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Abstract

In this paper we consider and evaluate NGA architectures which meet the
foreseeable future bandwidth demand and allow for highest bandwidth and
quality for end-users and which no longer rely on copper cable elements. These
are FTTH architectures only. From all available FTTH architectures we
concentrate on the two most relevant architectures in Europe, Ethernet Point-to-
Point and GPON. We assume the incumbent to be the investor in the NGA
network infrastructure. If the NGA architecture is based on a Point-to-Point fibre
plant we have modelled the competitors as using unbundled fibre loops as the
wholesale access service. If the architecture is based on a Point-to-Multipoint
fibre plant, we consider an active wholesale access (bitstream access) at the MPoP
or at the core network node locations. Our basic modelling relies upon an
engineering bottom-up cost modelling approach. We model the total cost of the
services considered under efficient conditions, taking into account the cost of all
network elements needed to produce these services in the specific architecture
deployed. This approach is coherent with a Long Run Incremental Cost approach
as applied in regulatory economics. Our modelling approach generates a broad
set of results including the relative performance of the various network
architectures, investment requirements and the degree of profitable coverage. In
this paper, however, we focus on the results on the potential for competition and
potential market structures in an NGA environment.
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Summary

In this paper we consider and evaluate NGA architectures which meet the foreseeable
future bandwidth demand and allow for highest bandwidth and quality for end-users and
which no longer rely on copper cable elements. These are FTTH architectures only. From
all available FTTH architectures we concentrate on the two most relevant architectures in
Europe, Ethernet Point-to-Point and GPON. In order to overcome some restrictions and
weaknesses being discussed for GPON we also include into our considerations two
(G)PON variants, one implementing GPON on top of a passive Point-to-Point fibre plant
and a future version of PON, increasing the bandwidth and quality of the current PON
systems by using WDM technology on a Point-to-Multipoint fibre topology.

We assume the incumbent to be the investor in the NGA network infrastructure. If the
NGA architecture is based on a Point-to-Point fibre plant we have modelled the compet-
itors as using unbundled fibre loops as the wholesale access service. If the architecture
is based on a Point-to-Multipoint fibre plant, we consider an active wholesale access
(bitstream access) at the MPoP or at the core network node locations. In total we con-
sider the architectures and wholesale scenarios as presented in Table 1.

Table 1: Overview of the architecture scenarios considered

Scenario name Incumbent architecture (ST Tl (STl
wholesale base
P2P unbundling Ethernet P2P Fibre LLU at MPoP
GPON over P2P unbundling GPON over P2P Fibre LLU at MPoP
WDM PON unbundling WDM PON WDM unbundling at Core Nodes
GPON bitstream core GPON Bitstream access at Core Nodes
GPON bitstream MPoP GPON Bitstream access at the MPoP

Our basic modelling relies upon an engineering bottom-up cost modelling approach. We
model the total cost of the services considered under efficient conditions, taking into
account the cost of all network elements needed to produce these services in the spe-
cific architecture deployed. This approach is coherent with a Long Run Incremental
Cost approach as applied in regulatory economics.

For the model we have not chosen a dedicated European country but will choose a set-
tlement structure which is typical for European countries and designed the hypothetical
country for approximately 22 million households or a population of around 40 Mio. in-
habitants. This country is referred to as “Euroland”.

Our modelling approach generates a broad set of results including the relative perfor-
mance of the various network architectures, investment requirements and the degree of
profitable coverage. In this paper, however, we focus on the results on the potential for
competition and potential market structures in an NGA environment.



The major market structure implications are derived from the concept of critical market
shares. A critical market share is the minimum market share of the potentially address-
able access market which an operator needs to run a viable business model. In case of
the investor it is similar to the take-up rate of the fibre network. In case of the access
seeker the critical market share is determined on the basis of an LRIC-based wholesale
ULL product. Our cost modelling approach determines the critical market share for the
steady state by comparing total costs of services with the APRUSs of a relevant compo-
site commodity of the relevant services (single play, double play, triple play) and user
groups (business and residential users). The critical market shares determine the (max-
imum) number of firms in the market. In case of the investor they also show in which
areas a fibre network may be replicated.

