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Abstract: 3GPP (Third Generation Partnership Project) is defin-
ing UMTS (Universal Mobile Telecommunication System) releases
which span the transition from GSM/UMTS coexistence to All-IP
UMTS networks. The deployment of an UMTS network depends,
in the first place, on the intended service offerings and the release
an operator chooses to start service with. Other key decisions in-
fluencing UMTS deployment relate to the timing of the functional
enhancements and capacity increases along the economic life of
the network. This paper gives an overview on the architectural
and technical options for UMTS deployment. It also outlines the
methodology underlying the business plan aimed at estimating the
returns from investments in the UMTS infrastructure, thus helping
to tune operators’ strategies for UMTS deployment.

Index Terms: Third generation mobile systems, network architec-
ture, operator policy, deployment options, deployment economics,
business plan, sensitivity analysis.

L. INTRODUCTION

3GPP (Third Generation Partnership Project) is defining
UMTS releases which span the transition from GSM/UMTS co-
existence to All-IP (i.e., end-to-end IP connectivity) UMTS net-
work, [1]-[3].

An operator intending to offer UMTS services has to take the
following strategic decisions impacting UMTS network deploy-
ment:

e The service offerings intended to be supported and their
anticipated evolution;

o the “entry level” network, i.e., the UMTS release to start
service with. This level may depend on whether the oper-
ator is an incumbent or a green field one;

e the timing of the functional enhancements. These may
be related to the evolution from one UMTS release to an-
other, and/or to the upgrading devised for the same re-
lease;

e the timing of the capacity increases. Schedules for provi-
sioning capacity to meet demand growth may be synchro-
nized with functional enhancements.

e the tariff policy and its evolution along the economic life
of the UMTS network. This policy accounts, among oth-
ers, for the erosion of the service costs with increased ser-
vice penetration.

UMTS economics, similarly as with other systems, sug-
gest that architecture/functional enhancements and capacity in-
creases be considered in the perspective of optimizing the in-
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terventions on the network. As a result, strategies for a phased
approach to cost-effective UMTS deployment play a key role in:
i) Ensuring market share and profitability margins to UMTS op-
erators, and ii) enabling a smooth introduction of new services
and extension of the service coverage. To materialize and facili-
tate operator deployment plans, vendors provide their equipment
with a high degree of flexibility and modularity in accommodat-
ing functional and capacity increase requirements.

This paper reviews key architecture and implementation op-
tions for UMTS deployment considering both the radio access
and the core network. The paper also addresses the methodology
underlying the business plan process for the economic analysis
intended to guide operators’ choices for UMTS deployment.

II. UMTS EVOLUTION PHASES

Release 1999 (Rel-99) of 3GPP UMTS specifications is es-
sentially a consolidation of the underlying GSM specifications
and the development of a new radio access network. With Rel-
99, the foundations have been laid for future high-speed traffic
transfer in both circuit switched and packet switched modes. In
evolving Rel-99, it was moved away from a strict yearly sched-
ule of releases, and the successive release has become known
as Release 4 (Rel-4). Its specifications have been functionally
frozen in early 2001. Release 5 (Rel-5) has been finalized in
mid 2002, and work on Release 6 (Rel-6) is ongoing. Key fea-
tures of Release 99 to Release 5 are summarized in Table 1.

One major change when passing from Rel-99/Rel-4 to Rel-
5 consists in dropping the support of GSM in one operator’s
domain. This results in the discontinuity evidenced in Fig. 1
due to dropping of the circuit switched segment in the Radio
Access Network (In-CS interface).

Since operators will choose different migration strategies
from 2G to 3G systems, UMTS and GSM/GPRS inter-
operability across different administrative domains will have to
be supported for some time even after widespread deployment
of All-IP UMTS!.

