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Abstract The importance of analyzing different business
models and technologies in the mobile industry has become
more crucial for the investment policy of the telecom oper-
ators. This paper aims to cover some of the most interesting
business alternatives in providing the new 3G and beyond
services including cases where the operator already has
an existing second-generation cellular network and perhaps
even a license for the 3G UMTS network, and cases where
the operator does not have any existing network. Three cases
for incumbents and new entrants are foreseen, leaving al-
ternatives for new competing 3G technology deployment or
acting as a mobile virtual network operator (MVNO) with-
out owning any radio infrastructure. A techno-economic ap-
proach has been used to identify business opportunities and
quantify the potential profitability of different kind of busi-
ness players. The scenarios have been analyzed in the West-
ern European context by different country groups that are
not exactly representative of any defined country, but rather
share typical demographic characteristics.
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1 Introduction

Mobile business has become one of the drivers of the world
economy during the last 10 years. Implications of new tech-
nologies, user needs, emerging business models, market and
demographic conditions and regulatory aspects have to be
understood, as creating a successful investment strategy for
a network, service or virtual operator. The winning schemes
and the financial margins for each business approach have
to be discovered.

Offering rich broadband services in conjunction with
the traditional mobile voice services seems to be the next
step for most of the European network and service oper-
ators. Network operators are extending their capacity for
wideband/broadband applications, whereas service opera-
tors promote new services to attract customers and increase
revenues. 3G mobile technologies have opened up new pos-
sibilities in providing advanced value-added data and con-
tent services, such as rich video and audio, games, location
services and m-commerce. Service related aspects have to
be combined with different technologies, and all the pos-
sible business plans, with deferent partnering alternatives,
should be investigated by the players, making the beyond
3G business extremely complicated.

Techno-economic analysis of telecommunication sys-
tems and services, combining the economical and business
aspects with a comprehensive technical parameters model-
ing, has not been widely published [1-3]. Handling of busi-
ness models and earning logics has to be combined with
market forecasts, willingness to pay, and cost modeling of
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both operational and capital expenditures in a right granu-
larity to gain balanced results.

In this paper, a representative set of possible business sce-
narios have been selected. These include cases for incum-
bents and new entrants, those having a UMTS license and
those lacking it—leaving a choice between using an alterna-
tive technology or acting as a Mobile Virtual Network Oper-
ator (MVNO) without own radio infrastructure. These sce-
narios will be described in the next chapters, with the aim
to highlight the potential business profitability by utilizing
various types of technology and business models. A techno-
economic approach has been used to identify business op-
portunities and quantify the potential profitability of differ-
ent kind of business players. With the utilized scenario ap-
proach we analyze three alternatives to enter the beyond 3G
mobile business, as the possibilities are quite different de-
pending on the background and assets in the telecom busi-
ness, and on the investment potential and risk aversion of the
company.

The presented results are based on the work within EU-
REKA Celtic project ECOSYS. For more details, please see
the reference [4].

2 Business scenarios selection

In this paper, three scenarios are introduced to cover some
of the most interesting business alternatives in providing the
new 3G and beyond services. The opportunities and strate-
gies differ between operators that already have an existing
second-generation cellular network and possibly a license
for the 3G UMTS network, and operators that do not have
any existing network.

Scenario 1 (2G incumbent operator with or without
UMTS license) analyses the incumbent player, i.e. one who
has an existing 2G network, and wants to deploy its own
3G network. This study setting compares, two alternatives:
UMTS deployment (with license), and a new competing 3G
technology deployment. As we are here looking at incum-
bent players, we normally have clear connection between
the Service Operator and the Network Operator sides of
the business. So in this scenario we have currently only
one Service Operator and one Network Operator linked to-
gether. Even as such, however, this separation gives inter-
esting insight to the economical dynamics of these entities.
There is available techno-economic research handling the
3G competition on a monolithic operator framework, e.g.
[5-7] and [8], but they are not analyzing the service and
network sides of the business separately.

The competing 3G technology here was in the early study
period loosely defined as “OFDM?”, the characteristics of
which include full IP compatibility throughout the network,
and an effective OFDM radio frequency utilization. Later, as
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the competition revealed WiMAX to be the most prominent
challenger of the cellular based 3G technologies, the analy-
sis was completed with the technical and economical para-
meters relating to Mobile WiMAX (IEEE 802.16e). Within
all alternatives, full GPRS coverage is supposed to be al-
ready built, and it is possible to utilize also EDGE technol-
ogy as a fast upgrade for new services. As all the investi-
gated technologies have different performance characteris-
tics, which on their half affect the user behavior in the ser-
vice take-up, the modeling of these characteristics is of cru-
cial importance.

The first scenario tries to find answers to questions like:
Is it possible in the Western European context to compete
UMTS with some other technology, if no license for UMTS
frequencies is possessed? How the business situation differs
for the Service Operator compared to Network Operator? Is
an intermediate EDGE deployment paying back in the end
results? Does the HSDPA upgrade increase profitability or
not?

Scenario 2 (2G and 3G Service Provider/MVNO) ana-
lyzes the new entrant case, where there are no new licenses
available for GSM/UMTS networks. Many firms, working
in the telecom sector or not, have expressed their interest to
enter the market through the networks operation or the ser-
vice provision channel. For those, who have been left with-
out license, a new channel to enter the market is the MVNO
channel or the service-provisioning channel. This scenario
is important for comparing the investment levels, cost struc-
tures, and revenue streams between the SP and MVNO sce-
narios as well as analyzing the key differences between these
two models in terms of business profitability.