We have also calculated the impact of deviations from LRIC based wholesale prices on
the structural conditions of competition. Even a moderate increase of the wholesale
prices by 10% reduces the viability of competition and the competitive coverage in most
cases. The most significant impacts occur in the LLU unbundling scenarios. Critical
market shares of competitors in all scenarios increase significantly. In a set of further
sensitivities we also show the impact of a Brownfield scenario on the critical market
shares and on competition. In a Brownfield scenario the incumbent can use (parts of)
the duct infrastructure of the copper network for rolling out its fibre network. We will de-
rive the impacts on competition under different assumptions on the reflection of cost
savings on the wholesale price.



1 Introduction’

There is an ongoing discussion in the market which NGA architecture best suits future
needs, which investment and cost differences do exist and to which part they may con-
tribute to the overall result. The discussion can be subsumed as P2P vs. GPON, which
is somewhat misleading as our study reveals. The discussion is driven by the fact that
the high capital cost and the long asset life time of fibore mean that the technology
choices made today will dictate the opportunities for telecommunication business of all
market players, incumbents, competitors, content providers and business and residen-
tial users for many years in the future.

All FTTH architectures offer higher bandwidth per end customer than today, but differ in
absolute bandwidth values and also may slightly differ in quality caused by different
overbooking behaviour. These differences take place not only in the incumbent’s net-
work, who is deploying the NGA network, but also in the competitors’ networks relying
on the wholesale products of the incumbent. There are already different opportunities in
the type of the products (physical unbundled fibre lines or bitstream), but also in the
locations where to access the wholesaler’s network. Access at the Metropolitan Point of
Presence? (MPoP) can be given in a physically unbundled manner or as bitstream only,
depending on the underlying fibre topology (fibre point-to-point (P2P) or fibre point-to-
multi-point (PMP)). Two European countries have defined bitstream access at the
MPoP to be in Market 4 and called it Virtual Unbundled Local Access3 or virtual Unbun-
dled Local Loop4. Access at other locations in the concentration or core network only
can be provided as bitstream.

There also could be differences caused by a weak or strong regulation or by the method
wholesale prices are calculated, e.g. based on LRIC and current cost in a Greenfield or
on historic cost in a Brownfield approach, where already existing ducts are considered
with an reduced amount of investment.

We have analysed the cost and their differences between fibre FTTH network architec-
tures and their related different wholesale approaches by using the well-known and un-
derstood steady state approach we already have chosen for other NGA analyses in the
past®. We expanded this by a dynamic cost consideration taking into account the differ-
ent investment behaviour of the FTTH architectures.

2 Modelling approach

We will not describe the modelling approach chosen in all details here since it follows
the same principles like the previous studies already mentioned above. Our steady
state model assumes a situation somewhere in the future when the NGA network has
been rolled out and customer acquisition has achieved its final stable state. The cost of
the NGA networks are modelled in detail in a bottom-up LRIC manner up to the MPoP.

This article is based on the study Hoernig et al. (2010).
For definition see EU NGA Recommendation 2010.

VULA by OFCOM (UK).

VULL by RTR (A).

Elixmann et al. (2008), llic et al. (2009a), llic et al. (2009b).
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The cost of the concentration and core network are taken from cost functions we have
derived out of previous NGN modelling for comparable circumstances. This approxima-
tion we believe to be appropriate since the total cost share of this network parts are
minor compared to the costs of the access network as we will show later.

In order to deal with the on-going discussions about space and energy consumption of
the various FTTH architectures we also modelled the appropriate capex and opex cost
in a bottom up manner. Opex for other aspects and for common costs are considered
as equipment specific mark-ups.

Our steady state approach first of all determines the critical market share an operator
requires in a cluster to achieve a profitable business with a given customer mix and
ARPU of 44.25 € per month. This value includes the coverage of cost of fibre inhouse
cabling and CPE.

The critical market share describes the point where the average cost per customer be-
comes lower than the ARPU, thus the point where the business starts to become profit-
able®. We assume an upper limit of 70% of end customers to be connectable (retail and
wholesale) taking into consideration that there also exist cable and mobile only custom-
ers as well as non-users. Thus a cluster is not profitable if the required critical market
share exceeds this limit (70%).

