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ABSTRACT

This article presents a comprehensive techno-
economic evaluation of two upgrade strategy
cases for broadband IP services for residential
and business customers, and illustrates their
respective merits and pitfalls, allowing the defi-
nition of a reasonable investment policy. The
work should enable establishment of guidelines
for broadband infrastructure upgrade strategies
from the incumbent operator’s view. Following
the definition of appropriate service sets, and
taking into account demand scenarios estab-
lished within the project, this work has been
focused on developing a techno-economic model,
based on the TONIC tool [1]. Tariff structures
have been applied to compute the key economic
indicators, net present value, internal rate of
return, and payback period. This investment
analysis was carried using the tool, which was
developed by IST-TONIC [1]. The results show
that the choice of technology (Ethernet or ATM)
has almost no effect on the cost level and prof-
itability of the cases. For the suburban area, a
fiber to the cabinet solution is too expensive due
to heavy infrastructure investments; for dense
urban and urban areas the FTTC solution is
worth the investments. The FTTH/office deploy-
ment scenario is only profitable in dense urban
areas (> 5000 potential customers/km?) and
already highly risky in the urban area.

INTRODUCTION

In the context of growing demands for new
broadband services, network operators are facing
increasing bandwidth requirements. New infra-
structure and equipment is required in order to
deliver multimedia services in the megabit-per-
second range to end customers. Ten years ago
most experts expected an evolution toward fiber
to the home (FTTH). However, economic analy-
ses indicated that such solutions, if planned on
larger scales, would bear excessive costs. Fiber-
to-the-cabinet (FTTC) solutions and FTTH
(particularly as a first step fiber to the office,

FTTO) nonetheless appear to be the best choice
in specific areas with the right conditions (high
availability of ducts, high density of potential
customers, etc.).

This article is based on work within the IST
project Techno-Economics of IP Optimized Net-
works and Services (TONIC). The project exam-
ines various scenarios for phasing in new
network technologies, replacing older technolo-
gies, from a techno-economic point of view. The
European Union (EU) IST TONIC [1] project is
a precursor in the investigation of the economic
side of such deployments; consequently, this
work is the first step in assessing the market con-
ditions, architectures, and potential for a prof-
itable business case of a telecom operator.

This article investigates hybrid fiber/copper-
based access architectures (FTTx) applied in dif-
ferent urban areas. The focus within this study is
the comparison of different network technologies
under common business case assumptions (frame-
work). Several competitive technologies could be
an option for operators (e.g., cable modems or
WLANS), and their presence might affect the
overall broadband map [2]. This article analyzes
how close to the customer fiber can be profitably
deployed and how important the actual choice of
technology (Ethernet or ATM) is from the incum-
bent operator’s point of view since this option is
most likely within the next eight years to enable
the advancement of broadband services.

The scope of this article is to:
¢ Identify the network infrastructure, service

and traffic characteristics for different

urban access areas

* Analyze two replacement scenarios from an
economical perspective:
—FTTC in combination with very high rate
digital subscriber line (VDSL): Gigabit Eth-
ernet and Ethernet over VDSL (EoVDSL)
and comparable ATM-based architecture
—FTTH/O in the ATM architecture with a
passive optical network (PON) and with
optical point-to-point connections for the

Ethernet-based access network

The article will describe the main assumptions
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regarding the model that has been developed, the
scenarios under study, and the results of the busi-
ness case. The breakdown of the main investments
as well as economic parameters such as net pre-
sent value (NPV), internal rate of return (IRR),
and IFC will be shown. We will discuss the achiev-
able results with a comparison of the scenarios.

FRAMEWORK

The techno-economic modeling was carried out
using the TONIC tool, which is an implementa-
tion of the methodology developed by a series of
EU cooperation projects in the field. The tool
has been extensively used for several techno-eco-
nomic studies [2, 3] among major European tele-
com organizations and academic institutes.

