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nomic tools for processing this information. TONIC produced first
recommendations in 2001 concerning the technologies to be used
in the access network and the impact of WLAN for mobile net-
work operators and mobile virtual network operators. The objec-
tives of TONIC are firstly to provide tools and data that can be
adapted to particular situations of the participants for evaluating
strategies in the fixed and mobile access domains, and secondly to
provide recommendations for related long-term strategies.
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port of business innovation projects.

The programme “Future Network Services” deals with network issues focusing
on current key questions such as which type of technology to use in the core and
in the access network, as well as on issues related to mobile networks.

With its Innovation Programmes, Swisscom Innovations follows the objective of
recognising early on the impact of technological developments, finding new busi-
ness opportunities, promoting technical synergies, and developing concrete inno-
vation proposals. Further, the expertise built up enables active engineering sup-

oday's fast evolving society must
Taddress basic universal needs of

citizens and businesses: citizens
need jobs, education and entertainment,

whereas businesses must optimise pro-
ductivity, increase their customer base

ERIC DEMIERRE, LUCIEN BUDRY AND
JESUS ROY

and ensure cost-effective training for
their workforce. Internet, including mo-
bile IP services, contributes to a growing
extent to the satisfaction of these needs
and provides a unique opportunity for
sustainable development in both central
and rural areas.

Advanced user-friendly IP applications
will lead to new ways of consuming and

working. Broadband communications
and flexible home office solutions should
be strong drivers for new employment
opportunities. In sparsely populated ar-
eas, people will benefit from distributed
services and functions for work and
health care, for example. These ad-
vanced services save time and resources,
improve the quality of life, and favour
the development of less urbanised areas.
New services require reliable network in-
frastructures providing ubiquitous access.
IP is currently gaining an important posi-
tion as a unifying protocol, migrating
from transport to access networks. This
migration, combined with the emer-
gence of multiple access technologies
and convergence between fixed and
wireless media, will have a strong impact
on how the customer is reached, and
which services can be offered.
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Fig. 1. TONIC
gathers input infor-
mation from mar-

ket, services and
technologies to
assess the business

strateqy of a busi-
ness case.
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New actors are positioning themselves in
the access network through new tech-
nologies including HFC (Hybrid Fibre-
Coax networks), LMDS (Local Multipoint
Distribution radio Systems), dark fibres,
local loop unbundling, GSM, WLAN and
later UMTS (Universal Mobile Telecom-
munications Services). In addition, virtual
operators are appearing in the market-
place. These trends will shape the com-
munications world in the years to come.
TONIC (TechnO-ecoNomlCs of IP opti-
mised networks and services) is a project
within the European IST programme (In-
formation Society Technologies). The
partners are Nokia Corporation, Telenor
AS R&D, France Telecom R&D, University
of Athens, Atlantide Consulting, Univer-
sity of Aveiro, T-Systems Nova Gmbh and
Swisscom Innovations.

TONIC offers a powerful methodology
for evaluating fix and mobile service
strategies and allows participating tele-
com operators to improve their long-
term strategy definition by consolidating
assumptions, models and results.

This article introduces the TONIC capabili-
ties and describes the applied methodol-
ogy. A later article, to be published as Part
2, will present actual results from two case
studies obtained with the TONIC tool.
TONIC concentrates on techno-economic
evaluation of new communication net-
works and services, with the objective of
identifying the economically viable solu-
tions. TONIC uses a case study approach
to assess new broadband and IP service
scenarios, yielding quantitative economic
results, and identifying and quantifying
the associated risk factors. The project
team builds upon long experience in de-
veloping and exploiting techno-eco-
nomic models for broadband access net-
work evolution analyses.
The results are key economic indicators
(figure 1) such as Net Present Value
(NPV), Internal Rate of Return (IRR) and
Payback Period. Based on these results
and on the risk analysis, TONIC will for-
mulate recommendations for optimal
service rollout strategies.
TONIC's main objectives are:
- to assess the new business models as-
sociated with offering IP-based mobile
services in a competitive context;
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Fig. 2. The TONIC information flows (NPV: Net Present Value, IRR: Internal Rate of

Return).

- to evaluate the cost and benefits of
providing broadband access to both
competitive and non-competitive areas,
and to determine the most appropriate
network infrastructure from an eco-
nomic viewpoint;

—to analyse the results of the above
studies in order to formulate pertinent
recommendations to policymakers,
network operators and service
providers regarding communications
investment strategies.

TONIC defines, in association with coop-

erating projects, representative sets of

services — e.g. teleworker package, en-
tertainment, games and interactive video

—in order to determine the traffic load

incurred on the network and to provide

a target set of services for demand fore-

casting studies.