Scenario 3 (CDMA450 Business Case) analyzes the new
entrant case, where there is possibility to get a license to
build a network utilizing the 450 MHz frequency band.
CDMAA450, based on the CDMA 2000 technology, has at-
tracted keen interest in the industry. One of the initial drivers
has been the opportunity to reuse the 450 MHz spectrum
from the exiting NMT450 analogue cellular systems for a
new digital radio technology. In addition to the wide cover-
age capabilities of the 450 MHz spectrum due to the low
frequency, the CDMA450 system enables building a 3G
like mobile network with enhanced service capabilities com-
pared to 2G. The scenario thus describes the case of a Green-
field CDMA 450 operator entering the market concentrating
to the sparsely populated areas.

3 Assumptions

A study period of eight years and a discount factor of 15%
are used in the analysis for all scenarios.
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Fig. 1 Mobile network architecture

3.1 Country types

For all the cases two generic country types are modeled
taking into account geographic characteristics: The country
types are according to the population.

“Large” = Western European country like France, Ger-
many, Italy, or UK

“Nordic” = Northern European country like Denmark,
Finland, Norway or Sweden

This separation to “Nordic” and “Large” countries was
done because investment cost and revenues are very much
linked to the population and the potential customer base. The
country surface area has been supposed to be 370 000 km?
for “Large” country (calculated average from France, Ger-
many, Italy and UK), and 330 000 km? for “Nordic” country
(median from Denmark, Finland, Norway and Sweden, lead-
ing to about the size of Finland and Norway). Also the total
populations were chosen accordingly. The license fees for
different countries are not included in the calculations, but
can be considered when looking for the final results of each
country. The country demographics are presented in Table 1
below. The overall size of the surface area isn’t the sum of
all the sub-areas because certain areas (e.g. lakes, mountain
tops etc.) are not taken into account. The user density fig-
ures refer to the amount of users in each area type during the
busy hour specific to that area type. These figures are used
for traffic division into areas, used in the capacity build-out
calculations. The busy hour users in all areas sum up to more
than the total population.

3.2 Markets and services

Customer segments Customer segmentation is one of the
key assumptions made for estimating the market demand
and service usage in our model. The subscribers are divided
into four exclusive customer segments, and the percentage
split between those is assumed to be as follows:

e Business subscriptions: 20%
e Youth subscriptions: 20%

e Advanced subscriptions: 20%
e Basic subscriptions: 40%

Service characteristics and pricing Assumptions regard-
ing service classification and pricing are presented in Ta-
ble 2. The service prices are assumed to be, on average, same
for all segments.

3.3 Network architecture

Figure 1 shows the generic network architecture used in the
modeling, and the mapping of different network elements to
certain sites in the architecture.

In our modeling, we consider four different kinds of
equipment sites to exist. The BTS sites are housing the radio
base station equipment, radio transceivers (TRx), and related
mast, cabling, and antenna equipment. The BSC/RNC sites
house the base station controllers, whereas the MSC sites are
housing the switching equipment. Centralized OMC sites
are housing all the support systems and servers.
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Table 1 Population covered in Large and Nordic country examples

Country type Large Nordic Description

Area size 370,000 330,000 Size of surface area of the country (km?)

Area dense 185 17 Size of dense urban area (km?)

Area urban 2,960 264 Size of urban area (km?)

Area suburban 37,000 3,300 Size of suburban area (km2)

Area rural 303,400 264,000 Size of rural area (km2)

Users dense 50,000 50,000 Number of users in dense urban area per km? (during busy hour)
Users urban 4,000 4,000 Number of users in urban area per km? (during busy hour)
Users suburban 1,000 1,000 Number of users in suburban area per km? (during busy hour)
Users rural 40 3 Number of users in rural area per km? (during busy hour)
Total Population 65,000,000 5,500,000 Total population

Table 2 Service classification and pricing

Service Description Price unit Price in 2005 Ann. price reduct.
Subscription SIM card €/month 2.00 0%

Voice Make and receive calls €/min 0.08 15%

Video call Make and receive calls €/min 0.16 15%
Push-to-talk over cellular Make and receive calls €/min 0.05 10%

SMS Send and receive messages €/msg 0.08 5%

MMS Send and receive messages €/msg 0.24 10%

Email Retrieve and send Emails €/MB 0.80 20%
Transactions Ringtones, images, payments €/transact. 0.50 10%
Downloads E.g. music files and games € /transact. 1.00 20%
Browsing Browse to web sites and content €/MB 0.80 20%
Streaming Audio streaming €/MB 0.80 20%

Other data Business data etc. €/MB 0.80 20%

Network elements Table 3 shows assumptions regarding
the cost and capacity characteristics of some of the key ra-
dio network elements. Only radio network elements are pre-
sented here as they comprise about two thirds of the total
network investments. For control, core, operation and sup-
port, and service related elements and prices, refer to the
ECOSYS deliverables [1]. For many elements, like base sta-
tions, the anticipated annual price reduction is about 15% in
the beginning of the study period (price curve with several
parameters applied; for the Cost Evolution Model refer to
[8] and [11]).

Network dimensioning Network dimensioning aims at cal-
culating the optimal number of network elements (includ-
ing nodes and links) that fulfills the capacity, coverage, and
quality of service demands of the service area at minimal
total costs (OPEX 4+ CAPEX).

The network dimensioning in the business cases is mod-
eled according to the following logic:
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. Traffic demands in different area types are calculated

based on the service usage forecasts.

. The number of radio base station sites and transceivers is

calculated for each area type based on the cell range and
capacity assumptions.

. The number of core network elements like BSC/RNCs

and MSCs, SGSNs, GGSNs is calculated from the base
station amount, generated traffic load and subscriber/user
amount based on the network element capacities.

. The number of backhaul and core transmission links

(BTS-BSC, BSC-MSC, MSC-MSCQ) is calculated based
on network architecture, generated traffic, and available
link capacities. Transmission network is not built by the
operator themselves, but leased, and the costs are thus
included in the operational expenses.

