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LLU = Local Loop Unbundling

LRIC = Long Run Incremental Cost

MDF = Main Distribution Frame

MDU = Multi Dwelling Units

MPoP = Metropolitan Points of Presence
NGA = Next Generation Networks
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1 Introduction

The Comision del Mercado de las Telecomunicaciones (CMT), the Spanish regulatory
authority for the telecommunications market, mandated WIK-Consult, Germany, to
develop a Bottom-up cost model to determine the efficient cost of the relevant elements
of the fixed telecommunications access network in Spain. The model developed now
allows to take into consideration the access network of the whole country in the given
end customer distribution, instead of only calculating some access areas as samples,
whose representativeness is debatable in many directions. The efficient cost is a result
of the point of view, that an efficient operator will deploy a state of the art access
network today instead of considering the existing network structure with all its historic
inefficiencies.

The model takes the existing MDF (Main Distribution Frame) locations of Telefén i ¢
access network, i.e. the existing local exchange locations, into account as so called
scorched nodes, which we do not change. The access areas covered by such MDF
locations are optimized by efficiency criteria, thus the existing MDF borders are not
taken into account.

With growing demand for more bandwidth in the access networks the network operators
have to overcome the restrictions copper access lines today have due to their physical
characteristics. This is achieved by deploying fibre instead of copper lines, beginning at
the MDF locations and replacing the main copper cables by fibre and, sometimes in one
step, also replacing the building or even the inhouse access lines, thus reducing the
remaining copper line length and allowing to transmit higher bandwidth over shorter
copper access lines. One may describe this development as Fibre to the Curb (FTTC),
Fibre to the Building (FTTB) and Fibre to the Home (FTTH). In Spain, the deployment of
fibre networks in most cases is FTTH in one step, especially in new construction areas.
Thus the model has not only to consider copper access network structures, but also
FTTH. And, since it is deployed that way in Spain, the model does not only consider
copper or fibre, but also a fibre overlay network beside the existing copper network,
because most probably copper access lines will be used for a longer period in parallel.
The minimum period of copper switch off will be 5 years in areas where the copper local
loop is unbundled for collocated competitive operators.

There is an on-going discussion about how to value the copper access network, which
in most areas has been installed many years before and should already be depreciated.
It also experiences a decreasing demand due to competition with other access network
technologies (TV-cable, mobile, fibre access lines). So the discussion arises if copper
access networks shall be valued at historic cost (lower) instead of current cost (higher)
as the EU regulation requires up to now. In contrary, fibre is new, will be doubtlessly
valued at current cost, but may use already existing ducts, where available. We do not
investigate the pros and cons of this debate in the study mandated, but we consider
these circumstances and have developed a model which is flexible to implement
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different valuation methods, and which even allows to mix them among the network
elements (e.g. copper and fibre cables).

The depreciation of the assets shall reflect their economic value as close as possible.
The preferred methodology is economic depreciation - at least for the determination of
termination fees in the switched networksl. Other methods like straight line
depreciation, annuities and tilted annuities are supported in the model, too. The tilted
annuity with consideration of a growth factor comes very close to the economic
depreciation and overcomes some of its complexity. So the model first offers economic
depreciation with different growth of demand over time which allows for modeling
demand evolution in an individual manner, and second a depreciation method with
constant demand growth rates over time.

In order to consider the different risks inherent in constructing copper or fibre networks
the model also allows to apply different interest rates (WACC: Weighted Average Cost
of Capital) to the relevant items by adding a dedicated fibre premium to the WACC for
the related assets.

In the past many different approaches to connect buildings to the access network and
also to construct the inhouse cables (e.g. fagade, inhouse ducts (ICT), simple inhouse
cabling, combining several houses) had been deployed. For modeling these the
approaches are classified into typical methods, and also discriminators are determined
in order to decide where to apply which type. To this extend the model therefore

enables to deal with the historic development and not simply appliest oday 6s st at e

art methodology. Also a parameter allows to allocate which share of cost for inhouse
cabling and building access cable is due to the constructor/ house owner and therefore
out of consideration for the regulated prices to be determined.

Cost for operating the network, for providing wholesale support systems and common
cost will be also considered.

This document describes the methods and criteria being relevant for the model
development and the way the model proceeds to determine the requested cost for the
physical infrastructure. It also details the relevant parameters being required to
customize its application.

Chapter 2 will describe the relevant access network architectures as a reference in an
overview manner. This allows to define some terms and expressions.

1 see EU Recommendation on the Regulatory Treatment of Fixed and Mobile Termination Rates,
C(2009)3359 from May 7™, 2009, consideration (18), recommendation (7). The EU Recommendation
on regulated access to Next Generation Networks (NGA), C(2010)6223 from September 20", 2010,
does neither prescribe nor even refer to the depreciation methods in the recommendation above.

of
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Chapter 3 gives an overview of the modeling approach and the major steps and also
describes, where the main input parameters will be introduced into the modeling
process.

Before the cost model and the modeling process including the structure of the results
are described in chapter 5, chapter 4 details the input data, the data sources and the
demand estimation and distribution process.

Chapter 6 gives an outlook on model evolution. The document ends with the summary
(chapter 7).
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2 Access network architectures

The model allows to consider different access network architectures. This is on one
hand an access network based on copper pairs, like it is installed today in most cases in
Spain. On the other hand there are fibre based access networks, using one fibre per
end customer, which ends in the end customers iomes/ locations. These architectures
are called Fibre to the Home (FTTH). There are two types to be modeled, one
described as fibre point-to-point topology (P2P) and one called fibre point-to-multipoint
topology (P2MP) or GPONZ (Gigabit Passive Optical Network). The majority of the fibre
deployment taking place in Spain today is made as P2MP topology. The P2P topology
is better suited for pure business areas and therefore is also considered.

All networks use existing MDF locations as scorched nodes i.e. are located at the
currently existing Telefénica locations, so the MDFs are the points where the currently
existing customer access lines are joined together in a tree like topology. These
locations housing electronic network devices to concentrate, transport or even switch
the end customer traffic are also called Metropolitan Points of Presence3 (MPoP).

This section describes these access network architectures in brief and defines the
terminology used in this document.

2.1 Copper access network

The copper access network covers a dedicated area and serves all end customers of
this area with dedicated copper pairs. In the past the area has been determined by the
maximum size of end customers a telephone switch could support and/ or the maximum
length a telephone signal could be transmitted without intermediate amplification. While
the switch capacity over time increased dramatically due to technological improvements
the line length restrictions remained, thus being the main determinator for access size
areas.

At the central site all access pairs end at the Main Distribution Frame (MDF), where
each of it may be individually accessed and connected to a telecommunication system
of one of the operators who is collocated at this MDF location. From MDF into the core
network the use of fibre links is very common. Thus this solution is also called Fibre to
the Exchange (FTTEX).

All copper pairs are jointly deployed in feeder cables running out to the homes,
branching to the individual streets at cable connection points, which in the Spanish case
are normally located in underground chambers/ manholes and which have a function to

2 GPON is one technology allowing to operate a P2MP fibre topology and is therefore often used
synonymously. But GPON also could operate on a P2P fibre topology.

3 EU Recommendation on regulated access to Next Generation Networks (NGA), C(2010)6223 from
September 20", 2010
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flexibly connect or disconnect customers4. Distribution cables connect the chambers via
building access with the end customer buildings, where they terminate in building
distribution boxes (BDB). From the BDB each end customer home or business location
is connected by the inhouse cabling. The end customer home is equipped with active
customer premise equipment (CPE) which communicates with the central electronic
systems at the MDF location (Figure 2-1).

Figure 2-1: Principle of a copper access network
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Following this principle real networks are a little bit more complex. In order to be
efficient and save civil engineering investments there is in many cases not an individual
cable and trench relation between chamber and MDF, but the path from a chamber to
the MDF may be routed through another chamber closer to the MDF (see also Figure
2-3).

Thus some of the chambers may be connected in a chain or are cascaded. From the
chambers smaller distribution cables sometimes pass through connection or branch
sleeves, often housed in handholes, before they finally branch to the buildings (Figure
2-2 and Figure 2-3). One can further subdivide the distribution segment into the
distribution segment itself, lasting from the chamber with the last distribution frame/
sleeve to a handhole or a buried building access sleeve at the edge of the street, where
the building access cable branches out of the common duct/ trench to an individual
building, and into a building access cable segment between that handhole and the
building distribution box (BDB) at the building.