For the dynamic effects of investment and cost we added a cost consideration over a
time frame of 20 years, taking into account the network build phase over time, starting
with the densest populated and therefore most attractive clusters first and restricting the
roll out to the profitable clusters only. The acquisition of customers begins with the
availability of the access line at the customer premise (home passed) and ends five
years later at the maximum market share of 70% (retail and wholesale access lines),
taking into account that customer acquisition takes time due to existing end customer
contract duration and permissions of the house owners to connect the buildings.”

The cost differences of the approaches will be compared based on the respective net
present values (NPV). The weighted average cost of capital are assumed to be 10%
p.a. Price changes and inflation are assumed to be of equal size.

3 Scenarios considered

Much of the discussion about the appropriate FTTH architecture meeting future needs
is focussed on Ethernet Point-to-Point vs. GPON Point-to-Multi-Point. Due to the rela-
tive short life times of the transmission equipment (approximately 8 years) compared
with the fibre infrastructure (approximately 20 - 40 years or even longer) the decision of
today that most affects the future networking society is the choice of fibre topology.

A fibre P2P topology provides each end customer with an individual unshared fibre up
to the MPoP (Figure 1). It allows deploying any active technology that operates on indi-

6 Adequate cost of capital are already included in the cost.
7 The dynamic analysis is not presented in this paper. Regarding this we refer to the study Hoernig et
al. (2010).



vidual fibres. The most familiar one today may be the Ethernet switch technology which
terminates the customer lines with simple Router CPEs at the customer and a switch at
the central site. P2P fibre allows to unbundle the single fibre at the MPoP location. Fur-
thermore, it allows to transmit customer individual bandwidth and protocols over each
single fibre and over different distances, thus offering very high flexibility and openness
also for future bandwidth use, only being limited by the optical constraints of the fibre.

Figure 1: General network topology
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Fibre PMP topologies concentrate many drop fibres from end customers onto one sin-
gle feeder fibre by a passive optical splitter, which may be located close to the end cus-
tomer buildings at a Distribution Point (DP, Figure 1). An advantage of this topology is
the lower number of fibres used in the feeder cable segment. This holds advantages
when ducts with spare capacity already exist and can host the additional few fibres, but
not the thicker feeder cables of a P2P topology. Fibre PMP may only be physically un-
bundled at the splitter locations closest to the end customer, which makes this access
option in most relevant cases economically unattractive respectively unprofitable8.

This fibre topology requires a central access control system administrating the sending
rights of each end user, thus avoiding signal/transmission distortion. GPON systems fulfil
this task with the OLT (optical line terminator) at the central site, interacting with dedicated
ONTs (optical network terminators) at the customer premises. But the fibre use is limited
to the options a GPON systems offers, so today it is limited in bandwidth to 2.5 Gbps
down- and 1.25 Gbps upstream, shared by all users of the OLT?. Future standards will
enhance the maximum bandwidth by a factor of four and double the customers per split-
ter. The OLTs communicate with the concentration network nodes over standard Ethernet
interfaces, thus also allowing Ethernet bitstream at the MPOP locations.

One option to overcome the PMP fibre limitations to bitstream-only wholesale is to
combine a fibre P2P topology with central splitters in the MPoP and GPON systems.
This allows to profit from the GPON advantages of active interface reduction through
the optical splitters and OLTs instead of the per customer interfaces of the Ethernet

8 See Elixmann et al. (2008).
9 With 64 users at a splitter the average bandwidth per user is 40 Mbps downstream, a relative high
value compared to DSL technology.



solution. This approach also allows to unbundle the end customer fibre at the MPoP
location and opens all options of flexibility and future use inherent in P2P fibre topology
as described already above. Compared to the PMP GPON deployment this approach
requires a higher number of feeder fibres, bigger ODFs10 at the MPoP and additional
space for the central splitters which replace the decentral splitters at the DPs.

