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Abstract

Due to the high costs associated with the deploymietihe passive infrastructure of
FTTH networks, a few alternative operators havedeoed the possibility of making co-
investments based on a network sharing model. Tihgope of this article is to explore
economic aspects of a co-investment scheme foepresd future FTTH/PON architectures.
The article describes the cost reductions thabeaachieved when a co-investment scheme is
used, as well as the relationship between marletstand the cost per home connected. A
cost model was employed to calculate the investpenhome passed and the investment per
home connected. The investment per home passath falternative operator indicates
significant cost reductions when a co-investmeheste is used. On the other hand, the
results show that when the incumbent’s market sisagqual or higher than the total market
share of all the alternative operators that sHaenetwork infrastructure, the investment per
home connected for an alternative operator is migfan that for the incumbent operator.
Moreover, to be cost competitive with the incumbsmerator, the necessary market share that

each alternative operator should achieve is mugieidhan that of the incumbent operator.
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1. Introduction

Broadband deployment plans have been defined aat@nal or regional levels in
several jurisdictions. For example, the European @msion is promoting the deployment of
high-speed broadband access networks in MembersStathe European Union through the
initiatives defined in the Digital Agenda (Europgaammission, 2010). Due to their high
transmission capacity, fibre to the home (FTTHWumeks meet the goals set by the European
Commission for the year 2020. Different operatonsehaready deployed FTTH networks in
Europe, but the high costs associated with thé winiks of passive infrastructure, which in
many cases amount to at least to 60%—70% of théevihitial investment, are considered a
limiting factor by several current and potentiaeogtors. In this sense, co-investment
schemes that help to reduce the total investmerdpperator might be a way to overcome
these economic limitations.

FTTH/passive optical networks (PONSs) are beingalggd or considered for
deployment by different operators in Europe. POdhigéectures — which include new features
and can have distinct network designs — evolveteotly. The pre-standards Full-Service
Access Network (FSAN) forum, for example, definew fphases for next-generation (NG)
PONs: NG-PON1 and NG-PON2. PON techniques basedoelength division
multiplexing (WDM) technologies which enable theud several wavelengths on the same
fibre and help to improve the transmission capgoiyuser have been discussed in
standardisation groups. Therefore, one of the guesthat should be investigated is the
financial implications of the deployment of FTTH/RQ@rchitectures when alternative
operators decide to make a co-investment.

A few authors have addressed some topics relattée teconomic and regulatory
implications of fibre-based access networks. Anaydason (2008), Elixmann, llic,
Neumann and Plickebaum (2008), and Breuer et@lljZompare the costs of different

fibre-based access network architectures. More@teen, Wosinska, Mas Machuca, and
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Jaeger (2010) analyse fault management aspedtsd ¢tacapital expenditures (CAPEX) and
operational expenditures (OPEX) in FTTH/PON ardttitees. Rokkas, Neokosmidis,
Katsianis, and Varoutas (2012) present a few resiilthe cost of deploying different types of
FTTH networks. In addition, a few studies have gsed some aspects of FTTH unbundling.
Technical and regulatory concerns of the unbundbingdifferent FTTH PON and point-to-
point (P2P) architectures are described in Analjdgson (2009a); a cost analysis associated
with these possibilities is also presented in AsgdyMason (2009b). Hoernig et al. (2012)
use a multiplayer oligopoly model to study competiissues of FTTH networks that can be
physically unbundled, as well as those that cabeainbundled and that enable only a
bitstream mode for the sharing of the infrastruetur

Several studies have analysed the regulatory iatpics of next-generation access
(NGA) networks and fibre co-investment models. BERE@L(a) explains how the concept
of open access is being used in the European Uaiaacelerate the roll-out of NGA
networks. Oxera (2011) examines a NetCo model wiereegulator and the industry agree
on the long-term investment requirements to defitoe. BEREC (2011b) describes different
types of co-investment scenarios for NGA networgldgment in the European Union. llic,
Neumann and Plickebaum (2009a) describe the intiplitsaof risk sharing and co-
investment in NGA network deployments. Moreover, Beau, Cambini and Hoernig (2010)
discuss the strategies adopted in France, ItalyPamtiigal to promote co-investment between
competing operators. Mélleryd (2011) presents thffi€ co-investment agreements of
operators in Europe for next-generation network KN@eployment, whereas Lebourges
(2010) suggests that a combination of individuaestment with co-investment models could
be the proper solution for FTTH roll-out.

Bourreau, Cambini and Hoernig (2012) study the efd@&NGA infrastructure co-
investment decisions on market outcomes. Pereddarreira (2012) study the cost

composition of FTTH/PON and long-term evolution @Tnetwork deployments that have an
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infrastructure-sharing scheme. llic, Neumann argti®&dbaum (2009b) analyse the conditions
under which the deployment of FTTH networks in Settand would be profitable. Neumann
(2010) analyses different aspects of the econoafifibre-based access networks in Europe.

However, the above-mentioned studies still do ddtess the question of co-investing
on FTTH/PON networks when alternative operatorsdieto follow a network-sharing
approach in detail. Operators that need to makestmvent decisions over the next few years
and policymakers that wish to create the necessagrylatory framework for investment in
broadband infrastructure are interested in a nummbtapics related to the financial
implications of sharing current and future FTTH/P@ighitectures. The objective of this
article is to contribute to the clarification oese concerns. In particular, the research
guestion that is addressed in the article is devist

» For alternative operators interested in co-invegtin FTTH/PON architectures, what
are the cost implications of a network-sharing agmto? What are the advantages
and disadvantages in relation to the incumbent afpeis costs?