The base of the model’s operation is a
database where the cost figures of the various
network components are deposited. These fig-
ures are constantly updated with data gathered
from the biggest European telecommunication
companies. The database outputs the cost evolu-
tion of the components over time. A geometrical
model is used to calculate the number of net-
work elements as well as their cost, for the set of
services and the network architectures defined.
The cable infrastructure costs of the network are
calculated using the geometric model, which
involves parameters such as subscriber density,
duct availability, and type of civil works as inputs.

Finally, the future market penetration of
these services and the tariffs associated with
them, calculated through market forecasts and
benchmarking, are inserted into the tool. All
these data are forwarded into the financial
model of the tool that calculates revenues,
investments, cash flows, and other financial
results for the network architectures for each
year of the study period. An analytical descrip-
tion of the methodology and the tool can be
found in [3, 4].

ASSUMPTIONS AND
MODEL DESCRIPTION

The study period assumed for all scenarios is
eight years, from 2003 to 2010. The discount
ratio is 10 percent for all scenarios, and taxes
have not been considered at all.

AREA DESCRIPTION

The description and characterization of the network
areas considered in this article with respect to sub-
scriber density, loop lengths, and geographical and
market characteristics will follow. Similar areas can
be found in many countries of the world, according
to the operator statistics in our consortium.

CEx [] 1’7
]

LEx

Dense urban: 4 x 16,384

potential subscribers
Urban: 4 x 16,384
potential subscribers
Suburban: 8 x 8192
potential subscribers

M Figure 1. Example: central exchange segmentation.

The network model for the selected case study
regarding urban areas is based on the metropoli-
tan area network (MAN), starting from the cen-
tral exchange (CEx) and comprising the whole
access network all the way to the customers. The
model has been developed as a total of eight flex-
ibility points (FPs) and seven link levels (LLs). It
is assumed that the CEx area encompasses and
concentrates four dense urban, four urban, or
eight suburban service access areas (Fig. 1). The
dense urban and urban service access areas under
study serve 16,384 customer units, suburban 8192.
For each service access area all customers are
connected to the same local exchange (LEXx). The
total number of customer units connected via
plain old telephone service (POTS) lines to one
CEXx is thus to 65,536 for all scenarios, which is
the same derived by multiplying the number of
buildings by the number of subscribers per build-
ing. This is the maximum number of potential
customers the operator can serve offering broad-
band connections (Table 1).

Within a given FP layer, a uniform distribu-
tion of the total number of FPs has been
assumed. The LEx is assumed to be located in
the middle of each service access area. The loca-
tion of the CEx has been defined by its distance
(cable length has been calculated) to each LEx
in the areas under study as described in Table 1.

Assuming a uniform distribution of all cus-
tomers within the area, a geographic model
developed in the TITAN project [4] has been
applied.

The main broadband network of an operator
could be divided into three main areas, taking
into account the geographical distribution of the
possible consumers. These three types of areas
are described below.

The dense urban area has been modeled as
an area of 3 km2 with an average copper loop
length of 1400 m. The mean subscriber density
corresponding to 16,384 subscribers/service
access area of 3 km? is then 5461 subscribers/
kmZ2. The subscribers are located in buildings
with 64 apartments distributed over 16 floors.

Area Average cable length, Subscribers/km? Number of Subscribers/
customer-LEx (m) buildings building
Dense urban 1400 5461 1024 64
Urban 2200 2048 2048 32
Suburban 3400 410 16,384 4

M Table 1. Area structure.
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M Figure 2. Distribution structure and geographic model of the dense urban area.

Market potential Dense urban Urban Suburban
Customer units total 16,384 16,384 8192
Households/access area 14,746 15,237 7700
Business/access area 1638 1147 492
Percentage business 10% 7% 6%

M Table 2. Definition of market potential.

These customers could be any mix of residential
or small and medium enterprises (SMEs). An
analytical description is illustrated in Fig. 2.

For estimation of infrastructure costs it is
important to define the duct availability, which is
set to 90 percent for the network parts between
the LEx and the cabinets, and to 50 percent
between the cabinets and the customers’ build-
ings. This factor is an important parameter. It
has a strong influence on the economics of the
various scenarios due to the high investment
costs of ducting systems related to civil works.