4 We use the expression chamber only for those manholes, separating feeder and distribution cable
segments. For other underground spaces we use the expressions manhole respectively handhole,
depending on their size.
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Figure 2-2: Principle of a copper access network, enhanced details
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In some countries BDBs nearby the MDF location are directly connected to the MDF
without any intermediate cable distribution element in a chamber or street cabinet. This
type of topology we call direct network and consists of distribution and building access
segment, plus inhouse cabling, but without any feeder cable.



Figure 2-3:
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8 Bottom-up cost model for the fixed access network in Spain

The inhouse cabling, which cost has to be taken into account in principle as long as the
operators pay whole or a share of it, at least in Multi Dwelling Units (MDU) or business
locations, starts at the BDB, where often outdoor cables turn into indoor cables (with a
reduced fire load), and where they branch out to the individual homes or business
locations (Figure 2-4).

Figure 2-4: Copper inhouse cabling
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In Spain, inhouse cables may be constructed at the outside of the facade of the
building®, within a normal indoor installatonont he wal | / underneath the w
or in a dedicated cable tray system ICTS.

A special form of copper access network is a Fibre to the Curb (FTTC) solution. With
FTTC the DSLAMs are no longer located in the MDF buildings, but in street cabinets or
rented rooms instead of (underground) chambers’ as so called remote nodes. Between
MDF locations and these DSLAMSs fibres replace the copper line, thus reducing the
copper | i n e & sbardwidihgrestnictioasn Betweenh the remote DSLAMs and
the end customers the existing copper access network can be used (Figure 2-5).

5 Thus even when the cable is located outside, we classify it as inhouse cable, since it serves the
inhouse homes and also could be constructed inside of the building. Details of outdoor and indoor
differences in case of faceade cabling are described in section 5.1.8

6 Abbreviation for: Infraestructuras Comun de Telecomunicaciones, http://www.proyecto-ict.com/

7 Electronic systems are sensitive to humidity, so underground chambers have to be dry (rain water and
pressing water proof in any case) when they should host DSLAMs.
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Figure 2-5: Fibre to the Curb with remote nodes

FTTC

fibre Street

- copper
Cabinet \@

——————— DSLAM

Core
network

Concentration
network

DP . .
Distribution
Feeder Cable
Cable
@ Active equipment
SC - Street Cabinet ODF - Optical Distribution Frame
DSLAM - Digital Subscriber Line Access Multiplexer DP i Distribution Point

Wj(:

CONS U

T

This type of access only has limited relevance in Spain with approximately 5448 remote
node locations.

We consider the chambers with the cable distribution function or the street cabinets as
the Distribution Points (DP) of the EU NGA recommendation.

2.2 Fibre access network FTTH P2P

Fibre to the Home point-to-point access network is a topology where each end
customer is connected to the ODF with an individual single fibre® (or fibre pair), thus
allowing each end customer to use the full and not shared capacity of a fibre. With
respect to this option the FTTH P2P topology is qualified as the most future proof
access network topology at all. In principle each fibre may be terminated individually to
transmission systems according to the individual end customer demand.

The ODF location not necessarily has to be the copper cable MDF location. Since fibres
do not experience the same length restrictions as copper cables a larger access line
length may be considered. Since in reality many ducts already exist the fibre access
network may orientate itself by existing duct network topologies and therefore by
existing MDF locations as (passive) network nodes and boundaries.

8 In the past it was common to use one fibre per transmission direction. But with progress in the fibre
interface development and the large scale of one fibre interfaces being produced nowadays we qualify
single bidirectional fibre interfaces being more efficient than double unidirectional fibre interfaces.
Thus we assume a single fibre per connection in all fibre topologies.
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Our model will delineate the fibre access network boundaries from the ODF locations
given as scorched nodes, which will be fewer than the copper access network MDF
locations, comprising several of these as new fibre ODFs.

Figure 2-6: FTTH point-to-point access network topology
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The fibre cable will be routed from a central Optical Distribution Frame (ODF) to the end
customer premises and will be branched out in a chamber (DP) with either a small
optical distribution frame or a sleeve. From there the individual buildings will be served
comparable to the copper pair access lines via BDBs outside on the facade, inside ICT
cabling systems or as normal indoor cabling.
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2.3 Fibre access network FTTH P2MP (GPON)

In FTTH point-to-multipoint access network topologies up to 64° end customer fibre
links are concentrated by a splitter onto a single fibre somewhere in the field, so one
fibre with up to 64 end customer signals ends at a central Optical Distribution Frame
(ODF) ODF. In the ODF location such a fibre terminates on an OLT (Optical Line
Terminator) who has to manage the sending and receiving rights on the commonly used
single access fibre in cooperation with the ONTs (Optical Network Terminator) at the
end customer sites10, Thus a standardized protocol is required which today limits the
capacity transmitted per ODF fibre to 2.5 Gbit/s downstream and 1.25 Gbit/s
upstream11,

Figure 2-7: FTTH point-to-multipoint topology with GPON architecture
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The splitters may be cascaded, but the splitting ratio per splitter cascade is limited to a
maximum of 64 end customers, due to the limitations given by the standardized optical
attenuation budget of a single optical string and the OLT limitations. Many operators in
Europe today do not completely design their networks with the upper limit of 64 end
customers per OLT string, but will only aim for a maximum number of 32 end customers
in order to retain spare capacity for future use. Thus the maximum number of end
customers will be considered as a model input parameter.

The model allows cascading splitters at two locations, at the DPs and at the BDBs of
the buildings, like it is rolled out by the incumbent operator in Spain. Design goal was to

9 With the new XGPON standard this figure will be expanded to 128, but also depending on access line
length and attenuation restrictions.
10 Any fibre point-to-multipoint architecture requires like any bus architecture (e.g. Ethernet) an
arbitration system.
11 XGPON will expand this limitation to 10 Gbit/s downsteam and 2.5 Gbit/s upstream.
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12 Bottom-up cost model for the fixed access network in Spain

comprise as many customers as possible in a splitter already at the end customer
building (BDB). Cascading splitters introduce additional attenuation reducing the
remaining optical budget. Thus cascading splitters may be less efficient from an optical
budget point of view.

Figure 2-8: FTTH inhouse cabling (P2P and P2MP (GPON))
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Figure 2-8 describes the inhouse topologyl? of both FTTH architectures. They do not
differ between BDB and end customer home/ business location. With GPON there may
be a splitter at the BDB site, and the CPE will require an ONT function in addition to the
normal CPE functions, while the Ethernet P2P topology simply requires a router.

Today GPON architectures expand the access line length to 20 km, thus here also
several MDF locations may be combined to one fibre based ODF. ODF delineation in a
pure fibre deployment will be comparable to the case described above.

Main differences between the GPON P2MP and the Ethernet P2P topology are the
lower amount of fibres in the distribution and feeder access cable segments, and the
lower amount of ODF ports at the central site in case of P2MP. Regarding P2MP
solutions splitter deployment in the field can be more expensive than at central sites
(ODF locations)13. Important for the modeling goals is that a P2P fibre topology will be
unbundable at the ODF, thus the cost for an unbundled local fibre loop may be
determined. A fibre P2MP topology may only serve as input to a bitstream cost
calculation since it is not unbundable at the ODF sites. Our model will allow calculating
both passive fibre plants, one giving input for fibre unbundling and bitstream, one for
bitstream only.

12 Even when the cable is routed outside the building on the facade.

13 For discussion about advantages and disadvantages of the two architectures and topologies see:
Hoernig, Steffen; Jay, Stephan; Neumann, Karl-Heinz; Peitz, Martin; Plueckebaum, Thomas;
Vogelsang, Ingo: Architectures and competitive models in fibre networks, Bad Honnef, December
2010
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2.4 Coexistence of cooper and fibre (networks overlay)

In all MDF areas where competitors are collocated in order to use the unbundled
access to the local copper loops these copper loops only may be switched off 5 years
after announcement of the incumbent to do sol4. This implies that an incumbent will
make use of all existing spare ducts of the copper access network topology which are
available. And fibre and copper network will coexist in these areas for approximately
five years at least, but being expected very long term coexistence. In areas without LLU
by competitors the incumbent will be allowed to switch off copper already within one
year. But even in these areas one might assume that existing ducts may be used to the
most possible extent, due to the large investment share civil engineering work has on
access networks.

Therefore CMT and WIK agreed to consider all copper fibre overlay constructions in a
manner where the fibre topology follows the (efficient) copper topology. When, at a later
stage of network development, the copper MDF will be dismantled, the fibres will be
forwarded by backhaul lines from the dismantled MDFs to the new fibre ODFs. We
assume that the remaining fibre ODF locations under these circumstances are a subset
of the former copper MDF locations and cover a larger number of access lines.