The present article tackles this question by uaiegst model to derive the
deployment cost of an FTTH/PON architecture théieimg shared by several operators. The
metrics used to assess the implications of thear&teharing scheme are the investment per
home passed and the investment per home conné&zta@nt and next-generation PON
technologies are employed in the analysis. Urbamidan and rural geotypes, which have
been defined by using values taken from differegtans in Europe, are considered in the
study.

This article is structured as follows. Section @yies an overview of present and
future FTTH/PON architectures under consideratipulifferent operators in Europe. It is not
the purpose of this section to provide a detagetinical explanation of PON architectures,
but rather to describe the major technical feattirascan have an effect on the cost

calculation of the deployment of these networktiSe 3 describes the network scenarios
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and the costing methodology used to calculate asescSection 4 examines the effect of a
network-sharing model on the investment per honssgrhand the investment per home

connected. Finally, Section 5 sums up the article.

2. Overview of FTTH/PON Architectures

The four PON architectures used for the analysisezhout in this article are the
gigabit PON (GPON), 10-gigabit-capable PON (XG-PQOie and wavelength division
multiplexing PON (TWDM-PON), and arrayed wavegugtating (AWG)-based WDM-PON.
These networks have been or are being studiedunly &roup 15 (SG15) of the International
Telecommunication Union—Telecommunication Standatitbn Sector (ITU-T).

GPON is a standardised network that is already certiadly available. The downlink
capacity is 2.5 Gbps, whereas the uplink capasity2 Gbps. Theoretically, the splitting
factor is up to 128, but in practice it employsadue of 64 or lower. All of these signals work
with the same wavelength pairs; therefore, it ispussible for operators to physically share
the same fibre. A multi-fibre deployment is necegsa physically share the access network.

XG-PON belongs to the NG-PONL1 standardisation gathas standardised in 2010
by the ITU-T through the G.987 recommendation, iaiglexpected that the product will be
commercially available in 2013. The downlink andiniptransmission capacities are 10 Gbps
and 2.5 Gbps, respectively. In practice the spijtfactor will be up to 128. The same
wavelength pairs are used for all transmissionscégit is not possible to physically share
the same fibre. Operators need a multi-fibre dapkayt to share the XG-PON architecture.
The same passive infrastructure (fibre cables phitdess) employed for GPON can be reused
for an XG-PON deployment.

TWDM-PON is the primary solution for the NG-PON2rstlardisation path. It is
expected that the standardisation process willfaised in 2013 or 2014, and the product

might be commercially available in 2016-2018. Ibased on TWDM and makes it possible
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to stack four XG-PON signals. Whether it would lesgible to stack 8 or 16 signals is
currently under discussion. The capacity of a davknport is 40 Gbps (4*10 Gbps), and the
uplink capacity is 10 Gbps (4*2.5 Gbps). Theordlycshe splitting factor might be up to 512,
and it should be at least 128. Operators can wditkdifferent wavelengths; therefore,
physical unbundling of a fibre is possible. By plogs unbundling, it is understood that it is
possible to use the same fibre by means of wavillantbundling. The capacity of the WDM
mux used to combine the signals that arrive froffeidint operators is four or eight XG-PON
ports. One of the features of the TWDM-PON architexis that it can reuse the passive
infrastructure (fibre and splitters) that has bdeployed previously for GPON or XG-PON.

AWG-based WDM-PON has been defined as a transpanmhblogy by the ITU-T.
The product could be commercially available foidestial customers in 2016-2018. The
downlink and uplink transmission capacity per subgt, which is assigned to one subscriber
and is not shared with others, is 1.25 Gbps. Efferg has a total transmission capacity of 40
Gbps (32*1.25 Gbps). It is not yet clear whetheréhwould be 16, 32 or 48 wavelengths per
fibre. The advantage of AWG-based WDM-PON is theimum capacity that is assigned to
one subscriber. TWDM-PON can reach the same trassoni capacity as AWG-based
WDM-PON, but if a higher splitting factor is usesdich as 64 or 128, the guaranteed
transmission capacity per subscriber in TWDM-PON & lower. More details on the
differences between the AWG-based WDM-PON and #DM-PON architectures are
provided in Section 3.1.

Table 1 summarises the main features of the ab@miomed PON architectures. A
splitting factor of 32 was used to derive the damktransmission capacity per user in GPON,

XG-PON and TWDM-PON architectures.
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Table 1

Features of PON Architectures.

AWG-based
GPON XG-PON TWDM-PON WDM-PON
Downlink 78 Mbps 312 Mbps 1.25 Gbps 1.25 Gbps

transmission
capacity per
user

(minimum value with
splitting factor 32;
the peak bandwidth
can be higher)

(minimum value with
splitting factor 32;
the peak bandwidth
can be higher)

(minimum value with
splitting factor 32;
the peak bandwidth
can be higher)

(guaranteed value,

capacity assigned

exclusively to one
user)

Standardisation

Already standardised

Already standardised

The NG-PON2
standard should be

Already standardised
as a transport

process (NG-PON1) finished in 2013—
2014 technology
Commercial Product already . . Probably in Probably in
availability available Available in 2013 2016-2018 2016-2018
Physical Yes Yes
unbundling of a No No (wavelength (wavelength
fibre possible? unbundling) unbundling)

3. Network Scenarios and Costing M ethodology

3.1 Network Scenarios

In this article, there are three different apprascto classifying the network scenarios
according to: the geotype employed, the PON arcfuite used or the number of operators
using the network. The following three geotypesehbgen used: urban, suburban and rural.
These geotypes were chosen because they reflacdingle way the different scenarios that
are found by operators within a country. In thigdst the main differences between the
geotypes are the length of the feeder and distobsegments, as well as the number of
subscribers, street cabinets and central offices.