The urban area has been modeled as an area
of 8 km? with an average copper loop length of
2200 m. The mean subscriber density corre-

sponding to 16,384 subscribers/service access of
8 km? is then 2048 subscribers/km2. The sub-
scribers are located in buildings with 32 apart-
ments distributed over eight floors. Again, these
customers could be a mix of residential and
SME:s. The duct availability rate is set to 60 per-
cent for the network parts between the LEx and
the cabinets, and to 40 percent between the cabi-
nets and the buildings.

One suburban area is 20 km? with an average
copper loop length of 3400 m. The mean sub-
scriber density related to 8192 subscribers/service
access area considering 20 km? is derived to be
410 subscribers/km?2. The subscribers are located
in buildings with either four apartments distribut-
ed over two floors or corresponding numbers of
SMEs. The duct availability rate is fixed at 25
percent between the LEx and the cabinet, and 0
percent between the cabinet and the building.

SERVICES AND DEMAND

The services to be considered depend on the cus-
tomer profile. Customers are classified as residential
and business customers [5], which in turn include
SMEs and small office/home office (SOHO) cus-
tomers, including teleworkers. Key network require-

35% 50%
@ Gold residential 45% - 0O Gold business | i
30% {3 Silver residential |- °7[| @ Silver business
N0a1| B Basic busines:s | —
L e L
D R
250 |-
15Y0 - 20% e
0% [
10% o{rrereeesssssesssnesssssessenesssee
O
5% 5% o
00/0 T T T T T T OO/D T T T T T T
2003 2004 2005 2006 2007 2008 2009 2010 2003 2004 2005 2006 2007 2008 2009 2010

M Figure 3. Application of the broadband forecast model for the urban service access area.
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Service classes

Maximum downstream

Maximum upstream

Examples of interface

Traffic concentration Mean source

(kb/s) (kb/s) type (start value) traffic (kb/s)
Silver-residential 6,144 640 10BaseT 0.05 307
Gold-residential 23,168 4,096 10/100BaseT 0.05 1,158
Basic-business 6,400 6,400 10/100BaseT 3xE1 0.2 1,280
Silver-business 8,576 8,576 10/100BaseT 4xE1 0.2 1,715
Gold-business 23,168 23,168 10/100BaseT 0.2 4,634
E3/ATM25.6

M Table 3. Definition of service classes and traffic assumptions.

ments for business customers are scalability, securi-

ty, flexibility, and differentiated QoS. Dense urban Urban Suburban

The broadband access ’forecasts fqr both the el mee dheE 90% 959 100%
business and the residential users (Fig. 3) have
been applied according to the methodology from Business market share 60% 80% 95%

[6] and [7]. The market share of the incumbent
operator has been assumed to be 60 percent in
the dense urban area.

The range of services required by business cus-
tomers is also wider than for residential customers:
file transfer within an intranet, which means burst
traffic and highly variable bit rates, high-bit-rate
access to the Internet, and videoconferencing with
strong real-time constraints [5, 8]. In most cases,
these services require higher bit rates than typical
residential services. Table 2 shows the total market
potential assumed and the percentage of business
customers in all studied areas.

The common framework about the areas
studied includes a basket of common service
classes to be offered and a traffic model (Table
3). The table shows the maximum bit rates of
each service, examples of customer interfaces,
and the mean source traffic.

For each service class, we have considered
the mean source traffic to dimension the net-
work, which equals the maximum bit rate multi-
plied by a traffic concentration factor. The first
year, this factor is set to 5 percent for all resi-
dential and 20 percent for all business service
classes. Then we take into account the increase
in bandwidth requirement and assume that the
mean bit rate grows by 5 percent each year.

We assume that, in general, low-bit-rate ser-
vices are provided with existing asynchronous
DSL (ADSL) technology, which is beyond the
scope of this study. These services will gradually
migrate to higher bit rates during the study peri-
od. The study does not take into account high-
bit-rate service classes above 23 Mb/s symmetric
since the penetration of these services will be
limited, and these services are out of our focus.