Following the collection of broadband

demand data and tariff information,

TONIC develops demand-forecasting

models for mobile and fixed broadband

services. These models consider factors
such as fix-mobile convergence, broad-
cast communications, and mobile Inter-
net, as well as seamless service provision
across different types of networks. Sub-
stitution and stimulation effects are con-
sidered. The impact of competition and
tariff levels on demand is also taken into
account. Tariff structures including con-
nection fees and traffic charges are de-
rived from mobile and broadband tariff
structures observed today. Criteria for
tariffs include data transmission rate, de-

comtec 10/2002

gree of bit rate symmetry and quality of
service. The completion of this phase is
materialised by the description of the de-
mand and tariff models, as well as their
basis.

TONIC investigates a number of business
cases on 3rd generation mobile networks
in combination with WLAN technologies
in close cooperation with other IST pro-

RESEARCH AND DEVELOPMENT

jects like BRAIN. It studies the economic
viability of Mobile Virtual Network Oper-
ators in the 3G environment, and investi-
gates different business cases on broad-
band access solutions in both competi-
tive and rural or non-competitive areas.
The focus is on how to provide broad-
band access to rural and sparsely popu-
lated areas and on determining the cost
for making broadband access a nation-
wide commodity affordable to all citi-
zens.

In order to carry out the number of simu-
lations needed to analyse the business
cases, TONIC has developed a data base
containing the relevant costs, and will
implement the business models using
adapted software. This software is partic-
ularly important for the risk analysis
phase.

Methodology

The financial assessment of a new net-
work service can be achieved with a
methodology generically called
“techno-economic” study which com-
bines models of the resources required
to support the new service, and finan-
cial figures. These are resulting from re-
source related costs and expected ser-
vice revenues.

The framework of the TONIC techno-
economic evaluations is shown in figure

Labor cost
per hour
Equipment Other drivers,
to replace MTTR MTBF e.g. services
l = W
Equipment Labor Operation &
cost cost Administration
\ ; /
OA&M J

Fig. 3. The OA&M (Operation, Administration & Maintenance) cost modelling consid-
ers replacement costs of failed equipments (equipment & labour) and other opera-

tion and administration costs.
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2. Typically, two types of results can be

achieved:

— The costs of the service-related infra-
structure.

— The typical financial outputs of a busi-
ness case taking into account revenues
generated from the service.

TONIC uses the discounted cash flow

method to provide these results. There-

fore, a timeframe, typically 5 to 15 years,
must be considered and cash flows, in-
cluding all the inputs, are calculated for
each year of the study period. Financial
ratios like Net Present Value (NPV), Inter-
nal Rate of Return (IRR), and Payback Pe-
riod are defined and calculated based on
the discounted cash flows.

The different inputs and models required

by the methodology are mentioned be-

low:

— The service description includes tariffs,
demand or penetration and quality of
service, including the performance of
the service offering. The revenue
model combines the tariff and the vol-
ume of customers derived from para-
meters like customer base, market
penetration and market share, which in
addition takes into account the tech-

nological or business competition.
— The network architecture, which sup-
ports the new service, has to be de-
fined. This requires network planning
expertise, which is mostly outside of
the framework of the TONIC method-
ology. However, the methodology in-
cludes topological models, which facili-
tate the network planning by automat-
ically calculating lengths for cables and
ducting. These topological models are
optional parts of the methodology and
can be used without them, e.g. for ser-
vices based on mobile or radio access
technologies, where no topological
models are necessary. Nevertheless, the
yearly amount of newly installed net-
work components (equipment, cables,
cabinets, ducting, installations, etc.) is
defined based on the service demand,
and never includes over-capacity.
The effective cost of the network com-
ponents is calculated using an inte-
grated cost database including refer-
ence costs of components and learning
curves. Architecture scenarios together
with the cost data base yield invest-
ments for each year. An extensive cost
data base containing data gathered
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Fig. 4. The TONIC tool is an upgrade of the TERA tool. It is based on Office 2000
(MS-Excel and MS-Access) as well as Crystal Ball® for risk analysis. The output consists

of graphs as well as tables of values.
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from many European sources (telcos
and manufacturers) was developed
within previous techno-economic pro-
jects and extended within the TONIC
project.

—In general, various approaches towards
OA&M costs are possible. The TONIC
methodology integrates a maintenance
cost model. This model is essentially
based on the Mean Time Between Fail-
ure (MTBF) which drives the number of
network components to be replaced
each year. The operation and adminis-
tration costs are modelled separately
for each service scenario, as shown in
figure 3, and therefore may differ from
one scenario to another.