. The number of OMC-related and value-added service el-

ements is calculated based on capacity figures relating to
number of transactions, service requests, messages, and
users. In some cases, just one element is needed per op-
erator.
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Table 3 Network element characteristics

Component

Reference price 2005

Capacity

EDGE BTS Site and Installation
EDGE BTS (update)

EDGE additional TRX

UMTS BTS Site Installation
UMTS BS

UMTS TRX Extension

UMTS BS with HSPA

Mobile WiMAX BS
3G_SiteBuildOut

CDMA Base station upfront

CDMAA450 site (new site)
CDMAA450 site (co-sited)
CDMAA450 TRx

GSM BSC

UMTS RNC

30 000 (no price reduction)

24 000

5700

35 000 (no price reduction)

34 000

6 600

46 000

30 000 (year 2006 price estim.)
110 000 (no price red.)

26 000

115 000
35000
2900
350 000

1 300 000

Upgrade to existing GSM site, no active equipment

3 sectors + 3 TRX install., max 6 TRX per sector, max 18 TRX per BTS
Max. 256 kbps

Upgrade to existing GSM site, no active equipment

3 sectors x 2 bands, max 6 TRX per sector, max 18 TRX per BS

Max. 800 kbps (real av. throughput)

3 sectors x 2 carriers

10 MHz carrier/3.5 GHz spectrum

Price per new site

Including a 6-sector space, multiplexer and backhaul interface,
powering and software license.

New site, no active equipment

New site, no active equipment

Max 3 Mb/s

Max. 300 TRX per BSC

Max. 100 UMTS BS per RNC, Max. 250 Mbps

Table 4 Radio network dimensioning parameters

Technology Frequency band Channel bandwidth Channel throughput Cell range® (km) (Dense/Urban/
(MHz) (average, DL) Suburb./Rural)
GSM 900/1800 200 kHz 6.4 calls 0.73/2.51/3.21/6.36
GPRS 900/1800 200 kHz 70.4 kbps 0.73/2.51/3.21/6.36
EDGE 900/1800 200 kHz 256 kbps 0.73/2.51/3.21/6.36
WCDMA 1900/2100 5 MHz (2 channels per sector) 96 calls/800 kbps 0.57/0.89/2.11/6.36
HSPA 1900/2100 5 MHz (2 channels per sector) 4 Mbpsb 0.57/0.89/2.11/6.36 (not implemented)
WiMAX 3400 10 MHz 10 Mbps® 0.40/0.60/1.10 (not implem.)/3.00 (not impl.)
CDMAA450 450 1.25 MHz 700 kbps 1.5/2.5/5/15

2Three sector cells, indoor coverage probability 80%, also outdoor coverage might be relevant in certain later described cases

®Optimistic in relation to current simulations against realistic conditions, takes into account the future development; at least 2-Rx terminals or

MIMO assumed

For radio network dimensioning, the required assumptions
include both coverage and capacity related parameters, as

shown in Table 4.

3.4 Operational expenditures

The following generic breakdown is used to distribute the
relative OPEX costs according to the available information:

Group A: Network related elements

— Maintenance of equipment and components
— Equipment and software licenses, outsourcing
— Network operation and maintenance (incl. OSS)

— Planning and optimization

— Rental of physical network resources, e.g. leased lines
— Site rental and electricity costs

— Yearly cost of radio spectrum licenses
Group B: Marketing and sales related elements

— Sales and marketing
— Customer acquisition
— Handset subsidies

Group C: Customer service related elements

— Customer activation and provisioning

— (Call center

— Interactive Voice Response (IVR) system
— Customer care

— Billing (BSS)

— Credit losses
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Group D: IT, support and service development related ele-
ments

— Service management

— New service development
— Business IT (like SAP)

— Payroll systems

— Logistics and inventory

— Human resources management
— Management support

— End-user support

— Reporting for the regulator
— Third parties/consulting

— Content related

Group E: Interconnection and roaming costs

— Roaming
— Interconnection (e.g. termination fees)

It should be noted that the “cost of goods sold” is not in-
cluded in this breakdown, although many operators act also
as handset resellers. Neither are the related revenues counted
in the business cases, but the handset subsidies costs are
tracked separately and included here in the sales and market-
ing costs. For more information about the presented group-
ing, please see the ECOSYS Deliverable 6 “OPEX mod-
els” [4].

Our estimation of monthly OPEX costs of 13-39 € per
subscriber can be further divided into grouping presented
above, based on the knowledge and history data we have
on the GSM operators. Here again we perceive much vari-
ance between different kinds of operators. Diverse compe-
tition strategies are available that affect immediately one or
more of the OPEX groups: high or low network quality, big
or small marketing investments, good or moderate customer
service, etc.

For reference, the estimated W—European division of to-
tal network and service operator OPEX in the case studies is
as follows:

Network related elements 20%

Marketing and sales related elements 26%
Customer service related elements 8%

IT, support and service development 11%
Interconnection and roaming costs 35%

Leased line rental Costs relating to the base station back-
haul and transport network connecting the BSC sites and
core sites are modeled as leased lines and thus included into
the operational expenditures. The required number of base
station sites, BSC/RNC sites, and core network elements in
each area type is calculated according to the principles de-
scribed in the Network dimensioning section. The assumed
number of MSC sites and their interconnection links is 15
nodes and 23 links (providing redundant paths).

The number of leased lines between base station sites
and RNC/BSC sites, as well as between RNC/BSC sites and
MSC sites is calculated based on the traffic amounts. The
required leased line lengths are calculated based on the as-
sumptions shown in Table 5.

When the exact number of transmission links and their
lengths (node distances) are known for each year, the re-
lated leased line costs (OPEX) are calculated according to
Table 6.

It should be noted that the leased line prices in different
countries might vary substantially.