The recent development of WDM technology also allows to consider different WDM PON
scenarios working on PMP fibres. For our study we have chosen one where each cus-
tomer is served by a dedicated colour offering a maximum bandwidth of 1 Gbps each. Up
to 1000 customers may be concentrated by splitters onto one OLT. The maximum dis-
tance for the customer access line here increases from 20 km (GPON) to approximately
100 km, allowing to close many of the existing MDFs/MPoPs and substituting (bypassing)
the concentration network. The single colours of such a WDM PON architecture may be
unbundled at the WDN PON OLT site at the core layer node locations.

In total we consider 5 architectural scenarios, each paired with the highest possible
wholesale option of the ladder of investment we believe to be relevant (respectively
profitable with a recognizable coverage) (Table 2).

Table 2: The architecture scenarios considered

Scenario Incumbent Competitor (Entrant)
1 Ethernet P2P Fibre LLU at MPoP
2 GPON over P2P Fibre LLU at MPoP
3a GPON over PMP Bitstream access at Core Nodes
3b GPON over PMP Bitstream access at the MPoP
4 WDM PON WDM Unbundling at Core Nodes

All competitor scenarios are modelled with a collocated Ethernet switch of the access
seeker at the MPoP site relevant to the scenario (each MPoP or core node locations

only).

Our basic modeling relies upon an engineering bottom-up cost modeling approach. This
means that we model the total cost of the services considered under efficient con-
ditions, taking into account the cost of all network elements needed to produce these
services in the specific architecture deployed. This approach is coherent with an LRIC
approach as applied in regulatory economics. In the static model presented here we
compare the cost of a specific NGA deployment in a future steady state, in which the
roll-out is completed and the FTTH network has (fully) substituted the copper access
network.11

10 Optical Distribution Frame.

11 The different NGA architectures have a different time pattern of the investment regarding certain net-
work elements. The steady state analysis is not able to cover this aspect. In Hoernig et al. (2010) we
have therefore also developed a dynamic approach which takes into consideration a ramp-up period
to deploy the FTTH network. Besides a network deployment period this approach also takes into con-
sideration that demand will be growing over time to reach the target level of a 70% take-up. The mod-
el takes a 20 year perspective and therefore also takes replacement investment of the electronic
equipment into consideration.




The access network is modeled in detail in a bottom-up approach. The cost model fol-
lows a Greenfield approach for all network elements.12 Concentration and core network
costs are approximated by a cost function consisting of fixed and variable costs. Be-
sides scaling these cost functions they are the same for the incumbent and the entrant.
For simplicity the core and concentration network is also assumed to be the same for all
access architectures considered.

Wholesale prices of the various access models are based on the LRIC of the network
elements of the incumbent. They are calculated at a take-up rate of 70% of the FTTH
network.

Figure 2: Scenario P2P with fibre LLU
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Figure 2 describes for the P2P and fibre LLU scenario which cost elements are consid-
ered for the incumbent and the unbundling-based competitor. Figure 2 also shows
which elements of the incumbent’s network are used to calculate the wholesale charge
for fibre LLU (underscored cost positions). The elements and costs of the access net-
work of the competitor are shown in red. In the same way the incumbent’s and the
competitor’s costs are calculated for the other scenarios.

12 In reality there often is available infrastructure from legacy networks which may be reused to generate
investment savings. This possibility could have an impact on the investment decision. For results on
such a “Brownfield” approach see Hoernig et al. (2010).



4 Major model assumptions

4.1 Euroland as reference country

For the purpose of this study we did not analyse a concrete country but chose typical
European settlement structures of different countries and combined them to a hypothet-
ical country of approximately 22 million households, which we clustered into 8 areas
and called "Euroland" (Table 3).

Table 3: Key parameters of Euroland

Cluster | Potential custom- UCLEL [ UE] Share of total | Number of FEEE
Geotype 5 customers per customers
ID ers per km customers MDF
cluster per MDF
Dense urban 1 4,000 1,763,916 8% 69 25,564
Urban 2 1,600 2,163,672 10% 168 12,879
Less Urban 3 800 2,646,000 12% 252 10,500
Dense Suburban 4 470 2,062,480 9% 280 7,366
Suburban 5 280 2,460,360 11% 303 8,120
Less Suburban 6 150 2,989,056 14% 417 7,168
Dense Rural 7 60 4,331,208 20% 1,421 3,048
Rural 8 <60 3,448,368 16% 2,488 1,386
21,865,060 100% 5,398

The degree of aerial cabling in the feeder cable segment has a relevant influence on the
deployment cost. For Euroland we assumed an increasing share of aerial cabling for the
less dense areas of up to 60%, so staying in between Germany (appr. 15%) and Portu-
gal (appr. 95%) in the rural cluster.