III. THE RADIO ACCESS NETWORK

The investments on the radio access network (RAN) typically
range between half and two thirds of the total investments for the
infrastructure of a mobile system. For this reason, and because
a large part of the quality of service perceived by the end-user
is impacted by the design and dimensioning of the radio access
network, planning of UMTS terrestrial RAN (UTRAN) plays

! Also, operators might choose different timing for implementing in their own
domain Rel-99 to Rel-5 releases for the radio access and the core network.
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Service & Home
Environment Plane

A

(a)
CSCF Call State Control Function
GGSN Gateway GPRS Support Node
HSS Home Subscriber Server
MGCF Media Gateway Control Function
MGW Media Gateway function

Table 1. Phases of UMTS standard development in 3GPP (selection of
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Service & Home
Environment Plane

(b}
MRF Multimedia Resource Function
RNC Radio Network Controiier
SCP Service Control Point
SGSN Serving GPRS Support Node
T-SGW Transport Signaling Gateway Function

Fig. 1. (a) UMTS Rel-99; (b) UMTS Rel-5.

features, Release-6 under development).

Release 1999

Release 4

Release 5

* Services as available
with GSM

* Multimedia
messaging

*Virtual Home
Environment
(VHE) and Open
Service Architecture
(OSA) evolution

» Location Services
(LCS) in Circuit
Switched and Packet
Switched domains

*Development/
Selection of a Multi-
Rate Wideband
Speech Codec (50Hz-
7kHz) for Wideband
Speech Telephony in
multiple radio
environments

«IP-based multimedia
services

3G radio accese

* Completely new
Radio Access
Network
(UTRAN), built ‘from
scratch'

« Different base
technology compared
to GSM: Wideband
CDMA instead of
TDMA

*New TDD mode (1,28
Mcps) for narrowband
application

* Intra-domain
Connection of RAN
Nodes to Muitiple
Core Network Nodes

» Evolution of UTRAN
transport: support of
IP and radio bearers
for efficient IP-based
multimedia services

Core network
*EDGE « Enabling Bearer * Provisioning of IP-
*GPRS Independent CS Based Multimedia
* GSM-UMTS Architecture Services (SIP Call
interworking Control protocol)
*OSA «intra Domain

Connection of RAN
Nodes to Muitiple CN
Nodes

« Reliable end-to-end
QoS for Packet
Switched domain

a central role in UMTS deployment®. As a matter of fact, the
number and distribution of Node Bs determine the allocation of
RNCs and, to a large extent, the transport infrastructure of the

2In the following, UTRAN and RAN will be used interchangeably.

radio access network.

A. RAN Planning

Planning a CDMA-based system like UMTS is a two-stage
process. Initially the cell coverage is determined in isolation
with reference to typical operation environments (i.e., dense ur-
ban, urban, suburban and rural) and relevant average traffic,
propagation and interference conditions — cell dimensioning,
[4]. This enables an initial identification of the number and loca-
tion of Node Bs to meet the service coverage and radio interface
oriented QoS requirements by stated traffic loading — start of the
RAN planning. Subsequently, the actual traffic and interference
conditions under the intended coverage of any single cell in any
particular operation environment over the entire service area are
used to fine-tune the cell dimensioning, thus determining the ex-
act cell coverage pattern and possibly leading to a revision of the
Node Bs distribution. Finally, the allocation of clusters of Node
Bs to RNCs so as to meet cost-effectiveness targets completes
the RAN planning.

In interference-limited CDMA systems, great care has to be
given to modeling the traffic load in the radio interface, both in
terms of source activity and instantaneous bitrate. The combi-
nation of the signal energy associated with the traffic sources si-
multaneously active determines the interference level in the cell
and, effectively, the cell traffic handling capacity.

B. The Transport Infrastructure

Different solutions are possible for implementing the trans-
port infrastructure in the radio access network, i.e., the com-
bination of topology, transport techniques and media for inter-
connecting Node Bs and RNCs aimed at achieving efficiency in
handling the traffic flows. These solutions depend on various
factors, ranging from the constraints represented by already ex-
isting infrastructure to the target layout and capabilities of the
mature UMTS network.

The network elements in the RAN are designed to be up-
gradeable and adaptive to support the features of the various
UMTS releases. In order to handle the traffic flows more ef-
ficiently, the UTRAN transport network is generally subdivided
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Fig. 2. Reference architecture for UTRAN transport solutions.

into two parts (Fig. 2). The first consists of the links between
the Node Bs and so-called “aggregation nodes” (hub nodes), the
second (backhaul network) connects the aggregation nodes with
the RNCs. This architecture capitalizes on the multiplexing gain
effect and the flexibility in rearranging Node Bs-to-RNCs rela-
tionship. This allows reducing the overall cost of the transport
infrastructure of the access network and to accommodate chang-
ing traffic and/or service conditions over the time.