Investment costs together with OA&M

costs determine the life cycle cost for the

selected network architecture.

Finally, by combining service revenues,

investments, operating costs and general

economic inputs (e.g. discount rate, tax
rate), TONIC yields cash flows, cash bal-
ance, and other economic results and ra-
tios (NPV, IRR, Payback period, etc.).

TONIC Tool

The TONIC project has developed a
generic, Excel and Access based tool (fig-
ure 4) to support the technical calcula-
tion and modelling of the methodology
described above. This techno-economic
tool initially aimed at performing studies
on access networks, but includes fea-
tures that allow as well to analyse mobile
and transport networks. The openness of
the interface allows the inclusion of new
methodological aspects with Excel equa-
tions or Visual Basic code. The tool is
flexible enough to discard all internal
models to be replaced by simple time se-
ries data or new complex models.
Sensitivity and risk analysis could as well
be included in the financial study. The risk
analysis calculation is handled by an “add-
in” software, Cristall Ball®, which per-
forms Monte Carlo simulations. This risk
method assigns probability distributions to
uncertain variables (market or technology
specific variables) and produces distribu-
tions to output variables, like NPV, which
are calculated by the TONIC tool. Risk
simulations (see figure 5) produce statisti-
cal information of the financial output
variables and are interpreted using deci-
sion criteria of the project.

Results

The results achieved consist of an effi-
cient set of information and tools that
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can be used for long-term service and

network strategy evaluation. These ele-

ments can be split into 3 categories: the

TONIC tool, the market forecasts and the

basis models.

The TONIC tool is an add-on to Excel.

Many macros as well as predefined

worksheets have been added in order to

speed up model creation. The tool in-
cludes TONIC specific help functions and

a user manual.

Market forecasts include service demand

forecasts as well as network component

costs. These data are either described in
documents, or included in Microsoft Ac-
cess files linked with the TONIC tool.

The following basis models have been

developed:

— Stand-alone UMTS services.

— Combination of public WLAN with
UMTS services.

— Stand-alone Mobile Virtual Network
Operator (MVNO) for UMTS.

— Broadband access using Ethernet tech-
nology with location dependent geo-
graphical network architecture models.

— Broadband access using ATM PON
(FSAN) technology with location de-
pendent geographical network archi-
tecture models.

These models, with the TONIC tool and

market forecast, have been used to study

the following business cases:

— Evaluation of the impact of a public
WLAN service offered together with
UMTS by a Mobile Network Operator
(MNO). Seamless handover facilities
between the 2 networks have been
considered.

— Comparison of Ethernet and ATM PON
technologies for providing future
broadband accesses.

— Evaluation of the impact of a public
WLAN service on the business of a Mo-
bile Virtual Network Operator.

— Evaluation of the subsidisation required
for providing fixed broadband access at
market prices in rural areas.

The first 2 business cases above will be

presented in detail in a forthcoming

Comtec article.

Conclusions

The TONIC project allows participants to
improve a telecommunication strategy
evaluation by consolidating assumptions,
models and results within the collabora-
tive work.

TONIC proposes a powerful methodol-
ogy for studying fixed and mobile service
strategies requiring network infrastruc-
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Fig. 5. Risk analysis qualifies the consequences of an uncertainty of one or more

inputs.

tures. This methodology can be applied
to many types of telecommunications is-
sues. TONIC provides strategic informa-
tion resulting from a business case like
Net Present Value, Internal Return Rate
and requirements on resources. Thanks
to predefined network architecture mod-
els it is easy to model any kind of access
networks for business evaluation pur-
poses. The TONIC information and tools
are available to the TONIC participants
for internal company projects.

TONIC is focusing very much on the fix
and mobile services and their related net-
works. It provides a very flexible and
powerful solution for business strategy
analysis. Nevertheless, the work done
shows that experience is required to
achieve valuable results.

Outlook

TONIC can be adapted to company spe-
cific environments for internal service
strategy studies. It allows to efficiently

Pointers

TONIC web site:
http://www-nrc.nokia.com/tonic/

adapt the existing TONIC business mod-
els for other strategy evaluations. For in-
stance, it can be used to identify the best
long-term mobile network service strate-
gies, or to select the best fixed network
technology for providing broadband ser-
vices.

The TONIC project will end in December
2002, but a successor is planned for next
year.