For each area we have defined the market
share of the incumbent operator. As illustrated
in Table 4, competition between operators is dif-
ferent depending on the area and the market.
We notice that there is no competition in the
suburban area, and assume that the business
market is the most competitive market.

Figure 3 shows the penetration forecasts [9]
applied for both business and residential services
considering the market share of an incumbent
operator.

The broadband tariff structure is rather com-

M Table 4. Market share of an incumbent operator.

Tariff parameters

Parameter value

Share of the value chain for the network operator

Tariff increase for each capacity doubling for residential

customers

Tariff increase for each capacity doubling for business

customers

60%
17%

30%

M Table 5. Tariff parameters for an access network operator.

plex. Important tariffs are the connection tariff,
access tariff, service provider tariff, traffic tariff,
transaction tariff, and charge for content (i.e.,
pay per view).

The tariff model ([6, 7, 9]) is constructed in
the following way. Basically it sets a reference tar-
iff (derived from a survey conducted by a number
of large operators in Europe) of 720 /year in
2001 for 512 kbs asymmetrical services dedicated
residential customers and another reference tariff
of €5280/year in 2001 for 512 kb/s symmetrical
services dedicated to business customers. In addi-
tion, the model assumes an increase of 17 percent
(Table 5) for each doubling of asymmetric down-
stream capacities and 30 percent for each dou-
bling of symmetric downstream capacities in 2002.
Yearly price erosion of 10 percent is applied in
addition to the above mentioned tariff increase
for transfer rate doubling (Fig. 4).

The studied business model assumes that 100
percent of the tariff is collected by the ISP,
which cedes back 60 percent to the broadband
access network operator.

NETWORK ELEMENT COST MODEL

The network element cost model (Fig. 5) was built
based on a switch model containing the parts
found in switches of different vendors. The
model takes into account list price information
of several vendors and volume production
effects. Input information from different vendors
has been used to build an average cost model
[10]. The maximum number of interface cards is
necessary to dimension the network elements. In
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M Figure 4. Tariffs for residential and business customers.

general, medium-length interface cards have
been applied within the scenarios.

SCENARIOS

Figure 6 shows the different network solutions in
order to figure out the comparison architecture
explicitly. Different network locations are
equipped with switches, and the customer’s gate-
way is considered as well in the investment
model.

FIBER TO THE CABINET

This scenario (Fig. 6) has been analyzed with
Gigabit Ethernet based point-to-point and ATM
based point-to-multipoint (PON) technology
applied to the access area to offer the service set
described earlier. The complete service set is
offered using VDSL modem technology between
the cabinet location and the subscriber. This
gives an incumbent telecom operator the advan-
tage of connecting customers via the old copper
cable infrastructure within the first mile. It has
been assumed that the part between the cabinet

and the LEx will be replaced with a fiber infra-
structure. This also includes replacing the old
passive cabinets with new climatic conditioned
cabinets, including power access. In most of the
European countries the duct infrastructure
between the LEx and the CEx already exists.
Within this area the cost of fiber cable, branch-
ing boxes including installation cost, and pulling
costs into the ducts have been estimated. Within
a total copper length of 750 m all customers are
connected via VDSL directly from the LEx. Only
customers with higher connection length are
connected via new fiber nodes.

Several flexibility points have been equipped
with Ethernet or ATM switches. The access lines
are terminated with network terminations (NTs).
The dimensioning of the elements is based on
the effective source traffic and the number of
interfaces needed.