The model will calculate the overlay network after having optimized the copper access
network topology by calculating as many ducts/ subducts as required for copper and
fibre together, assigning for each copper and each fibre cable a dedicated subduct
(being the number of subducts per duct and the maximum cable size per subduct input
parameters to the model) and taking into account a reasonable amount of subducts as
operational spare capacity (parameter) for both networks together (see Figure 2-9).

14 According to Spanish and European regulation
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Figure 2-9: Copper and fibre coexistence
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Beside these overlay options there also exists, as already described in section 2.2,
pure fibre access network designs, optimizing the access network independently from
copper history by starting at the fibre scorched nodes (fibre ODF location).
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3 General modeling overview

The idea behind cost modeling of access networks is that in markets being dominated
by one party competition can only develop when the dominant party has to offer
bottleneck infrastructure as wholesale input to the competitors at prices which would
develop in a competitive market. Prices in a competitive market will be those a
customer is willing to pay before he otherwise decides to produce the products by its
own. Thus the adequate price would be those costs an efficient operator would
experience in deploying an access network today with state of the art technology at
current prices. In order to participate in scale effects the increment considered is the
whole access network of a dedicated area. Typically this area today is the complete
national market. This network then is supposed to be used for a long time. Such
approach is called Long Run Incremental Cost (LRIC). If not only the increment of the
access network is considered, but also an appropriate share of the common cost of the
total business of the operator (e.g. by a mark-up) the approach is sometimes referred to
as LRIC+. Our model considers the common cost as mark-up, but also allows setting
the mark-up factor to zero1d,

Thus we use a bottom-up engineering approach to develop an efficient access network.
We start with structural parameters such as the MDF locations as scorched nodes, the
building, street and home/ business location distribution of the entire country, based on
reliable public data sources, and also define the coverage of access lines being
demanded by the market. This allows to derive the total amount of network elements an
access network for the entire Spanish territory requires, by counting them bottom-up
along all streets of Spain in very detail, thus describing all relevant elements of a real
network which could be deployed in Spain in an efficient manner.

In a second modeling step we evaluate the required investment by applying prices to
the required network elements, apply a depreciation method in order to generate cost,
add operational cost and also consider appropriate common cost (Figure 3-1). For the
purpose of economic depreciation we consider a demand period of 20 years into the
futurel6. In certain cases, wholesale retail cost will be considered as an additional
component of total cost. This results in the LRIC of the total access service, which also
can be broken down for single network elements.

15 In this document we refer to both approaches as LRIC, if there is no necessity for a distinction.
16 Depreciation periods are independent from the demand forecast period and taken from expected
component life time (market responses to questionnaire and regulatory state of the art in Spain).
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Figure 3-1: Schematic view of BU cost modeling
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Our modeling approach for the access network in more detail is described in Figure 3-2.
Nearly all engineering is executed on the Geographic Information System (GIS)
platform ArcView, added by some route optimization tools. In order to increase
transparency for the users we add an Excel based tool which as first step optimizes the
engineering approach deciding if the infrastructure is more efficiently deployed on one
or both sides of each single street segment. Also the whole cost calculation is computed
in the Excel tool.
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Figure 3-2: BU access network modeling
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In a data preparation step we estimate the addressable market (maximum amount of
demand) by combining cadastrall’ and statistical information of the country in a very
fine granularity (household per household), determining the maximum residential and
business demand for access to the telecommunication network per building (being more
precise, per portal). Thus all possible demand is concentrated to one geocoded point
per building (portal) at the edge of the building closest to the street. We also use
cadastral information to determine typical inhouse cabling structures, using parameters
like construction year of the building or building height in number of levels, which will be
evaluated in a later step and which is stored as information attached to that demand
access point.

The first step of network planning is the derivation of efficient access network
boundaries per MDF/ ODF by taking the MDF/ ODF locations as given (scorched
nodes), delineating the demand building per building (portal per portal) to the nearest
MDF/ ODF location. For the distance taking into account we calculate the street
distance to the neighboring MDF/ ODF locations, assuming that the cable infrastructure
in almost all cases will be deployed along the roads.

The second step considers which form of access line deployment has to be taken into
account for each delineated access area: copper only, fibre only (either of P2MP or
P2P), or copper/ fibre overlay. This step also classifies the possible demand access

17 Cadastral information of whole Spain obtained via Direccién General del Catastro (MEH).
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points into the different inhouse and building access typologies, also taking into account
the common facade cabled buildings. The real demand used for access network design
will then be determined by allocating the expected demand (active copper lines or final
fibre lines) to the demand access points in an equally distributed random manner (see
section 4.1). The demand coordinated over remote nodes, where no Local Loop
Unbundling (LLU) can take place (the demand covered by Telefénica remote nodes),
will be determined in this step, and also all those customer access lines based on radio
access links not enabling an unbundled copper or fibre access line (called TRAC lines,
Telefonia Rural por Acceso Celular). They are taken out of the demand considered for
Local Loop Unbundling, but remain included for bitstream calculation purposes.

The next step subdivides the MDF access area into smaller access areas per
Distribution point (e.g. chamber). Criteria to do so are the maximum amount of end
customers being concentrated at that point and the maximum length a subloop might
have, taking street distances into account. When these subareas have been determined
the DP location will be exactly determined by either locating it at the border of the area,
closest to the MDF location, or by locating it in the mass center of the area. In a
comparative static analysis one can decide the more efficient solution, if required. This
step also allows to consider a direct network subcluster (Figure 2-2).

In the fourth step the spanning trees serving the access subareas of the DP and the
tree serving all DPs from the MDF downwards are calculated, collecting all relevant
network elements per street segment along the optimal routes (shortest path tree). Thus
we receive an optimal access network per MDF area with all network elements
required.

This information is handed over to the Excel tool, which consists of 3 modules, where in
module 1 the last step of network engineering it is analyzed per street segment if it is
more efficient to deploy the trenches and ducts on only one side of a street and serve
end customers on the other side by crossing the street (per two buildings (portals)) or to
deploy the infrastructure on both sides (Figure 3-3) for the distribution cable. This will be
decided by a cost comparison. Feeder cables are only routed on one side of the streets.
This step finally results in the exact quantities of network elements required.
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Figure 3-3: Single and both sided street deployment
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In the cost calculation (module 2) at first the investment is calculated by multiplying the
network elements with the appropriate element prices (historical or current cost). Then
differentiated indirect investment factors will be applied in order to consider investment
positions related to the access network which have not been taken into account already
by the network planning. These for example are service cars required for the field
engineers for constructing and operating the access network, or workshop facilities in
order to test or maintain network elements. The investment positions remain in a fine
itemized aggregation state.

Second step of cost calculation (module 3) is to transform the investment into cost per
time period by applying a depreciation method, considering the appropriate Weighted
Average Cost of Capital (WACC). In principle this can be performed individually invest
item per invest item, resulting in the Capital Expenditures (CAPEX). Operating
Expenditures (OPEX) are also calculated in this step, either by applying mark ups on
the investment by being calculated per network items or other criteria, e.g. fixed
absolute values or event or customer driven fixed values18. Finally common costs
assignable to the access network are considered by a mark-up factor.

As last step the cost calculation aggregates the cost and distributes it to the number of
access lines being installed in the MDF/ ODF access area.

Calculating the results per MDF/ ODF area allows to combine them to a national
average, but also to averages defined by other criteria, e.g. subscriber density, urban/
rural, etc. It also allows to consider the development over time by assuming different
network deployment per MDF/ ODF area over time (e.g. copper only, copper/ fibre
overlay, fibre only).

18 For ease of model use, ease of data generation (availability of reference and benchmark data) and
good averaging effects we normally apply mark-ups only.
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3.1 Cost Approaches

In the telecommunication market the regulatory authorities i.a. have to answer the
guestion, what are justifiable prices an incumbent operator may charge its competitors
for bottleneck infrastructures like the access network and its components, when they
are offered in a wholesale manner. In such a market there will not occur effective
competition such that the answer is given by the market itself. In a competitive market
the price would be that large that it will cover the effective cost plus a risk margin. One
could say that in a competitive market an operator would not be willing to pay more for
an asset or service than it would cost to produce the service by its own - the classical
make or buy decision.