Table 2 shows different input parameters emplogedhfe cost model. These values
were derived by obtaining information from eightvdee companies that design and deploy
FTTH infrastructures in France, Germany, and thgddrKingdom. A questionnaire was sent

to these companies and the information providedlatas verified by means of conference
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calls conducted with these companies. All the sereompanies that provided information
used a geographic information system (GIS) to @dtie lengths of the feeder and

distribution segments. The values provided by #rgise companies were combined in order
to obtain average values. Therefore, the valuesisho Table 2 do not correspond to any
particular fibre deployment in Europe, and showdd:bnsidered as values that are in the order
of magnitude of fibre deployments that can be foumna few European countries. Table 2
illustrates that the cost of preparing the trenath deploying the ducts in urban areas is higher
than the cost in suburban and rural areas. ThHiegause more precision is needed for
deployment in urban areas. Due do the same fdbene is also a difference in costs between

suburban and rural areas.

Table 2

Input Values of the Cost Model.

Item Value Item Value
Length of the feeder Urban: 850 m Lifetime of passive 20 years
segment Suburban: 1,200 m equipment
Rural: 2,500 m
Length of the distribution | Urban: 80 m Lifetime of active At most 10 years
segment Suburban: 145 m equipment OLT: 10 years
Rural: 220 m ONT: 6 years
Cost of trenching and Urban: 90 €/m OPEX mark-up values Passive elements: 1%
duct deployment Suburban: 75 €/m Active elements: 4%
Rural: 65 €/m
Cost of a manhole € 850 Cost of the in-house €95
fibre cable

Fig. 1 shows the PON architectures used for cdstiledion. The main components of
the passive infrastructure are the optical distidsuframe (ODF) in the central office, the
feeder segment, the street cabinet, the distribssgment, the splitters in the basement of the
building and the in-house cabling. The active elet:éclude the optical line terminal (OLT),

with PON and upstream Ethernet ports, and the aptietwork terminal (ONT) in the

9
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subscriber’s home. In this article, it is considetieat the alternative operators involved in a
co-investment scheme share the passive infrastajctinereas each operator controls its own
active infrastructure.

For the GPON, XG-PON and TWDM-PON architecturesrehare two splitting levels:
1:8 in the street cabinet and 1:4 in the basemnfethiedbuilding. This creates a total splitting
factor of 1:32 per PON port. In the TWDM-PON arebture, the WDM mux, which is
located in the central office, receives the sigitzds arrive from the OLTs of the operators
and multiplexes them in a single fibre.

For comparative purposes, it was considered ircdisé calculation that the AWG in
the AWG-based WDM-PON architecture supports up2tasgers. There are three main
differences between the TWDM-PON and the AWG-ba&&M-PON architectures
described in this article: 1) the AWG-based WDM-P@érshitecture does not have splitters; 2)
instead of having a WDM mux, the AWG-based WDM-P@tshitecture has an AWG in the
central office and a second AWG located in theestcabinet; and 3) as the AWG is located
in the street cabinet, the distribution segmenukhbave at least one fibre per subscriber, i.e.
there is no sharing of fibres in the distributi@gsient. It can be said that, from the AWG in
the street cabinet to the ONT, the network hasRdeihinection.

For the GPON and XG-PON architectures, there isitliffiibre deployment in the
feeder and distribution segments. This means ithidue initial deployment, there should be at
least one fibre per operator for every end-usethénTWDM-PON architecture, there is a
single-fibre deployment in the feeder and distifiusegments, i.e. all the alternative
operators share the same fibre. In the AWG-based/MPDN architecture, there is a single-
fibre deployment in the feeder segment, and tleeome fibre per end-user in the distribution
segment.

Regarding the number of operators, three casesasestdered: In the first case, there

is only one operator — the incumbent operator —thagassive infrastructure deployed

10
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supports only one operator in a single-fibore madehe other two co-investment cases, there
is sufficient passive infrastructure for up to falternative operators in the feeder and
distribution segments when a multi-fibore schemasisd if the network architecture requires it.
In the second case, the network is shared by tigonaltive operators, whereas in the third

case, the network is shared by three alternatieeabprs.

11
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Fig. 1
Network Architectures: a) GPON; b) XG-PON; ¢) TWDM-PQ@NAWG-based WDM-PON.
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3.2 Costing M ethodology

The cost of investing in a home passed and a homeected was derived in the
article. Typically, in a home passed, the poinintérconnection of the end-user with the
access network is very close to the location ofeind-user; with relatively little engineering
effort, it is possible to connect the end-useh®dccess network. Among operators, there is
no strict definition for the location of the poiitinterconnection. This point is usually on the
street in close proximity to the building where #ral-user is located, in front of the building,
in the basement of the building, or even on therflehere the end-user is located. To
physically connect the end-user to the access mkjwas necessary to deploy the cable in
the last few metres and provide the ONT. For the calculation in this article, it was
assumed that the point of interconnection in a hpassed is located in the basement of the
building (see Fig. 1). Therefore, to physically neat the end-user, it is necessary to provide
an in-house cable and the ONT. The value derivethiacost of a home connected includes
all the network elements from the ONT to the Etkéupstream port in the OLT. The cost of
the in-house cabling and the ONT were not takemaietount for the calculation of the cost
of a home passed.