FIBER TO THE HOME/OFFICE
All customers have been connected via fiber lines
directly to the local exchange. This scenario is
using two different strategies, which are applied

CEx

| Downlink interfaces |

Local

Uplink interfaces |

exchange (LEx)

100Base-FX |
(medium distance; SM) 1

T
— | 1000Base-SX
(short distance; MM)

N :-:

I
— | 1000Base-LX
8 (long distance; SM)

Basic equipment

|1 8slots
1 (chassis+basic

I
— | 1000Base-LX |
(medium distance; SM) 1

modules+software)

I
0C3c-POS-interface
(long distance; SM)

—1 Layer 3 switch

Cab Cab

M Figure 5. Example: a model of Gigabit Ethernet local exchange switch architecture.
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within the access network configuration. FTTH/O
in case of the ATM architecture is using a broad-
band PON (BPON) structure between the LEx
and the customers. This BPON system has been
defined within the full service access network
(FSAN) initiative and is standardized in Interna-
tional Telecommunication Union (ITU) Recom-
mendation G.983. In Ethernet an optical
point-to-point architecture is used to connect all
customers to the broadband IP network. Each
customer has been connected with two fibers to
the LEx. That leads to an enormous fiber rollout
and equivalent 100 base fiber exchange interfaces
at the LEx location. Using a simple rollout model
30 percent of all buildings within each service
access area are connected within the first year of
the study period. After seven years, 90 percent of
all buildings within the access areas are connect-
ed with fiber cables.

RESULTS AND DISCUSSION

The two scenarios under comparable business
case conditions have been investigated. The eval-
uation of the results shows that for both scenar-
ios the differences in the economics between the
areas studied are mainly due to:

* Revenues associated to customer profile

(Business revenues > Residential revenues)

* Interface granularity and fiber consumption
* Infrastructure, in particular duct length and
duct availability

Table 6 summarizes the main economic
results of the study.

FTTC solutions for the dense urban and the
urban areas result in a positive business case
(positive NPV) with a payback period between
approximately four and six years. The positive
result for dense urban and urban areas is mainly
driven by the existing infrastructure in terms of
ducting systems, the short total connection dis-
tance to the customers, and the housing struc-

Net present value (NPV)

Fiber to the cabinet

Fiber to the home/office

Area ATM Ethernet ATM Ethernet
Dense urban €29.45 mill €29.40 mill €18.31 mill €7.47 mill
Urban €18.13 mill €18.06 mill €-9.11 mill €-22.30 mill
Suburban €-34.42 mill €-38.21 mill €-279.49 mill €-295.32 mill
Internal rate of return (IRR)

FTTC FTTH/O
Area ATM Ethernet ATM Ethernet
Dense urban 66.8% 56.2% 46.1% 21.5%
Urban 30.8% 29.7% No return No return
Suburban No return No return No return No return

Payback period (years)

FTTC FTTH/O
Area ATM Ethernet ATM Ethernet
Dense urban 3.8 4.3 5.5 7.5
Urban 5.3 5.7 No return No return
Suburban No return No return No return No return

M Table 6. Major economic results.

ture as well. The most important variables influ-
encing the business case are tariffs, customer
penetration, the network operations costs, and
the access equipment costs. The total invest-
ments for point-to-point Ethernet compared to
point-to-multipoint ATM FTTC architectures
focusing on both business and residential market
are, in general, on the same order (Fig. 7). The
point-to-point Ethernet FTTC architectures
serving both business and residential market seg-
ments seems to be a plausible solution as a first
migration step after ADSL for both dense,

Core network & Active
- optoelectronic
: % @ WAN interface
7 VDSL interface
ATM ATM ([ || | = |l Fiber cable
Central — — Copper cable
exchange = : — | ® Passive couplers
Local
exchange OLT ﬂ’f oLt
7 -|ONU
- -
Main cable [<] T
g3 PON |
i - LN
Cabinet
ONU|| | Customers Customers
NPT <750m ; ‘ <750 m
Distribution i g ]
cable
Subsaler | = 7 O % % /7 /7
location ’ NT ’ NT ’
ATM ATM Ethernet Ethernet
(P-MP) FTTC (P-MP) FTTH/O (P-P) FTTH/O (P-P) FTTC

M Figure 6. Generic comparison architectures.
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Investment breakdown for FTTC deployment by area and technology.

urban, and suburban areas. From this step it is

easy to step further to the FTTH/O architecture

in the future if the market became mature
enough for such high-speed data transfer rates.

