margin
for the link budget has to be increased as the
frequency reuse planning becomes less reliable.
For small cell size, especially for microcells, the
terrain features have dominant yet unpredictable
effects. In this situation, a rigid frequency reuse
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planning based on a large-scale survey map is not
always feasible.

Over the years, several adaptive channel allo-
cation schemes have been proposed'®2'. These
are generally known as dynamic channel alloca-
tion. In fact, a simple form of dynamic channel
allocation is already used by CT2 and DECT. For
the third-generation system, dynamic channel al-
location will continue to be an important tech-
nique to circumvent the difficulty in frequency
reuse planning in microcellular environments.
With dynamic channel allocation, the whole fre-
quency allotment is assigned to every base station
in the system. The mobile units will search for a
radio channel with relatively low interference to
set-up a call or perform a handover. Because of
this, dynamic channel allocation will allow flex-
ibility in coping with incremental system growth
in response to both traffic loading changes and
varying capacity demand but without conscious
frequency reuse planning. The response time
could range from an instantaneous adaptation due
to the traffic loading and interference fluctuation
to a much longer-term adaptation in accordance
to the changes in the terrain features and the user
capacity. By regulating the threshold levels (for
example, for call set-up and handover) for the
adaptation process, a network operator could ef-
fectively control the frequency reuse distance
and, hence, the performance of the entire net-
work. In addition, by adopting a longer-term
adaptation strategy, the base stations could be
polarised into a quasi-stable frequency reuse pat-
tern without actual frequency planning. In fact,
this longer-term adaptation strategy will have a
direct impact on the feasibility of implementing
packet-radio-based multiple-access schemes in
microcellular environments.

It must be noted that, in principle, dynamic
channel allocation is more suitable for time- and
frequency-division multiple-access schemes.
However, packet radio multiple access is thought
to be inherently more efficient in the provision of
flexible bandwidth allocation. Specifically, in a
time-division multiple-access system, flexible
bandwidth allocation is accommodated by con-
catenating time-slots. The channel bandwidth is
guaranteed, but the ability to maintain a connec-
tion isdependent on the reliability of the handover
and the dynamic channel allocation process. By
contrast, packet radio multiple access can effi-
ciently utilise the bandwidth through statistical
multiplexing®2. However, the basic operation of
packet switching relies on the constant availa-
bility of a reliable physical communication chan-
nel. In a cellular mobile radio environment, the
channels are inherently unreliable. Because of
this, a reliable physical communication channel
could not always be guaranteed and lost packets
would occur. To this end, quasi-reliability could
only be provided by a regular (fixed) frequency
reuse pattern. Although packet radio multiple ac-
cess is capable of circumventing the interference
impairment by contention and re-transmission,
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this may not be tolerable if the transmission is
time critical (for example, interactive voice and
video transmissions). Thus short-term dynamic
channel allocation schemes would not be suitable
for packet radio multiple access. Fortunately, the
longer-term dynamic channel allocation schemes,
as mentioned before, may be used to create a
quasi-stable frequency reuse pattern even in
microcellular environments. Thus packet radio
multiple access remains a candidate multiple-ac-
cess scheme for the third-generation system and
could potentially be useful in less-time-critical
data transmissions.

Thus it is always possible to implement some
engineering solutions to circumvent the difficulties
in frequency reuse planning. In fact, frequency
reuse planning is even more complex in a mixed-
cell system. It seems certain that because of the
difficulties in the frequency reuse planning for
microcells, dynamic channel-allocation schemes
have to be introduced. However, forthe macrocells,
fixed channel allocation schemes remain the best
option. In addition, as microcells and macrocells
may co-exist in some locations, while only macro-
cells are deployed in others, the issue of a split-band
allocation or a contiguous-band allocation to the
macrocells and microcells has attracted consider-
able attention. Obviously, an accurate frequency
reuse plan in a city centre containing independent
business customer premises networks and the pub-
lic networks will be difficult. Furthermore, neither
uniform base station transmit power among the
macrocells and the microcells nor time synchroni-
sation could be expected from different network
operators. A split frequency band assignment for
the macrocells and the microcells is by far the
simplest solution to prevent any conflict in interest
between them. However, the disadvantage which
needs to be considered is that the trunking effi-
ciency would be reduced.

The integrity of a cellular radio system is de-
pendent on the reliability of its handover process.
Its principle is depicted in Figure 4. In a conven-
tional cellular radio system, the frequency of
handover per call is usually very low (once or
twice per call). In the third-generation system, a

Figure 4
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reduction in the cell size could result in an in-
crease in the number of handovers by five times
or more. It is well known that as the cell size is
smaller, the decision and execution times for a
handover need to be faster. In addition, from
radiowave propagation measurements'?, it was
noted that the signal level at a street corner could
drop by 20 dB within a distance of 20 m. Evident-
ly, it is difficult to maintain the handover relia-
bility. To this end, several approaches have been
proposed. For instance, with synchronised mac-
rocell and microcell base stations, the macrocell
could be used as a secondary option if a micro-
cell-to-microcell handover fails. This concept
could be further broadened to a combined for-
ward-and-backward handover protocol. A for-
ward handover procedure establishes the
handover signalling link via the target base sta-
tion. Obviously, if the signalling link with the
current base station fails for any reason, the call
could still be re-established through the target
base station. By contrast, a backward handover
procedure relies entirely on the signalling link
with the current base station. With this procedure,
the advantage is that less network resources are
required during the handover process. The com-
bination of these two handover procedures to
form a new handover protocol would allow utili-
sation of the advantages of both procedures and
would, therefore, increase the reliability in the
handover process.

THE RADIO INTERFACE

Linking the mobile units from the radio network
into the fixed network will be the radio interface,
commonly known as the air interface. For the
third-generation system, the air interface should
be capable of adapting to a wide range of envi-
ronments, see Figure 5. In particular, the transi-
tion from one environment to another could either
be distinct or continuous. For instance, when a
customer travels from the centre of a city to its
rural suburb, changes in the environment, and
hence the radiowave propagation characteristics,
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would be rather gradual. By contrast, when a
customer steps inside a customer premises net-
work from a public network, the change in the
environment would be more abrupt. Thus the air
interface must be able to adapt continuously from
one environment to another environment in some
circumstances, while switching over abruptly in
others. As the latter situation is a special case of
the former, a continuously adaptive air interface
is clearly preferred by customers. This is usually
referred to as a flexible air interface.

The flexibility and the efficiency of an air-in-
terface comes in many dimensions. With the rapid
development of digital communications, the ca-
pability of providing high-bit-rate transmission
almost becomes a norm rather than an exception.
For the third-generation system, the gross carrier
bit rate which it could support depends on the
permissible peak transmit power (for health and
safety reasons) and the requirements in equalisa-
tion. As the signal bandwidth increases, the re-
ceiver noise floor increases correspondingly. The
required peak transmit power is, therefore, de-
pendent on both the signal bandwidth and link
budget (the radiowave path loss characteristics
and cell size). Simple calculations show that the
peak transmit power for a carrier bit rate around
2 Mbit/s could amount to a few tens of watts if the
cell radius exceeds 2 km. For this reason, high
carrier bit rate must be restricted to be used in cells
with small radii. Modifying the bit rate to suit the
environment is possible and could be achieved in
a number of approaches. The most direct ap-
proach is to switch the bandwidth of the trans-
mission in accordance to the environment. Other
approaches would be to change the symbol rate
in a multi-level modulation scheme or to change
the chip rate in a pseudo direct-sequence spread
spectrum modulation scheme. The latter two
techniques have direct implications on the choice
of the modulation and the multiple access
schemes and will be addressed further later.

In addition to the high peak transmit power
hazard, a high carrier bit rate transmission can
also cause inter-symbol interference in a digital
radio link. This impairment is dependent on the
time dispersion characteristics of the radio envi-
ronment. The larger the delay spread, the more
severe is the inter-symbol interference, the higher
will be the error probability. This is usually com-
pensated for by the introduction of an equaliser,
which is effectively a digital filter which subtracts
all the multipath components from the dominant
desired digital signals. For a carrier bit rate of
2 Mbit/s transmitting in a typical macrocell envi-
ronment with time dispersion of the order of few
tens of micro-seconds, an equaliser with two to
four taps would be required. However, the signal
processing of this nature is unlikely to be a signi-
ficant problem, especially for the timescale until
the launch of the third-generation system.

Another dimension which could affect the ef-
ficiency of the air interface is the modulation
scheme. The choice of the modulation scheme is
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frequently based on its spectral efficiency and the
complexity. Constant envelope modulation
schemes such as Gaussian minimum shift keying
(GMSK) have the advantage of being spectrally
efficient yet remaining robust to both co-channel
interference and adjacent channel interference.
Typically GMSK with ByT of 0-25 (where B is
the 3 dB bandwidth of the pre-modulation filter
and T is the bit period) has spectral efficiencies of
about 1-4 bit/s/Hz**. Another choice is the non-
constant envelope linear modulation schemes
such as quadrature amplitude modulation
(QAM). Computer simulations have shown that
4-level QAM has spectral efficiencies of about
1-5 bit/s/Hz but is less robust to co-channel inter-
ference and adjacent channel interference. The
requirement of the use of a potentially power-
hungry linear amplifier may not be a problem for
low-power operations but would be a concern for
high-power transmissions. To this end, a mixture
of modulation schemes for the forward and the
reverse link may be a possibility. However, multi-
level QAM has the flexibility of carrier-bit-rate
switching. When considering the complexity of
the schemes, simple binary non-constant en-
velope modulation techniques can be employed
which utilise the same non-coherent and coherent
receiver architectures used for GMSK. The feasi-
bility of such schemes depends on the levels of
adjacent-channel interference that can be tol-
erated. For relatively large levels of adjacent-
channel interference, non-constant envelope
modulation would not yield any significant re-
ductions in channel spacings, and, therefore, in-
crease in system capacity”. In general, all
modulation schemes and detection methods with
narrow channel spacing requirements will lead to
increases in co-channel protection margins. The
decision will be dependent on the system require-
ment, the operating environment and the system
capacity required.