Following this assumption the upper limit for the price would be the forward looking cost
for producing such a service or asset, in a comparable scale addressing the whole
market, and in the most effective manner. This also implies that the decision would be
made based on todaybs prices (technologes This
approach is called FL-LRAIC (Forward Looking-Long Run Average Incremental Cost)
or FL-LRIC (Forward Looking Long Run Incremental Cost). In order to emulate such a
price one has to plan the required assets and all prerequisites bottom-up to be
constructed in the most efficient manner. Another approach, to value the existing assets
of the existing network with current prices would include possible inefficiencies inherent
in the network deployed, e.g. caused by historic development or other reasons.
Therefore state of the art regulatory cost/ price determination bases on bottom-up FL-
LRIC cost modeling at current cost, as it is demanded also for the cost model described
here.

Implicitly this evaluation approach assumes that the demand for the requested assets is
in a longer term increasing or constant, but not decreasing, because no operator would
decide to construct the assets new by its own when demand for the assets decreases,
and that market has no longer term future. The price would be lower and ideally
orientate itself at the opportunity cost, or the profits an operator still can earn in this
decreasing business. To predict this is not easy to undertake, unless there is a
reference price given by a sales deal where an operator bought such a set of assets
from an incumbent. The bottom line for prices in a decreasing business is the cost
incurring to operate and maintain the assets for the rest of its use. This cost is called
Short Run Incremental Cost (SRIC).

Applying this economic theory to the copper and fibre access networks existing and
being planned or already deployed in many European countries, so in Spain also, will
doubtlessly identify the copper access network as a declining market, where demand
decrease is caused by the poor broadband transmission capacity of the copper lines,
accompanied by better performing offers of cable-TV operators and fibre access
networks, and also induced by a general trend to mobile only solutions, especially by
single person households. While the copper networks come to the end of its

cost)

and
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transmission capacities the fibre access networks are just at its infancy concerning
capacity, and thus will experience a long term increasing demand future. Thus the
copper access lines may no longer be evaluated at the FL-LRIC scale, and the bottom
line of its evaluation will be at the SRIC. (For prices lower than SRIC no operator would
operate and maintain copper access networks.) The evaluation of the fibre access
network and its assets is determined by a long term increasing demand and therefore
the price of the assets and services has to be set at the FL-LRIC level. This approach is
supported by the fact that in many European countries not only the incumbent, but other
investors also are investing in fibre access networks, thus are willing to spent bottom-up
FL-LRIC cost for such assets.

Hence the wholesale price for fibre assets will be evaluated by the FL-LRIC approach.
The prices for copper shall be between FL-LRIC, calculated at the highest demand as
an upper and SRIC, calculated at the actual demand, as a lower limit. Typically cost for
civil infrastructure and copper cables have been lower in the past than today. Thus one
may wonder if the historic costf or t hese assets, taken from t
accounts, may be an appropriate scale for copper price estimation. At least this
approach may help to recover the expenditures of the past, if they are not recovered
yet. If they are already recovered, the historic approach also finds its baseline in the
SRIC. If they are not recovered yet, one may think about an appropriate uplift. In any
case, copper access lines, which are no longer required, either from the incumbent or
by the competitors due to the decreasing copper line demand, are sunken investment.
They are of no use any longer. Thus SRIC and optional historic cost uplift have to be
distributed to the requested decreasing asset demand, increasing copper access line
cost over time. Hence the historic cost approach is, if not at already in a full depreciated
state and therefore at SRIC, of doubtful use. One has to keep in mind that the historic
cost approach has to emulate the opportunity cost, which is the only reasonable
approach for declining markets, and which does not cover a price increase due to
declining demand. The historic cost may be used as a proxy, neglecting the declining
demand, but taking the initial demand as constant.

Typically it is not easy to get historic cost. The balance sheets of the operators normally
show capital assets in larger items, describing complete projects or sub-blocks of it
without any detailed itemization, which would be required in order to define historic cost
per each item out of which a bottom-up cost model is constructed. Even if one goes
down to the level of bills, which have been the original information as input in the
balance sheet, these also often do not show itemized positions, but project prices for a
total sum of single positions, which, if at all, could be itemized in the quotations only - at
prices being adapted in later negotiations. Thus effort is getting larger and larger and
the correct historic value nevertheless cannot be received. Therefore also due to
practical reasons historic cost are more a theoretical than a practical approach.
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WIK-Consult therefore recommends in one of its recent studiesl® to keep the copper
access line prices during the installation period of a new and future oriented fibre
access network at its passed high prices, based on current cost, calculated for the high
demand of the past in a bottom-up FL-LRIC manner in order to motivate the incumbent
investor for a fast transit, and already announce the cost decline to SRIC after a given
period of time. The conclusions of this study are summarized in section 3.1.1. A second
subsequent study WIK-Consult20 conducted for answering the consultation of October
3" 2011 of the European commission is based on the model and cost figures of the
previous study. It modifies and enhances the recommendations of appropriate price
settings for copper and fibre. The main findings of this study are summarized in section
3.1.2.

Applying this theoretical approach to the deployments described in the chapter above
(copper only, fibre only, copper/ fibre overlay) for fibre only the start point of the copper
pricing will be the initial (high) copper demand and its FL-LRIC investment and cost.
The SRIC may be calculated by setting the investment values to zero.

In a fibre only environment the highest demand of fibre lines within the consideration
period, e.g. the final fibre demand, determines the bottom-up FL-LRIC calculation, since
the access network will be installed at the beginning in order to serve the future demand
of the consideration period. (Nobody would dig twice.) Eventually existing old copper
access network assets are of no use any longer, thus sunk investment and out of
consideration.

In a copper/ fibre overlay environment one assumes that the ducts for both, the copper
and the fibre access lines, exist already from the beginning. The assets for both access
networks are distributed among them according to their use. Significant advantage of
this consideration method is the synergy resulting from the common civil engineering
and construction. Both, the copper access lines and the fibre lines, will be evaluated as
described before. The concrete decreasing copper demand will be considered within
the band of FL-LRIC and SRIC, neglecting the concrete decreasing amount of copper
lines in an economic depreciation, the concrete increasing fibre demand may be
considered by an appropriate depreciation method, which incorporates an increasing
demand within the consideration period.

While the section 3.1.2 gives an overview of the depreciation methods applicable in the
model the application of the cost approaches described here are detailed in section
5.4.4.

19 Hoernig, Steffen; Jay, Stephan; Neu, Werner; Neumann, Karl-Heinz; Plueckebaum, Thomas;
Vogelsang, Ingo: Wholesale prices, NGA take up and competition, Bad Honnef, April 2011

20 Neu, Werner; Neumann, Karl-Heinz; Vogelsang, Ingo: Cost Methodologies and Pricing Schemes to
Support the transition to NGA, Bad Honnef, December 2011
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3.1.1 Summary of a study about Wholesale Pricing in migration to NGA

WIK-Consult conducted a study®, investigating the migration from copper access
networks to NGA under different wholesale price settings. Since the study deals with
comparable topics, it may be worth repeating here the major conclusions. Input to a
game theory based competition model had been cost functions derived out of a WIK
NGA cost model. The study was based on access network structures of a typical, but
hypothetical European country with approximately 40 Mio. inhabitants, called Euroland,
which MDF access areas had been clustered into 8 clusters of descending population
density. Core of the study is the game theoretic model and its results. Several market
entrants are playing against an incumbent deploying a copper and fibre access network.
Equilibrium will be achieved when all players make profit, but with one more player the
entrants will make losses. In addition a cable operator joins the game. Main variables
are the wholesale prices in the compet:i
profits and customer surplus.

1 Our model analysis is restricted to clusters 1 through 4 and therefore does not
include most suburban and all rural areas. Changing the areas covered will
affect costs and thereby the quantitative results, although we believe the
qualitative results to be robust.

1 In the case of an integrated incumbent (operating copper and fibre) the decision
to switch to fibre is driven primarily by the access charge differences between
copper and fibre relative to their
profits are influenced by many factors (e.g. costs, market share, retail prices),
wholesale access charges being only one of them. Our results, however,
suggest that their influence can be substantial. The relative wholesale charges
determine the profitability of one technology compared with another.

1 The absolute level of aF21 plays a role in the investment decision only in so far
as profits from fibre investment have to be non-negative in order to enable
investment financing. However, absolute pricing levels for copper and fibre
access have significant implications for the levels of retail prices, humber and
profitability of competitors, and consumer welfare.

1 An equilibrium with both copper and fibre is possible, but unlikely. It can occur
because duplication of downstream costs can be avoided and because the
overall number of entrants can be lower. A speedy migration strategy is
therefore essential in stimulating fibre roll-out.