C. Key Options

Several realizations of the UTRAN transport architecture are
possible by combining the options available for the physical me-
dia and the transport technique on one side - such as low capac-
ity microwave (PDH), high capacity microwave or optical links
(SDH STM-1/STM-4), ATM, LMDS, xDSL, leased lines - and
the topologies (e.g., tandem, ring, star) for each of the two cas-
caded arrangements on the other side. These realization pos-
sibilities are based on decisions which have strategic and eco-
nomic motivations, such as:

e Choosing the network topology depending on whether
GSM legacy networks are present (incumbent operators)
or not (green field operators);

e allocating Node Bs to RNCs based on traffic loading con-
siderations; and,

¢ evaluating the total expense for the use of the media based
on the cost and/or in-place availability of fiber, copper,
microwave licenses or leased lines.

IV. THE CORE NETWORK

The UMTS Core Network is based on the evolution of the
current GSM architecture, starting with UMTS Rel-99, which
retains the main features of circuit domain for voice applications
and packet domain for data applications - as found in today’s
GPRS networks. In UMTS Rel-4, a “next generation” archi-
tecture for the circuit domain is introduced, [5]. This architec-
ture which enables bearer-independent call control and features
separation between control and switching layer, bases on new
components such as the Mobile Switching Center servers (MSC
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servers) and Media Gateways (MGW). UMTS Rel-5 consists
essentially in the introduction of the Internet Multimedia (IM)
concept involving enhanced capabilities and new components
in the Core Network intended to provide QoS guarantee and
operator-controlled IP connection handling. This would allow
operators to offer veritable multimedia services, such as voice
combined with pictures, videos, web augmented calls, etc.

A. Switching and Routing

The network elements that comprise the switching and rout-
ing functionality of the UMTS Core Network differ significantly
from one UMTS release to another. In Rel-99 the key network
elements are the Mobile Switching Center (MSC), the Serving
GPRS Support Node (SGSN) and the Gateway GPRS Support
Node (GGSN). In Rel-4, as anticipated, the key switching and
routing network elements are the MSC servers and the Media
Gateways (MGW).

In Rel-5 the introduction of the Internet Multimedia Services
(IMS), through the “All IP” network, should be a key success
factor for operators enabling the provisioning of veritable dif-
ferentiated value-added services. The main functional compo-
nents of this architecture are CSCF, MGCF, T-SGW, and MRF,
that with the support of the media gateways, will enable inter-
operability between communication networks, based on various
technologies, protocols and devices. Functions and capabilities
of key core network elements of different UMTS releases are
summarized in Table 2.

B. The Transport Infrastructure

The transport architecture of the UMTS Core Network de-
pends on the utilization strategy chosen by the operator. The
SGSN and/or GGSN nodes can be co-located in the same site
or distributed in different sites, as well as the management and
charging network elements. According to the number of RNCs,
SGSNs in the existing transmission transport network and the
expected traffic, different network topologies are possible. The
chosen topology will have a great impact on the efficiency, reli-
ability, cost, flexibility and scalability of the UMTS network. In
case of operation centers distributed regionally, Fig. 3 shows an
example where an UMTS Core Network transport can be used
to federate all the UMTS network elements around the same
network infrastructure.

C. Key Options

In principle, the interfaces between a variety of network ele-
ments could be supported by a common infrastructure based on
IP/MPLS/ATM, depending on which 3GPP release the operator
is willing to deploy. This applies notably to:

e The network elements of the terrestrial radio access net-
work (and especially the RNC via the Iu-PS, Iu-CS and
Tur interface);

e the network elements of the circuit switched domain of
the core network (and especially the MSC (or the MSC
server) via the Tu-CS interface);

e the network of the packet switched domain of the UMTS
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Table 2. UMTS Core Network switching and routing elements, and UMTS releases.

Element

Is connected simuitaneously to both the UTRAN and the BSS and has to provide a direct
+{ internal handover between these two radio access networks.

Interworks with the UTRAN and the UMTS User Equipment (UMTS UE). The SGSN is
responsibie for radio assignment, taking into account the UE requests, the user
subscription profile and the available resources; it is also responsible for the security

-} functions, such as authentication, charging and interception.