The mobile radio channel is inherently hostile.
Even with a relatively robust modulation scheme,
digital transmissions over a mobile radio channel
are still subject to impairment. While even more
robust modulation schemes such as trellis-coded
modulation are being developed, other means of
channel protection have to be provided. For long-
distance mobile radio communications, arange of
channel protection techniques has to be im-
plemented to ensure that the bit error probability
is acceptable. To this end, techniques such as
frame interleaving, slow frequency hopping, an-
tenna diversity, and channel coding are frequently
employedtogether. However, in the GSM system,
the one-way transmission delay over the air inter-
face, owing to speech coding and channel protec-
tion, is of the order of 90 ms. Severe echo
problems would arise and echo cancellers may
have to be implemented in tandem. All these
could potentially lead to subjective impairment in
the speech quality which would be unacceptable
to the customers of the third-generation system.
For this reason, the end delay for the third-gener-
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ation mobile system must be reduced to the order
of 20 to 30 ms, depending on technology®®. Ways
of achieving this could be assisted by

(a) reducing the delay in the speech codec,

(b) reducing the interleaving depth, and

(c) improving on the techniques of antenna
diversity, frequency hopping, and speech post-de-
tection enhancement.

An important aspect of the radio interface is
the multiple-access method. Well known ap-
proaches are frequency-division multiple access,
time-division multiple access, and code-division
multiple access. Their principles are shown in
Figure 6. All the second-generation systems em-
ploy time- or frequency-division multiple access
or a combination of both. Thus the technology is

Figure 6

Some possible
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mature and well understood. However, the suc-
cess of packet switched data networks over the
years has also promoted the interest in packet
radio-based multiple-access schemes such as the
packet-reservation multiple access?2. Their per-
formance is dependent on the cell size and the
carrier bit rate. Nevertheless, as noted before,
packetradio-based multiple access would require
a stable frequency reuse pattern for its operation,
especially for services which would not tolerate
re-transmission. As aresult, packetradio multiple
access may potentially be limited to data trans-
missions unless some form of longer-term dy-
namic channel-allocation scheme is proved to be
able to enhance its performance. Nevertheless, in
recent years, there is a keen interest in North
America to introduce code-division multiple-ac-
cess (spread spectrum) schemes into civilian
mobile communications?’. According to some
predictions, the capacity gain of a spread-spec-
trum system could potentially be as high as 20
times that of an analogue system. However,
spread-spectrum systems are known to be associ-
ated with technical challenges in the area of re-
ceiver complexity and precision power control.
Its feasibility for use as a multiple-access scheme
for the third-generation system has yet to be
proven.

Still on the subject of the radio link, a further
dimension which will affect the flexibility of the
air-interface is the choice of the duplexing tech-
nique. Two types of duplexing techniques may be
used. Time-division duplex is generally suitable
for microcell and indoor environments where
clusters of base stations could be synchronised in
time. Transmit and receive cycles occur on the
same carrier frequency but atalternate time-slots.
The advantage is that there is no requirement for
two sub-bands for the forward and reverse link.
By contrast, the disadvantage is thata guard time
is required between the transmit and receive
cycles which is proportional to the cell size.
Higher carrier bit rates could also lead to prob-
lems on delay spread and peak transmit power
hazard in large-cell environments. On the other
hand, frequency-division duplex (sometimes
referred to as dual-frequency time-division du-
plex) is more suitable for large cell operations and
the carrier bit rate is only half that of time-division
duplex. This is because the system receives and
transmits at alternate cycles at the mobile unit
with timing advance allowed for at the reverse
link. In addition, the forward and the reverse
channels are assigned on two sub-bands with a
guard band in between. Thus, an additional re-
quirement is imposed on the spectrum allocation
if frequency-division duplex is used. Neverthe-
less, the carrier bitrate is lower and thus the delay
spread and peak transmit power problems are less
severe.

This section has shown that the air interface
may be influenced by many factors. Indeed its
flexibility and efficiency are closely related to the
design of the radio network. In the next section,
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some of the features by which the fixed network
handles both mobility and the volume of signall-
ing traffic in order to support the system will be
outlined.

FIXED NETWORK

A third-generation system would not be complete
without good fixed network support. For this
reason, consideration has to be given to

(a) personal mobility,

(b) signalling,

(c) security,

(d) network architecture, and

(e) the integration/interworking with both
existing and future networks.

Some of the key issues involved will be high-
lighted in the following.

With the rapid development of the universal
personal telecommunications (UPT) concept
within Europe, the third-generation system must
be able to support UPT. UPT is a service which
enables access to telecommunication services by
allowing personal mobility. More specifically, it
enables customers to make or receive calls, and
obtain subscribed services, on any designated
terminal in any supporting network and be
charged, where applicable, personally. This ser-
vice involves the network capability to locate the
user on the basis of a unique personal (UPT)
number for the purposes of addressing, routing,
and charging. Thus, UPT will require the support
of a network capable of handling a large demand
for signalling interactions, routing identifica-
tions, and charging requirements. This can be
provided only through an intelligent network with
an associated database architecture®. The intelli-
gentnetwork concept generally enables the future
proofing of the network by allowing the creation
of services with flexibility and ease. The intelli-
gent network is, therefore, independent of ser-
vices and UPT requirements will only be yet
another service entry within the network.

It is important to recognise that the amount of
signalling traffic may increase significantly with
the availability of personal mobility and new ser-
vice offerings. The increase in signalling traffic
will be due primarily to the need to transfer user
information between service control points, and
particularly to support handover, subscriber auth-
entication, roaming, and location updating. Addi-
tional data required for call set-up could also be
significant. The ability of the signalling to service
the demand will depend on the dimensioning of
the signalling capacity. Estimates have shown
that the number of signalling transactions to be
handled per second in an exchange could amount
to three times higher than that without any mobile
applications. Lack of capacity can seriously affect
the quality of the overall network such as intro-
ducing call set-up delays. To this end, public key
security and more efficient locationupdating pro-
cedures have been proposed to reduce the amount
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of signalling traffic across the network. More-
over, with public key security, digital signatures
for each transaction could be obtained to enable
incontestable charging internationally.

Following the intelligent network concept, it
was proposed that the call control and the connec-
tion control for the third-generation system be
separated. Specifically, the status of the called
customer is determined by means of a signalling
channel before the actual connection is estab-
lished. The connection is then set-up from the
called party to the calling party. An obvious ad-
vantage is that the physical location of the called
party could be established prior to setting up a
physical connection. For instance, if two custo-
mers attempt to call each other while both are in
a foreign country, only a local connection would
be established.

With the significant increase in the number of
base stations, the interconnection topologies
within the base station systems will be different
from that for the first and the second-generation
systems. In particular, for the microcell base sta-
tions, a proposal has been made that they should
be interconnected by metropolitan area net-
works'%. The IEEE 802.6 distributed-queue dual-
bus-based metropolitan area network standard
appears to be a strong candidate for the applica-
tion. One of the reasons is that it can support
transmission in asynchronous transfer mode. It is
also expected to be compatible with future net-
works and will be able to interwork with other
network topologies including the star networks
commonly used in contemporary cellular mobile
systems.

Since future fixed networks are planned to
incorporate mobility features, integration of the
third-generation mobile functionalities into the
fixed network is a possibility. Thus the third-
generation system may be operated as a stand-
alone mobile system or as an integral part of
future fixed networks. Integration may come in
tertns of the unification of the database function-
alities and the signalling system toinclude mobile
requirements. Integration of exchanges to per-
form both fixed and mobile service switching is
yet another possibility. However, for existing net-
works which do not have sufficient signalling
capabilities, there may be a limitation on the
range of service offerings.

DISCUSSION

From the previous sections, each segment of the
third-generation system appears to be an area of
technology development in its own right. There
appears to be no easy answer to a full system
solution. Many optimisations and trade-offs
would eventually be required to ensure that all the
techniques could inter-work with each other. We
have already seen that there are many com-
plementary techniques yet there are an equally
large amount of conflicting and competing tech-
niques. For instance, the incompatibility of
packet radio-based multiple access and short-
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term dynamic channel allocation is a typical
example. Furthermore, issues such as the subjec-
tive perception of echoes and transmission delay
in relationship to the amount of channel protec-
tion and spectral efficiency must also be ad-
dressed. From the system design point of view,
there must be no compromise on quality with
technology until the final optimising stage. Like-
wise, achievement of an optimal system solution
must not be restrained by existing mobile radio
and cordless telecommunication standards. More
research and verification work is still required to
demonstrate the feasibility of each technical sol-
ution individually and their compatibility with the
system as a whole.

In Europe, research activities on the enabling
technology for creating the third-generation
mobile system technique is already in progress
under the Research and Development on Ad-
vanced Communications in Europe (RACE) pro-
gramme. In parallel, the European Telecommunication
Standards Institute (ETSI), the Internasional Con-
sultative Committee for Radio (CCIR) and the
International Consultative Committee on Tele-
phony and Telegraphy (CCITT) have provided
European and international fora for the exchange
of technical ideas and the formulation of gui-
delines on issues such as service requirements and
technologies for the third-generation system. With-
in the CCIR, the subject is currently being pur-
sued by Task Group 8 under the banner of ‘Future
Public Land Mobile Telecommunication Sys-
tems’?®. The intention is that the third-generation
system standard(s) will conform to a mutually
agreeable framework accepted throughout the
world. In addition, subjects pertinent to the third-
generation system are also being studied within
CCITT. For instance, within Study Group II, the
traffic aspects (CCITT Recommendation E.750
series??) as well as the network performance as-
pects of future mobile systems (CCITT Recom-
mendation E.220%) are being progressed. As can
be seen, standardisation activities within interna-
tional standard bodies on thethird-generation sys-
tem are already well underway. In fact, the future
of the third-generation system now hinges upon a
new spectrum allocation being made in the 1992
World Administrative Radio Conference. Curren-
tly, the proposal is that a band of 230 MHz could
be made available in the vicinity between 1-7 and
2.3 GHz by around the year 2000. Other stand-
ardisation activities such as the universal personal
telecommunications (personal mobility) stand-
ardisation work within ETSI will also have major
impact on the third-generation system.