1 We can distinguish three scenarios of wholesale access charge combinations:

21 aF: wholesale fibre price, aC: wholesale copper price,

ti ve
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0 At the current European national average copper access charge of aC =

8. 550 a fibre access char gthecost-based 9. 49 ( si ¢

rate) would be needed to induce investment in fibre. At these wholesale
rates, fibore ARPUs would be approximately t 42 compar ed

Our modelling favours an approach under which regulators signal that they plan
to decrease copper prices to the relevant levels (e.g., through a glide-path), but
would allow rapid switch-off of copper if fibre is installed on fair terms and
conditions with LRIC-based unbundling charges. In this scenario investment
should be triggered and a potential rate shock limited to the gap between current
ARPUs of approximately 0 2 9 t margtndllyehigher fibre Brownfield ARPUs of

with cop

rates of 029. Consumer wel fare under copp
in the CS maximising case. This scenario is unlikely to reach the
Commi ssi onbds Di gspeedbroadbamctargbts. ul t r a
o If fibre unbundling charges are seton a Br ownf i el d LRI C basis
per month as calculated through the Euroland model, the corresponding
copper charge at which fibre would be more profitable than copper would
be 03.42. I n this scenario fibre ARPUs w
copper ARPUs o f  (CABnkumer welfare would be maximised.
o If Brownfield adjustments do not apply (for example if existing ducts
cannot be re-used for fibre), then Greenfield LRIC for fibre would be
013.92 per month and copper prices woul d
order to stimulate fibre investment. In this scenario copper ARPUs would
be u27 and fibre ARPUs 038.
1 Although efficiently low levels of aC would help better capacity utilization of
copper while it is in use (i.e., stimulate take-up of broadband) and would
increase incentives for a switch to fibre, such low levels of aC may lead to a rate
shock?22 when the switch to fibre occurs. Other investment triggering scenarios
i nvolving higher aC would also generate rate
The avoidance of a rate shock associated with a switch to fibre could be
achieved in a number of ways. One way could be to facilitate retail price
di fferentiation on fibre (e.g., charging ficc
fibre). However, this approach raises competitive challenges and necessitates
equivalently higher charges for Afibred speed

ua36 associated wi t h LRI C fibre unbundl ing

immediately benefit from higher capacities offered by fibre.

Our results are founded on a base case assumption that in the long run
customers (including both consumers and business users) would be willing to

22 Arate shock is a sudden price jump from a low to a high level.
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pay an average of Gbld®s @dakrs avownitte d oao rhp o ed
copper-based services. If this price premium cannot be sustained i i.e. if

customers value copper more highly relative to fibre than under this base case
scenario (we examine copper ARPU of 0$33.5
ua37.50), copper would be profitable over
the gap between the copper and fibre access charges would have to increase

relative to the base case to trigger the investment in fibre.

We have included cable as a player within our base case scenario. We assume

that this technology offers capabilities which lie between copper and Point-to-

Point fibre and that consumers & wi | Il i nhgness to pay for
accordingly. Whilst the retail prices for the market as a whole are strongly
influenced by the underlying wholesale charges, the presence of cable adds an
additional constraint in that higher copper (and/or fibre) charges will in the
presence of cable, cause some customers to migrate away from the incumbent

towards what is viewed as a superior (or cheaper) technology. Other things

equal lower profits for copper and fibre will result from the presence of cable.

The effect of the presence of cable on the
turns out to be ambivalent, since it affects both copper and fibre profits.

The business case of an independent fibre investor is only viable either at
copper charges which are so low (below SRIC) that the incumbent would
logically exit the market, or at access charges which are so high, in both copper
and fibre that consumer welfare would be significantly compromised.

Unless access charges are very high, profitability of a technology usually
requires a high market share, which can be achieved by a combination of
i ncumbent 6s anuersaled rant sdé end

Entrants help the incumbent of a particular technology because they take away
customers from the other technology and because they buy access at wholesale
charges that contribute to cover fixed network costs.

We have modeled alternative consumer valuations of copper and fibre in the

spirit of sensitivity analysis. However, there is also a dynamic interpretation,
according to which the relative valuation of fibre against copper increases with

time. This would hold because of expanding new applications for fibre only. This

could mean that the increased valuation would be a function of fibre networks
actually being built under the motto of the movie (Green-) Field of Dreams: il f
you build it they will come. 0

Welfare is mostly depending on the switch to fibre and the relative valuation of
fibre against copper. Welfare under fibre is generally higher than welfare under
copper, because of the higher consumer valuation for fibre that, in this case,
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exceeds cost differences. If fibre is valued highly a switch to fibre significantly
increases welfare. Further increases could result from spillover effects not
covered in our analysis.

Consumer surplus is depending on both, the switch to fibre and the level of
access charges. A switch to fibre generally increases consumer surplus, while
increases in access charges tend to significantly decrease consumer surplus.
The latter effect is augmented by the exit of entrants as a result of higher access
charges.

Under a Brownfield3 LRI C scenario in which fibre

and copper prices are set at or bel
supports one cable operator with 28% market share, the fibre incumbent with
23% and 3 unbundling-based entrants with 16% market share each. With
copper charges at todaybs average r
occur, and the market would support one cable operator with a market share of
33%, and incumbent with 20% and 3 entrants with just over 15% market share
each. This market structure does not exist in many markets today and reflects
an assumption of perfect regulation. In practice, incumbents in Europe maintain
an average of 45% of retail market. In contrast, our model is free of margin
squeeze and discrimination and therefore leads to higher market shares of
entrants than we find in a less perfect world.

The retail profits of entrants andy
decrease in access charges but the effect may go in the opposite direction for
the remaining entrants if higher access charges force the exit of entrants. Higher
access charges significantly increa
retail) profits. Cable profits always increase in access charges except for a
switch to fibre triggered by an increase in the fibre price.

Entrantsdé profits mostly depend on the

They are highest just before the point where additional entry is induced and
lowest at the point at which entry has just occurred.

Summary of a study about Cost Methodologies and Pricing Schemes to
Support the Transition to NGA

Based on the model and findings of the study mentioned above (section 3.1.1) a
subsequent study®® enhances the view onto appropriate wholesale copper and fibre
access line pricing in order to motivate and accompany the copper fibre migration
constructively. The main results are:

23 Existing ducts can be used at lower cost in contrast to greenfield deployment
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1. There are two different perspectives on cost which are of a fundamental nature.
The one perspective is that of a decider who has to decide on a future course of
action regarding his or her business. Typically, such decisions involve the use of
resources and it is the costs of these resources that need to inform the decisions.
This is the so-called forward-looking perspective. The other perspective on cost
concerns the recovery of the investment cost once it has been incurred. These two
perspectives need not be the same, but there is reason to assume that the two
coincide under effective competition. Both perspectives have lead regulators to
widely focus on the FL-LRIC cost standard to determine cost-based regulated
wholesale prices.

2. The FL-LRIC cost standard, however, no longer is appropriate to be applied for the
copper access network for five reasons: (1) Copper access is no longer the modern
equivalent of a fixed-line access infrastructure; (2) Demand for copper access is
declining; (3) No newly entering operator would invest in a copper-based access
network anymore; (4) Given the actual lifetime of the copper access network and its
status of depreciation, applying FL-LRIC furthermore would lead to a (significant)
over-recovery of costs for the network owner; (5) Given the cost drivers of an
access network, applying FL-LRIC furthermore would lead to increasing costs, in
contrast to the real market value of the copper access network assets and the
opportunity costs of the operator.

3. In section 324 above we argue that in the case that the demand for copper is
steadily declining, the cost concept for the copper access network should be
SRIC+, which would be the short-run cost of maintaining the network plus an
opportunity <cost component reflecting cons.
determined on the basis of incentive pricing. We also argue that if an independent
estimate of SRIC+ is required, cost on the basis of HCA might be a default solution,
lying as it does between SRIC and a cost determined as if FL-LRIC were still
applicable. Regulators should take care to reflect depreciation when applying HCA
such that fully depreciated assets are not subject to double compensation.

4. For fibre the decision-relevant cost is a mix consisting of FL-LRIC for the fibre part
and the so-cal | ed Brownfield approach for the d
reflects the extent to which existing ducts may be reused or there is a need for
installing new ducts for the purposes of installing fibre. In respect of the Brownfield
cost of ducts we argue in Chapter 1 that, if the information for determining the
proper Brownfield cost is not available, cost on the basis of HCA can be used as
default solution.

