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finuous increase in bandwidth reguired per customer, access neiworks
nore become a bottleneck. The network operator will thus probably upgrade
stwork and eventually deploy a full fibre to the home access infrasfructure.
cugh, most telecom operators are reluctant to deploy FTTH in the access
his is a very cost intensive operation. Still fibre to the home might reduce
«penditures (less failure sensitive), and a compelitive advantage. In this
~ork operator wants to get (and keep) a clear and balanced view on the
costs of FTTH and the different trade-offs.

In tis paper we present an approach for getting a clear view on the expenses for
FTTH. This approach starts with a detailed decomposition of all expenses
i operational) according to the different lifecycle steps: “planning”,
7 "sarvice migration” and “up and running operations”. We add to each of
>miposed parts of the cast a high level view on the size, methods and tools for
and the most important parameters or risks. We further increase the level of
ually zooming into those parts which are either most important (highast in
st unknown {(highest risk).

1cp oym

ihe paper we use the suggested approach on a realistic case study in which
v a full, initially GPON based, FTTH deployment in one smaller city {of about
nis} of Belgium. We foliow the approach mentioned above and describe in
ng step how maore detailed caiculations are made. The final outcome is a
@ detalied view on the most important costs, msight in the trade-offs in
and an infegrated calculation model containing bath Caplx and OpEx. We
h deducing general ruies of thumb from the case study
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1. introduction

x3

Some FTTH deployment projects atiracted a lot of atiention recently, ;Wg
networks were successhully depioyed in different cities such as Amsterdam {11, Viemn
{2}, Paris {3}, Vasieras [4] and other. However, the ovarall number of ETTH Customes
throughout Europe is still very limited and mast of the deployments fit within oML
intiatives, Traditional network operators are reluctant t© any FTTH deploymernts. Re
the unclear legal sitluabon 5] and the expectad high costs are cause to thig, To mas
any profound decisions on FTTH depioyment, an accurate cost model is o be ysey
given enough detall on differences betwsen depioyments in different regions.,

G

ik

There is aiready a ot of information on the typical infrastructure cosis and finy
deplayment costs. Several references describe typical valuss for both [B] S, ag
investments for deploying a FTTH natwork are huge, itis important to modei the costs
more detail. Most current approaches foocus on the CapEx and look In much less dotay
to the OpEx of such network, As FTTH is expscled to be the last step in the bandwidty
evoiution for the access and is alsc expectad to last a long time (up to 50 years) it mig
make sanse also o take these types of costs into account during instaliation. Mora |
general, it is advisable to madel first the largest parts of the overall expenses in morg
detail, regardisss of whether they are CapBx or OpEx. '

We start with proposing a typical breakdown of the overall expenses and their L
nitiaily expected impact in section 2. From this breakdown we indicate which parts for reg
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This zooming approach and the detailed models for the different breakdown cosls
are described in the third section. '

In the fourth section we apply this approach and the models found o estimate th
expenses of a realistic deployment in which we focus on & full, initially GPON basag
FTTH deployment in one smaller city {(of about 10000 residents) of Belgium,

Finally we conclude with summary of the approach and the most important modals
and results obtained from the case study.

2. FTTH Deployment Cost Breakdown
modetl.

The costs of a FTTH depioyment will be depending on a lot of parameters. First of
all geographical and demographical parameters will have a very large impact on the
casis. it is for instance very clear that s FTTH network rollout wili be more viable for a
dense residential region. Also the different technaiogical options can account for nuge
differences in cost now and in future scenarios. The most obvious parameter is here the
cnaice between a passive optical network architeciure (PON) where the customers are
connected to the central office (CO) in a point to multipoint fashion, varsus an active
ethernet or home run fibre network architecture (HRF) in which the customer has 3
dedicated connection to the CO (in the case of HRF there is even a dedicatad fire up
to the CG}. In the first phase of constructing & business model # is thus very important
o gather aff input data and information. This information is then used as input and for
ouilding & cost model for the FTTH deployment project (or other project at handl
Finally. whan combining the cosls with revenuss, an economic evaiuation of the ETTH
depleyment is mada,
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fis DARST W focus on the cosis aM more N garticutar how to model all costs
& ail. For doing this we start from a hfe-cycle analysis, When
‘amva of ar FTTH rwmor. . we can distinguish the following differsnt