4 Scenario modeling, results and discussion

4.1 2G incumbent operator with or without UMTS license
case

This scenario analyses the incumbent player, i.e. one who
has an existing 2G network, and wants to deploy its own
3G network to survive in the new 3G and beyond service
competition. This study setting includes, and compares, two

Table S Geographical
distances between key network

components

Distances (km) Dense urban Urban Suburban Rural
BS/BTS-RNC/BSC 2 10 20 30
RNC/BSC-MSC 10 20 35 50

MSC-MSC

_ | CountryArea (km?) __
=2 7 %NumberOfMSCs — 177 km

Table 6 Leased line tariff

assumptions Capacity

Basic price per line/year (2005)  Additional price per km/year (2005)

2 Mbit/s (BS/BTS-RNC/BSC)

155 Mbit/s (RNC/BSC-MSC)
Up to 10 Gbit/s

5400 € 486 € (Large)
240 € (Nordic)

16913 € 1920 €

- 3144 €
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alternatives: UMTS deployment (with license), and a new
competing 3G technology deployment. In both cases, an ini-
tial EDGE deployment is considered. For the UMTS case,
also the potential savings through inclusion of HSDPA up-
grade have been studied. For this scenario, only the “Large”
country type has been analyzed.

This analysis approach is unique in published literature as
linking three models dynamically together; namely the Net-
work Operator cost modeling, the Service Operator service
provisioning, revenue and operational expenditure model-
ing, and the end-user benefit and behavior modeling, all re-
lating to the emerging advanced mobile telecommunication
business and technologies.

4.1.1 Technology alternatives investigated

As an evolution path for GSM and GPRS technologies,
EDGE, UMTS and HSDPA technologies are modeled. Mo-
bile WiMAX technology has been modeled as representing
an alternative technology approach for an operator without
UMTS license. The technical and cost parameters of each
technology have been presented in the previous chapter.

Worse availability and choice of the Mobile WiMAX
handsets is seen in the lower service take-up figures in the
beginning. As the Mobile WiMAX technology has been de-
ployed in the higher bands, it has smaller site coverage area
than UMTS. This has cost effects especially in the rural ar-
eas, where the capacity need per surface area is low. For
these reasons Mobile WiMAX has been deployed only in
the urban areas.

Although there are already several business case analy-
ses for the fixed WiMAX, no comprehensive quantitative
analyses, except some commercial analyst reports, are avail-
able on Mobile WIMAX. An extensive list of references on
WiMAX technology is available in WiMAX Forum Inter-
net pages [9], and on UMTS and HSDPA in Global mobile
Suppliers Association (GSA) Internet pages [10].

The WiMAX, UMTS and HSDPA parameters presented
in the preceding Assumptions chapter are based on real en-
vironment and normal usage conditions simulation results.
Many earlier studies base on pre-implementation theoretical
parameters.

4.1.2 Rollout schemes and related investments

The study period starts from year 2006 (first calculated in-
vestments) continuing until year 2013. In the beginning the
Network Operator has the GSM capacity built up to sup-
port the traffic level at the year 2006. Also the initial quite
low data traffic is supported by the existing GPRS capabil-
ity. After that point, the needed extra GSM/GPRS capacity
is rolled out and calculated in the model. If the EDGE capa-
bility update is decided to be rolled out, it takes place in the
year 2006.

For the UMTS there are regulatory rollout requirements,
which differ country by country, but we have used generic
schedules. UMTS rollout starts in the year 2006, and the
service is provided from the beginning of the year 2007. The
deployment starts at the same time in all area types, but takes
one year to cover the Dense area, two years for the Urban,
three years for the Suburban, and 7 years to cover the whole
rural area.

The rollout of the base stations (BS) is based on the cell
ranges given in Table 4; three pentagon cells (sectors) are
modeled for each BS, so that the BS coverage area is approx-
imated to be 1.95R?, where R = “Cell range” in the Table 4.
Other equipments are counted accordingly, either based on
BS amount, or the required capacity. Most significant ele-
ments’ capacities and historical price data are presented in
the Table 3. A cost evolution model utilizing learning curve
expression with several parameters has been applied; for the
formulas refer to [8] and [11]. For elements like base sta-
tions, the anticipated annual price reduction is about 15%
in the beginning of the study period. After the BS coverage
has been built out, the needed additional BS/TRX capacity
is rolled out in the previous calendar year of the foreseen
traffic amount; the capacities (throughputs) of the different
radio technology BSs are included in the Table 4.

The Mobile WiMAX rollout is considered later than in
the UMTS case, starting in the year 2007, so that the ser-
vice provisioning can start in the beginning of the year 2008.
The rollout schedule has the same pace as with UMTS, but
without the suburban and rural rollout. The development of
population coverage for different technologies is presented
in the following figure. In addition, the potential traffic from
the terminals using the most advanced technologies has been
presented.

An extensive list of references on cost analysis of the
wireless networks can be found in [12], and a more recent
study in [13].

4.1.3 Services and revenues

Demand modeling is based on penetration estimates for dif-
ferent technology subscribers in selected segments and their
forecasted usage patterns. End-user modeling gives the us-
age amounts for active users of each service, per each seg-
ment and each technology.

The first step in the end-user modeling is to build the user
experience and behavior process for the provided services.
Process includes everything related to what the user experi-
ences while interacting with the service: pricing, usability,
service penetration (for person-to-person services), network
performance, and the actual usage, e.g. listening the piece of
music. Process includes also behaviors like reattempts and
waiting times.
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The parameters relating to the user experience dif-
fer by technology and user segment. The most impor-
tant differences between technologies are: Network block-
ing/unavailability, Technical trouble or delay, Practical up-
stream bit rate, Practical downstream bit rate and Perceived
quality of the service channel (differs especially for high
capacity requiring services, like video call or streaming).
All the above parameters are clearly better for the advanced
technologies UMTS and WiMAX compared to the lower
level technologies EDGE and especially GPRS. The dif-
ferences between user segments include their valuation be-
tween time and money and their capabilities to use the ser-
vices. The applied tariffs and tariff erosion are same to all
technologies (presented in the Table 2).