5. For regions in which either copper networks or ducts are in a situation of nearly
steady state, the costing concept of Investment Renewals Accounting (IRA),

24 reference to this study
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whereby only the cost of renewal investment are recognized as a depreciation
equivalent, is applicable.

6. Only detailed cost modeling for each individual Member State can tell where the
relevant access costs according to the cost concepts used in this paper actually
are. The following graph can, however, provide the relevant structural relationship
between the relevant cost concepts in a stylized form. The current European
average for the copper ULL price is at 8.55
of a FL-LRIC concept. From the rough available information on the actual historic
cost of the copper access line, we expect that value to be in the range of 50% -
75% of the current ULL price. The SRIC of the copper access lines will only amount
to 15% - 30% of the current prices, which in absolute term means a value between
1.50 0 4dnd F3bd® access is somewhat more expens
In our previous Euroland cost calculations fibre access amounts (at a 40%
coverage ration) t oa&mreafield depldydentitandgoearountd i ne i
12 04 if (some) existing ducts can be used (Bro

Figure 3-4: Relevant access price range for copper and fibre
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7. A copper incumbent will invest in fibre if total expected profits from such an
investment exceed the expected profits from staying with copper. This decision is
influenced by the copper and fibre wholesale access charges, because these are
main factors influencing the profitability of both these technologies. High copper
access charges (relative to relevant cost) and low fibre access charges (relative to
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relevant cost) make fibre investment less attractive to the extent that they would
result in high copper profits relative to fibre profits.

Whil e the incumbentdés decision to buil
access charge, the resulting low copper end-user prices could prevent such
customers to switch to fibre, when it is available. Thus, after the fibre network has
been built copper subscribers may not want to switch to fibre, as long as the price
difference between copper and fibre is large and copper remains available.

d out

I n the WIK study AWhoduesahd poimeietnfgwaidNGA wa

the proposition that a rate shock could be mitigated in the transition from copper to
fibre by signalling that copper charges would come down through a glide-path,
thereby encouraging the dominant firm to invest before copper prices decline
significantly. This remains a relevant option. However, in its consultation of October
3, the European Commission has put f
scenario whereby incumbents would be allowed to keep wholesale copper access
charges high, provided they credibly commit to a timetable for building out the NGA
network and follow through on the build-out. We have assessed such incentive
pricing schemes in the current report.

In cases where the incumbent has entered into a commitment for fibre build-out we
discuss the following pricing options for the time after commitment and for the
transition phase, in which both copper and fibre services are offered:

(1) Copper and fibre charge both at the level of LRIC of FTTH.

(2) Same average price for copper and fibre, based on copper and fibre costs and
the relative weights depending on the share of fibre build-out. Within this option
we differentiate the case that the copper component of the average price is
determined by the relevant copper costs according to HCA or SRIC+ (Option
2a) from the case where the copper component is equal to the current price for
copper (Option 2b).

(3) Only the price of copper is based on averaging (as in Option 2), the price of
fibre is based on the LRIC of fibre.

(4) The price for copper remains at its current level in case of commitment and
faces a glide-path downwards in case of no commitment.

Any commitment to NGA build-out should address the type of NGA investment,
regions covered and the time frame for build-out. The NGA network to which the
commitment applies should be open to wholesale access, preferably through
unbundling.

orwar c
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The incentive pricing options proposed by the Commission rely on attracting a
commitment to invest by maintaining copper access charges above relevant cost
levels. However, this will only incentivize NGA build-out if there is a credible
commitment by the regulator to keep following the policy that has been the basis for

the incumbentés commitment. This requi

induce the incumbent to follow through with the commitment (profits should be
lower if the commitment is not met) and that the regulator will actually want to apply
if the incumbent violates the commitment.

Raising or maintaining copper access charges above relevant cost could also raise
issues of consumer welfare and competitive neutrality since contributions to
excessive copper profits come to a large extent from consumers and alternative
operators who pay the higher copper access charges. They should also benefit e.g.
by lowering initial fibre access charges or by having access to the same funds in
order to support their own investments. Only one of the options suggested by the
Commission i averaging copper and fibre costs i would avoid these concerns. In
effect, this would be a form of penetration pricing, in which fibre is cross-subsidised
by copper during the period of parallel operation.

In order to compare the options considering all relevant factors, we calculated the
corresponding wholesale prices over an assumed time frame of several periods.
Relevant cost data were taken from our previous study on this subject matter. In
our overall assessment, Option 2 appears to have the largest net advantages over
the other options. The uniform wholesale price for copper and fibre access
increases in this option over time in case there is commitment to invest in fibre and
ends at the LRIC of fibre. It is the increased fibre share that triggers this increase,
thereby incentivising the dominant firm to maximise the planned proportion of fibre
in the network. Because wholesale charges for copper and fibre would be the
same, migration would be encouraged.

Our overall assessment of Option 2 to become the option with the largest net
advantages rests on the five criteria (1) incentive to commit to fibre investment,
(2) incentive to deliver the fibre investment, (3) migration incentive for customers,
(4) consumer welfare and (5) competitive neutrality. Within these criteria consumer
welfare is basically driven by the degree of access profits and competitive neutrality
by the issue of whether access profits are either repaid or can be used by all
market players for fibre investment. The following table provides the evaluation of
all options according to these criteria.

res

t hat
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Table 3-1: Pricing options and their effects on copper/ fibre migration and
economy

Option Objective Incentlvg Incenyve Mlgratl_on Consumer Competl_tlve
to commit to deliver incentive welfare neutrality

Fibre as MEA for
copper (Brownfield Highest Low High Least Least
LRIC)

Fibre = copper
price = average of
costs (Brownfield

LRIC, HCA)

High High High High High

Fibre = copper
price = average of
current copper
price and
Brownfield LRIC
fibre

High High High High Medium

Copper averaged,

fibre LRIC High Medium Medium Medium Medium

Copper held at

Medium Medium Medium Medium Medium
current charge

16. In order to enforce the commitment for fibre build-out we consider the following
proposal: In case the incumbent does not live up to the commitment any funds
generated by the incumbent above the funds, that would have been generated
under the no-commitment case, should be returned to the access seekers who
overpaid. Additionally, we consider a suggestion that any excess profits from
copper access charges may be used for NGA build-out. This would require the
establishment of a fund or surcharge, potentially outside the scope of the cost-
based charging regime, which could be made available to any investor in open fibre
infrastructure. This kind of scheme would be relevant only in circumstances where
alternative investors to the incumbent exist.

17. Over the whole country there should be an additional retail-minus option for the
access seekers. Thus, the wholesale access charge should always be the lower of
the cost-based regulated access charge (including glide-path and/or averaging)
and the retail-minus access price. This also allows the incumbent to compete with
other access modes in high-density and low-density areas and to use penetration
pricing for fibre if deemed necessary.

18. Because there are areas where FTTH is too costly to be installed, because there
are only very few areas where network replicability of fibre networks is viable and
areas where FTTH is a viable investment, we have to face geographic diversity in
terms of deployment. This diversity may be accompanied with a certain degree of
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geographic de-averaging. The graph below shows how fibre costs vary depending
on whether they are averaged over the roll-out area or set on a regional basis.

Figure 3-5: Effect of price averaging vs. de-averaging for access lines
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Fibre Brownfield LRIC
/
50 1
/
40 /
E /
u /
R 30 7
0 / averaged
S / — = de-averaged
20 > P /
Cd
o em o -
~
10 /
0 T T T T T T T 1
1 2 3 4 5 6 7 8
Cluster No.
wik
19. The effects of such de-averaging may be ambivalent. Because of the ambivalent

20.

effects, if geographic de-averaging is chosen it should always be accompanied by a
retail-minus option. In case of de-averaging of wholesale access charges this would
also allow the incumbent to use geographically uniform retail charges (with the
consequence that wholesale access charges may have to be adjusted via retail-
minus regulation). If no fibre de-averaging is chosen the relevant fibre LRIC should
be based on the actual or planned economic footprint of fibre, not on the LRIC for
the whole country.

When assessing incentive pricing, some options such as option 2 (averaging the
cost of copper and fibre) would allow significant flexibility over the geographic area
chosen. This could range from a single exchange, to a group of exchanges or
similar areas to nationwide averaging. Regulators should take account of the effect
of the geographic scope on practical implementation, retail pricing, investment
incentives and consumer welfare when taking decisions about the geographic
scope of incentive and pricing regimes.
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3.2 Economic Depreciation

According to the given number of households the network planning tool carries out
optimisation procedures which determine the quantities of network elements that are
required for serving the demand. These numbers are then multiplied by the element
specific prices so that the investment values are calculated. By an adequate
depreciation method the investment could be transformed to cost on a per year basis
(or a per month basis). There are numerous depreciation methods and which of them is
best to be used depends on the given network demand evolution.