2

SUSIOMEr Wg(a: on and Servias Drovisoning
ks and ighistatie HS

EArdown

TH s a targe rrojc vinvotving a 1ot of trenching work 1o be done it needs a
1 of upfront planning. Once the jeg, uy nent plan s finall the aciual
tcan be started. This part of the i P~CyC 5 typically indicaled as the largest
ning 6 0% {71 of the tolal expenditures fur the project. {tis ciear that this
4 be modelled in more detail. Once the network is in place, the customers are
nrected (o the network. We call this part the customer migration and sarvice
Especially making the physical connection from the network o th

i setwark 18 up and running i should be maintained in
which comes down to monitoring, mainienance and repair actions. The caost
ris unknown and could pose an important maintainability risk in the long run.
iy there are the fixed costs of infrastruciure containing the power
on, housing, right of ways, etc. Finally, as the fibre network is expectad to
., ery long life time, there is no intention (o teardown the fibre network ar take this
acticn o account in the cost model,

sxpEnsives, O

3. Zooming in on the cosis

snsidering the life-cycle proposed in the previous section, we zoom in on the
ly largest costs. 1t is clear that the deployment cost wili be the highest and
2 modeled in much more detail. We will start with this cost and indicate how to
more detail and how to procead with the zooming until we get a fairly detailed
rated cost model. Figure 1 contains a detailed overall view on the calculation
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3.1 Deployment cosis

in this part we focus on the costs invalved in the physical dept
ngtwork. The cost of equipment is much sma
the trenches where the FTTH is buried in,

ayment of an FTT&«%
fter than the manpowar costs for Creating

We zoom further in on the trenching costs and considering the huge impact an the
total cost. we modeled this » detal. The optimal renching topalogy can be Caltulatey
Dy constructing a Sieiner-tree over the full road-topology and connecting al Customers.
The Steiner tree problem trias to solve the probiem of connecting N points {o each Cther
with a minimal cost tree structure. More in detail here we consider the Stainer tres
problem in graphs. The formal definition of this problem s Given a weightad oraph
G{V.E.w} ant a verticas subset S - V, find a tree of minimal weight which includss
vertices in S. This problem is NP complete and we thus relied on existing heurigie
methads [8] for calculating a near optimal tree structure. it is clear that farge savings are
possibla f {part of) the network can e installed without trenching, for instance by
means of aeral depioyment. Other possible solutions exist, such as reusing &xigting
ducts {even after extracting the existing copper cables {91}, reusing the sewage system
aftaching the cables o the facades, elo. Also different technologies are developad for
minimizing this part of the costs by means of for instance hollow sidewalk boundaries or
micro-trenches, ate. Several options are nat allowed by legislation or require additinna
infrastructure to be avaiiable or installed. In a full cost made! the different instaltation
owed allernatives should be taken into account in constructing the cost model.

alt

The inside and outside plant aquipment is expected to be much smaller, We cap
model these by attaching a representative cost to each customer. A litile bit rmore detail
is required by estimating the amount of flexibility points and splitters required in the
network according to the number of customers and possibly some corraction factor as
not all equipment will be 100% used (e g. the 1:32 splitters might connect less than 32
customers on average). The central office can be dimensioned much in the same
manner. However the dimensioning of some parts of the equipment will not be directly
dependent on the number of customers, but rather an the number of incoming fibres.
For example the optical distribution frame which wili physically couple the incoming
fibres to the cables attached to the OLT and provide flexibility here. it should be noted
that in case of HRF this number of incoming fibres is the same as the number of
customers, in case of a PON this is smaller. Gther parts, such as climate or powering
control wili be depending on the number roams in use. The coating of the different fibras
in one cable is typically the largest cost of the cable more or less regardless of the
number of fibres in the cable. We thus mode! the fibre and cable cost by selecting
different cables (with a fixed number of fibres) for the feeder and distribution part of the
network, in more detail, a caloulation of the aciual number of & de in
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which alse the granularity of cabies sold should be considerad.
3.2 Customer migration and service provisioning
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The second largest group in the cost breakdown is formed by the costs for
connecting the custorners o the network and subsgeribing them o a specific service. As
was already ciear the physical insiallation will take by far the fongest and will most
probably alsc cost most. The cost of the CPE should aiso not be discarded, The costs
for the CPE are very straightforward as they are directly linked o the number of
sustomers. The other costs sre miner and have heen modeled i much iess detall.