CONCLUSIONS

In order to support the demand of mobility in the
next century, the third-generation system must
not be merely a convergence of the second-gener-
ation mobile and cordless systems. The air-inter-
face must be revolutionary and flexible in order
to cope with multi-environment, multi-service
operations. Yet from the service provision and the
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network interworking point of view, the system
must be evolutionary and be able to provide back-
ward compatibility. This article has presented an
overview on some of the key techniques which
are currently under investigation for the third-
generation system. All these techniques are aimed
at achieving a system with better voice quality,
better radio coverage, and better reliability but at
an affordable price to the mass public. If the goal
is achieved, the growth of the mobile communi-
cation market would be enormous. Likewise, the
opportunities for the mobile communication
community will be equally enormous. With this
vision, the mission is to create a standard so that
the dream third-generation system could become
areality before the end of the century.
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Skyphone

A. STUARTY

BT has always been at the forefront of mobile communications with terrestrial systems and, more
recently, satellite-based systems for maritime use. In September 1990, a major telecommunications
milestone was achieved by BT with the launch of Skyphone™ to provide satellite mobile communications
for aircraft. Skyphone is a registered trade mark for a consortium of BT, Norwegian Telecom and
Singapore Telecom to provide a global aeronautical satellite communication service using the
INMARSAT aeronautical system. This article describes the introduction of satellite communications to

aircraft.

INTRODUCTION

Mobile communication is now a way of life for
land-based and maritime customers. Maritime ser-
vices have developed extensively over the past
decade and mobile communications via satellite
arenow well established as the means for providing
high-quality reliable global coverage" *. Special
satellites designed for mobile traffic are in geosyn-
chronous orbit and serve the world in four regions:
Atlantic West, Atlantic East, Pacific and Indian.

Commercial satellite communication to air-
craft has been considered since the inception of
satellites, but, until recently, the technology has
not been sufficiently developed to make the con-
cept a practical and economic one. The drive for
satellite communication to aircraft stems from
both commercial and safety considerations. Com-
mercially, the aircraft has in the past been an area
where the telephone has not readily penetrated.
While people have grown to expect a telephone
to be available whether on land or sea, the air has
until recently been acommunications ‘black hole’
for passengers on long-distance flights.

Satellite communication opens the way for
passengers to have direct-dial access to any part
of the world from the aircraft. Passengers can
benefit by the forward booking of cars and hotels
and by keeping friends updated on estimated ar-
rival times and unexpected diversions.

For the business traveller, staying in touch can
be of great commercial importance. Users of pri-
vate jets benefit not only from continuously avail-
able ground-to-air and air-to-ground automatic
dialling communication, but also from an added
element of privacy when compared with high-fre-
quency (HF) communication. This is due to the
complexity of the receiving equipment required
not only to receive the signals from the satellite
but also to decode the sophisticated digital signals
used.

In addition to public demand, the aviation
community has looked for a long time to satellite
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communications as a way of improving efficiency
and safety. Airline operators can benefit greatly
by having continuously available good-quality
communication links with their aircraft. The
benefits include better fleet management; faster
tum rounds by the anticipation of stores, fuel and
technical requirements; and economies achieved
by closer control over routings and technical per-
formance.

For air traffic control (ATC), the primary ad-
vantage of aeronautical satellite communications
is the ability to provide good communication
links over large sea and land masses. Reliable
communications provides the means for greater
safety and flow efficiency. For example, Atlantic
air traffic, despite the sophistication of the mod-
ern jet liner, is controlled by ATC controllers in
Prestwick who have no voice or radar contact
with the aircraft. The controller relays commands
to a trained HF radio operator in Ireland who
attempts to pass the message over HF radio to the
pilot. The vagaries of HF communication plus the
two-step link between the controller and the pilot,
lead to a slow and error-prone method of com-
munication. In the absence of accurate and re-
liable positional information, the controller has to
enforce large procedural spacing between flights
thereby restricting the cross-Atlantic flow. Satel-
lite communications can provide good-quality
voice links directly between the controllers and
pilots, with the additional capability of error-cor-
rected data messages to ensure the correct recep-
tion of vital information.

In addition, satellite communications provide
the means for automatic dependent surveillance,
where each aircraft can automatically report its
position derived from navigational systems by a
data link to the ATC centre. The controllers are
therefore provided with a pseudo-radar plot of the
aircraft dispositions. In addition to the inertial
navigation systems now fitted to most aircraft,
other navigational systems on board can include
not only traditional systems such as LORAN and
OMEGA, but also the satellite-based global posi-
tioning system. With increased confidence in the
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location of flights, the spacings can be reduced
and the flow of traffic increased.

DEVELOPMENT BACKGROUND

In the early-1980s, BT recognised the long-stand-
ing need for aeronautical satellite communica-
tions and, acknowledging advances in
technology, setaboutdevising a system. INMAR-
SAT, an international body of which BT is a
member, was originally set up to provide space
segment for maritime satellite communications
but has now expanded its remit to other mobile
systems. This organisation provides the satellites,
defines the operating characteristics of systems
using its space segment and regulates operation.
INMARSAT soon became aware of the BT initia-
tive and decided to commit itself to the concept
of aeronautical satellite communications, and
began designing systems for worldwide recogni-
tion. BT joined with INMARSAT in this task and
participated in many discussions formulating the
system design.

In addition, BT began an extensive trials pro-
gramme involving avionics suppliers and British
Airways to prove the technical viability of aero-
nautical satellite communications and to gauge
customer reaction. The trials demonstrated that,
while aeronautical satellite communication was a
most difficult technical challenge, it was feasible
with modern technology. Furthermore, the cus-
tomer reaction proved to be favourable and indi-
cated a tangible market in terms of passenger
communications.

BT then demonstrated its commitment to this
new area of communications by placing a major
contract with a supplier for ground control equip-
ment to provide a full INMARSAT compatible
system. This ground equipment forms the heart of
the current aeronautical service and is referred to
as the access control and signalling equipment
(ACSE). In addition, the Skyphone consortium of
BT, Norwegian Telecom and Singapore Telecom
was formed to provide worldwide access to the
aeronautical satellite communication system
from three strategic locations.

During the development of the ACSE,
INMARSAT issued many system changes to cor-
rect specification ambiguities and improve the
system integrity; the management of these
changes became a significant problem. To ease
these problems and to ensure compatibility, BT
suggested a change freeze and the production of
defined implementation levels. International
meetings involving the various avionics sup-
pliers, PTTs and potential customers were held to
resolve these issues. BT had been the first PTT to
place a contract for the ground control equipment
and soon became heavily involved with design
and system problems.

Finally, in 1990 the equipment was ready for
testing in the factory in Oslo, and BT personnel
witnessed the first set of formal tests. To assist in
the testing and eventual routining of the equip-
ment, BT had requested that an aircraft terminal
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simulator was developed to permit full end-to-
end testing. This simulator was used extensively
during the tests in the factory where calls could
be set up, although not over the satellite at that
stage. The equipment was then shipped, installed
and integrated into BT s Goonhilly satellite earth
station in Cornwall.

Another round of testing then took place cul-
minating in calls being made from the aircraft
simulator over the satellite and back to the ACSE.
At this stage, the avionics suppliers were still
developing their equipment and no aircraft had
yet been fitted. However, some of the suppliers
had prototype equipment and all parties recog-
nised the importance of early compatibility tests.
Test programmes were devised with INMAR-
SAT’s involvement and two of the avionics manu-
factures prepared for the tests. One of them, based
near London, set up its prototype unit in the
laboratory with the necessary antenna on the roof.
The other, based in the USA, decided to bring its
equipment to Britain to ease the coordination
problems.

The avionics equipment was set up within the
grounds of the Goonhilly earth station although
entirely separate from the main operational
equipment. The tests then commenced with BT
coordinating the test programme with two com-
peting avionics suppliers. The organisation and
management of the tests was complex requiring
careful balancing of the testing and correction
time of both the avionics suppliers and BT’s
ACSE contractor.

The testing revealed some system design,
equipment and compatibility problems, and a co-
ordinated reporting scheme was introduced to track
each problem. Regular meetings were held with the
suppliers and INMARSAT. The interworking tests
proved to be invaluable, not only for ensuring that
problems were discovered before commercial ser-
vice, but also as an opportunity to gain experience
with the operation of the ACSE and the aeronauti-
cal system as a whole. The staff at Goonhilly were
magnificent in coping with what was a very busy
and challenging period.

In September 1990, INMARSAT authorised
the BT installation as an approved ground earth
station. At this time, no aircraft installation had
yet been authorised; BT was therefore truly ahead
of the field. BT continued to provide support to
the avionics community and in November 1990
the first approved installation was airborne and
the service began.

SYSTEM DESCRIPTION

System Design

The basic principles of the INMARSAT aeronau-
tical satellite communications system are shown
in Figure 1. The three key elements in the system
are a ground earth station (GES), the satellite, and
the aircraft (called an aeronautical earth station
(AES)). The mobiles receive from the satellite in
the 1.5 GHz band and transmit to the satellite in
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the 1.6 GHz band (L-band), while the fixed base
stations (the GESs) transmit to the satellite in the
6 GHz band and receive in the 4 GHz band (C-
band). The satellite transponders carry out the
required frequency translation between the C-
and L-bands. The three main radio-frequency
(RF) channels in the aeronautical system are:

@ the R-channel (request channel from the AES
to the GES),

@ the P-channel (continuously radiated signall-
ing channel from the GES to all AESs), and

@ the C-channel (demand assigned channel), that
is used to carry the voice traffic.

The P- and R-channels currently run at a channel
rate of 600 bits/s but future channels are planned
at higher rates.

The basic method of operation of the system is
by the allocation of single-channel-per-carrier
circuits on a demand assigned basis originating
from requests on the random-access request R-
channel. A simple air-to-ground call set up is
initiated by the AES sending a short request burst
on the R-channel to the GES. The GES analyses
the request and if valid sends back a message on
the P-channel detailing which frequency to use
for the voice-carrying C-channel. Both the GES
and AES then begin transmitting on the assigned
frequencies and pass test signals to ensure that the
satellite link is good.