In order to derive the investment needed to deptaymaintain the network
infrastructure, CAPEX and OPEX values were calcdlateer a timeframe of 15 years. Then,
the cumulative present value (CPV) formula was eggaldo determine the present value of
the total investment (see equation (1)). The distoate (DR) used, 9%, is in the order of
magnitude of weighted average cost of capital (WAZ&)es employed for the deployment

of fixed broadband access networks in several EBaogountries.

13
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15 CAPEX;+OPEX;

CPV = )24 (14DR)t (1)

The CAPEX include the cost of the active and passifrastructures and the
necessary manpower for the roll-out. In this studgreenfield approach was used for the
deployment of the FTTH/PON architectures, i.eidtmbt consider the reuse of any existing
infrastructure, such as ducts or fibres. The coraptmof the CAPEX in the feeder and
distribution segments are the cost of digging,déeloyment of ducts, and the roll-out of
fibre and manholes. The OPEX include the cost eftlaintenance of the active and passive
infrastructures. OPEX values of network elementeevaerived by using mark-up values: 1%
for the passive infrastructure and 4% for the &ctinfrastructure. In the central office, the
costs of the floor space rental and of the eneogyggemption of the active elements are part of
the OPEX values. For the calculation of the eneaysumption of the active elements
located in the central office, it was assumed tih@trice of the kWh is €0.16. The lifetime of
the passive equipment is 20 years, whereas therldeof the active equipment is lower and
changes according to the equipment. For exampleh&OLT and ONT, the lifetimes
considered in this study are 10 and 6 years, r&spgc

To derive the investment per home per operatorctimeulative present value of the
total investment, which was obtained by using equdtl), was divided by the total number
of operators that deploy the infrastructure and bisthe number of subscribers that each
operator has. This latter value was obtained bytiptyihg the total number of households in
a region by the market share achieved by an opekdo (2) shows the formula used to
derive the values of the investment per home pamseddhe investment per home connected

for the incumbent and alternative operators.

CPV of the cost of deploying the network
Number of operators that share the network

[Total number of households)*{market share of every operator]

Investment per home per op erator =

(2)

14
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Regarding the network roll-out, it was assumed ttainetwork was deployed in
equal proportions over the first four years, ine hetwork coverage was 25% in year one,
50% in year two, 75% in year three and 100% in year. Moreover, it was considered that
an operator achieves 25%, 50%, 75% and 100% oh#rket share over the first, second,
third and fourth years, respectively. After thertbuyear, the market share per operator
remains the same because it was considered thettthef adoption of new users is similar to
the churn rate.

The costs of the metro aggregation network, the network and a backhaul network
were not considered, nor were sales and marketisty.cMoreover, the cost of providing
specific services, such as video, broadband gpheley, was not included in the calculation.
This study exclusively took into account the cdshe fibre-based access line and the
network elements that enable the transmissioneo§itiinal in the access network. This value
is employed by operators in order to derive aterlstage other costs, such as retail or
wholesale prices. In order to calculate a retadeprit is necessary to add the cost of the
aggregation or backhaul network, the core netwibik sales and marketing costs, et cetera, to
the access network cost derived in this study.

There are cost differences between the single-fbhemulti-fibre schemes. For the
multi-fibore scheme, it was considered that a défertype of cable that contains more fibre
should be deployed, leading to a higher value effithre cable. For example, more fibres are
needed in the feeder segment for the GPON and X{S-&Chitectures. Moreover, depending
on the number of alternative operators that sheenétwork, more splitters in the street
cabinet and in the basement of the building aressary. It was assumed that the street

cabinets are big enough so that they can be sbgrdistinct operators.

15
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4. Economic Aspects of a Co-investment M odel
This section describes the investment per homeedatise investment per home
connected, the effect of market share on the @rsh@me connected, and the lessons that can

be learned from the analysis of the results.

4.1 Investment per Home Passed
In order to assess the necessary investment toydapietwork in a region, an
operator usually calculates the investment per hpassed, which depends on all the
potential households that can be connected (1008ketshare). This section first explains
the cost reductions achieved by using the netwioakisg scheme and, second, the differences
in costs between the different PON architectures. Fdepicts the investment per home

passed for the three geotypes and the four PONomnletavchitectures considered in the study.

Fig. 2

Investment per Home Passed.
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The reduction in the investment per home passed &tm-investment scheme is
used can be observed in Fig. 2. For the case oali®mative operators, the investment for
each operator in relation to the incumbent’s inwestt ranges from 50.0% for AWG-based
WDM-PON to 58.0% for GPON in urban areas. Whenetlakernative operators share the
network, the investment for each operator relativine investment for the incumbent ranges
from 33.3% to 42.5%. In comparison with the scemaith one operator, the total investment
reduction for the 12 cases presented is 46.9% erage when two alternative operators share
the network, and 63.4% when three alternative apesahare. In every case and for all the
geotypes analysed, the investment needed by e&chadlve operator that co-invests in the
network is lower than the investment needed byrtbembent operator.

The cost reduction is achieved through sharing#ssive infrastructure, a cost which
is equivalent to the majority of the whole investmd&able 3 shows the cost composition of
the urban scenarios presented in Fig. 2. The @septage of the in-house segment shown in
Table 3 refers to the infrastructure in the basdrmogthe building, and not the cost of the in-
house cabling and the ONT. Table 3 indicates ti@tbst percentage of the feeder segment
ranges from 14% to 21%, whereas the cost percepnfape distribution segment ranges from
42% to 61%. For the case of GPON, XG-PON and TWDWNPthe cost percentage of the
feeder and distribution segments is reduced wherotwhree alternative operators co-invest
in the network architecture. For example, for XGMNR@he cost percentage of the feeder
segment is 21%, 19%, and 17%, when one, two, aeé ttperators use the network,

respectively.
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Table 3

Cost Composition of PON Architectures, Homes PassdmiriJArea.