4.2 Major assumptions on capex and opex

The cost model annualizes the investment positions derived in a bottom-up manner by
multiplying them with the corresponding capital cost factor. This factor is specified ac-
cording to the tilted annuity formula which takes into account the weighted average cost
of capital (WACC) as relevant interest rate (10% was used), the economic lifetime and
the average relative price change that is to be expected over the considered time period.

Economic lifetimes are considered separately for all investment components required
directly or indirectly for the network deployment (20 years passive infrastructure, 7
years active network components, 5 years CPE).

In addition, the model considers costs resulting from operating the network and carrying
out regular maintenance works (OPEX). In general, these costs are calculated as a
mark-up which is applied to the direct and indirect investment positions, distinguishing
between passive (0.5% mark-up) and active equipment (8% mark-up). The model de-
termines the cost of energy and floorspace rental in a bottom-up manner.




A “retail cost” of 5 € per subscriber per month was assumed. These costs cover cus-
tomer acquisition, sales and marketing, customer care and billing. We believe this to be
at the lower end of such costs at least if compared with today’s market level. Finally, a
common cost mark-up of 10% is applied to the sum of operational and capital expenses.

4.3 Wholesale cost and prices

Wholesale prices for the competitor’'s business case have been determined as monthly
cost per line based on the long-run incremental cost (LRIC) of the network elements of
the incumbent which are used for wholesale access, i.e. they directly base on the cost
determined for the incumbent. Since a significant part of costs is fix, the total cost per
customer strongly depends on the number of customers on the incumbent’s network.
Wholesale prices have been determined under the assumption that the incumbent’s
network operates at a 70% take-up. This rate corresponds to the expected steady-state
market share of the FTTH network against the competition of mobile and cable net-
works. This also means that these are the lowest possible wholesale prices under the
LRIC assumptions. Depending on the scenario, they include active equipment in the
MPoP (e.g. scenario GPON with bitstream access at MPoP) or even transport through
the incumbent’s concentration network (e.g. scenario GPON with bitstream access at
core layer). The cost of the optical inhouse cabling is also part of the wholesale charge.
All initial analysis is cluster-specific, so the wholesale price in Cluster 1 is independent
from the wholesale price in other clusters.

5 Results

5.1 Coverage of the different architectures

In the static model presented here we compare the cost of a specific NGA deployment
in a future steady state, in which the roll-out is completed and the FTTH network has
(fully) substituted the copper access network. By increasing the market share and com-
paring the resulting cost per customer with an assumed average revenue per customer
(ARPU) we determine the point, where, if at all, the revenue equals the cost. This is the
“critical market share” necessary to make the NGA business profitable and hence it
determines the viability range of a network operator.

The critical market share may not exceed a dedicated percentage of the potential sub-
scriber base. In the telecommunications market all fixed network operators together will
never achieve 100% market share since there are always potential subscribers who are
not willing to use a fixed NGA network, but instead favor the use of a mobile network
only, the use of a cable-TV network or even do not use telecommunications access at
all. Thus, we believe the maximum achievable market share of an FTTH network of all
potential subscribers is in the range of 70%. To assess this level of penetration it has to
be considered that it is a steady state level where the FTTH network is the only fixed-
line infrastructure and the copper network has been switched off. Today, the market
share of the (copper-based) fixed line network exceeds the level of 70% in most EU
countries.
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Since we assume that the fixed network can reach a market share of up to 70% of the
total potentially addressable market (access lines), an incumbent operator can profitably
cover a significant part of Euroland with FTTH (about 50% of the population could be
covered with P2P or WDM PON, about 64% could be covered with GPON over P2P
and GPON). Table 4 describes the results of all architectures, already combined with
the results of the Brownfield considerations, which we introduce later. These results are
derived for a ARPU of 44 € per user and month.