The results for FTTC show that the choice of
technology (Ethernet or ATM) has almost no
effect on the cost level and profitability of the
cases (pointed areas of Fig. 7). For the suburban
area, an FTTC solution is too expensive due to
heavy infrastructure investments.

The investment breakdown figures show just
a small difference between the different tech-
nologies. Even if we zoom in on the different
equipment more deeply (on the right), the dif-
ferences in dense urban and urban areas are
small. It has been observed that the differences
have nothing to do with the protocol architec-
ture, but rather with interface granularity and
fiber consumption. These are mainly caused by:

* The influence of the PON compared to the
point-to-point system in terms of interface
savings (less ATM OLT at the LEx com-
pared to the Ethernet switches)

* The higher granularity in terms of inter-
faces, which can be allocated to the ATM
optical network unit assumed to be 144
compared to 24 in the Ethernet case.

Only the dense urban area case is profitable
for both FTTH/O architectures and technolo-
gies, with payback periods of 5.5 years for the
ATM PON solution and around seven years in
the Ethernet point-to-point solution. For the
Ethernet FTTH/O architecture the positive NPV
is mainly driven by the rest value, which is €18
million. The IRR of 21.5 percent in the pure
point-to-point Ethernet FTTH/O architecture,
taking into account the 10 percent discount
ratio, gives 11.5 percent return on investment
per year for the dense urban area. For the urban
and of course even more so for the suburban
area, an FTTH/O solution is too expensive, so
other access technologies should be considered.
This is again due to the high level of infra-
structure investment caused by the high level of
new ducting required. Thus, FTTH/O migration
is for the time being still too costly in urban and
suburban areas. Other access technologies like

wireless solutions should be used in such areas
in order to reduce the investment cost [2], but
not for such high-speed broadband services.

Due to the uncertainty of the assumptions
made, an extensive risk assessment has been per-
formed on the different fixed network scenario
and business cases based on Monte Carlo simu-
lation. In Fig. 8 the probability of a negative
NPV has been calculated. The FTTC deploy-
ment scenarios have small risk for the urban and
dense urban areas. The FTTH/O deployment
scenario is highly risky especially in the urban
area; this is the most critical issue for decision
makers. If the market is not mature enough for
broadband connection to the home/office, opera-
tors should wait, since the risk is high and the
probability of profit very small.

CONCLUDING REMARKS

The issue of broadband access network upgrade
remains a major challenge for operators due to
the high cost sensitivity of this network segment
and the high uncertainty of future service take-
up. This study has highlighted some of the key
issues of broadband access upgrade and their
possible impact. For all examined alternatives
the broadband upgrade costs are comparable to
and in some cases even several times higher than
the overall costs of establishing the existing net-
work. Hence, access network upgrading is likely
to turn out to be a long term project.

This article shows the economical impact of
Ethernet technology compared to ATM-based
technology applied to provisioning broadband IP
services from the viewpoint of an incumbent net-
work operator. Two urban scenarios applying
different architectures (FTTC, FTTH/O, and
combinations) have been studied. The compari-
son of the scenarios under investigation gives
one indicator of the conclusion that the equip-
ment investments of ATM or Ethernet based
network architectures under comparable condi-
tions are in the same range.

The general conclusion is that this application
seems to be worth the investment, especially in
dense urban areas. Both scenarios are economi-
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cal for dense areas, but in typical urban areas
only the FTTC scenario is truly positive. Particu-
larly in the FTTH/O scenario within an urban
area, neither the Ethernet point-to-point archi-
tecture nor the ATM PON leads to a payback
within the study period. Considering that the
assumed services cannot be accepted by an oper-
ator today, especially considering the risk envi-
ronment, a payback period of five years roughly
represents the economical limit under the
assumptions that have been made.

On the other hand, even if operators invest in
building out a new infrastructure based on fiber
within the access area, a longer payback period
should be accepted. Both the revenues of new
broadband services in combination with opera-
tional cost savings over SDH-based services, and
the creativity of the service provider and retailer
are able to create new value chains for incum-
bent operators.
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