AWG-based
GPON XG-PON TWDM-PON WDM-PON
1lop 20p |30p |1lop |20p |30p |1lop [20p |30p |1lop |20p | 30p
Central office 5% 5% 1% 7% 6% 6% 11% | 13% | 13% | 42% | 42% | 42%
Feeder
segment 21% | 19% | 17% | 21% | 19% | 17% | 20% | 19% | 19% | 14% | 14% | 14%

Street cabinet 3% 4% 6% 3% 4% 6% 3% 3% 3% 1% 1% 1%

Distribution

segment 61% 56% 51% 60% 55% 50% 57% | 56% | 56% | 42% | 42% | 42%
In-house
segment 10% 16% 22% 9% 16% 21% 9% 9% 9% 1% 1% 1%

A comparison of average costs of the three geotgpews that the investments for
XG-GPON and TWDM-PON when one operator deploysigvork are 1.5% and 5.1%
higher than GPON, respectively. The active netvabdeknent of XG-PON, the OLT in the
central office, has a higher cost than the cosi@factive network element of the GPON
architecture, but the passive network infrastrie{feeder and distribution segments and
splitters in the street cabinet and in the basemwiette building) is the same. As more than
90% of the whole cost corresponds to the passivasinucture, the effect of the cost of the
active network elements in the GPON and XG-PONitactures is relatively low.

The investment needed to deploy TWDM-PON for thredlgeotypes is on average
5.1% lower than the investment required to depl@+RXON. When comparing the
deployment cost of one operator, the cost of depipthe TWDM-PON infrastructure is on
average 3.5% higher than that of XG-PON. When coimg@dhe scenarios where two or three
alternative operators share the network, the TWDDNRost is 6.6% and 12.2% lower than
that of XG-PON, respectively. Even though the afshe active elements of the TWDM-

PON architecture is higher than that of XG-PON, TMAPON can assign the use of the
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same fibre in the feeder and distribution segmensgveral operators, which reduces the
costs of the passive infrastructure.

The investment needed to deploy AWG-based WDM-P©bhiaverage 23.8%
higher than for the other technologies. In AWG-lobB8¢DM-PON architectures, there are no
splitters and there is a single fibre in the feesgment; however, in the distribution segment,
there is one fibre assigned to every end-user. M@ the cost percentage of the active
elements of the AWG-based WDM-PON architecturagbér than the cost percentage of the
other three PON architectures. Table 3 shows tieatdst percentage of the central office,
where the OLT is located, is 42% with the AWG-ba¥&dM-PON architecture. For the

other three PON architectures, this value ranges #% to 13%.

4.2 Investment per Home Connected

The investment per home connected depends on thenhshare and refers to the
investment needed for every active user. Tableodvshihe investment per home connected
derived from the deployment of the four PON arattitees in urban, suburban and rural areas
when the market share of all operators adds up%. %Vhen two or three operators share the
network, the market share of every alternative afoeris 25% and 16.6%, respectively.

The cost of the GPON deployment shown in Tablel/ % per home connected
when the network is deployed by one operator wilo% market share in an urban area, is in
the order of magnitude of a fibre deployment inaurlareas in a few European countries.
Elixmann et al. (2008) have shown that the cost lbme connected with FTTH/PON in
urban areas in some European countries ranges€ftghiO (Italy) to €2,039 (Germany), with
a 50% market share. Analysys Mason (2008) fountittigacost of a home connected with
FTTH/GPON in urban areas in the United Kingdom wapgroximately €1,450, with a 50%

market share.
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Table 4

Investment per Home Connected, 50% Total MarketeShar

AWG-based

WDM-PON
lop 2 op 3 op lop 2 op 3 op 1op 2 op 3 op 1op 2 op 3 op
(50%) (25%) | (16.6%) | (50%) (25%) | (16.6%) | (50%) (25%) | (16.6%) | (50%) (25%) | (16.6%)

GPON XG-PON TWDM-PON

Urban €1,575 | €1,776 | €1,918 | €1,633 | €1,835 | €1,977 | €1,720 | €1,730 | €1,730 | €2,046 | €2,046 | €2,046
Suburban | €2,651 | €2,904 | €3,040 | €2,710 | €2,963 | €3,098 | €2,796 | €2,806 | €2,806 | €3,182 | €3,182 | €3,182
Rural €4,342 | €4,709 | €4,868 | €4,398 | €4,764 | €4,924 | €4,486 | €4,496 | €4,496 | €4,924 | €4,924 | €4,924

When using the XG-PON architecture in an urbanomegie investment per home
connected for the incumbent operator is €1,633) wib0% market share. If two or three
operators share the network, the investment peehmmnnected is €1,835 and €1,977,
respectively. These values show how the investmenhome connected changes when
sharing the investment. For suburban areas, tlesiment per home connected ranges from
€2,710 to €3,098, whereas for rural areas, thesinvent per home connected is between
€4,398 and €4,924. For the GPON, XG-PON and TWDMRhitectures, the average
cost increase between the scenario with two operatad the scenario with one operator is
8.6%, 6.4% and 5.7% for the urban, suburban aral geotypes, respectively. This gives an
average increase of 6.9% for the three geotypesaVhrage increase between the scenario
with three operators and the scenario with oneaipefor the three geotypes and these three
network architectures is 10.8%. llic, Neumann aligtlkebaum (2009a) show that the total
investment cost increases by 10% to 30% when a-frark model is used for FTTH
deployments.