Allows the interworking between the GPRS access network and the external IP Packet
Data Networks (PDN) such as Internet Service Providers (ISPs), Corporate Networks or
the public Internet.

implement the control and mobility management of a 3G mobile network with packet
transport in the circuit-switched domain. They interface the UTRAN and the fixed network
(PSTN) and enable mobile users to gain access to the 2G features of today mobile
networks as well as 3G Rel-99.

Can be classified in two families, the Access Gateways (AGW) and the Trunking
Gateways (TGW). The AGW is located on the border of the UMTS core network to the
RNC, performing functions like bearer conversions for the user plane, simple routing,
insertion of tone announcement, anchor point when selected at the beginning of the call
by the anchor MSC server. The TGW is located on the border of the MTS core network
to the PSTN/ISDN and performs functions such as circuit-switched voice to packet-based
voice stream and vice versa, transcoding the PCM voice packets according to a UMTS
specific coding mechanism.

1 Will enable inter-operability between communication networks, based on various
technologies, protocols and devices. In particular, CSCF (Call State Control Function) is
used for routing and user database processing related to mobile originated and

{ terminated calls. MGCF (Media Gateway Control Function) is the PSTN/PLMN
termination point for a defined network. T-SGW (transport Signaling Gateway Function)
maps PSTN/PLMN <-> IP signaling and transport level address. MRF (Media Resource
Function) handles muitiparty/multimedia contro! actions.

GGSN

Region 2

IP & ATM

Fig. 3. A possible architecture for UMTS core network transport.

core network (and especially the GGSN via the Gn inter- (BGW).

face); SDH/DWDM could be used as underlying physical transport
e the media gateway (MGW) and the border gateway solution. This solution is most suitable when a large number



of RNC, MSC and GSN have to be interconnected, enabling
the lur interface to be supported between RNCs. When the Core
Network elements are centralized and co-located in the same site
a LAN configuration is recommended, based on Fast Ethernet
or Gigabit Ethernet, offering reasonable bandwidth and simple
management at low cost.

The key factors that will drive the Core Network evolution
are, again, a matter of strategic decision to be taken by the op-
erators in the UMTS scene, whether incumbent or green field
ones. In any case, the factors that will influence the Core Net-
work implementation include:

The availability of the different types of UMTS terminals;
the introduction of multimedia services as early as possi-
ble;

e the advancement of UMTS standards with respect to IP
Multimedia aspects;
the replacement of first-release 3G terminals; and,
the speed of UMTS market growth.

V. THE SERVICE AND APPLICATION PLATFORM

One major objective with 3G systems and Personal Commu-
nications is is to provide the customers a service environment
from which the subscribed service profile can be accessed and
operated independently of the actual network or terminal equip-
ment the user happens to be associated with (Virtual Home En-
vironment, VHE). This objective is combined with the desire to
make available a service provisioning environment that is inde-
pendent as much as possible of the network infrastructure.

To make service creation and provision independent of the un-
derlying network infrastructure, UMTS adopts OSA (Open Ser-
vice Architecture), [6]. This allows, in principle, that service en-
hancements are decoupled from the UMTS network infrastruc-
ture (and releases). Another benefit with OSA is the high degree
of flexibility in configuring services and applications (whether
oriented to the end-users or to network operators). OSA makes
systematic use of the “server” concept, i.e., elements special-
ized for performing (set of) tasks which, combined with those
of other servers, activate network functionality to run an appli-
cation having user or operator significance.

Servers are organized into “application” or “service capabil-
ity” layers, depending on whether they are associated with the
application logic or the breakdown of the application into mod-
ules to be used as building blocks for a variety of applications.
Finally, other types of servers deal as the linkage for the acti-
vation of the functionality of network elements responsible for
running the applications. Fig. 4 shows the functional architec-
ture of the service platform.

Two broad categories of services relate to those with end-user
significance (ranging from voice, messaging and localization
based services, to content presentation support, i.e., multime-
dia portal), and those associated with operation, administration
and maintenance (e.g., operations system support and billing).
As indicated in Fig. 4, applications relying on the same sup-
port platform are grouped together. The functional architecture
is complemented with “Application Open Bus” dealing as the
communication pipe where data (customer data, service requests
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Fig. 4. Functional architecture of the Service Platform.

and charging data) are exchanged between the platforms for the
necessary interactions between the applications.