The terrestrial circuit to the international
switching centre (ISC) in London is established
and terrestrial signalling to the distant end is
effected. On a successful answer, the GES records
the time and the two parties converse. On call
clear down, the GES records the time for billing
purposes and releases the C-channel unit and
frequency for subsequent use by another cus-
tomer.

The GES has three constituent parts, the an-
tenna, the RF equipment and the ACSE. The
ACSE is the heart of the ground station system
and includes the sophisticated coding and modu-
lation equipment, a digital telephone exchange
and computers with complex software to control
the system. Calls made through the GES are con-
trolled, routed and noted for billing purposes by
the ACSE.

Coding and Modulation

The main advances in technology that have made
aeronautical satellite communications viable are
in digital signal processing, voice coding and
phased array antennas. The practical problems of
aeronautical satellite communications stem from
mobile terminal weight and power limitations,
antenna size and wind resistance, aircraft attitude
excursions and an overriding concern for safety.
These constraints on the avionics result in the
installation providing only a relatively small sig-
nal towards the satellite 36 000 km away. Typi-
cally the aircraft will radiate an effective isotropic
radiated power (EIRP) of 26 dBW at best and
with an isotropic path loss to the satellite of
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around 189 dB, the signal received at the satellite
is at a low level of ~163 dBW (0-05 x 10715 W).
For such a small signal to convey voice informa-
tion using existing satellites and ground stations,
the use of modern coding and modulation tech-
niques became essential.

The first element of this is voice coding.
Normal public switched telephone network
(PSTN) speech entering the system at 64 kbit/s
is passed to a special voice encoder developed
by BT Laboratories and now established as the
worldwide standard for aeronautical use. This
voice encoder codes the speech into a 9-6 kbit/s
output thereby providing valuable information
rate reduction.

The second element is the process of addi-
tional coding and modulation. The 9.6 kbit/s
speech is multiplexed with a signalling channel
stream, and then the combined digital signal is
scrambled with a pseudo-noise scrambler® to
smooth out the spectrum. The output from the
scrambler is then passed to a forward error cor-
rection coder, which, although doubling the effec-
tive data rate, provides for greater data recovery
at the distant end. The output from the forward
error correction coder is then split into blocks,
which are interleaved to spread the information in
the time domain. This is done to prevent sharp
deep fades caused by multi-path reception that
result from reflections of the incoming satellite
signal from the earth and aircraft body and cause
total loss of information.

Finally, the bit stream is framed and sent to an
RF modulator with an effective channel rate of
21 kbit/s producing offset quaternary phased shift
keying (QPSK). Figure 2 shows this channel for-
mat. The distant-end terminal performs all of
these sequences in reverse to recover the 64 kbit/s
speech.

System Control and Space Segment
Utilisation

In common with most satellite communications
systems, the link margin is low, in the order of
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2 dB, as the costs associated with achieving
higher link margins are not economic. The major
variability in the link is the geographical location
of the AES, and the orientation of the aircraft
antenna with respect to the satellite. To assist with
these variables, an interesting feature of the

CALL INITIATON
BIT No. BIT No.
8 7 6 5 4 3 2 1 8 7 6 5 4 3 2 1
MESSAGE TYPE 1 11 SEQUENCE No. 1
2 Q No. REFERENCE No. 2
AES IDENTIFICATION 3 DIGIT7 DIGIT 6 3
4 DIGIT9 DIGIT8 4
GES IDENTIFICATION 59 DIGIT 11 DIGIT 10 5 o
C c
Q No. REFERENCE No. 6T DIGIT 13 DIGIT 12 6T
E E
o O aCETSy | seauencemo. | 7 T DIGIT 15 DIGIT 14 7T
N N
CALLING TERMINAL 8 o DIGIT 17 DIGIT 16 8 o.
DIGIT3 DIGIT 2 9 SPARE SPARE 9
DIGIT § DIGIT 4 10 SPARE SPARE 10
1 1
— CCITT CRC — l— CCITT CRC -
12 12
CALLINFORMATION CALL INFORMATION
SERVICE ADDRESS (INITIAL SIGNAL UNIT) SERVICE ADDRESS (SUBSEQUENT SIGNAL UNIT)

Q No: Priority code

CRC: Cyclic redundancy check

British Telecommunications Engineering, Vol. 10, Jan. 1992

system is the closed-loop both-way EIRP control
mechanism. As the aircraft changes attitude and
location, the signal it sends and receives from the
satellite varies. As the link margin is so small, the
forward and return signal levels need to be ad-
justed in real time to compensate for these vari-
ations. This is achieved by the AES monitoring
the received bit error rate and reporting this over
the signalling sub-band to the GES. The GES then
analyses the report and automatically adjusts its
radiated power on that circuit accordingly to try
and attain the required bit error rate at the AES.
Similarly, the GES monitors the received bit error
rate from the AES and, after analysis, commands
the AES to raise or lower its power. Should the
AES travel to the edge of the coverage of a
particular satellite region, the avionics will sense
the degradation of the signal received from the
satellite and wransfer the service to the next ad-
jacent satellite region.

Signalling and data transfer is accomplished
by the use of signal units. These are blocks of
information usually 8 by 12 bits long and are
formatted in a predefined manner. Each signal
unit has a header defining its type and thereby the
way to interpret the following fields, followed by
specific fields of data, with the last 3 octets of the
signal unit containing a cyclic redundancy check
sum. This method of packetising the signalling
provides for clear computer processing and inte-
grity of the information. Examples of signal units
are shown in Figure 3.

339



Table 1 compares key system parameters of
the aeronautical system and maritime INMAR-
SAT A system. The key differences are the use of
voice coding and digital modulation and the
lower mobile power required for the aeronautical
system. Another advantage of this, from a space
segment viewpoint, is the lower spacecraft power
required for the aeronautical system. To reduce
the burden on the satellite even further, voice
activation is applied to the forward (GES-AES)
carrier. Over a large number of carriers this can
provide significant savings on spacecraft power.

Customer Interface

From a passenger’s perspective, the service is
very easy to use. Although installations on aircraft
will differ, the principles remain that the customer
has access to a cordless telephone and credit card
reader. The customer swipes a credit card through
the reader and dials the number required followed
by a GO command. For a normal PSTN call, the
digits dialled are 00 followed by the international
country code and then the rest of the number. For
special services, the customer can dial a range of
2-digit codes other than 00. The callis then set up
automatically and proceeds in the same way as
any other call as perceived by the customer. At the
end of the call, the customer clears the call and
replaces the cordless telephone. In due course, the
charge for the call appears on the customer’s
credit card bill. Users such as corporate jets and
airline operations can have account charging.

Both ground-to-air and air-to-ground calls are
provided easily with satellite communications,
but there are addressing problems associated with
ground-to-air calls to passengers on commercial
flights. The first problem is to define how a
ground customer could indicate the aircraft and
person required by using dialled or dual-tone
multi-frequency digits over the PSTN. The sec-
ond problem relates to ensuring that the incoming
call to the aircraft is made known to the called
party with the minimum of disruption to cabin
staff and adjacent passengers. However, for cor-
porate jets this is not a problem and PSTN
ground-to-air calling is possible by dialling the
British international access code followed by the
satellite ocean region the aircraft is believed to be
in, followed by the aircraft’s unique 8-digit num-
ber, (for example, 0108751 xxxxxxxx). Currently,
over 30 corporate aircraft use this facility.

Data Transmission

In the future, data message transfer will occur by
the use of the P-channel in the forward direction
and by a new T-channel from the aircraft to the
ground. This T-channel will be a time-division
multiple-access (TDMA) channel with time-slot
allocations demand-assigned by the GES. Data
originaking in X.25-type packets will be refor-
matted into satellite data packets which are then
transmitted over the aeronautical satellite com-
munications system by using the signal unit con-
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TABLE 1

Comparison of the INMARSAT A Maritime Satellite System and

the Aeronautical Satellite System

Maritime A

Aeronautical

1 m steerable
—4 dB/K

36 dBW

50 kHz
Analogue FM

Mobile antenna
Mobile G/T

Mobile radiated power
Channel spacing
Modulation

Slim phased arrray
-13dB/K

20 dBW

17-5 kHz

Digital QPSK

vention mentioned previously. At this link layer,
the GES and AES check for correct receipt of each
signal unit and a re-transmission protocol oper-
ates to ensure the correct flow of information.

In addition to performing the link service, the
ACSE also has to be involved at the network layer
and determines routing and associated network
parameters. This involves the addition to the
ACSE of new software and a data packet switch
that will interface with private X.25 lines, as well
as the public packet switched network.

IMPLEMENTATION

The Skyphone service is provided by BT’s Goon-
hilly earth station. The basic configuration is
shown in Figure 4. Coverage of the East Atlantic
region is currently provided by Antenna 7 in
conjunction with Antenna 12. Antenna 7 provides
the C-band links to the satellite while Antenna 12
provides L-band communication for monitoring
and for use by the Goonhilly AES simulator.
Expansion of the service in the West Atlantic area
is planned with the ACSE then additionally feed-
ing Antenna S. This antenna is capable of both C-
and L-band communication.

The ACSE is housedin aspecial wing at Goon-
hilly dedicated to satellite mobile products. The
ACSEIis designed on a distributed sub-system basis
with acommon Ethemet as shown in Figure 5. This

Figure 4
Ground segment
configuration
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functional distribution avoids hubs of complexity,
aids fault location and increases service reliability.
The processing power in most of the subsystems is
provided by discrete purpose-built 186 and 286
microprocessor computers.