The increase of the investment per home conne@tadelen the network sharing
scenarios and the standalone scenario is due téattars. First, for the GPON, XG-PON and
TWDM-PON architectures, alternative operators n@ede infrastructures in comparison
with the incumbent operator. As is explained beltiws will lead to an increased total
investment of the necessary infrastructure. Secamds shown in equation (2), the total

investment cost is divided by the number of subgts connected by every operator. As there
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will be several alternative operators sharing thevork, the number of subscribers per
operator will decrease.

The reason for this increase in the total investméren using the co-investment
scheme can be explained by analysing the costtigteuof each scenario (see Table 5). In
GPON and XG-PON architectures, a multi-fibre scheeggiires more investment in the
feeder and distribution segments. Therefore, inganmon with the scenario with one
operator, these costs are higher in the co-invedtmedel. Moreover, in a network-sharing
scheme, the number and total cost of the splitetfse street cabinet and in the basement of
the building depends on the number of operatortsstire the network. Each alternative
operator needs to deploy enough resources to exeey area, even though in the co-
investment scenarios shown in this analysis, théyeach a market share of only 25% or
16.6%. These differences explain the differentlteqier geotype shown in Table 4. With
regard to the TWDM-PON architecture, the slightatiénce in cost between the co-
investment scenarios and the standalone scenati@ifo the use of the WDM mux in the
central office to combine the signals provided bgrg alternative operator. When only one
operator uses the TWDM-PON, the WDM mux is an aptlaut it is not mandatory. For this
study, it was assumed that for a standalone scertaeg WDM mux was not necessary. With
AWG-based WDM-PON, the costs are the same fortdredalone and network sharing
scenarios because the required network elementhe@asame.

When operators co-invest and deploy a networkragg#on, they will be competing
against each other. This will lead to a reducedkatashare per operator and, therefore, to less
revenues. Furthermore, alternative operators wiidhto invest more in marketing and sales

in order to acquire users. This effect can alsocedhe profits per user.
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Table 5

Cost Composition of PON Architectures, Homes ConneSidalirban Area, 50% Market

Share.
AWG-based
GPON XG-PON TWDM-PON WDM-PON
1lop 2o0p |30p |1lop |20p |30p |1lop [20p |30p |1lop |20p | 30p
Central office 2% 1% 1% 2% 2% 2% 4% 4% 4% 15% | 15% | 15%
Feeder
segment 19% | 18% | 18% | 19% | 18% | 17% | 18% | 18% | 18% | 16% | 16% | 16%

Street cabinet 1% 2% 2% 1% 1% 2% 1% 1% 1% 1% 1% 1%

Distribution

segment 63% 61% | 58% | 62% 60% | 57% | 60% | 60% | 60% | 56% | 56% | 56%
In-house

segment 12% 15% 18% 12% 15% 18% 11% | 11% | 11% 7% 7% 7%
ONT 3% 3% 3% 4% 4% 4% 6% 6% 6% 6% 6% 6%

4.3 Relationship between Market Share and the Cost per Home Connected
4.3.1 Effect of market share on cost

One of the questions that operators attempt to @ansahe minimum market share
necessary to recover the investment. Fig. 3 iliss the relationship between the minimum
value that should be assumed monthly for the flmeess line in order to recover the
investment, plus the corresponding market shatesti@uld be achieved by each operator.
This monthly cost is not the retail price; it igtbost of the fibre access network. Fig. 3 is
based on the roll-out of an XG-PON in a suburb@aaand shows that if the market share of
one operator increases, the monthly cost per asritisequently reduced. This is because
with more subscribers, the investment in infradtree per user is reduced. For any specific
value of the cost of the access line, it is posdiblobtain lower market share values with the
co-investment scenarios than with the scenario @bee operator deploys the network alone.
For example, for a monthly cost of €15 per homeneoted, the market share that one

operator should achieve is 51%. When two altereatjperators co-invest in the network
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infrastructure, every operator should achieve &atahare of 28%. In the case of three

alternative operators, every operator should aehgemnarket share of 20%.

Fig. 3

Market Share of Each Operator vs. Monthly Cost peel.Suburban Area, XG-PON.

82% — # =1 operator
L
B0% - \ —— MNetwork sharing, 2 aperators
\
5 - =k - - Network sharing, 3 operators
T0% \

Market share

10 15 20 25 30 35 40

Meonthly cost of the access line (Euros)

4.3.2 Impact of different market sharedistributions on the costs

In order to determine the possible advantagesatibatinvestment scheme could have
for alternative operators in comparison with thegpble deployment of a similar architecture
made by the incumbent operator, three network syalistributions are depicted in Table 6.
It was assumed that the incumbent operator willajefhne network in a standalone mode
without sharing it. For Case 1, the incumbent operads a 70% market share, whereas the
alternative operators have a 30% market shardah teor Case 2, the incumbent operator has
a 50% market share, and the alternative operatws & 50% market share in total. In Case 3,

the incumbent operator and the alternative opesdtave 30% and 70% market shares,
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respectively, in total. In practice, it will be fidult for the incumbent and the co-investors to
reach these market share distributions due toriégepce of alternative broadband service
providers that use different access networks.

In Case 1, for the two alternative operators whaoestiee network and have a 15%
market share, each has an investment per home atedraf, at most, 136.9% higher than that
of the incumbent, which is the case for a rurahaWhen three alternative operators share a
network, the investment for each of the three dpesas, at most, 144.9% higher than the
incumbent’s investment. For Case 2, two alternaiperators that share the network have an
investment of, at most, 12.4% higher than the itnaest of the incumbent operator, whereas
three alternative operators have an investmertafiost, 21.1% higher than the incumbent’s
investment. In Case 3, each of the two alternatparators that share the network has an
investment value of, at most, 57.0% of the incuniBeénvestment, whereas each of the three
alternative operators has an investment valuet ohost, 61.2% of the incumbent’s
investment. When the total market share of allaibernative operators is lower than or equal
to the incumbent operator’s market share, the meishome connected for an alternative

operator is higher than that for the incumbent ajwer
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Table 6

Investment per Home Connected, XG-PON.