The role of the end-user model is to create a link between
service usage and user experiences with different technolo-
gies, user segments, and services. The reference parameter
values used to calibrate the initial usage amounts with the
set tariff levels are chosen between the advanced technology
values and EDGE parameter values. Based on the parame-
ters the end-user model calculates the benefit, cost, and suc-
cess figures for each technology, service, and user segment,
and for the reference. The actual paid tariff is part of the
costs, which include also the so-called opportunity cost due
to loss of available alternative benefits. Valuation of oppor-
tunity cost takes into account also the value of time, which
differs between the four segments used in the modeling.

The service usage for technologies, user segments, and
services are calculated using the end-user model by compar-
ing the benefit, cost, and success figures with the reference.
As the parameter values get better along with the advanced
technologies the usage grows from the reference values, and
respectively in case of lower level technologies the usage
diminishes as the user expectations are not met. For more
about the utilized end-user model, see Deliverable 19, Ap-
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pendix A, in [4]. Generally about end-user benefit analysis
relating to mobile services, see [14].

Upon the usage figures we have applied the market size
and market share of the operator, technology penetrations,
and rollout schedules, to get the user amounts. As the End-
user model gives the usage volumes for active users of each
service in each segment and technology, we have in addi-
tion estimated the penetrations of active users of each ser-
vice type in each segment and technology.

Estimated percentages of different technology subscribers
are based on terminal/handset penetrations. When the pop-
ulation coverage is incomplete, the potential usage and traf-
fic amounts realize only partially according to the available
coverage. The figures are dependent on the particular net-
work operator and service operator provisioning. The popu-
lation coverage development by the Network Operator was
presented in Fig. 2. It should be noted that e.g. EDGE pen-
etration is tracked here as for operator who provides EDGE
network, not as general EDGE penetration. It is foreseen
that if the operator goes for UMTS its data subscriber base
is quite fast migrated from EDGE to UMTS, boosted by
subscription packages including terminals and related ter-
minal subsidies. WiMAX is in a weaker position to reach
mass penetration in the W-E mobile market due to the path
dependency of the dominant players and the benefit of scale
in handsets, but has its possibility in the more niche market
of special IP centric approach. The penetrations for users
of different technologies are presented in Fig. 3. Those data
users not having any of the presented technologies are sup-
posed to use GPRS.

Subscribers utilizing more advanced technologies are
supposed to have also the less advanced technologies in use.
WiMAX penetration is estimated to be clearly lower than
UMTS, due to the terminal availability, form and price fac-
tors. Potential laptop users e.g. are considered to be much
lower in number than pocket size handset users.
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The customer base is supposed to be 16.5 million in the
year 2007, comprising a 30% market share of mobile users
from the total population of 65 million. The penetrations of
active users are out of this user base. Voice and SMS ser-
vices are supposed to have 100% penetrations in all seg-
ments. Each technology induces slightly different penetra-
tions for data services, so that higher capacity technology
imposes more users, but this increase is not as significant
as the usage amount difference calculated in the End-user
model.

The Service Operator’s revenues are calculated by com-
bining the technology related user behavior from End-user
model (usage amounts for the selected price level), with seg-
ment sizes and related actual active service users. The earlier
the enhanced technology is deployed, the more traffic is gen-
erated, but only in the limits of general demand development
and terminal availability. The generated average revenue per
user (ARPU) is clearly higher for the more advanced tech-
nologies. On the other hand, also the costs are higher for
early capacity deployment.

The Network Operator’s revenues are based on the traf-
fic amounts calculated in the Service Operator model. The
wholesale tariff levels are defined so that the operating prof-
its of the Service Operator and Network Operator are at the
same level in the UMTS case. Same wholesale tariffs are
applied for all cases.

Wholesale prices that the Service Operator pays to the
Network Operator in the year 2006 are as follows, with 15%
yearly price reduction applied thereafter:

e Narrowband conversational (voice): 0.011 €/min (in-
bound and outbound)

e Wideband conversational (video telephony): 0.043 €/min
(inbound and outbound)

e Data: 0.15 €/MB (both directions)

2007 2008 2009

2010 2011 2012 2013

The annual price reduction is quite substantial compared
to the average tariff erosion in the recent years, but is in
accordance with the high increase of traffic foreseen, any-
how causing the Network Operator revenues to grow. At
this phase the wholesale data traffic pricing is not differ-
entiated between e.g. streaming, interactive, or background
traffic classes.

4.1.4 Results and conclusions

Five sub-scenarios will be presented: “UMTS with HSDPA
plus EDGE deployment” “UMTS plus EDGE deployment”,
“UMTS without EDGE deployment”, “WiMAX plus EDGE
deployment”, and “WiMAX without EDGE deployment”.
For the NPV (net present value) calculations, discounts rate
is 15%, due to the fact that in the turbulent markets and
heavy technology competition the future revenues from the
investments are somewhat unsure. With reasonably high dis-
counts rate, the possibly positive results are more depend-
able. The presented NPV does not include investments done
before 2006 and potential positive cash flows after 2013,
so it should be interpreted more like discounted cash bal-
ance over the years 20062013, but a slight rest value of the
equipment is included.

In the UMTS cases, Service Operator’s net cash flow in-
creases towards the end of the study period. For the Mobile
WiMAX cases, such growth is not seen, and the end results
are more modest, although the cash flow keeps clearly pos-
itive. This is mainly due to UMTS being more mature tech-
nology (handsets and network) in the beginning, being able
to serve all types of services.

From the cash flow results of the model, we can see that
the revenues from the advanced services grow steadily in the
UMTS case, as the demand and usage increase faster than
the tariffs are falling, especially in the middle period. The
results are improving also because the costs are leveling off
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Fig. 4 Cash flows of the Service Operator (UMTS + HSPA)
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Fig. 5 Cash flows of the Service Operator (WiMAX)

towards the end of the study period. For the WiMAX case,
the revenues do not grow to such level, because of lower
amount of acquired high capacity users. See Figs. 4 and 5
below.