The call data and station common (CDC) sub-
system manages the resources of the system and
controls the call from a high logical level. Infor-
mation relating to a call is also sent to the CDC
subsystem from other subsystems for collation
and saving onto hard discs within the CDC sub-
system. The terrestrial telephony subsystem is a
complete digital voice switch connecting the
channel unit modems to the terrestrial lines. The
switch supports full international R2 signalling on
30-channel 2 Mbit/s connections and earth-and-
mark signalling for private circuits. The system
management channel (SMC) subsystem contiols
the primary P and R satellite signalling channels
while the telephony channel subsystem controls
the voice communication C-channels. The CDC
and SMC subsystems are both configured in a
one-for-one redundancy arrangement with auto-
matic changeover while the traffic-bearing chan-
nel units and voice switch have soft fail
capabilities providing reduced capacity under
fault conditions. The operation-and-maintenance
subsystem differs from the other subsystems in
that it is based around commercial DEC compu-
ters and thereby makes full use of available data-
base software.

The operational ACSE is contained in two
5 m length suites, one with the controlling com-
puters and voice switch and the other with the
RF channel units. Equipment practice is com-
mon for the two suites and the normal operating
condition is with the cabinetdoors closed, there-
by presenting a clean uncluttered appearance
with no external lights or controls. Operator
interaction with the ACSE is via computer ter-
minals and is minimal during normal operation.
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At predefined intervals, billing information is
dumped from the ACSEs hard discs to magnetic
tape for transfer to the BT computing centre at
the Barbican where bills, accounts and reports
are generated. The ACSE contains an intelligent
fault-reporting system where hardware and soft-
ware alarms are processed by a computer, which
produces an output indicating where the fault is
most likely located and lists possible actions that
should be taken to remedy or further investigate
the problem.

In attempting to define unambiguously the
logic of operation of the system, INMARSAT
decided to adopt the use of the Specification
Description Language (SDL)’. To provide clear
traceability from the INMARSAT system design
to the implementation in the ACSE, BT and the
ACSE supplier agreed that SDL would be used in
the detailed ACSE design. This decision proved
to be very worthwhile in the testing and fault-lo-
cation phase. The application code was written in
Intel PLM-80 language and structured to reflect
the nature of the SDL design in terms of states,
events and signals. Furthermore, the ACSE con-
tains a powerful built-in diagnostic tool called
TRACE. Thistool can be set toshow exactly what
has happened, in terms of the software code, for
a specific event. It reports which branch of code
was executed, the input and output signals and the
next state accessed.

This report can be aligned with the SDL do-
cumentation from which the code was originally
generated, and a quick and effective analysis of
the ACSE operation can be performed. This deep
insight into the computer operations of the unit is
invaluable for diagnostic work.

In addition to the main ACSE, there is a main-
tenance unit where off-line testing can be per-
formed, and an AES simulator. The AES
simulator at Goonhilly is an independent unit
which can be used to generate an AES call over
the satellite. This facility is useful for testing and
routining to ensure the correct operation of the
GES equipment.

The current initial configuration of the BT
GES at Goonhilly allows for up to 16 simulta-
neous calls. The ACSE has two 2 Mbit/s 30-chan-
nel pulse-code modulation connections, one to
Keybridge ISC and one to Mondial ISC using R2
digital signalling. In addition, various private
wires are connected to the ACSE for commercial
and operational use. Automatic ground-to-air
calls.can be made from most parts of the UK. The
ACSE supports short-code facilities whereby the
airborne customer can dial a 2-digitcode to access
specialised services such as operator assistance
and a connection to BT’s Portishead communica-
tion centre, which is at present the hub of BT’s
long-range maritime and aeronautical HF com-
munications.

BT is currently serving more than 30 aircraft,
with major airlines now fitting out their long-haul
fleets. Singapore Airlines is now flying with the
first Boeing 747-400 fitted with aeronautical
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satellite communications equipment. Figure 6
shows the 747 and the small satellite communica-
tions antenna can just be seen at the top of the
fuselage midway along its length.

FUTURE

The aeronautical voice service is now firmly es-
tablished with 11 ground earth stations, some in
competition with Skyphone. In addition to cor-
porate jets, the major airlines are now introducing
the facility. While the initial voice service grows,
there is an ongoing programme to enhance aero-
nautical satellite communications services. De-
velopments underway include the provision of
data and facsimile services. The data service is of
prime importance to the airline operators and ATC
agencies. In addition to enabling regular naviga-
tional and status reports from the aircraft, the data
systems, which will be X.25 based, will allow for
connection to many networks, both private and
public, worldwide. For the passenger and private
user, developments being considered include fac-
simile and data transmission, and secure speech
systems.

CONCLUSION

The opening up of the last frontier of satellite
communication has not been an easy task, but
with drive and commitment BT has played a
significant role in establishing aeronautical satel-
lite communications. The benefits for many users
will become apparent as the system expands and
the opportunities for additional services are many.
It will not be long before telephones on long-
distance aircraft are viewed as the norm.
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Adaptive Quality Management Systems

A. PENGELLY, R. HIGHAM, M. NORRIS ¥

The use of quality management systems (OMS) and associated BSI* and 1SO¥ registration are increasingly
seen as the first step in introducing control into processes. However, to address the evolutionary quality
philosophy of total quality management (TQM) and increasing customer demands, the QMS must possess
the means to adapt to changing needs. This article discusses how process modelling and measurement
can aid the introduction of control mechanisms, thereby endowing the QMS with the mechanism from

which change can be objectively undertaken.

INTRODUCTION

There is a growing number of companies possess-
ing BS 5750 or ISO 9001 registration in the UK.
BSI or ISO registration imparts a status onto an
organisation which reflects the company’s quality
awareness. Typically, this has involved the instal-
lation of a quality management system (QMS)
which imparts a degree of control on the support
structure within the organisation. Hence product
reviews are formally documented, as are project
plans etc. Although initially designed for manu-
facturing processes, BS 5750 does translate quite
well to non-manufacturing processes. However,
ISO 9001 does not necessarily guarantee quality
products. So, for many companies, a QMS is
closely related with more general quality drivers,
such as total quality managment (TQM).

Whereas the whole philosophy of TQM is one
of evolutionary and continued improvement, the
QMS and associated registration tend to be ‘snap-
shots’. There is usually considerable reluctance to
change the QMS once it is in place, even though
the TQM process may have taken the company
further down the quality path. As a result, the
QMS can become rather bureaucratic, inflexible
and outdated. Indeed, it can hold back the pace of
quality improvement. This phenomena of degra-
dation is generally referred to as process entropy.
In order to address not only the evolutionary
quality of TQM, but also the increasing demands
for higher quality products from customers, a
degree of ‘liveness’ needs to be incorporated into
the QMS which enables it to adapt to these chang-
ing needs.

The inclusion of a measurement capability is
a necessary first step. Measurement can be used
to address the notion of an ‘improvement-
oriented’ process'" 2. However, the basic prereg-
uisites for adaption, using terminology from
control theory, are feedback control mechanisms
with appropriate update algorithms. This requires

1 BT Development and Procurement

* BSI—British Standards Institution

i OSI—International Organisation for Stand-
ardisation
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two pieces of information. The first is estimating
what the next state ought to be; the second is
assessing the actual state and deriving the dif-
ference, whereby the update algorithm makes
appropriate changes. Ignoring the technicalities,
the corresponding need in product development
is estimating and assessing product and process
attributes. This procedure is often termed closing
the loop. In terms of modifying the process as a
result of differences, it is, like the adaptive algo-
rithms of control theory, a question of learning
from mistakes.

The discussion in this article extends the con-
cepts devised by Stockman? with regard to develo-
ping a formal and constructive approach to quality
in the software industry. In particular, Stockman’s
underlying mathematical model forms the basis for
much of the ideas discussed here.

The article begins with an overview of current
best practice regarding process measurement.
This is followed by the development of a formal
framework, which amounts to a process model
with a description of the embedded control mech-
anism. An example of applying the ideas to a
QMS is then discussed in a software development
context, though the general principle will be the
same for any process. The article closes with a
conclusion and a discussion of future work.

QUALITY

Quality Management Systems

The aim of constructing a QMS is to make the
process repeatable. The comerstone of the QMS is
quality planning. Plans embody the process, and
are designed to be capable of delivering the re-
quired quality at minimum cost. It should also
encapsulate a process designed to remove errors
(deviations from specification) as early as possible.
Such plans have a tendency to be cast in stone;
improvement in planning occurs only as a result of
product failure in the implementation phase.
Owing to the length of life cycle updates, improve-
ments, if attempted at all, are slow, and can only
impact on future products. Changes made to future
processes may actually be inappropriate. It there-
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fore becomes important to make quality planning
‘real-time’ as in process industries. That is, the
process should be adapted in the light of continuous
feedback from as early in the life cycle as is
possible. Only in this way can it be assured that the
end product is fit for purpose. It may be that in the
future the rate of adaption will be slowed as the
relationship between the process and quality states
is fully understood.

Total Quality Management

In practical terms, TQM is about achieving a level
of process sophistication which amounts to a
managed and optimised system. The application
of TQM is best demonstrated by the Japanese car
industry. Cars have been manufactured in Japan
since the 1920s. But exports only took off in the
1960s. The methods used to gain a lead in car
production is the same one applied to the motor-
cycle industry, TV, radio, ship building etc. First
find or invent (in the case of the Walkman) a
market niche. Supply your product at the same
price but to a better specification than your com-
petition. In the case of the car industry, supply a
heater and radio as standard when your competi-
tors supply items as optional extras. This is line A
in Figure 1. You then improve the quality of your
product but keep the price constant by using the
quality control approach to production. Your
competition cannot compete on quality and hence
must reduce profit margins to compete.

To meet the practical demands of TQM, the
QMS needs to be continuously extended. This is
done by first defining a formal model of the
process*. Hence, the model provides the link with
the QMS and process evolution. Secondly, a
measurement programme is established, based
firmly on the derived model. A feedback cycle is
then established to enable the process to be both
managed and optimised (adapted), see Figure 2.
The key message is model, analyse and execute.

A Model for Quality Improvement

Central to Stockman’s model is the notion of a
quality vector. The vector describes the state of a
product at some particular stage of the process.
The components of the vector are metrics which
measure attributes of the product. Clearly, the
larger the number of metrics, the finer the resolu-
tion in terms of characterising the product. As the
product evolves, the quality changes; in this way,
the process can be viewed as a series of transfor-
mations that operate on the vector.