A. Services and Applications

The service capabilities included in the category having end-
user significance range from traditional application support
(voice, messaging, and localization) to presentation of content
applications and payment solutions. Specifically:

e 3G applications cover a broad range of possibilities, with
different support of network capabilities. As an example,
some applications relate to network capabilities provided
by IN or CAMEL service environment, and unified mes-
saging. Location based mechanisms also fall in this group.
Other applications cover Audio/Video streaming, infotain-
ment and gaming capabilities. These applications rely on
capabilities such as rating, charging and, when financial
institutions are concerned, payment solutions;

e presentation capabilities are built on a multi terminal por-
tal and provide profile management for terminals and
users. They also provide a syndication mechanism al-
lowing end-user preference to be transferred to content
provider to access focused, instant information.

As relates applications with operator significance, Common
Services and Operation and Business Support is central to man-
agement information systems and manages user and service
identification and authentication. Management information sys-
tem capabilities are provided by a Back-office Operations sup-
port, combining tools for network-, fault-, QoS- and fraud man-
agement as well as service provisioning. Front-office Business
support provides tools for customer care, billing, and charging
gateway. Payment server, as a specific instance of payment so-
lution, is associated with this grouping.

B. Key Options

From a user perspective, the services intended to be offered by
UMTS networks can be grouped into six major categories, i.e.,
Mobile Intranet/Extranet Access; Mobile Internet Access; Lo-
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Table 3. UMTS service categories with end user significance.

Market
segment

Service
category

Charateristics

Provides secure mobile access to corporate
Local Area Networks and Virtual Private
4 Network.

| Offers mobile access to full fixed ISP services
with near-wireline transmission quality and
functionality. Includes full Web access to the
| Internet as well as file transfer and electronic
mail.

Enables users or machines to find other

- | parties, vehicles, resources, services or
machines. it also enables others to find users to
{ identify their own location via terminal or vehicle
identification.

] Real time and two way. It provides advanced
voice capabilities, such as VolP, voice-activated
- net access, while still offering traditional mobile
voice features (e.g., operator services, directory
assisted roaming). It will include mobile
videophone and multimedia communications.

| Provides access to personalized content
anywhere, anytime via structure-access
mechanisms based on mobile portals.

Offers real-time multimedia messaging like SMS
*] with multimedia contents, e.g., sounds,

video, etc.

cation Based Services; Rich Voice; Customized Infotainment;
Multimedia Messaging Service. The characteristics of these cat-
egories are summarized in Table 3 with respect to the potential
market segment and ignoring the technological details for their
implementation.

V1. UMTS ECONOMICS

A key step in the process of finalizing the UMTS deployment
strategy is represented by the economic evaluation of the rev-
enues expected from the investments over the economic life of
the system, including the license acquisition costs [7], [8]. This
evaluation bases on the (cost of the) options described earlier on
and also on the assumptions about the evolution of demand and
service penetration as well as tariff trends and policies.

In the following, the methodology for carrying out such an
evaluation is illustrated. A key metric in the evaluation is the
NPV (Net Present Value) understood as the net present value of
the network, i.e., cumulative discounted cashfiow generated to
date. On a less formal level, this metric is indicative of the prof-
itability of a business, as appreciated at Year 0, over a span of N
years - N ranging from 1 to the economic life of the system. To
simplify the description, numerical aspects for the various pa-
rameters characterizing the UMTS deployment are introduced
in the following. However, it is to be stressed that figures have
only indicative value and that conclusions based on NPV anal-
ysis are critically dependent on the assumptions underlying the
parameter choice.

A. Business Plan Outline

To implement a financial model where all of the described as-
pects are properly taken into account, specially designed tools
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are normally used, e.g., [9]. This implies a sequence of steps
to go through to associate values to the input parameters and to
acquire the network engineering rules. Running the model gen-
erates the technical and financial outputs driven by geographical
data and service demand. The implementation of a financial
model is normally conceived so that further information on spe-
cific aspects may be obtained by increasing the level of detail
in the description of the network infrastructure and/or network
components. Examples of this modeling approach as applied to
UMTS can be found in [10].