The Network Operator, on the other hand, has negative
cash balance for all cases in the beginning, but then in two
years the discounted cash balance turns to steady growth.
Due to the negative cash balance in the beginning Net-
work Operator’s technology risk is higher compared to the
Service Operator, who does not have to make so big in-
vestments. In the UMTS case, the Service Operator part-
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2010 2011 2012 2013

ner can catch more advanced data users, so that the traf-
fic and thus revenues are estimated to grow higher also
for the Network Operator providing UMTS. The invest-
ments or operational costs do not show crucial differences
between the technologies. However, because of less traffic
and thus revenues the payback for the WiMAX investment
is not so strong in this kind of operator case. Cash flows
of UMTS and WiMAX cases are presented below in the
Figs. 6 and 7.

According to the results shown in the Table 7 below, it
seems that successful competition is possible also by uti-
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Fig. 6 Cash flows of the Network Operator (UMTS + HSPA)
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Fig. 7 Cash flows of the Network Operator (WiMAX)

lizing another 3G technology, when the UMTS license is
not available. The results for Mobile WiMAX are some-
what lower than for UMTS, but the license costs (which are
not included here), might be lower for the other technology.

However, there are still uncertainties relating to the dissem-
ination of technologies, which are not yet in mature mass
production phase—either for the network part, or especially
for the terminal/handset part.
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Table 7 Network Operator and Service Operator investments and NPV summary

Technology Unit NtwOper. NtwOper. NtwOper. NPV ServOper. ServOper. ServOper.
deployment CAPEX* OPEX* CAPEX* OPEX* NPV
UMTS/HSDPA B€ 1.57 5.08 1.47 0.140 24.5 5.24
with EDGE

UMTS with BE€ 1.75 5.24 1.23 0.140 24.5 5.24
EDGE

UMTS without B€ 2.46 5.48 0.310 0.140 24.5 5.10
EDGE

WiMAX with BE€ 0.919 4.40 0.330 0.103 19.7 432
EDGE

WiMAX B€ 1.88 5.40 —1.88 0.103 19.2 3.02
without EDGE

4Discounted values, from year 2006 to 2013

This increases the risks for Mobile WiMAX cases related
to the potential delay in market maturity. For the HSDPA,
the future concerning the terminal and network technology
availability and maturity is already more assured.

Plain EDGE deployment does not give optimal results
due to lack of appeal to growing number of heavy data
users, but is best as an auxiliary solution together with
UMTS or WiMAX. The auxiliary EDGE deployment has
clearly higher effect on the Network Operator business than
on the Service Operator. This reflects that the investment
savings are considerable. For the 2G business player go-
ing for Mobile WiMAX as 3G technology, the interme-
diate EDGE deployment is crucial, so that without it the
NO WiMAX case becomes heavily negative. These find-
ings relate to the fact that EDGE is deployed in the be-
ginning of the study period, and if the EDGE is not de-
ployed, more low capacity GPRS base stations have to be
rolled out, raising the costs dramatically in WiMAX case.
As the UMTS rollout is one year earlier, the effect is not so
strong.

The revenue potential from UMTS and Mobile WiMAX
relate to the End-user modeling results indicating that the
growing revenues of especially business segment can only
be captured with the higher-level technologies. HSDPA has
been modeled here only as cost saving factor, as the data
capacity per base station is increased, but it will probably
also have some impact as to increase spending.

Especially the Network Operator part in the Mobile
WiMAX alternative is in weaker position as looking the re-
sults, and also the risks are at the highest there, as the user
base growth is delayed compared to the UMTS path. For this
reason, it is natural that the WiMAX NO tries to raise the
wholesale tariff levels. This would respectively cause some
reduction in the profitability of the WiMAX Service Opera-
tor.

In this scenario a high market share has been assumed
as for an incumbent player. For a new entrant to W-E mar-
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ket without 2G network the situation is more challenging, as
we can see also from the two other scenarios presented in
this paper. It would be possible to act as an MVNO in the
2G market, and build only the 3G IP overlay with Mobile
WiMAX. In this case too the challenge is to get customer
base large enough to compete with UMTS—economies of
scale work for the UMTS players’ benefit in the W—E mar-
ket. As the challenge is more in the network provider side,
one possibility for the WiMAX NO could be to try to find
several MVNOs to sell their IP based services (including
VoIP) operating on the deployed WiMAX network.

4.2 2G and 3G Service Provider/MVNO case

For a new entrant not having a license to build own net-
work, or not willing to take the investment risks, the Service
Provider/Mobile Virtual Network Operator (SP/MVNO) ap-
proach provides an alternative business model. Here, the
crucial factor is the relationship and contract terms with the
incumbent network operator.

The SP/MVNO business case can be analyzed from many
viewpoints. One interesting option would be to study the
feasibility of different types of MVNO strategies (e.g. cost
leadership vs. service leadership) for players with differ-
ent backgrounds (e.g. fixed line operators, retailers, media
houses). The quantitative nature of ECOSYS methodology
and tool, however, is better suited for studies with emphasis
on the cost (OPEX/CAPEX) and revenue structure of dif-
ferent technology options. In this study, the differences be-
tween two most commonly used virtual operator business
models are analyzed, including a SP scenario and a MVNO
scenario.

Becoming an SP/MVNO is a possible strategy for opera-
tors with many different backgrounds, e.g.:

1. Operator with 2G license and without 3G license (>>3G
SP/MVNO)
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Table 8 Summary of differences between the SP and MVNO model

# SP model MVNO model
1 Network operator’s identity Own network identity (MNC, IMSI)
2 Changing of network generally requires changing SIM Can route to other network, when required, without

cards, transferring prepaid subscription from one network

to another is not possible
3 Network operator’s interconnection agreements

4 Services are based on services provided by the network
operator, development of own services is very limited

5 Incoming traffic to the network is priced according to the

pricing of the network operator

6 Services are priced according to the pricing offered by the

network operator

Service operator from number portability viewpoint

Network and value-added service elements of the network
operator, it is not possible to have own value-added service

elements

9 Turnover comprises traffic invoicing

changing SIM cards regardless of subscription type

Own interconnection agreements

Possibility to create value-added services (i.e. mobile
switchboard, short numbers etc.)

