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Foreword

The FTTH Council Europe is an industggnisation with a mission to accelerate
the adoption offibre to homes and businessthroughoutEurope The Council
promotesfibre for delivery of higtspeed broadbantecauseve believeit
contributesto a better environmentijncreaseseconomic competitivenesand
enables many new applications thedn enhance the quality of life.

Feedb®] FTNRBY (KS [/, amkguddngoDgidialsdbiey vtk
network operators, consultants and investomjggestedhat there was scope to
provide additionalguidanceon the business caser FTTH.

When we tested the idea of a Business Guide in a workshop at the FTTx Summit in
Munich lastJune nearly a third of all the event delegates came to hear about it
and there wasn extremely lively and gsitive debate.

Followingmore than six monthsf hard work by the Business Committee, we are

pleasedto present what we believe is the first ever comprehensive gtodeT TH

business planning. This documént perfect match withthé 2 dzy OA f Q& YA & & A
and complements our existing resources in the public domain.

In these pages, industry experts share the@iowledge andexperienceon topics
relevant to the crucial early stagesmanningFTTHetworks from demographic
analysis to deployment strategieandtypesof funding We hope thattheir
collective wisdonwill encourageall new entrantsin the FTTHspace and help
themto build profitable businesses based on fibre.

Karel Helsen, President, FTTH Council Europe
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Who should read thisguide?

This document iabout the busings case for fibr¢o-the-home. You should read
this documentif youare thinking of planning, constructing or investing in a-last
mile fibre network, or have already startéhis processand want to find out more.

Thisguide s for.

municipalitiesor local governmerd

utility companies

alternativetelecoms operatos

reatestate developes

residential associatian

community project teams

bankers

venture capital investors

anyoneelseinterested in the businescase for FTTH

=4 =4 4 4 4 -4 -5 -5 4

This book targets a wide audience, and therefore we do not assume any prior
knowledge of technical, financial, or business issues relating to FTTH networks.
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Introduction

After more than a decade of deployment around the world, fibvehe-home
(FTTH) iso longer a telecom research project advanced by staysd scientists.
On the contraryFTTH is shaping up to be the foundation of our new digital
society, bringing economic prosperity and a multitude of business, social and
entertainment opportunitiedo its users.

28 [ ff KIS LISNER2YLFE SELISNRASYyOfetted &2 OA S

consumeds internetbrowsing photos ommoviesg and ourgrowingdependency
ondigital resources such as storage and bandwidth. As legacy, cbpped
access networks continue their inevitde journey towardsetirement,
organisations large and small are securing tdegital future by investing in fibre.

Over the past few years, negeneration access services have continued to be
adopted by more endises, as service providers of all types continudegin
their rollouts. Globally FTTétibscribes grew by 29 percentluring 20080 reach
33.6 million at yeaend, anda further 5.5 million subscribers joined thamthe
first half of 200%lone The gravth in subscriber numbershowslittle sign of
slowing down despite the worldwide economic downturn of 2009.

Today FTTH is beidgployedby many diverse organisationscludingincumbent
and alternateoperators governments and local authoritiesgal estate developers
andresidential associations, utility companiasd municipalities.These
companies may be gainimgew revenue streamom IPTV entertainment
services, lowering their network totalostof-ownership or winning subscribers
from their competitors. Others may be leasing infrastructure assets, providing
application content or earning wholesale revenue. There are many ways to
capitalise on the FTTH value chain.

The FTTH business model is straightforw@fidst you must build the fibre
infrastructure at a sensible cost, then rent fibre to service providers or take on
some complexity and create your own services. But although the concept is
simple, the detail and execution required can be formidal@@mcemany
organisations nowplanning orbuildingFTTH networks are not from traditional
telecommunications backgroundey mayface a steep learning curve.

Therefore, theFTTH Coundduropedecided to develophis Business Gide to

provide a framework fonew entrants in the FTTH spade order to broaden their
knowledge, and help them move forwawdth FTTH deployment projects with
confidence and a quicker step. FTTH investments have already been made with
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successand there are many more business opportunities to be developed and
exploited ¢ this is a longunning worldwide program.

It is certainly possible to build a strong business case for FTTH. Like any other kind
of business opportunity, however, there are potholes that can trip you up along

the way. How can you make mon&yHow do you avoiaostly mistakes?The

purpose ofthis documents toalert people to the areawhere they should be

paying attentionrwhendeweloping realistic plans for FThidsinesses

Putting together an FTTH proje@quires many different inputsEach individual
project is unique, depending on geographhe history of the marketnational
regulation, anda multitude of other factors Many of the variables involved are
interconnected; improve one thing and you must compromise on anotféis
document cannot describe all possible situations, but outlines key considerations
and provides examples from reafbrld instances.

The Business Guidkeals with the cruciatarly phase odn FTTH networkrom
projectconception tothe development ofa busines plan We start by providing
background information othe advantages of FT Tahdthe possibleoperator
business modelsThenwe considetthe major influences on revenugshapter 4)
and expenditurgchapter 5) careful projection of these figures wile needed
when developing the businessise Regulation is discussed in chapterfhe
business plan itself is the subject ofagiter 7, which looks atnethodsof funding
FTTH projectandthe financialmetricsused for business case assessment

Inthe final chapterwe present various case studies from across Europe, and
discuss the factors that hawentributed to their successwhile our case studies
illustrate how positive business cases have been achigheg also highlight the
importance ofcareful planning and execution from start to finish.