Table 4: Incumbent critical market shares (Greenfield vs. Brownfield)

L (Scenario1) et (gézﬁz::ilg) Brownfield ((Scenario 3 a/b) el (Scenario 4) et
1 29% 25% 26% 23% 26% 23% 25% 22%

2 41% 34% 38% 32% 38% 31% 39% 31%

3 53% 45% 49% 41% 48% 40% 50% 41%

4 52% 45% 47% 41% 47% 40% 49% 41%

5 67% 60% 61% 55% 60% 52% 63% 54%

6 76% 68% 70% 63% 69% 59% 72% 62%

7 >100% | >100% > 100% 95% 98% 86% > 100% 89%

8 >100% | >100% > 100% > 100% > 100% > 100% > 100% > 100%

Figure 3 illustrates how the critical market shares are derived from the cost curves of

the incumbent and the competitor in a particular cluster and scenario.

Figure 3: P2P Cost curves of incumbent and competitors (Cluster 4)
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Theoretically, a FTTH infrastructure can be replicated by a second investor only in the
Dense Urban Cluster 1 or for about 8% of the population. In all other viable areas the
FTTH investor needs a critical market share of close to or above 50% to become profit-
able.

Competition cannot follow the incumbent in all areas of the FTTH roll-out. Independent
of the network architecture and the access scenario considered, the viability of any
competitive model ends at least one cluster less than the viability of the incumbent’s
roll-out (Table 5). The critical market shares of the different scenarios indicate that in all
architectures and competition scenarios potentially several competitors could survive in
the market. The highest potential number of competitors may occur in the case of bit-
stream access and wavelength unbundling at the core (Scenarios 3a and 4).

Table 5: Competitors critical market shares (Greenfield vs. Brownfield)

Cluster LLU - LLU - Bitstream Core| Bitstream B&spt;epaT Bitstream unb‘lllvntt)il\lliln : WDM
D Greenfield Brownfield | - Greenfield Core - Greenfield MPoP - Greenﬁelg unbundling -
(Scenario 1/2) (Scenario 3a) | Brownfield 5 Brownfield : Brownfield
(Scenario 3b) (Scenario 4)
1 9% 8% 4% 3% 6% 6% 4% 4%
2 10% 8% 3% 2% 5% 4% 3% 3%
3 24% 12% 4% 3% 8% 6% 6% 4%
4 25% 15% 5% 4% 10% 7% 6% 4%
5 > 100% > 100% 16% 6% 28% 1% 92% 8%
6 > 100% > 100% > 100% 12% > 100% 22% > 100% 32%
7 > 100% > 100% > 100% > 100% > 100% > 100% > 100% > 100%
8 > 100% > 100% > 100% > 100% > 100% > 100% > 100% > 100%

As expected, business models on the basis of unbundling require (significantly) higher
critical market shares than business models based on bitstream access. The unbun-
dling model requires already a critical market share of 24% in Cluster 3, while bitstream
access is viable at 4% to 8% critical market share in the same cluster.

5.2 Investment and cost differences and their significance

In the relevant clusters 1-6 the cost comparison of our four architectures in the steady
state modelling has shown the following results: GPON is the cheapest technology,
followed by GPON over P2P, WDM PON and P2P. With the exception of Cluster 1
where WDM PON and GPON over P2P switch ranks, this is consistent over the relevant
clusters (Table 6).
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Table 6: Total cost per customer per month at 70% take-up (in €)

Cluster P2P GPON over P2P GPON WDM PON
1 29.85 27.67 26.55 27.49
2 34.17 32.00 31.18 32.42
3 38.19 36.03 35.37 36.62
4 37.73 35.58 35.04 36.33
5 43.02 40.87 40.14 41.50
6 46.21 44.07 43.50 44.83

Single cost items like energy and floor space exhibit significant differences among ar-
chitectures. P2P causes nearly double as much energy cost at the MPoP as GPON and
nearly 6 times higher energy costs than WDM PON. P2P has more than 2.5 times high-
er floor space costs than GPON and even nearly 90 times more than WDM PON. These
huge differences, however, only have a very limited impact on the overall cost perfor-
mance of architectures because the cost share of each of these factors is not more than
1%.13

The other major difference between P2P and PMP fibre topologies is the number of
fibres in the feeder cable segment. In the case of the P2P architectures, which are in
this respect most fibre consuming, the cost of the feeder segment contribute with 4% to
the total cost, thus the saving contribution of a PMP feeder segment can only be of rela-
tive significance if this architecture does not require civil engineering work (e.g use of
existing ducts), while P2P does.