The economic evaluation comprises the following logical
phases:

a) the year traffic demand? over the considered period is es-
timated. This, in turn, involves several steps, i.e.,

e estimation of the potential user population

e estimation of the service penetration considering di-
mensions such as: service class (i.e., bitrate of cir-
cuit switched and packet switched services), oper-
ation environment (i.e., dense urban, urban, subur-
ban, rural), user age class, etc.

e estimation of the activity factor per service type and
class;

b) the radio access network is planned on a year basis con-
sidering the increase in the traffic demand, point a) above,
and the resulting need for incremental additions of net-
work infrastructure (Node Bs and RNCs) to meet capacity
requirements. This stage considers that different operation
environments are differently covered from a service point
of view, both in time and as target coverage, with dense
urban environments receiving priority;

¢) the core network is also planned on a year basis consid-
ering the impact of traffic demand under points a) and
b) above. As part of this planning, re-engineering of
SGSNs and GGSNs is also accounted for, see section IV.A
(Switching and Routing). This includes both HW and SW
upgrading, i.e., processing power increase as well as ar-
chitecture and functional enhancements due to implemen-
tation of successive UMTS releases. This stage considers
that packet switching equipment will, as a tendency, sub-
stitute circuit switching equipment;

d) a revenue structure for each service is assumed. This
structure considers both the charges on the end-user and
the balance between costs and revenues associated with
possible agreements with third parties involved in the ser-
vice support (e.g., content providers, brokers, etc). The
service revenue is then subjected to a “price erosion”
along the economic life of the system. This erosion de-
pends mainly on the general trend of telecommunica-
tion service tariffs, and the operator’s policy for attracting
and/or preserving the customer base and face competition;

e) the NPV computation is carried out and, based on the anal-
ysis of the results, refinements of the UMTS deployment
strategy may be considered.

3 As for capacity planning, the traffic demand results from the superposition of
the demands related to the individual services. These may have different trends
and, in general, different start-up times. In the following, unless stated other-
wise, “demand” will indicate the superposition of the demands for the individual
services.



Fig. 5. RAN planning and UMTS deployment over the economic life of
the system.

The phases comprising the business plan are summarized in
Fig. 5. Due to the many parameters on which the business plan
may depend, a sensitivity analysis on the impact of critical pa-
rameters (such as demand estimation uncertainty ranges, slope
in the service price erosion, etc), normally complements the
business plan exercise®.

B. Service Penetration and Demand Scenarios

The service demand and traffic scenarios are input to the di-
mensioning and planning process, and ultimately to the eco-
nomic considerations of the business plan. The service and traf-
fic scenarios are derived through a combination of data regard-
ing, among others, demography, social aspects, service coverage
areas, prospected acceptance of service offerings, traffic source
activity and bitrate of offered services.

Processing the data, quite naturally, starts with identifying
the service area and the overall population insisting on it (see
Fig. 5). From the overall population, the potential customer
population is identified as the one confined within specified age
limits. Further, assuming a stated percentage for the popula-
tion service coverage, the final customer base population is de-
rived. From this, by assuming stated percentages of the service
area for dense urban, urban, suburban and rural operation envi-

4In addition to accounting for uncertainty margins, the business plan may
be made more sophisticated by including additional aspects having a bearing
on costs and revenues, such as promotional actions and tariffs, co-location of
2G/3G radio infrastructure, risk and benefit sharing following agreements with
service/content providers and/or brokers, and so on.
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ronment, and also assuming that the share of business and con-
sumer customers are specific to each operation environment, the
user population can be classified according to the joint criteria
of operation environment and subscription type. Finally, assum-
ing that the service penetration for circuit and packet switched
services are also specific to the operation environment and sub-
scription type, it is possible to derive the actual user population
subscribed to UMTS services. This population is now assumed
evenly distributed over the service area for the purposes of es-
timating the offered traffic and, hence, carrying out the RAN
planning. To this end, an activity factor specific to each service
class is introduced and the overall traffic offered estimated, see
Fig. 5. The mapping of offered traffic into the RAN planning is
addressed in Section III-A (RAN Planning).