Linear depreciation is a commonly known and less complex depreciation approach.
According to the economic lifetime of a network element, the investment is allocated
equally over the given time period such that each period bears the same share of the
total investment. During the economic lifetime cycle of an element the total investment
is amortized equally year by year. Generally, depreciation approaches take into account
that the price level of the network equipment could change over years. The price
change of a network element that is given from one lifecycle to the next lifecycle has an
impact on the amount of cost that needs to be borne in each year. An increase in
investment means higher cost to be borne in each time period.

The consideration of the linear depreciation method is reasonable for markets that could
be generally seen as sustainable with regards to the demand. In this project the
demand is expressed as the required number of access lines (either base on fibre or
copper). A demand that is stable in the long run leads automatically to an equal
distribution of cost over the total demand occurring in the time period. The equally
distributed costs over the time periods are distributed to the relatively stable demand
leading to equal cost shares that are borne by each demanded unit over the considered
time period.

In case of markets with variations of demand over time the linear depreciation method

may need some adjustment, as wil |l be shown i

depreciation approach is applied in a market with increasing demand. As already
mentioned, the same amount of cost will be distributed t o each t i me
assume further, that the demand is 10 in the first year and 20 in the second. A look at
the cost per demanded unit indicates that in the first year the value is twice as high as in
the second year. The same amount of cost is distributed to a lower number of units in
year 1. There is reasonability to take into account a depreciation method that distributes
the cost to the years not equally, but equally to the demanded units. Or more precisely,
to the demanded units that are accumulated over the considered time period. In the
example, for the two years, the accumulated units are 30 and the cost per unit should
be the same regardless of the year.

The augmented tilted annuity formula takes into account growth of demand over the
years and therefore it is a commonly used depreciation method for emerging markets.

peric
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The formula includes a parameter that reflects the average growth rate per year. The
factor reflects the average growth considering demand at the beginning and at the end
of the time period and assumes average demand growth for the whole period. The
depreciation method distributes cost to the accumulated demand equally. The approach
is a reasonable depreciation method when demand is increasing over the considered
time period and when this demand evolution is (more or less) the same over each year.
However, the augmented tilted annuity formula is not considering volatility in the
demand. For instance it considers 10% of growth for each year, even if in the first year
the growth is 5%, in the second year it is 10% and in the third it is 15%. Moreover, the
same growth rate factor would be applied if the growth for the three years would be 5%,
20% and 5%.

The economic depreciation is an approach that takes into account the individual
demand for each year of the consideration time frame. The approach considers volatile
demand evolution over the year and distributes cost equally to the accumulated
demand. The economic deprecation as a method is best to be used when demand
values could be provided for each year of the time period. The detailed demand
provision allows to allocate cost to demand as best and has no restrictive conditions as
given for the depreciation methods above.

The cost model will consider the economic depreciation as the relevant method for the
calculation of cost for fibre access lines. The fibre network is regarded as an emerging
market so that in our perspective the economic depreciation is the reasonable
approach. The details on this method will be given in section 5.4.2. The model will be
based on the demand values given for each year of the consideration time period of 20
years and that data will be provided by the regulatory authority.

By parameterizing the growth rate in the proper manner the economic depreciation
formula also can be used to calculate linear depreciation (growth rate = 0, constant
demand), or tilted annuity (growth rate constant <> 0).
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4 Input data

4.1 Demand for access lines

The task of demand estimation which needs to be solved conducting a cost estimation
survey for whole Spain requires up to date input data that allows to approximate the real
demand as accurately as possible with respect to its geographic distribution and the
amount of lines demanded. Fixed network access lines, in their large majority, end at
buildings connecting private households and business entities to the MDF/ODF in the
local exchange location.

CMT has access to cadastral information. Therefore we have been able to base the
demand estimation on an almost complete set of real estate information, covering entire
Spain with the exception of the Basque and the Navarra region.2> For each cadastral
parcel the type of use is known so that the number of all residential and business users
per parcel can be extracted from the data. To derive the location of demand, the
number of portal numbers per parcel are counted and distributed along the street sided
boundary lines of the buildings inside the parcel polygon. In Figure 4-1 a cadastral
parcel is depicted, for which 9 portal numbers were counted. These 9 points are
distributed to the street side the portal belongs to, which is indicated by the green points
beside the portal numbers. These points serve as aggregation points for the locally
available information on residential use of real estates (featuring households), which will
be differentiated between holiday and permanent use. The portal points serve also as
aggregation points for the business type of use of real estates per parcel.

25 For Basque and Navarra, real estate information is not available so that we use a workaround with
demand locations derived from street layer information and household and business demand derived
from census block statistics, approved by CMT.
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Figure 4-1: Aggregation points per parcel
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Figure 4-2: Example census areas
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In the case of Navarra and the Basque region the information available is much simpler.
The location of demand will be derived from the portal number information provided by
the street layer information and the number of households, flats and businesses will be
derived from the census block information. For each census block the number of
households, flats and businesses will be randomly distributed to the portals within a
census block area.

At the end of the data preprocessing, for each portal the number of households, the
number of businesses and the number of flats is known. This information will be
available for every building in Spain.

Furthermore from the cadastral data the construction date of the building and the
number of floors and apartments per building is extracted, which is important in the
process to derive the number and location of the building access cables and the type
and cost of in-house cabling. For the Navarra and Basque region such information is
not available. Thus we have to use average values derived from the neighboring
provinces.

Now, all potential end points of the access network lines are known. These form the
entire potential access market. In the next step the number of demanded fixed network
access lines26 has to be allocated to the potential end points.

The total number of demanded lines is distributed to the portal locations according to
the number of households, buildings and business entities per portal. This is executed
in a random allocation process described below. The total number of copper lines and
the total number of fibre lines to distribute will be considered according to the maximum
of the predicted demand of each in the long run period under consideration. The total
current line demand for copper will be used as demand estimate for copper. In the case
of fibre lines the demand is rising over time so that the maximum demand can be
expected for the end of the long run period under consideration. Both figures, the
expected total number of copper pairs and the expected total number of fibre lines, will
be determined at this stage of the process together with CMT.

For the copper and fibre only deployment cases the demand is distributed to the
potential end points by considering a high priority for business customers, allocating an
access line per business customer first, before the rest of the available access lines is
distributed to the residential homes (flats) with equal probability. This will also reflect

26 Normally one can assume the demand for fixed network access lines to be lower than the potential
market (that includes in addition mobile only, cable and non-users). And of course the demand for
copper access lines needs not to be equal to the demand for fibre access lines. Even the initial
existing copper access line demand needs not to be the same as the final fibre access demand at the
end of the consideration period (of 20 years).
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that there is a higher probability for a building to become connected if it houses many
residential endpoints2’ (or even business customers).

For copper/ fibre overlay the demand distribution considers for copper the same
demand allocation as described for copper only above. This reflects that the copper
access lines already are widely deployed and its demand distribution does not follow a
roll out strategy of a new infrastructure. For fibore we assume a higher commercial
interest of the operator deploying an access network to serve denser populated areas
first, because they are more profitable. This will hold for the start phase of fibre
deployment which we assume to be up to 40% of the total possible demand. If the final
fibre demand goes beyond this penetration, we assume the penetration process already
described for fibre only above, since the demand is already in a grown up state and will
be widely spread. In addition one has to keep in mind that in the copper/ fibre overlay
case the ducts required for fibre deployment are already in place.

For a final fibore demand below 40% the model allocates the fibre access lines,
described by the relevant demand, to the potential end points with an additional
probability which depends on the size of the building. More precisely, the additional
probability depends on the number of business units and flats being assigned to a
portal. This process requires per ODF/ MDF area - or easier per group of MDF/ ODF
areas (clusters) - a parameterization of the portal size and the appropriate probability,
described as an integer multiple of the one flat per portal probability. An example is
described in Table 4-1. This demand distribution will serve larger buildings with a
significantly higher probability28.