Incoming traffic to the network is priced by operator itself
Services are priced component-specifically

Network operator from number portability viewpoint
Own network elements MSC, HLR, SRR, IN as well as

value-added elements if it so wishes

Turnover comprises traffic invoicing and call termination
compensation

Table 9 Wholesale tariffs

Service

SP model

MVNO model

Voice calls (originating)
Voice calls (terminating) 0
Video calls (originating)
Video calls (terminating) 0
Other services (originating)

Other services (terminating) 0

35% of retail price

35% of retail price

35% of retail price

35% of retail price
35% of retail price
35% of retail price
35% of retail price
35% of retail price
0

2. Operator with 3G license but without 2G license (>>2G
SP/MVNO)

3. New entrant without any licenses (2G/3G SP/MVNO)

4. Operator acting as an Mobile Network Operator in some
geographical markets and as an SP/MVNO in another.

In this study, the third case is assumed, i.e. the operator
is assumed to have no spectrum licenses in any markets.

The study concentrates on building a flexible model for
comparing the investment levels, cost structures, and rev-
enue streams between the SP and MVNO scenarios. The
model can be used to gain insight to the tradeoffs between
costs and revenues when deciding on the most suitable level
of outsourcing. Furthermore, by comparing the results of
this study to the other scenarios, the general feasibility of
both SP and MVNO models can be assessed. The main dif-
ferences between SP and MVNO model are presented in the
Table 8 [17].

An incumbent operator with GSM, EDGE, and UMTS
network (see Scenario 1) has been assumed to be contracted
with for the network capacity required for the services. The
two models are very different in terms of investment struc-

tures. In the SP model the costs are mainly OPEX as most of
the network equipment and service machinery is outsourced
to the network operator. In the MVNO model, the level of
outsourcing is lower and CAPEX is higher due to invest-
ments to own switching center, gateways, messaging cen-
ters, etc. However, bulk of the investments is in the network
operator side.

Most of the costs of a SPMVNO are OPEX, from which
a significant part of consists of the outsourcing of the net-
work infrastructure. In the case of SP, these costs are higher,
as a result of higher degree of outsourcing. The pricing of
the outsourced services is usually negotiated between the
SP/MVNO and the network operator on a commercial ba-
sis, without regulator intervention. Generally, the wholesale
price level can be assumed to be somewhere between the
network operator’s cost of providing the network services
and the retail prices. As the contracts can be freely negoti-
ated, there are many options and possible revenue sharing
models that could be applied. The negotiated wholesale tar-
iffs with the network operator that are assumed for SP and
MVNO are presented in the Table 9. For reference studies
and market data relied, see [15—-17] and [18].
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4.2.1 Results and conclusions

The MVNO business case proves to be significantly more
profitable. An obvious reason for the differences lie in the
MVNO’s higher revenues that more than compensate the
higher initial investment and paid termination fees. This
is illustrated in Fig. 8, which shows the differences in the
revenues and cost structures between SP and MVNO mod-
els. The Network Operator’s share of revenue dominates the
OPEX in both scenarios, but is even more strongly in the
SP scenario. In the MVNO scenario, also the revenues are
slightly higher due to net profit from termination fees. The

MVNO (Nordic country)

differences relate to MVNQO’s more independent position
than the SP’s towards the Network Operator.

Although the initial investments make the cash flow dive
deeper for the MVNO in the first-year, the higher margins
raise the profitability to a higher level compared to the SP.
The cost breakdowns highlight also the importance of OPEX
in both the SP and the MVNO model. Sales and market-
ing related OPEX stays on approximately the same level
throughout the study period, whereas customer case and
billing slowly increases and takes over the S&M costs in
the late years.

Figure 9 shows the economic results for the SP and
MVNO scenarios separately for Large and Nordic country

SP (Nordic countr
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Fig. 8 Revenues and cost breakdowns for MVNO and SP scenarios
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Fig. 9 Economic results for MVNO and SP scenarios
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Fig. 10 Sensitivity analysis results, Large country/MVNO

types. The MVNO business case proves to be significantly
more profitable in both country types. In the Large country,
the MVNO scenario yields an NPV of over 400 M€ and
the payback time is 3.5 years, whereas the SP scenario has
negative NPV and a payback time of almost § years. In the
Nordic country, the results are generally worse.

When comparing the results of the two country types, the
Large country business cases prove to be more profitable due
to better economies of scale and resulting lower unit costs.
In both country types, however, OPEX outweighs CAPEX
in cost breakdown and NPV sensitivity analysis. The most
significant OPEX elements include the Average Billing Per
User (ABPU), MNO’s share of the revenue, sales & market-
ing costs, and customer care costs. Market share evolution,
churn level, and network OA&M related costs are clearly
less significant. In Figs. 10 and 11, we can see that about
13% reduction in ABPU can make even the Large country
MVNO case NPV negative, but about 7% increase in ABPU,
or 10% reduction in MNO’s share of the revenue, can make
the Large country SP case positive. For further discussion
on sensitivity analysis results, please refer to the Deliverable
19 [4].

The contract terms and revenue sharing deal between the
SP/MVNO and MNO are of prime importance when looking
for a profitable business case. Based on the results of this
study, the MNOs share of retail revenue should not be more
than 30—40% in the MVNO case and 25-30% in the SP case.