To obtain the evolution of the RAN planning, the above ex-
ercise is repeated for each year along the economic life of the
system, as indicated in Fig. 5. This involves updating of the
overall population and adjusting all other input data having a
dependence on time, such as the service penetration. Normally,
the number and location of Node Bs and RNCs for year N+1
correspond to those for year N plus the ones due to the increase
in the customer base from year N to year N+1. In other words,
no rearrangement of the radio network infrastructure in place at
any time is normally considered.

C. A Possible UMTS Evolution Path

Obviously, the UMTS deployment scenarios may span over
a wide range of options [11]. For illustrative purposes, in the
following it is considered the case where UMTS Rel-99 is in-
troduced starting from YO and Rel-5 is introduced starting from
Year 3. Moreover, capacity upgrading will be systematically
performed along the economic life of the system (assumed 10
years). Qualifying decisions to resolve key options for the busi-
ness plan, including the service offering, are assumed as indi-
cated in Table 4 (“reference scenario”). Other typical input and
output data for the business plan analysis are as indicated in Ta-
ble 5.

The NPV derived from the business plan for the reference sce-
nario is shown in Fig. 6. The figure indicates that returns from
investments start somewhat later than the half of the assumed
economic life. Until then, profit gains are offset by substan-
tial investments necessary for the service start-up. Once returns
begin, an almost steadily increasing trend for the rest of the eco-
nomic life is exhibited.

D. Sensitivity Analysis and Service Offering Policy

As anticipated, several parameters having a bearing on the
economic aspects of UMTS deployment - and hence NPV - are
either inherently affected by estimation inaccuracy or may vary
depending on operator choices which, in turn, may vary in time
in response to changing market and business conditions. To ac-
count for the impact of some of these factors, an example of sen-
sitivity analysis is performed here. In the example, four aspects
for which ranges in values of relevant parameters, or different
disposition thereof, are considered (Table 6):

e traffic demand;
e service penetration;
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Table 4. Example of deployment strategy and options to materialize an
UMTS evolution path - Reference scenario.
Note - Entrigs associated with categories RAN, Core Network and service

market segments, represent investment share within each category; entries
in column "Y4 to Y10" relate to year 10.

increases

Yeardto

Y
oar 3 Year10

65 % 60 %

35% 40 % 50 %

3 % yearly reduction over the whole
economic life cycle

16000
14000
12000
10000
8000
6000
4000
2000

-2000
-4000

-6000

-8000

Fig. 6. Net Present Value of example UMTS business plans.

e tariff erosion;
e service offering.

In particular, the different disposition of the service offering
with respect to the reference scenario reflects the assumption of
a more aggressive attitude in planning investments related to ser-
vices. The underlying assumption here is that of a greater share

5 As for capacity upgrading in the core network, it is assumed that switch-
ing and processing requirements are totally conditioned by the upgrading in the
radio access network.
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Table 5. Sample of input and output data for UMTS business plan.

Tariffs:

¢ Estimation of tariffs, erosion along the years

Costof equipment (tangible).

® Cost of equipment for each resource, cost erosion

Cost of frequency and SW (intangible).

* cost of frequency auction

s cost of SW license

Bunning Costs:

* Maintenance, installation as a percentage of CAPEX per resource

® Administration, provisioning as a function of the number of
subscribers.

= Staff personnel for network design, radic coverage as a function of
Node B

Sales and after sale personnel as a function of subscribers

Besources required
¢ estimation of resources (UTRAN, core network) for accommodating
the customer base

Revenues

* Revenues per service, per subscriber

CAPEX. and OPEX

= Estimation of the CAPEX per resource, network
= Estimation of the OPEX per resource, network
* Depreciation and Amortization per resource

NPVand IRR

Table 6. UMTS business plan - Parameter variations and alternative
scenario for sensitivity analysis.

Deviation from asstmed
service mix

SM+ =>Y3: +10%, Y10: +25%;
SM- => Y3: -10%, Y10: -25%
SP+ =>Y3: +10%, Y10: +25%,;
SP- => Y3: -10%, Y10: -25%
TE+ => +10%;
TE- =>-10%

Deviation from assumed
service penefration
Yearly deviation

Alternative
scenario

65 % 60 %

* Consumer

35 % 40 %

of additional services which are at a profound deviation from
legacy GSM/GPRS ones, such as Mobile Internet Access and
Multimedia Messaging Service. The result of the combination
of the ranges is shown in Fig. 6. As it is evident, the impact of a
different scenario for the service offering has a major impact on
the NPV. This would indicate that by the same evolution of the
customer population and overall traffic demand, a service offer-
ing aware of the increasing penetration of Mobile Internet Ac-
cess and Multimedia Messaging Service categories would pay
in terms of returns, in spite of a greater financial exposure in the
initial period of the economic life of the system.