Related Literature

TONIC Deliverable 1: Description of se-
lected business cases

TONIC Deliverable 2: Demand models
and preliminary forecasts for IP services
TONIC Deliverable 3: First results on
seamless mobile service provision eco-
nomics

TONIC Deliverable 4: First results on
broadband network solutions for new IP
services offered in the fixed network

Website of the 4" Workshop on Telecommunications Techno-economics:
http://www-nrc.nokia.com/tonic/workshop/index.html

BRAIN website: http://www.ist-brain.org/

IST Program website: http://www.cordis.|u/ist/home.htm|
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Abbreviations

Eric Demierre received his Master of

ADSL Asymmetric Digital Subscriber Line. Technology that enables rapid transfer  Science degree in physics from the EPFL
of digital information through regular telephone cables. (Ecole Polytechnique de Lausanne). He
ATM  Asynchronous Transfer Mode. This is a digital broadband network tech- joined Swisscom Innovations in 1989
nology allowing quality of service. where he focused on access network is-
BRAIN Broadband Radio Access for IP based Networks (IST 1999-10050). sues. In 1997 he led an Innovation Pro-
FSAN  Full Service Access Network. This is a world-wide standardisation initiative ~ gramme on access network and residen-
led by network operators and focusing on next generation access net- tial services. In 2000, after getting an ex-
work technologies and architectures. ecutive MBA from the //MT (International
FTTC  Fibre To The Curb. This is a mixed optic and copper based network archi- Institute of Management in Telecommu-
il nication) of the University of Fribourg,
FTTO  Fibre To The Office. This is a full optical access network. En; gem/erre was ‘/ﬁvo/ved'/n AOVBLon
GSM  Global System for Mobile Communication ana business act/wt/e; ik cur'reint/yl e
. : . sponsible for the Swisscom participation
GPRS General Packet Radio Service. An enhancement to the GSM mobile com- in TONIC.
munication system that allows continuous flows of Internet data at rates
from 56 up to 114 kbit/s.
HFC  Hybrid Fibre-COAX ) ) ,
IFC [GVastmant First oot Lucign Budry received a diploma in
IRR e iR of Rt physics from the EPFL (Federal Institute of
, . , Technology of Lausanne). He joined Swiss-
IST Informatloh SQC|ety Telchn.ologles.‘A European research programme. com fnnovations in 1993 where he has
LMDS Local Multipoint Distribution Service been involved in a number of projects
MNO  Mobile Network Operator dealing with performance aspects of core
MTBF Mean Time Between Failure and access network. Since 1996, he has
MTTR Mean Time To Repair focused on business aspects of the Swiss-
MVNO Mobile Virtual Network Operator com network, including the strategic
NPV  Net Present Value. This is the result of the balance between discounted analysis of the competition. He has been
revenues and costs over the duration of the project. involved in many European projects deal-
OA&M Operation, Administration & Maintenance ing with techno-economics of fixed and
PON  Passive Optical Network mobile delivery of broadband services.
TONIC TechnO-EcoNomICs of IP optimised networks and services. TONIC partici-
pants are: Nokia Corporation (co-ordinator), Telenor AS, France Telecom
S.A., National and Kapodistrian University of Athens, Atlantide Grenat Jesus Roy joined Swisscom Ltd in 1997.
Logiciel, Swisscom AG, Universidade de Aveiro, T-Systems Nova GmbH. He holds a MSc degree in telecommuni-
UMTS Universal Mobile Telecommunications System. A so-called “third genera- cation engineering, and a MA degree in
tion” (3G), broadband, packet-based transmission, offering a consistent economics and new technologies of the
set of services to mobile computers and phone users no matter where European University in Madrid. He has
they are located in the world. been involved in a number of projects
VDSL Very High bit rate Digital Subscriber Line dealing with business planning and
WLAN Wireless Local Area Network. A computer network that allows the trans- techno-economic assessment in the field
fer of data and the ability to share resources, such as printers, without the O broadband service provision on both
need to physically connect each machine with wires. fixed and mobile networks.
Résumé

TONIC est un projet européen auquel Swisscom Innovations participe. Il a pour but le développement d’outils pour |'évalua-
tion de stratégies a long terme dans le domaine des télécommunications.

Ce premier article décrit les 3 piliers de TONIC qui sont: 'outil (basé sur Excel), les modeles (associés aux business cases) et les
prévisions de services, de colt et de technologie.

L'outil est tres flexible et performant. Il peut étre adapté a des études de stratégies particulieres. Les modéles et les prévisions
permettent de faciliter |'expression des stratégies en éléments calculables par I'outil. Le processus de modélisation est guidé
par une méthodologie éprouvée.

Un prochain article décrira des résultats concrets obtenus dans le cadre de ce projet a Iaide de cet outil.
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