Table 4-1: Probability of access line distribution in relation to portal (building)
size (example)

No. of business and residential home entities Higher access line probability compared
per portal to one flat per portal

1-2 1
3-6 2
7-12 3
>12 3

In the Spanish access network, according to CMT, there are 148,000 lines connecting
households via radio access (TRAC) links. This demand will not be relevant when
calculating copper and fibre fixed access networks. Since radio access is typically used
in areas where fixed line access is not available or too expensive, those lines most

27 The probability of a building to become connected

to get an access line assigned with the number of residential homes.
28 The probability for a building to become connected is the multiple of the natural probability of the

residential and business | ocationsd probability

and the probability of the building in Table 4-1.
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distant from the MDF will be determined and excluded from demand. To determine the
number of radio access links per MDF to be excluded CMT provides figures on the
amount of radio access lines per province. In each province for the 50% of the MDF
having the largest area those homes are determined, which have current copper
demand and the longest street distance to the MDF location, until the number of TRAC
lines per province is achieved2®. Those homes are then considered as TRAC
connected homes and will therefore be deleted from copper and fibre demand. For the
calculation of bitstream cost the radio access links will be included in the calculation
with their average cost per line.

The existing copper access line demand, but even more the estimated future fibre
access line demand, varies over the regions. Thus this demand is described per MDF/
ODF area. In order to ease the model parameterisation one can also group MDF/ ODF
areas into groups of the same access line penetration (same share of penetration in
relation to the total MDF/ODF homes). We would expect groups with fibre access lines
only, with copper lines only, even after the consideration period of 20 years, and with a
copper/ fibre overlay mix of different demand growth and final penetration rates of the
potential market.

At this step the demand for cooper and for fibre will be determined to process the pure
copper, the pure fibre and the copper/ fibre-overlay model computations. In the copper/
fiore overlay the location and the amount of demand for fibre may differ from the
demand for copper.

The consideration of cascaded splitter architectures in FTTH P2MP networks makes it
necessary to determine the number of fibres to be considered at each portal. The
splitter to allocate at each portal with line demand will be determined by the smallest
possible splitter size chosen out of a list of typical splitter sizes, which satisfies line
demand, under the constraint of the maximum allowable splitting factor. If the line
demand exceeds the maximum allowable splitter size, additional splitters and feeder
fibres will be allocated in the same way, so as to meet the remaining demand. For each
splitter per portal one fibre line will be counted (headed to the direction of the ODF),
determining the correct line demand in the network routing in case of the GPON-
architecture.

4.1.1 Homes passed and homes connected

In this section it is highlighted how the demand distribution used in the model relates to
the well-known expressions of homes passed and homes connected.

29 Another iteration with the next 25% of MDF would be chosen if the number of TRAC lines is not
achieved yet.
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The potential market is described by all households and enterprises. Both, households
and enterprises, are called homes in the discussion of this section. Thus, 100% of
homes are the potential market. Due to mobile and cable only households and some no
telecommunication using households the addressable market will be lower than 100%.
Typically one can assume it to be 70%, knowing that this may be less in some
countries, e.g. Portugal, thus there also will exist a Spain specific value, which has to be
taken into account defining the demand per MDF/ ODF area. The demand is distributed
on a per home basis, not on a per house basis. The demand determined as a share of
the potential market will be distributed according to the demand distribution described in
section 4.1 above.

Thus: depending on the demand allocation process one can imagine that in pure
business buildings there could be all business units connected to the fixed network. In
buildings with households one can expect that not all households will be connected to
the fixed network. Also there may exist buildings where no home is connected. This
only is determined by the random distribution of demand. The probability depends on
the final penetration rate chosen. If a building without any fixed network connection is at
least passed by a fixed network line in the street, the homes in the building are homes
passed. Also homes not connected to the fixed network, but being located in buildings
which are connected due to other homes in it being connected, belong to the set of
homes passed. Only homes being connected to the fixed network count as homes
connected. Buildings without any home connected, which are located such that there is
no fixed network distribution cable passing the building (e.g. at the end of a street), is
neither passed nor connected, and so the homes are not connected also. Thus we have
to consider three sets of homes: homes connected, homes passed and homes neither
connected nor passed (Figure 4-3). Homes connected are a subset of homes passed.
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Figure 4-3: Homes connected and homes passed
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The homes connected are modelled by the random distribution described before. The
total amount of homes connected is described by a percentage of the potential market.
This value directly reflects the homes connected, thus the parameter fhomes
connectedois an input parameter to the demand distribution process of the model. The
homes passed are a result of the modelling process, thus not an input parameter. By
connecting all homes being selected as fixed network access points the model
constructs an efficient graph, which will pass by buildings without connections and
buildings with connections, but also including homes not being connected. Thus the
figure of homes passed only can be determined after the model run. Then, and only
then, one can also determine those homes neither being passed by nor being
connected30,

4.2 Street data

The network optimization is based on the street network for entire Spain. This network
is used to route the demand for fixed access network lines of an exchange area from
the buildings to the MDF. It is also used during the geocoding of demand connecting
buildings to the closest street segment and it is used for the service area delineation to
derive MDF/ ODF areas and distribution boundaries (see 5.1.1 and 5.1.2).

30 Both, the determination of homes passed and of homes neither passed nor connected, are an
additional effort not planned to be implemented in the model. One can of course expand the model in
order to generate these values. It requires a check to identify, if the building is passed by a fixed
network access line.
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CMT provided WIK-Consult with a street-layer from TOMTOM Release 2011/3 for entire
Spain, with the highest granularity available. The street layer is connected and sub-
network problems are resolved. For the network optimization task the street network will
be used without routing restrictions like one-way restrictions, bridges or other barriers.

The TOMTOM street layer is connected and allows to route network connections along
the streets throughout the MDF/ ODF areas. The TOMTOM street path and the exact
path of the street between the buildings and the exactly geocoded portals, as described
in the cadastral information and its Tramos street layer, in some cases deviate from
each other. The Tramos street layer is more exact with respect to this, but contains less
street information and does not allow routing of network connections. Therefore the two
street layers will be combined in order to profit from the advantages of both. For the

determination of t toé¢he direet dndlthendgofsien ofirighs ainal feft e

deployment along a street segment the model operates with the Tramos street layer.
For routing procedures the model uses the TOMTOM street layer. By taking both
sources into account the model on one hand becomes more complicated and requires
more computing power and time, but on the other hand delivers results of a much
higher reliability, so that one can expect results of high exactness.

4.3 MDF locations

We received information about the MDF/ ODF-locations of Telefonica in a table with
geographical coordinates. These include copper exchange locations and FTTH
exchange locations3! depicted in Figure 4-4.

31 The number of fibre exchanges is constantly rising. The figure shows the situation of Mai 2011 with
114 fibre exchanges as an example..
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Figure 4-4: MDF and ODF locations in Spain
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MDF/ ODF-locations are used as a starting point for the service area delineation in the
scorched node approach of the network modeling. The procedure to derive the service
area is a shortest path assignment of all street segments to the exchange location being
closest by street distance. The precise procedure is described in section 5.1.1.

Separate service area delineations will be conducted for fibre only and for copper only
computations since fibre allows larger service areas. For fibre only the same algorithm
is used, but starting with less fibre (ODF) scorched nodes. Copper/ fibre overlay will
follow the copper network topology, thus uses the copper only delineation for the
combined MDF/ ODF access area. This is due to the basic assumption that in the case
of two access networks in parallel (overlay) the fibre topology follows the (efficient, but
earlier installed) copper topology (section 2.4). If, at a later stage of network
development, the copper MDF will be dismantled, the fibres will be forwarded by
backhaul lines from the dismantled MDFs to the new fibre ODFs. We assume that
under these circumstances the remaining fibre ODF locations are a subset of the former
copper MDF locations and cover a larger number of access lines (Figure 4-5). Hand in
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hand with longer access lines the concentration network will become smaller or can be
replaced, so only the core network remains in operation32,

Figure 4-5: MDF dismantling in case of copper fibre overlay, final state

As can be taken out of Figure 4-4 there are MDF areas at the Spanish exclaves in
Ceuta and Melilla located at the coast of North Africa and of course at the Spanish
islands that have to be considered. Exclaves and islands pose no problem to the
service area delineation and access modeling as long as the street network is complete
in these areas, and of course if the line demand can be estimated according to location
and size.

As a characteristic of the Telefénica network there are some areas that are served via
remote nodes and only indirectly via exchanges (MDFs) (Figure 4-6).

32 Such development, based on WDM-PON Access network technology, is described in: Hoernig, Jay,
Neumann, Peitz, Plueckebaum, Vogelsang, Architectures and competitive models in fibre networks,
Bad Honnef, December 2010, www.wik.org











































































































































