MODEL, ANALYSE AND EXECUTE

A Formal Model

A theoretical framework can be established in
which the derived measures reside. This formal
framework is basically a high-level description of
how the modelling and measurement disciplines
are combined. In fact, process modelling (also
referred to as business modelling®) is not only an
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active area of research, it is also being applied by
several major companies, including BT. The
model reflects the organisations’ understanding
of how it carries out its business. Clearly, such an
understanding is crucial before any objective pro-
cess improvement can be undertaken. In particu-
lar, the model provides the basis for the measures,
which are derived in accordance with the quality
goals. A good overview of process modelling can
be found in References 4, 5 and 6. As already
stated, the primary concems are products of
known qualit?r and control. There are four basic
prerequisites’:

@ there must be a well defined goal,

@ there must be possibilities for ascertaining the
state of the system,

@ there must be a model of the process, and

@ there must be possibilities for affecting the
process.

These concepts need to reside within a meaning-
ful structure, which reflects the way in which the
process is managed in a quality-conscious organi-
sation. The aimis to evolve the process via quanti-
tative information generated by the measures.
Hence a feedback mechanism needs to be estab-
lished whereby differences between expected and
actual ‘quality’ can be addressed, by adapting the
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Figure 2—Model, analyse and execute
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Figure 1

TQM in action:
Japanese car
industry




process in a way which redresses the shortfall in
quality. This amounts to adopting standard tech-
niques from control theory®,

By using standard techniques from control
theory, one can establish a notion of a state space,
and, by using this as a basis, derive a product
quality space Q where the coordinates are the
relevant product attributes. These attributes de-
scribe the key characteristics of the entity under
observation, in terms of predefined quality tar-
gets. Hence a product, at any point of its evol-
ution, can be represented by a vector q in Q. As
such the development of the product can be vis-
ualised as a series of transformations on Q
throughout the process>. The important point here
is that it is the action of the process that transforms
the product from one state to another, in order to
get to the system required by the customer. The
process is described via process metrics which
provide the coordinates of the process quality
space P. The ‘state’ of a process is represented by
a vector p in P. These metrics would be derived
froma process model”. Hence the appropriateness
of the process to the production of quality pro-
ducts can be assessed, and, if need be, modified
on the basis of the information being supplied
from the measurement of those products. Such
enhancements to the process are a result of output
from the feedback mechanism which uses data
from Q. The procedure can be summarised as
follows:

1. Construct the process model.

2. Develop appropriate product measures, defin-
ing Q.

3. Develop appropriate process measures, defin-
ing P.

4. Define product quality targets (estimates).

5. Compare 4 with actual quality.

6. Modify process model on the basis of the
difference between 4 and S, and simulate on a
computer if possible.

7. Modify the real process.

8. Develop new product and process metrics if
appropriate.

9. Repeat steps 4 to 9.

This can be represented pictorially as shown
in Figure 3.

This procedure links the measurement and mod-
elling disciplines into an integrated whole. It should
be pointed out that, when dealing with processes
dominated by people (for example, non-automated
production processes), there is a large element of
uncertainty which results in data which is essen-
tially statistical or stochastic. Indeed this is true,
though to a lesser extent in general, even with
automated processes. The stochastic nature of the
above procedure is a result of the non-determinism
in the process, since people behave in essentially
different ways within the confines of the system or
process'. What can be done is to define a notion
of expected behaviour. This non-determinism
manifests itself in a noise component, which dis-
torts the data somewhat.
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Figure 3—Graphical representation of the
adaption procedure

Clearly these rather simple statements belie
the true complexity of actually being able to per-
form such a task. The basic causal relationships
between the process and the product need to be
understood, since the above procedure has to
quantify these relationships in order to operate
effectively.

This is quite similar to the approach adopted
by Box''. What Box proposed in his paper
amounted to randomised changes to the process;
that is, the process was altered without any refer-
ence to causal relationships between product and
process, although they were assumed to exist. As
with the process of natural selection, changes that
benefitted the product quality were kept while
those that did not were discarded. However, such
an approach would seem to require an inordinate
degree of patience, which is probably not appro-
priate in today’s economic climate.

If all of this seems rather elaborate, the authors
would point to similar work being undertaken by a
Japanese company where process ‘learning’ is
simulated via a metrics-based model implemented
using neural netst. In addition, the University of
Dortmund has also been carrying out some interes-
ting work regarding process simulation'? '3,

Clearly, if one is to develop an integrated
measurement programme, some means of pre-
dicting or estimating the product characteristics
needs to be found. In tum, this requires an early
measurement capability at an early stage of the
process or each sub-process. Early adoption of the
process as defined by the QMS or quality plan
will increase the likelihood of delivering the ap-
propriate product qualities required.

Analysis—An Example

By quantifying key attributes of the QMS (the
process) and the products produced, and by

1 The authors understand that this work is soon to
be published
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developing a predictive capability, the ideas be-
hind the formal framework can be applied. The
QMS will be modelled by P and the product by
Q. The feedback mechanism, via the procedure
described in the previous section, can be realised
in a number of ways, depending on the maturity
of the adaptive process. In the absence of clear
relationships between product and process, for-
mal reviews or ‘brainstorming sessions’ could be
used. At the other end of the spectrum, the proce-
dure could be applied automatically, though this
is clearly dependent on a number of advanced,
though not unattainable, developments in process
engineering. As stated earlier, the Japanese are
already moving towards this.

If the assumption is made that the starting
pointis a typical QMS with a ‘current-best-prac-
tice’ measurement facility, what are likely to be
the first steps undertaken to develop the adaptive
capability?

Consider the following hypothetical scenario
from a software development process:

During the coding phase, it is found that the
specification of several functions appears to be
incomplete or anomalous. Two possible causes
are identified. The first is that the requirements
capture process was not carried out effectively.
The second is that the review of the formal speci-
fication did not reveal the key problems for some
reason. The relevant measures are collected to
investigate the issue.

The complexity measures of the systemreveal,
viaoutlier analysis, that the problematic functions
are complex, more so than usual. Metrics from the
requirements capture process indicate that al-
though the process was difficult, these functions
did receive the most attention. Attention is then
turned to the specification itself and the review
mechanism.

Analysis of the review data reveals the prob-
lem. Reviewers were asked to review the whole
specification, which is both technical and long.
The review itself lasted 4 hours. There was no
priority rating given to the complex functions,
and they were scattered throughout the specifi-
cation. When the review started, a relatively
large number of errors were found; the error-rate
(say errors per 15 minutes) gradually dropped
off as the review proceeded. This manifests it-
self in the normalised error-density (say errors
per function per complexity or size unit) like-
wise dropping-off as a function of time. In addi-
tion, the review productivity rating (say pages
per hour) increases as the review progresses.
During the last 15 minutes, virtually no errors
were found, even though a particularly complex
function was examined. The conclusion could
be that the reviewers lost concentration and be-
came ineffective.

In this case, the product (the specification) has
suffered as a result of the review mechanism. On
the basis of the measurement data available, the
review mechanism is changed with the following
list of actions identified:
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@® The specification should be written with the
most complex functions at the beginning where
possible.

@ Key aspects/words in the specification should
be highlighted to ensure shared understanding.
@ Each function has its complexity value clearly
indicated on the specification. Possibly afunction
complexity/size scatter plot is included.

® Eachrevieweris assigned a subset of functions
to review. The most complex are assigned to the
most experienced.

® The review chairperson should monitor the
error rate as the review proceeds. If a drop-off is
detected, the review is to be brought to aclose, to
be resumed after a suitable pause.

Execute

Notice that even in this rather simple example
several relatively advanced practices are re-
quired. These include the use of formal specifica-
tion languages and the ability to measure them, a
clearly defined requirements capture process with
associated measurement, and the collection of
‘real-time’ review data. Regarding the formal
framework, the product space Q is spanned by the
attributes of complexity, size and error density.
The review process space P is spanned by dura-
tion, error-rate and productivity. The objectives,
as far as process adaption (improvement) is con-
cerned, are to stabilise productivity and error-rate
and reduce duration. The increased level of un-
derstanding regarding the review process leadsto
new measures being defined. In this case, these
could be the mean and variance of the productiv-
ity and error-rate data.

From the product point of view, there seems to
be an issue regarding usability of the specifica-
tion, hence a syntactic measure of the product
could be collected (for example, Fog Index). Also
the ordering of functions in terms of complexity
needs to be addressed. A particularly simple
measure of this would be to multiply the function
complexity by its numerical position in the speci-
fication. In this case, a minimum value is reached
when the most complex functions are at the be-
ginning while the simplest are at the end. The
improvements would be validated by observing
the effect on the product. It might be expected that
the resulting product data will exhibit a strong
correlation between complexity and denor-
malised error-density.

So what improvement could be made? In this
hypothetical examplet, there are two problems.
The first is the nature of the review itself, how it
is constructed and implemented. The second is
with the product and its seemingly inappropriate
structure.

The above example represents a feedback loop
between design and implementation. Similar
feedback mechanisms would need to be placed

1 Though the problem alluded to is a common one
among review techniques
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across the development process. What will be
apparent from the above is that the evolution of
the QMS will need to be effectively managed.

Measurement is clearly an absolute prereg-
uisite: without it very little can be achieved. In
terms of quality by inspection, control, improve-
ment and design, most organisations using a QMS
in conjunction with metrics are at best at the
control phase’. The adoption of the above most
certainly moves an organisation into the quality-
by-improvement phase. Developing an integrated
measurement capability is the only way an or-
ganisation can progress to the desired quality by
design.

PRACTICAL IMPLEMENTATION

Implementation of such an approach requires that
process engineering and management improves
its ability to:

@ design and define the processes that it uses at
all levels not just at the level of project and
product life cycles;

@ putin place effective mechanisms for updating
and disseminating changes made to processes as
aresult of feedback taking place; and

@ ensure that, as a result of identifying improve-
ments, behaviours change and not simply the
documented process'>.

As a discipline, measurement is difficult to
implement, at least in part, because of a lack of
understanding of the processes. In quality terms,
failures occur in effectively designing and imple-
menting the processes to be used to ensure pro-
duct quality, yet this is the essence of quality
planning'*. Only then can effective measurement
be achieved.