Consider
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the important cost for making the prysicah connection 1o the cusiomar
W nig in detadl using an act basad costing approach (ABC i which we
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zess of installation by means of a flowchart and attached expectsd mings
rectangles and probabilities to each of the outcomes of a diamond. These
ated in {10}, As mentioned bafare th 28 are & iat of diff

ot different approaches
j the fibre in the sireets and they might ail nave an impact on the aost

aily if rought prove beneficial in connect customers at the same
ation of fibre in the street This way all equipment is alres oy avaii
iad. the ground is aiready opened w H thus cost fess to make

s point. On the other hand ¢ mMight prove a very Chatienging task

BUaiVa pont of view.

@ng he netwerk up and runnine

WK G the costs for keaping the network and the Services over the

P running. We focus hare on cable out ‘epalr and snergy costs,

ala for the focus on cable out repair kes in the fact that these costs ara
7 & natonwide roliout and contain a large cost for going to the location,
¢ statistics of cusiomey bremises equipment (CPEY and other equipment is
nd replacement is most possibly incorporated in a rmaimtenance contract
and could thus also be represented there. As this is part of a contract it
ary 1o develop a modei for this cost, but incorporate the vendors offer in
NG the repalr cost, we siarted from the operational

¢ for estimating the cast. Therefore we also attached
mings to each of the rectangles and probabilities to each of the outcomes of
4 These have been indicated in [10]

¥

- sontinuous cost of the infrastructure, we neglected the housing cost as we
o the CO 1o make reuse of existing housing and thus not representing a cost,
When this number could be reduced or extra housing should be found. a dedicated
madel could be made for this cost, and will be depending on the amount of equipment
and the amount of floor space this requires. Calculating the power consumption is
feascnably easy given the equipment in the central office and the equipment in the field
{in case of an active network). Finally the power consumption for cooling the equipment
can be ted in less detaif by estimating it at haif the working power consumption.

SXpE

As meantioned, currently the other operational costs for keeping the natwark up and
unning have not beers modeled. As we do not expect that these expenses have a great
" great risk, they could easily be modeled using a straightforward model. This

wance be a fixed cost ar a cost proportional to the number of customers {(e.g.
T pricing and billing), or equipmeant count {e.g. maintenance). Finally as for

marketing and pricing and billing witt prabably not be influenced a lot by the

nology, they could also be expecied to stay the same company-wide and
ted in the business case.

4. Case study

we caiciliaied the FTTH deployment costs for a greenfield
_ e 2 Zele s oa Belglan town of zhouw {potential; 10060
2aning 10000 homes, inCluding currently emply parcels. In this calc
a PON architeciure with 3 centralised

S wiation
d 132 split, meaning that we hava
Sraie $ GO

U main oost
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Dutside plant includes bath trenching and equipment cost (splitters angd flexibility
points) and adds up to 85% respectively 62% (when the costs are scaled back tg
100%) of ali costs.

Inside plant is basicaily the cost of one central office {for the 10000 custontarg
under consideration) and represents 7% of the costs.

Service migration for connecting the customers to the new FTTH network means

27% of the costs {assuming a take rate of 100% and all customers connected ug
front).

4.3 Costs for keaping the nebw:

The repair process cost is
aocount in the exemplary case
sperating a fibre netwark co
However, it should be noted ¢
sptit factor of 1:32, where an a
finres in the feeder cables. Als
spiitter could have an importar
in {11}, the operator could ma
FTTH network for reducing the
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- Up and running costs represent around 1% of the cost. This is the expected costs
for cable cut repair and energy consumption over 10 years.