Incumbent
(One operator)

Network sharing
(Two operators)

Network sharing
(Three operators)

Case 1: 70% market 30% total market share 30% total market share
Incumbent share 15% each operator 10% each operator
70% market Investment Investment Difference Investment Difference
share

Urban €1,266 €2,804 221.5% €3,031 239.4%
Suburban €2,040 €4,683 229.6% €4,898 240.1%
Rural €3,250 €7,700 236.9% €7,959 244.9%
Case 2: 50% market 50% total market share 50% total market share
Incumbent share 25% each operator 16.6% each operator
50% market Investment Investment Difference Investment Difference
share

Urban €1,633 €1,835 112.4% €1,977 121.1%
Suburban €2,710 €2,963 109.3% €3,098 114.3%
Rural €4,398 €4,764 108.3% €4,924 112.0%
Case 3: 30% market 70% total market share 70% total market share
Incumbent share 35% each operator 23.3% each operator
30% market Investment Investment Difference Investment Difference
share

Urban €2,479 €1,412 57.0% €1,517 61.2%
Suburban €4,271 €2,225 52.1% €2,326 54.5%
Rural €7,096 €3,517 49.6% €3,636 51.2%

4.3.3 Total Investment and Number of Homes Connected

Fig. 4 depicts the relationship between the tota¢stment and the number of homes

connected for the four PON technologies descrihetie article. The values derived

correspond to the case of two alternative operahbatsdeploy a network in an urban area.

The upper limit of the x axis, 2 million homes ceuoted, corresponds to a market share of

86.9 %. Fig. 4 shows also the cost functions, whiehe obtained by using regression

analysis. In all cases, a linear cost function dexrsved. The results show that, for values of

homes connected located in the range 0.54 milk@¥6 market share) - 1.62 million

(70.4% market share), the four networks are armngeecreasing order of total investment:
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first, AWG-based WDM-PON; second, XG-PON; third, @®; and fourth, TWDM-PON.
This is consistent with the values shown in Secdidgh which were derived for a market share

of 50%.

Fig. 4

Total Investment vs. Number of Homes Connected astRDactions, 2 operators, Urban

Area.
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4.4 Assessment of the Investment per Home Passed and the Investment per Home
Connected

The investment per home passed is a value thattefthe minimum investment needed
per household to deploy an access network clodetsubscriber’s premises. To calculate the
total investment needed in a region, the valudefitvestment per home passed should be

multiplied by the total number of households in tegion. As explained in Section 4.1, in all
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the cases studied, there are important economgfitenbtained when operators decide to
share the network infrastructure. However, thisrimetoes not reflect the effect of the
following items: the cost of the in-house cablimglahe ONT and the market share achieved
by every operator. The investment per home condestdudes these values. As described in
Sections 4.2 and 4.3, the value of the market ghateeach alternative operator achieves will
determine how cost competitive the investment lobae connected is. In summation, there
are a few lessons that can be learned from thgsisalf the investment per home passed and
the investment per home connected:

* A network sharing scheme leads to a strong reduatithe total investment needed
by an alternative operator to deploy an FTTH/POMNvoek and to have all homes
passed in a region. By analysing the values oinfestment per home passed, it has
been shown that there could be on average a ahsttren of 46.9% when two
operators share the network, and 63.4% when thpeetors share. This cost
reduction could be motivation for alternative opers when deciding to co-invest.
Probably, without this cost reduction, an altenatperator would not be able to
afford the whole investment on its own.

* For the GPON, XG-PON, and TWDM-PON architecturesemthe total market share
is the same, the average increase of the costopee honnected between the scenario
with two operators and the scenario with one opeiiat6.9%. The average increase
between the scenario with three operators andcérgasio with one operator is 10.8%.

* To be cost competitive with the incumbent operaaralternative operator should

achieve a market share that is much lower thanafhidie incumbent operator.

5. Conclusions
Operators in the process of determining the tygawdstment they will make to
provide high-speed broadband services are pondgrenfjnancial implications of the
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deployment of different access networks. This Erti@s examined the economic implications
of co-investing in FTTH/PON architectures. Curremtl mext-generation PON technologies
have been investigated in the study. The costrdifiees between these PON architectures
have been explained and the effect of the markatsbn the cost per home connected has
been shown.

It has been shown that the investment per homeegddes an alternative operator
indicates important cost reductions when a co-itmest scheme is used. On the other hand,
the results illustrate that when the incumbent’skeiashare is equal or higher than the total
market share of all the alternative operatorsshate the network infrastructure, the
investment per home connected for an alternatiegatpr is higher than that for the
incumbent operator. Furthermore, in order to be& cospetitive with the incumbent operator,
an alternative operator should achieve a markeeshat is much lower than that of the
incumbent operator.

The two metrics used in this study, the investnpemthome passed and the
investment per home connected, have provided netenformation regarding the cost
implications of a co-investment scheme. Furthegaiesh can provide insights into other
aspects of a network sharing agreement. For exatmgdollowing aspects could be studied:
the effect of a network sharing agreement on tte tmst when available passive
infrastructure in the distribution and feeder segmmesuch as ducts and fibre cables, is reused,;
a sensitivity analysis that describes the effe¢hefmost relevant input parameters on the

total cost; and the impact of the network sharictgesne on the payback period.