Once the measurement and control loop is in
place, and assuming we have a rapidly changing
environment, how can the documented system
keep pace with the constant change; that is, how
can the improvements be locked in? The impact
of the type of approach suggested in this article
on the ‘documented system’ is likely to be signi-
ficant. Many quality systems rely too much on
paper and words to document processes. New
approaches, in particular the use of ‘on line’ and
‘graphical’ techniques will need to be introduced.
‘Process ownership’ may need to move from cen-
tralised systems to locally owned descriptions,
with only common aspects documented at a high
level.

An environment which is designed to con-
stantly change will also have a major impact on
the people involved. It is not sufficient to update
the documented process and hope that behaviours
will change as a result. It will be essential to create
an environment that supports a culture of change
and rewards those who are prepared to experi-
ment with the processes being used. Without such
a culture, experience suggests that improvement
will be at best slow and at worst stagnant.

Having identified these issues, and doubtless
many others exist, it is important that the first
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steps be taken quickly. As the preceding example
shows, this approach can provide significant
gains in process improvement. Providing one ac-
cepts the limitations of current best practice and
is prepared to make some assumptions, much can
be done now; for example, in the example, sub-
jective assessment of the complexity of specifica-
tions could be used in place of formal
measurement. If quality improvement is to pro-
ceed within process engineering, it is essential to
recognise that formal engineering practices, and
in particular formal measurement, are not prereq-
uisites. Indeed, some may argue that to reach the
status of an engineering discipline, we will need
to fully exploit the ‘craft’ side of our work.

CONCLUSION AND FUTURE TRENDS

‘We only find out what we’ll do, by finding
out what we’ll not do.’ Samuel Smiles, 1901

Quality improvement is a continuous process
which necessitates change from an organisation in
order for it to remain competitive. To remain static
is to be falling behind. A process (QMS) will not
change of its own accord. Likewise, change for its
own sake could prove just as damaging. However,
directed change, using measurement and control
principles, provides the focus by which a company
can address the central issue-the development of
quality processes and products.

The ability to measure and predict, coupled
with the formal framework, are the necessary
tools required to establish feedback mechanisms
across the process, and hence provide the capa-
bility for controlled evolution of a QMS or any
other process. Such evolution is dependent on
establishing pertinent relationships between the
product and the process. This is unlikely to be a
trivial task, and will require a commitment of time
and resources.

While this article has concentrated to some
extent on the software development process, the
approach adopted is applicable to any process.

In the meantime, the only thing that is clear is
that, in an environment of continually changing
demands, the QMS must change at an equivalent
pace.
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BT News

Dixons Improves Customer Service and Enhances Store Management Through

BT’s Global Network Services

Dixons Stores Group (DSG), part of Dixons Group plc, the UK’s
leading specialist retailer of consumer electrical and electronic
goods, has chosen BT to provide a customised managed data
network service. The deal is worth £6-5M over five years.

By using a BT customiscd managed data network solution,
Dixons will have the benefits of a private network, while avoid-
ing commitment of capital and IT staff costs. Use of BT’s
extensive core network will allow for a more rapid implementa-
tion and provide the flexibility to accommodate new stores as
required.

Dixons is implementing the initial stages of an IT programme
toenhance its customer service capabilities and to provide it with
the increased operational efficiency necessary to succeed in the
competitive environment of the 1990s. Dixons has been looking
at ways to respond to customer needs and further reduce oper-
ational and stock costs.

Dixons chose BT’s managed data network solution because it
provides the fastest and most cost-effective way of meeting the
group’s wide area networking needs. BT’s Global Network
Services (GNS) will enable Dixons to transmit data rapidly to
sales staff allowing them to deal quickly with customers’ en-
quiries and speed up management decision making. BT’s GNS
will support communications between 850 Dixons’ and Currys’
stores (including over 100 Currys’ superstores), local distribu-
tion centres, service centres and head office. Plans also include
links to credit agencies and suppliers.

Rapid access to up-to-date information on products and pro-
duct features is essential for Dixons’ sales staff, allowing them
to respond knowledgeably to customer enquiries at the point of
sales. For large electrical items, sales staff will be able quickly
to call up information on stock availability, to place customer
orders, schedule delivery and installation. BT’s GNS will also
provide the means for stores to interface directly with credit
providers for the rapid sanctioning of credit deals, and to connect
each store with Dixons’ Mastercare system, to speed up customer
repair enquiries.

The contract is further evidence of BT’s position as a market
leader in managed data networking services. It results from BT’s
in-depth knowledge of the retail sector and the company’s com-
mitment to providing a highly tailored solution that meets the
operational needs and business requirements of individual cus-
tomers.

BT’s GNS is a portfolio of managed and value-added data
networking services which are provided over BT’s Tymnet Glo-
bal Network (TGN). The TGN is wholly owned, managed and
operated by BT. GNS, a leader in the managed data network
services market, is provided and supported by BT on an end-to-
end basis in 20 countries, with connections to over 70 additional
countries. Conforming to international standards, GNS offers
customers a choice of access options, protocol support and
pricing schemes, along with a single point of contact with BT for
managed data networking services worldwide.

BT Launches EDI*Net in UK and Continental Europe

BThascommercially launched its electronic datainterchange (EDI)
service, EDI*Net, in the UK and continental Europe. EDI*Net
allows businesses to exchange a range of standardised documents,
such as purchase orders and invoices, between computers. Access
isavailable via BT’s Global Network Services (GNS).

By extending the service (which has been publicly available
in the USA since 1985) to UK- and European-based companies,
BT is moving towards a worldwide EDI service.

BT has trading links with most businesses in the UK. This has
given the company a deep understanding of service requirements
in every market sector which, together with its international
network, puts BT in a strong position to offer a competitive EDI
product.

EDI*Net provides a store-and-forward service which accepts
all of the major EDI standards—UN/EDIFACT, UN/GTDI and
ANSIX12. Access via BT GNS is achieved through asynchron-
ous dial, X.25 and IBM 2780/3780 BSC.

The service is competitively priced, with a single charge band
for the whole of Western Europe and no additional charges for
transatlantic traffic. The tariff structure is simple; EDI*Net cus-
tomers pay for usage only, with an optional pre-payment scheme
available, designed for high-volume users. There are no registra-
tion or subscription charges. EDI*Net provides flexible billing
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allowing trading partners to agree the allocation of cost between
themselves.

In order to use EDI*Net, computer hardware, a communica-
tions capability, EDI translation software from the range that BT
has certified as suitable for connection, and an EDI*Net mailbox
are required. Each customer accesses the mailbox via BT’s GNS
and can typically transmit their documents for the day during a
single communications session. The EDI*Net service validates
and automatically sorts these electronic documents before plac-
ing them in the recipients’ mailboxes to await collection.

The benefits of the EDI*Net service, which are applicable to
businesses in all industry sectors, quickly become apparent:
standardised data can be transmitted swiftly and accurately there-
by eliminating manual rekeying errors; transaction handling
times are reduced to minutes, leading to quicker trading cycles;
prompt delivery times allow stocks to be held at a realistic level
which leads to improvements in cash flow and capital expendi-
ture, and better standards of customer service; closer trading
relationships result in an increase in business.

EDI and EDI*Net were featured in an article—Electronic
Trading: The Development of Electronic Data Interchange Ser-
vices for British Telecom by D. J. Brunnen-—on page 235 of the
January 1991 issue of the Journal.
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BT Launches Mobile Fax

BT’s extensive ranges of mobile communications equipment
now includes the PF-1, a compact fax machine that is just as
much at home on the cellular network as it is on the public
switched telephone network (PSTN).

Used in the car, the PF-1 can be powered through the cigar
lighter and linked via an interface to the carphone. By clipping
on the lightweight battery pack, it can be taken out of the car and
used anywhere that a transportable cellphone can be used; for
example, on the train, in a hotel lobby or out on site. Where a
modern PSTN socket is available, the PF-1 can be used in the
same way as a conventional office machine. An optional mains
adapter is available.

Featuring advanced CCITT error-correction protocol for re-
liable high-quality transmission and reception even in weak
signal areas, BT’s PF-1 links via the appropriate data interface
to virtually any carphone or transportable. The cellphone’s exist-
ing features such as autodial and redial can be utilised to save
time, and, as the primary use of the machine is expected to be on
the road, the PF-1 can be set to answer calls automatically.

As the new machine was developed for mobile use, portability
has been a prime consideration in its design. It weighs just 2-5 kg,
and with a footprint smaller than A4, is recognised as being the
smallest and lightest fax machine in the world capable of trans-
mitting full-size A4 paper.

This concern with size has not been at the expense of perfor-
mance. The PF-1 is fully compatible with all Group 3 machines,
it has a fine detail function for transmitting maps and drawings,
and the rechargeable battery pack provides enough power to send
or receive up to 30 A4 documents. Powered from the car battery,

PF-1 mobile fax machine

there is no limit at all. This versatile unit can also be used to take
urgent photocopies.

Many people already think of the car as an extension to the
office, but previously have had to rely upon the spoken word to
keep in touch with colleagues and customers. The arrival of the
PF-1 will enable them to send and receive reports, documents
and even drawings wherever they happen to be at the time.

New Integrated Answering Service from BT Paging

BT Paging has launched a new integrated answering service
which allows customers to both receive and send spoken mess-
ages, and be alerted to new messages on their BT pagers.

The computer-operated messaging system is simple to operate
and involves no elaborate capital equipment or expensive installa-
tion charges. The customer needs only a BT pager and an MF
TouchTone® telephone, or any other telephone using an MF tone
keypad.

To contact aMessage Link user, callers simply dial a telephone
number and leave a spoken message of up to 60 s. Message Link
notifies the user that a message has been received by calling the
user’s pager. A reminder alert is sent to the user’s pager should
the message not be picked up within 30 minutes. To listen to their
messages, users simply dial their dedicated telephone number

and enter their personal identity code—if necessary by using the
keypad provided.