This section analyses investment and its breakdown into access network and MPoP
related elements. Figure 4 shows investment values for each architecture and cluster at
70% take-up per subscriber. It is evident that a GPON roll-out requires less investment
than all other architectures regardless of the cluster geotype. Except for the third cluster
WDM PON shows the second lowest investment and the smallest difference to GPON.
As expected P2P is the most investment intensive technology in all clusters.

13 In a consideration including CPEs the energy balance switches to P2P, since the OLTs are more
power consuming than Ethernet CPEs.
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Figure 4: Total investment per subscriber and cluster at 70% market share (excl. invest
in IPTV equipment)
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Despite of the differences in the implementation of the four technologies, the overall
investment deltas between the architectures are relatively small. This follows mainly
from the fact that the network elements which are most investment intensive (inhouse
cabling and drop cable) and which are identical for all alternatives account for around
75% of total investment, while the feeder segment in which investment savings of e.g.
GPON vs. P2P can reach over 100% in the dense areas, has a share of total invest-
ment of less than 10% in dense clusters. The difference in feeder investment is not as
large as one would initially foresee. The reason is that in this Greenfield deployment
civil works have to be undertaken in all cases anyway. Only where the higher fibre
count of P2P exceeds the capacity of the standard trench and a wider trench is required
does this actually lead to additional civil works cost for P2P. In Euroland this is only the
case in the densest Cluster 1. In all other clusters the standard trench has enough ca-
pacity to host all required cables. Therefore, from Cluster 2 on the higher fibre count of
P2P only leads to additional invest in cables but not to invest in trenches and duct infra-
structure. The lower the fibre count becomes as the clusters become less dense, the
less pronounced are the differences between P2P and GPON.14 Therefore, the overall
investment deltas between P2P and GPON remain moderate and range from 14%
(Cluster 1) to 2% (Cluster 8).

14 A Brownfield sensitivity in Section 5.3 will show how strong the differences between P2P and PON
architectures become when taking the feeder fibre count into account for selecting usable duct infra-
structure.
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In the previous section the focus was on the analysis of the investment required for the
roll-out of a certain technology. We now analyze the cost composition of the incumbent
and competitors as we consider the annualized cost of NGA investment and direct cost
which include floorspace rental, energy, concentration and core network as well as retail
costs.

Figure 5 and Figure 6 show exemplary for Cluster 3 cost shares of the incumbent’s de-
ployment at maximum penetration (70%) for different FTTH architectures. In line with
the investment values analysed above, the drop cable segment exhibits the highest cost
share regardless of the technology deployed (between 39% and 42%). The second
largest cost component is the inhouse cabling (14%-16%), except for WDM PON case
where the cost for CPE dominates with 16% cost share due to the higher equipment
price assumed. Retail cost ranges between 13% and 15% along the different architec-
tures, CPE cost — between 9% and 11% (except for WDM PON). As expected, the
costs of Ethernet ports have a significant impact only in case of P2P where it generates
9% of the total cost. Contrary to this, the PON architectures’ cost of active equipment
(OLTs and PON Ethernet ports) in the MPoP account for a maximum of 2% of the total
cost.

Figure 5: P2P Cost structure of incumbent at 70% market share (Cluster 3)
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Figure 6: GPON Cost structure of incumbent at 70% market share (Cluster 3)
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The next two figures depict the cost composition of a competitor for two of the five
wholesale scenarios and at 20% market share (examples shown for Cluster 3). One can
see that the cost structure of a competitor in a FTTH network is strongly dominated by
the wholesale price. In the bitstream scenario the cost share of the wholesale price
amounts to 65% on average. The cost share of the wholesale provision will be reduced
to 57% in case of fibre unbundling.