Acknowledgements

The authors would like to thank the reviewers ef dnticle and the editors for the

useful remarks provided.

28



Article published in Telecommunications Policy, Vol. 37, Issue 10, November 2013, pp. 849-860.

References

Analysys Mason. (2008).he costs of deploying fibre-based next-generdiromadband
infrastructure: Final report for the Broadband Sadiolder Group Cambridge, UK:
Analysys Mason. Retrieved fromhttp://www.dc10plus.net/resources/Report492>.

Analysys Mason. (2009aEPON market review: Competitive models in GPON: Inpiahse:
Report for OfcomCambridge, UK: Analysys Mason. Retrieved from <
http://stakeholders.ofcom.org.uk/binaries/reseaechhology-
research/Analysys_Mason_GPON_Market 1.pdf>.

Analysys Mason. (2009bfompetitive Models in GPON: Final report for Ofco@ambridge,
UK: Analysys Mason. Retrieved from <
http://stakeholders.ofcom.org.uk/binaries/reseaechhology-
research/Analysys_Mason_GPON_Final_R1.pdf >.

Body of European Regulators for Electronic Commuincet (2011a)BEREC Report on
“Open Access(BEREC Publication No. BoR (11) 05). Brussels, BelgiumREE.
Retrieved from <
http://berec.europa.eu/eng/document_register/subyetter/berec/reports/?doc=212>.

Body of European Regulators for Electronic Commuincat (2011b)Draft BEREC report
on Co-investment and SMP in NGA netwdB&SREC Publication No. BoR (11) 69).
Brussels, Belgium: BEREC. Retrieved from <
http://berec.europa.eu/files/news/borll 69 coimiestnga.pdf >.

Bourreau, M., Cambini, C., & Hoernig, S. (2010). NaibFTTH Plans in France, Italy and
Portugal.Communications & Strategigs, 107-126.

Bourreau, M., Cambini, C., & Hoernig, S. (2012). Exearegulation and co-investment in the

transition to next generation accebslecommunications Policy, &, 399-406.

29



Article published in Telecommunications Policy, Vol. 37, Issue 10, November 2013, pp. 849-860.

Breuer, D., Geilhardt, F., Hilsermann, R., Kind, Mange, C., Monath, T., & Weis, E.
(2011). Opportunities for next-generation opticadessIEEE Communications
Magazine, 4@), 16—24.

Chen, J., Wosinska, L, Mas Machuca, C., & Jaege(2DL0). Cost vs. reliability
performance study of fiber access network architestiEEE Communications
Magazine, 48), 56—65.

Elixmann, D., llic, D., Neumann, K.H., & Plickebauim (2008).The Economics of Next
Generation Access — Final RepdWIK-Consult Report for ECTA. Retrieved from
<http://www.wik.org/uploads/media/ECTA_NGA_Study_300df >.

European Commission. (201@.digital agenda for EuropéEuropean Commission
Publication No.COM(2010) 245). Brussels, Belgium: f@an Commission.
Retrieved from <http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM: 2@%5:FIN:EN:PDF>.

Hoernig, S., Jay, S., Neumann, K.H., Peitz, M.cRélbaum, T., & Vogelsang, I. (2012). The
impact of different fibre access network technodsgbn cost, competition and welfare.
Telecommunications Policy,&9, 96-112.

llic, D., Neumann, K.H., & Plickebaum, T. (20098&he Economics of Next Generation
Access — Addenduw/IK-Consult Report for ECTA. Retrieved from <
http://lwww.wik.org/uploads/media/Ecta_Study Addemd2009.pdf>.

llic, D., Neumann, K.H., & Plickebaum, T. (20098kenarien einer nationalen
Glasfaserausbaustrategie in der Schwi##K-Consult study for BAKOM. Retrieved
from <
http://lwww.wik.org/uploads/media/Glasfaserausbaisgie Schweiz_2009 12 11.p
df >.

Lebourges, M. (2010). Competition via InvestmentEé#icient Model for FTTH Rollout.

Communications & Strategig$8, 45—66.

30



Article published in Telecommunications Policy, Vol. 37, Issue 10, November 2013, pp. 849-860.

Mdlleryd, B.G. (2011). Network sharing and co-invesht in NGN as a way to fulfill the
goal with the digital agend22™ European Regional Conference of the International
Telecommunications SocieBudapest, Hungary. Retrieved from
<https://www.econstor.eu/dspace/bitstream/1041H82AY67254492X.pdf>.

Neumann, K.H. (2010). Structural models for NBN dgphent.Eleventh ACCC Regulatory
Conference “Market Structure RevisitedVIK Paper. Surfers Paradise, Australia.
Retrieved from <http://www.accc.gov.au/system/files/Dr.%20Karl-
Heinz%20Neumann%?20paper.pdf >.

Oxera. (2011)How a co-investment model could boost investmeni€iA networksReport
for Vodafone. Retrieved from <
http://lwww.oxera.com/Oxera/media/Oxera/downloageires/Oxera-NetCo-
report.pdf?ext=.pdf >.

Pereira, J.P., & Ferreira, P. (2012). Infrastruetharing as an opportunity to promote
competition in local access networldsurnal of Computer Networks and
Communications, 2012

Rokkas, T., Neokosmidis, I., Katsianis, D., & VamjtD. (2012). Cost Analysis of WDM
and TDM Fiber-to-the-Home (FTTH) Networks: A SysteifRSystems Approach.

IEEE Transactions on Systems, Man, and Cyber&(6), 1842-1853.

31