Message Link is ideal for sole traders, small businesses oper-
ating without a secretary and medium-sized companies with field
personnel, all of whom depend upon efficient communications
with colleagues and customers. '

Message Link incorporates automatic voice prompts which are
builtinto the system to offer guidance at each stage, and is therefore
easy to use for both callers and users. Outgoing announcements to
callers can be customised by the user as an additional feature.

This new service was launched shortly after the introduction
of Number Master Direct, BT’s sophisticated new low-cost
paging service which allows callers to send messages straight to
a numeric pager without the need to call an operator.

BT Paging Introduces Sophisticated New Pager

Message Master XL, a new alphanumeric ‘widescreen’ pager,
has been launched by BT Paging. Message Master XL has a new
easy-to-read screen, and incorporates many new features provid-
ing real customer benefits.

Message Master XL can display full text messages of up to 80
characters—more than twice the length of previous models. The
alphanumeric message is constantly displayed on the large
screen and can be read at a glance.

In addition to the widescreen, the Message Master XL pro-
vides a variety of beneficial features: the pager automatically
stamps each message with the time and date as it is received; it
can be programmed to turn itself on automatically and contains
an integral alarm; a user-adjustable tone feature is incorporated
into the pager and it also has an enlarged memory.

Message Master XL is one of the most advanced pagers
available. Technologically, the Message Master XL is leading-
edge, yet it remains user-friendly, easy to operate, and delivers
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real benefits to BT s customers. Paging is one of the most reliable
and cost-effective means of mobile communications and Mess-
age Master XL allows users to keep in touch with full messages
while on the move. They can control which messages are urgent
and which need instant response.

Message Master XL pager
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International Recognition for BT Director

Dr Tom Rowbotham, Director of Networks Technology at BT
Laboratories at Martlesham Heath, has been elected Vice Presi-
dent for International Affairs of the US-based IEEE Communi-
cations Society. This is the first time that anyone from Britain
has been elected to this post in the IEEE (Institute of Electrical
and Electronic Engineers), which has 30 000 voting members
worldwide. Dr Rowbotham will hold the post for two years from
1 January 1992.

His main task will be to chair the International Activities
Committee of the Communications Society which is concerned
with the IEEE’s activities outside North America. He is particu-
larly interested in helping the IEEE to become a more global
organisation.

‘As well as increasing IEEE membership in Eastern European
countries such as Poland, Czechoslovakia, Romania and Hun-
gary so that Western scientific information is available to them,
I want to foster harmony and cooperation between national
institutions, such as Britain’s Institution of Electrical Engineers
(IEE), and the IEEE,’ he said.

Dr Rowbotham became Britain’s IEEE representative four
years ago as part of his commitment to BT’s global strategy. ‘We
have to have a global culture within BT—and many of the people
who think that way, certainly as far as technology is concerned,
are here at BT Laboratories. Therefore I wanted to ensure an

Dr. Tom Rowbotham

opening of minds towards the global aspects of communications
technology and also to maximise the advantage of our prime
position, as a leading laboratory, through exposure to other
leading laboratories around the world,” he explained.

The IEEE is a leammed society committed to exchange of
information throughout the electrical and electronics research
community around the world.

Forthcoming Conferences

Further details can be obtained from the conferences department of the organising body.

Institution of Electrical Engineers, Savoy Place, London
WC2R OBL. Telephone 071-240 1871.
Conferences:

Software Engineering for Telecommunication Systems and
Services. 30 March—1 April 1992. Florence, Italy.

Information-Decision-Action Systemsin Complex Organisa-
tions. 68 April 1992. Oxford.

Private Switching Systems and Networks. 23-25 June 1992,
IEE, London.

Intelligent Systems Engineering. 19-21 August 1992. Heriot-
Watt University, Edinburgh.

Electromagnetic Compatibility. 21-24 September 1992. Edin-
burgh.

Data Transmission. 23-25 September 1992. IEE, London.

Electrical Safety in the Work Place. 17-18 November. Lux-
embourg.

Developments in Power System Protection. 30 March—1 April
1993. University of York.

Power Electronics and Applications. 13—17 September 1993.
Brighton.

Vacation Schools:

Systems Engineering. 29 March—3 April 1992. York.
Radiowave Propagation. 29 March-3 April. Chelmsford.
Network Technology. 1215 April 1992. Swansea.

EMC Solutions by Design and Case Studies. 22-24 April
1992. Pontypridd.
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Local Telecommunications. 12—15 July 1992, Birmingham.
Satellite Communication Systems. 26—3 1 July 1992. Guildford.
Optical Fibre Communications. 27-31 July 1992. Bangor.
Stepping into Management. 27-31 July 1992. Coventry.

Switching and Signalling in Telecommunication Networks.
6-11 September 1992. Birmingham.

Personal and Mobile Radio Systems. 6-11 September 1992.
Swansea.

Safety Critical Systems. 13—16 September 1992. Coventry.

Digital Signal Processing: Principles, Devices and Applica-
tions. 27 September—2 October 1992. Leicester.

Seminars:

Seminar on Software Quality Improvement through Process
Assessment. 5 March 1992. London.

Technical Seminar on the European Machinery Safety Di-
rective. 25 March 1992. Bath.

Workshop on Configurable Distributed Systems. 25-27
March 1992. London.

Workshop on Neural Networks and Control and Sys-
tems:Principles and Applications. 1-2 April 1992. Reading.

Ninth UK Teletraffic Symposium. 8—10 April 1992. Guildford.

Seminar on Distributed MRP (Manufacturing Resource Plan-
ning—Material Requirements Planning). 4 June 1992. London.

Seminar on Total Quality Management—Delighting the Cus-
tomer. June 1992. London.

Workshop on Specifying Requirements for Knowledge-
Based Systems. 1 July 1992, London.
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FIBRE OPTICS
FOR ENGINEERS

27-29 APRIL 1992
LONDON

Presented by City University, London
& Light Networking, Glasgow

A comprehensive short course for
engineers and technicians who want
to gain a basic knowledge of the
theory and practice of optical fibre
communications.

4 hour practical session

visit to optical fibre manufacturer

text book and course notes included
lunches included

cost £470

BT & Telecom Australia references available
also Glasgow, July 1992; London, June &
October 1992.

For more information call

Lynn Pilley (Dpt. of Elec. Eng., City University)
Phone: 071-477 8131

Fax: 071-477 8568

(Before 1 Feb. 1992, or in case of difficulty, telephone
071-253 4399 ext 3839.)

Notes and Comments

CONTRIBUTIONS TO THE JOURNAL

Contributions of articles to British Telecommunications Engin-
eering are always welcome. Anyone who feels that he or she could
contribute an article (either short or long) on a telecommunica-
tions engineering topic is invited to contact the Managing Editor
at the address given below. The editors will always be pleased to
give advice and try to arrange for help with the preparation of an
article if needed.

JOURNAL DISTRIBUTION—NOTIFICATION OF
CHANGES OF ADDRESS

IBTE Members and Journal subscribers who change the address
to which their Journal is sent must notify the Journal office on
the address-label slip provided with every copy of the Journal.

All enquiries related to distribution of the Journal should be
directed to The Administration Manager at the address given
below.

BTE JOURNAL/IBTE ADMINISTRATION OFFICE

All correspondence and enquiries relating to editorial matters
(‘letters to the editor, submissions of articles, requests for authors’
notes etc.) and distribution of the Journal should be sent to: BTE
Journal Editorial Office/IBTE Administration Office, Post Point
G012, 2-12 Gresham Street, London EC2V 7AG. (Telephone:
071-356 8050. Fax: 071-356 7942.)

British Telecommunications Engineering Journal

YEARLY SUBSCRIPTION ORDER (NON-BT EMPLOYEES)

This form may be used by external customers (that is, not employees of BT) wishing to take out a subscription to British
Telecommunications Engineering. External annual subscription rates (4 issues, including postage and packaging) are as

follows:

Companies, universities, libraries and other bodies:

Private individuals (to be paid for by personal cheque):

To: British Telecommunications Engineering Journal,
Post Point G012,
2—12 Gresham Street,
London EC2V 7AG

Please supply 4 quarterly issues of British Telecommuni-
cations Engineering. 1 enclose a cheque/postal order to
cover the yearly subscription as given above.

(Overseas customers should pay by a sterling cheque
drawn on a London bank, a sterling Eurocheque or a
sterling travellers cheque payable in London.)

(Cheques and postal orders, payable to ‘BTE Journal’,
should be crossed ‘& Co.’ and enclosed with the order.
Cash should not be sent through the post.)

£23.00 UK £28:00 Overseas
£17-00 UK £22-00 Overseas
Name ... .o e e
Address . ... e
Postcode ...... ... e

Please state with which issue you wish your subscription
to commence (April, July, October or January):
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THE FEDERATION OF THE TELECOMMUNICATIONS ENGINEERS
OF THE EUROPEAN COMMUNITY (FITCE)

31st European Telecommunications Congress

CALL FOR PAPERS

The 31st FITCE Congress, which will be held in Granada and Seville, Spain, from
27 September—2 October 1992, will be based on the theme:

‘Telecommunications and the Single European Market’

FITCE is inviting challenging papers on this theme, covering one or more of the following
aspects:

customers’ perspective

services

regulation

economics

technology

network structures

network operations

overall impact on telecommunications operators.

In covering the above aspects, authors should consider the full range of telecommunications,
including radio and television broadcasting, satellite services, etc.

If you are interested in submitting a presentation, please notify your intention as close as
possible to 15 February 1992 to:

Paul Nichols, IBTE Office and Publications Manager, Post Point G012, 2—12 Gresham Street,
London EC2V 7AG (Tel: 071-356 8022; Fax: 071-356 7942).

Please also send a summary of no more than 250 words before 29 February 1992 to the
above address. The summary should give a clear indication of the theme and coverage of the
proposed paper, and should contain details of your name, function or title, company, business
address and telephone and fax number.

The FITCE Papers Selection Committee will advise authors during early-April 1992, after the
final programme has been determined.

The full text of a selected paper, which is required by 15 June 1992, should be about 2000
words to allow for a 20 minute presentation and 10 minutes for questions and debate.
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