The impact of the other parameters subject to variations (traf-
fic demand, service penetration and tariff erosion) is practically
the same, in relative terms, whether they are associated with the
reference or the alternative scenario. In summary, out of the four
factors considered in the sensitivity analysis, the disposition of
the service offering appears to have a major impact on the NPV
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and hence on the deployment strategy - at least for the range of
variations considered here.

Since NPV analysis is dependent on complex relationship and
mutual dependence between technical and economical aspects
of UMTS deployment, the indicative value of the exercise of
Fig. 6 has to be restated. For completeness, it is worth noting
that NPV benefits from the virtuous reaction within the loop
“service offering - service penetration - QoS,” if this is prop-
erly fed and controlled; moreover, key factors impacting NPV
include the cost of the access links in the RAN, the savings re-
sulting from co-siting of 2G and 3G infrastructure, and the cost
of money.

VII. CONCLUSION

Deploying an UMTS network is a process where strategic,
market and economic decisions play a fundamental role in plan-
ning investments for phased functional and capacity enhance-
ments along the economic life of the network.

In planning investments, a balance has to be striven between
actions decided in the early stages of the network deployment -
which have normally long-lasting effects in terms of both shap-
ing the network infrastructure and capital recovery - and actions
which may be deferred - which are normally taken in response
to changing market trends and/or conditions, and whose eco-
nomic profitability has to be measured within relatively short
time frames. Whatever deployment policy is chosen (also de-
pending on whether the operator is an incumbent or a green field
one), a significant margin of flexibility for adjusting the deploy-
ment plan has to be factored from the outset. Although this is
advisable for any network deployment plan, this is especially
important in the case of 3G systems for which the market oppor-
runities for new, qualifying service categories have to be verified
.n the field. At the technical level, the adaptivity and modularity
of future-proof equipment design guarantee this flexibility - be it
radio access or core network infrastructure, or service platforms.

This paper has tried to indicate the options which are open for
an UMTS deployment, together with the methodology used for
assessing the economic viability of - and returns from - related
investments.

VIII. APPENDIX - DEFINITIONS AND ACRONYMS

CAPEX | Capital Expenditure: The annual expenditure on
new resources, resulting from Intangible Expen-
diture (on resources such as capitalized license
fees, ...) and Tangible Expenditure (on resources
such as equipment, ..)

(before financing): The amount of cash coming
into the business during the year, after invest-
ment.

Internal Rate of Return, (Zero Terminal Value):
The internal rate of return for the network, i.e.
the discount rate (if any) which gives a zero Net
Present Value.

Cashflow

IRR
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NPV Net Present Value (at x%): The net present value
of the network, i.e. cumulative discounted cash-
flow generated to date, making no allowance for
the terminal value of the network. Calculated
from the Cashflow and a fixed discount rate of
x%.

OPEX Operational Expenses: All non-capitalized costs
of operating the network, also known as Running
Costs.

2G Second Generation

3G Third Generation

ATM Asynchronous Transfer Mode

CAMEL | Customized Application for Mobile network En-
hanced Logic

CDMA | Code Division Multiple Access

CS Circuit Switching

DWDM | Dense Wavelength Division Multiplexing

EDGE Enhanced Data Rates for GSM Evolution

GPRS General Packet Radio Service

GSM Global System for Mobile communication

HW Hardware

IN Intelligent Network

IP Internet Protocol

LAN Local Area Network

LMDS Local Multipoint Distribution Services

MPLS Multi Protocol Label Switching

PDH Plesiochronous Digital Hierarchy

PLMN Public Land Mobile Network

PS Packet Switching

PSTN Public Switched Telephone Network

QoS Quality of Service

SDH Synchronous Digital Hierarchy

STM-x | Synchronous Transfer Module - x

SwW Software

TDMA | Time Division Multiple Access

TTD Time Division Duplexing

xDSL (any) Digital Subscriber Line System
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