Overall, this ieads 1o a cost per home passed of about 1050 Ewro and a cost par
home connected of about 1450 Euro for a 100% take rate in an all buried case. in case
of an optimal usage of aerial deployment this can be reduced to about 950 euro per
home passed or 1375 Eyuro par home connectad. Drastically lower take rates can have
& major impact on the expecied cost per home connected (as volume independent
costs like oulside plant deployment costs contribute to the majority of the overall cost).

In the considered case the COst per home connecied grows o 2800 suro in case of oy
a 50% take rate,

4.1 Deployment costs

The total outside olant contributes up 0 85% of the total costs in case of all buried
and 62% when using aerial and facade installation for reducing the trenching cosis. it is
ciear from the calculations that ihis option reafly lowers the costs as there s a 5%
averall gan over the all huried case. It should be naoted that although in this second
case only 9% of the cables is installed asrial this still connects atmost 40% of the
homes. The inside plant contributes significantly izss to the overall costs than the
ouiside plant (B5% or 82% vs, %)

5. Conclusion
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plant, the main cost contribulor i the considerad case for Zele
a4t of cutside plant cost, splitters account for nearty 1.5% and

£
ne physical sguipment and ingtatiation! for the remaining 4.5%.

i
i

L5t can be split in a part proportionat (@ the number of fibres, a
~umber of customars and a part proportional to the rumber of
sonsiderad case in Zele, we negiected the CO~driven costs for
rator. 54% of the inside plant cost 1§ fibre-driven {mptical MDF,
smperng, intemal cabling}, 46% s customer-drivan {Chassis, rack,

ation accounts for 27%-28% of the overal cost. Within this category
nnguish three pans. The physical instatiation {cabie} accounis for 16%
sion cost, the technical instalation for 74% and the adminisirative
iculations in both cases started from 50% pre-instatied cuslomers
aiizhions. Connecting a customer at a later point in time wilt clearly
an instailing nim o right away Siill these results did nat take the
. overbead into account which comes with a massive pre-installation of

xeening the network up and running

The ar process cost is taken together with the energy cost in Figure 2 and
secount in e exemplary case for 1% of the total cost. In the first place this means that
gperating & finre network could be less costly than operating a copper netwark.
However, it should be noted that the exemplary case uses a PON architecture with a
spil factor of 132, where an active architecture would thus contain up to 32 times more
snres in the feeder cables. Also ihe distance from the client to the CO and to the first
sphtter couid have an important impact an the cosis. Finally, as also discussed in detall
wm {1t \erator could make use of different approaches towards resilience in the

ETTH network for reducing the repair costs.

OF

v

5. Conclusion

pioying a new FTTH network in & region involves a tremendous work and costs.

mentions a typical 1500 Euro per home connected in highly residential
nd much more in lower residential regions. it is clear that large savings are
st on such a huge cost and thus a detailed modelling is required to make the best

ong.

. construct such model, it is impossible to simply rely on a detalled Capkx
_but rather an integrated moded including all facets of the costs is required.
we proposed an approach which starts from ihe Hfe-cycle of a FTTH
snoms it on the largest of Mmast unknown Costs first, We complemented
mare delaied cost-cause analysis n which we indicated which

G
cussed on and why, Finaily we inveshigalsd which models are best

:
3

sroach on a realistic exar in which the cost of a FTTH

nol hHghi i

show ihe ugh o
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the actual connection and subscription of the customer which consumes roughly 35% g
the fotal cost. Finally the remaining costs for instaliation of the miside plant ang for
keeping the network up and running are less high, .

G-PON and Hor
increased eligib
of broz

The results also show the power of the Z00ming approach in which the focyus of
incraasing the level of detail is placad an the part with the highest cost. it is for instance
clear that a calculation of the (nsar) optimal tree struciure, taking different allermative
into account is justified and even mandatory given is very high cost. The results for
instanice shawed that a gain of 5% is possible using atternative solutions. The rasuils

also showed that pre-installing customers can be used to get additional gaing. P ohanclou, B, Charbonnie

{andousiss, P. Guignard, M &
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