NPV (BE€)

ABPU

MNOShareCommon_MVNO

SalesMarketingCost

CustomerCareCost

MVNORelativeMarketPower

Churn

GeneralAdministrationCost

EquipmentCostMultiplier

Compared to the incumbent cases in previous scenarios,
we can directly see that the revenue and profitability poten-
tial is limited. Only in the “Large” country type, clear pos-
itive results are indicated. These results are in line with the
perception that only a few significant SPs or MVNOs are
emerged and still in operation in the Nordic countries. New
mobile services, Internet business models and regulatory in-
tervention in the wholesale pricing are the foreseen possibil-
ities to change the situation.

4.3 CDMA450 case

This scenario investigates the potential of CDMA2000
technology in 450 MHz frequency band, also known as
CDMAA450. The studied case includes a Greenfield CDMA-
450 operator entering the Western-European market to com-
pete with 2G and 3G mobile networks. The CDMA450 oper-
ator has acquired a license for the 450-frequency band with
the possibility to use up to three 1.25 MHz carriers.

The operator enters a mature market in terms of com-
munication facilities. There are already several GSM/GPRS
and UMTS operators in the market. A fixed access operator
owns and runs a fixed network infrastructure from which the
newcomer will need to lease transport capacity. We assume
that initially multi-mode terminals that enable roaming be-
tween CDMA450 and GSM/GPRS/W-CDMA networks are
not available in the market. We study the economics for a
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Fig. 11 Sensitivity analysis results, Large country/SP

combined Service and Network Operator with two build out
strategies: CDMA450 covered in the whole country or just
in rural areas. Study period is 2006-2011. Monthly average
revenue per user (ARPU) is €28,44.

The network build out parameters are presented in the
Sect. 3 Assumptions, in common with the Scenario 1. The
new entrant operator aims to offer CDMA450 services
throughout the country. The focus however is on rural ar-
eas, as the technology is intended to be used as an ADSL
Light product offering data applications and VoIP services
to the users. In the Nordic countries, where population in the
rural areas is scattered and where it is very difficult to roll
out DSL technology, CDMA450 would thus be a substitute.
The mobility comes as an extra value to the users. The oper-
ator will support the customers throughout the country with
CDMAA450 coverage, and also the dense area roll-out is done
fast, to support the customers possessing only CDMA450
terminals. For reference studies and market data see [19, 20]
and [21].

4.3.1 Results and conclusions

The main economics results are given in Fig. 12. The pre-
sented results are obtained assuming Discount Rate of 15%.
Presented values IRR and NPV are values before tax reduc-
tion.
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Results show that new entrant building CDMA450 net-
work is not a competitive in small Western European coun-
tries due to rather high investments and low customer base.
On the other hand the case could give a pay back (5 years)
in large country where customer base is much higher. As
seen, the NPV is positive for the large country cases both
for the full country coverage and rural area coverage. The
best case is the rural large country case. In this case the
large coverage of each base station is one of the assets
for CDMA450. However the market share is very uncer-
tain and all cases involve high risks due to the network
investments. From Fig. 12 we can notice that especially
in the “Large country with total coverage” case the accu-
mulated cash flow goes quite deep with the network in-
vestments. Altering the customer base will alter the prof-
itability considerably. This means also that the business
player has to have a deep enough capital base for the op-
eration.

These results are quite much in line with the conclusions
from the Scenario 2: in a Nordic type of small population,
sparsely populated country the entry to the market is chal-
lenging. Even though this scenario indicates positive results
from the Large country type they are very risky and the pay
back time rather long. For that reason the Large country
MVNO case, with low investments, presents itself as more
lucrative a choice.
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Fig. 12 CDMA450 business
case—main results
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5 Final remarks

In this study, three mobile business scenarios have been eval-
uated, trying to analyze which are the economically viable
solutions in the Western European context. New economic
opportunities generated by emerging mobile technologies
and service concepts have been identified and the profitabil-
ity figures of various scenarios have been calculated.

Three scenarios for incumbents and new entrants have
been defined—those having a UMTS license and those lack-
ing it—leaving alternatives for new competing 3G technol-
ogy deployment or acting as a MVNO without own radio
infrastructure. Most of these scenarios have been analyzed
in two country groups that are not exactly representative of
any defined country, but rather share typical demographic
characteristics.

According to the cases investigated, the incumbent oper-
ators are the players with the strongest position. The UMTS
path as continuum for the prevailing GSM technology in Eu-
rope is the optimal approach for those who have the UMTS
license—for which they have paid a high price. Although
most European incumbents have purchased the license, also
those building on competing WiMAX technology can reach
a viable position. An intermediate technology, like EDGE,
having already now a good terminal penetration is anyway
needed for economically sound business case.

One possibility for a Network Operator having a lower
market share is to provide capacity for virtual service
providers to increase the served customer base and traffic.

The modeling results demonstrate that even in the com-
petitive market there are enough margins for beneficial co-
operation between Network Operator and Service Opera-
tors, if the total advanced user base served by the Network
Operator is big enough. Service Operator is not so dependent
on the size of its user base, due to lower fixed investments.

There is some space for the newcomers to maneuver but
the revenue potential is slighter and risks are higher. Espe-
cially for the Nordic type of country the new entrant busi-
ness case is very challenging, due to the narrow customer
base and scattered population. Both virtual operator and
network-based approaches are vulnerable according to the
Scenarios 2 and 3.

Nevertheless, though smaller scale start within the study
period, the emergent players might build foothold for the
new era of Internet based service business through ubiqui-
tous mobile access. This business is still biding its time, but
might completely change the telecom and electronic media
market. However, its effects cannot yet be projected to the
study period of 2007-2013.

This study paves the way for comprehensive techno-
economic modeling needed in the more and more com-
plicated environment of telecom business. This analysis
uniquely links three modeling approaches dynamically to-
gether; namely the Network Operator cost modeling, the
Service Operator’s service, revenue and operational expen-
diture modeling, and the end-user benefit and behavior mod-
eling. Different technology and business choices can thus be
compared for the optimal solution.
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