Figure 7: Cost structure of fibre unbundler at 20% market share (Cluster 3)
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Figure 8: Cost structure of a bitstream core access seeker (GPON) at 20% market
share (Cluster 3)
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As explained before, wholesale prices for the competitor's business case have been
determined based on the LRIC incurred for the incumbent at a 70% take-up which is the
maximum penetration rate we assume for the incumbent’s network. Depending on the
scenario they can - in addition to the cost of the access network (which includes the
optical inhouse cabling cost) — include cost for active equipment in the MPoP or cost for
transport in the concentration/backhaul network.

Figure 9 provides an overview of the resulting wholesale prices. In line with the compo-
nents included in the wholesale charge, bitstream access at the core level is more ex-
pensive than access at the MPoP or WDM unbundling along all clusters. Note that a
comparison between the fibre unbundling charge and the wholesale prices of the other
competition scenarios is not directly possible, since they are based on different access
technologies according to the scenario definition. Accordingly the most valid interpreta-
tion is the comparison of the two GPON bitstream scenarios. The wholesale price in-
crease for the bitstream access at the core level is relatively small. The reason is that
the concentration network transport component of the access charge at the core level is
based upon a 70% network load which results in very low transport cost per customer,
considering that the dominant part of the concentration network costs is fix.

Furthermore, it is interesting to note that in some clusters the WDM PON access charge
is below the GPON access charge level, but as we have seen GPON always leads in
terms of overall cost and thus critical market shares. The reason is primarily the CPE
price that is borne by every subscriber. We have run a sensitivity on the WDM PON
CPE price and other parameters in Hoernig et al. (2010) which we refer to.
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Figure 9: Wholesale prices
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5.3 Brownfield sensitivity

Lower investment requirements in a Brownfield approach enable incumbents to in-
crease the profitable coverage with P2P and WDM PON up to the Less Suburban Clus-
ter 6 (Table 4). Utilizing existing duct infrastructure benefits the two PMP architectures
GPON and WDM PON most, because they have fewer fibres in the feeder and back-
haul segments and hence a higher chance of avoiding civil works. The investment sav-
ings by segment are as follows:

e The effective reduction in the drop segment ranges from 7% to 20% depending
on the cluster, and is the same for all architectures, since the architectures do
not differ in this segment.

e In the feeder segment, the savings for P2P are around 7% and for GPON
around 40%.

e The savings in the backhaul segment amount to around 40% for WDM PON.

The segment specific savings in investment translate to overall cost savings of 5%
(Cluster 1) to 11% (Cluster 8) for the WDM PON architecture which benefits most. Cost
savings for GPON are higher than for P2P but lower than for WDM PON, and range
from 5% (Cluster 1) to 9% (Cluster 4). The lowest cost savings occur with P2P from 4%
(Cluster 1) to 7% (Cluster 3).

If the wholesale prices also reflect the investment savings of the incumbent (Brownfield
case) costs the critical market shares of competitors decrease in all competition scenar-
ios (not shown in a table here). In addition, they can also expand competitive coverage
by one cluster with the exception of the LLU scenarios.
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6 Final Remarks

This article can only highlight some of the most relevant results of the cost modelling.
As a contribution to the discussion of P2P vs. GPON we described a GPON over P2P
architecture which benefits from both worlds, by supporting future proof P2P fibre topol-
ogies and taking advantage from the GPON interface reduction, also enabling fibre LLU
and thus keeping the lowest base of infrastructure competition one may imagine. Ether-
net P2P architectures offer the highest degree of flexibility and future proof.

WDM PON as an upcoming technology may be the future upgrade path of GPON and
PMP fibre plants, if the supplier world can agree on standards allowing to use harmo-
nized optical spectrums.

There are differences in the cost of the different architectures, but in a total cost per-
spective they are not as big as they are if being compared in a microscopic view, e.g.
focusing only on MPoP energy and space. If compared as net present values of a 20
year period dynamic consideration they become even smaller.

While this study deals with the characteristic and cost differences of the FTTH architec-
tures the final answer of what will be the best architecture will be given by the market.
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