We hope thathis Business Guideill become a valuable resource for potential
FTTHetwork ownersandbuilders The FTTH Council Eurgpansto update iton
a regular basis to keep up with currentustrytrends and best practiseWe
would bepleasedo receive anyeadercommentson how we canmprove it.

Albert Grooten, Chair of the Business Committee
FTTH Council Europe
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Chapter I Why Hbre?

Why do you want to build an FTTH networ&thceyou are reading this guide, you
will already have some ideas about the answer to this questidmderstanding

the advantages of FTTahd being able to articulate them clearly will put you in a
better position to write a strong business plan.

FTTH hasear advantages for the endiser becaus it can providehigher
bandwidth,and better reliability tharbroadband servicethat have ADSL or cable
as the underlying technologyboth now and in the foreseeable future

The advantages for the engser translatento benefits for the service provider,
because theyelp the service provideo attract and retain customers. However,
the potential upsideto the service provideextends further andalsoincludes new
revenue opportunitieslower operating costs, ceral office consolidation, and
future-proof network infrastructure guaranteeing sea of upgrade in the future

FTTHill also be an enabler for consideralslecia] environmentakand economic
benefits¢ and these benefits are already tangible in courgribat have adopted
fibre over the past decade, such as Swedé&mrgovernment, locaauthorities or
communities thesebenefitsmayrepresent compelling argumentsr fibre in their
own right Commercially driven organisatiomsay also be able toapture a
financial benefit frontheseso-called network externalitiefor example by
winningpublicfunding or signing up a healtareprovider as a core customer

The information in this section is intended to provide both a sumno&itiie main
advantigesof FTTHand a starting point for developing your own arguments
about why fibre is théest foundation for your future businesd-or background
information on the technical aspects of FTTH, we recommend that you read the
FTTH Handbookvhich is avagblevia the FTTH Council Europe website.

Consumer benefits

The main selling point of FTTH is bandwigithe amount of data that can be
carried overthe connectionin a given amount of timeFTTH offers the highest
availablebandwidthof any technologyin both downstream (from the internet to
the enduser) and upstream (from the user to the internet) directions

Todayusers with a 100Mbp FTTH connection can download content over 10
times faster than users with a typic@bps ADSlconnection. Thefollowing table
shows typical download and upload times for image and video transfer
different types of broadband connection

o | FibretotheHome _
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Time taken for: 1GB 4.7GB 25 GB

photo album standard video HD video
100 Mbps
download
FTTH 1 min 23 sec 6 min 31 sec 34 min 40 sec
100 Mbps
upload
50 Mbps 2 min 46 sec 13 min 2 sec 1 hr 9 min
download
CATV
10 Mbps upload 13 min 52 sec 1 hr5min 5 hr 47 min
8 Mbps 19 min 0 sec 1 hr 29 min 7 hr 55 min
download
DSL
1 Mbps upload 2 hr 32 min 11 hr 54 min -
Notes:

1. All include +4% overhead for IP/Ethernet framing and DSL +10% for ATM encapsulation

2. 1 GB photo memory card, 4.7 GB DVDR SL capacity, 25 GB BluRay single layer capacity
3. FTTH example: 100 Mbps Ethernet point-to-point system

4. CATV example: DOCSIS 20 system with a single active user (ie. no capacity contention)

5.DSL example: ADSLsyst em wi th an i de@lsdmuwpi ¢ced 8 Mbp
6. Other system technologies, e.g. GPON/10GPONEPON/10GEPON,DOCSIS 3.0,
ADSL2+M, VDLS2+, would result in different times

7. An interactive FibreSpeedcomparison tool is available from the FTTH Council website
http://ftthcouncil.eu/home/fibrespeed_tool/?cid=259 .

Several other accesetwork technologies such as ADSL2+, VDSL2 and DOCSIS 3.0

areoftenli 2 dzii S R -gereratipnprddeittand = | YR LINRPYA &S Ay ONBI &SF
but FTTH demonstrates both lotgrm and shoriterm advantagesAlthough

headline speeds are eyeatching.  inflofdait to understand some of the other

factors that impact endiser serice, beyond the headline speed.

First, FTTH speed is independent of the distance from-eser to thetelephone
exchange; unlikethe DSLfamily of technologieswhose speed reduces with
distance DSL performanas also subject to random noise, interference and
crosstalk during operatigiwhichreducesthe throughput.

Headline rates of 24Mbps (ADSL2+) or 100MMI3SL2) are theoretical

maximum& R2y QG Ay Of dzZRS T NI YA yahddaydrlytey O LJ& dzf | G A
achieved if the endiser is adjacent to the exchange or cabingtere the active

equipment is installed al N] SGAy3a &adzOKNI4aMpdziR G2 vy a o La

¢ | FibretotheHome _
/| Council Europe 12 www.ftthcouncil.eu



http://ftthcouncil.eu/home/fibrespeed_tool/?cid=259

servicegnay be technically correct, but engsers are increasingly dissatisfied at
the inevitably lower performance that they actually receqeften less than half
of what was advertised.

Cable TV systems suffer from a different problem. DOCSIS 3.0 technology, used by

cable T\bperators to deliver headline spels of 100Mbps (or eve200Mbys in

trials), achievetheseK A I K SNJ 4 LISSRa& 0 €corabdikg sgvgr&df 02y RA
channels out of a fixed spectrum to increase capacity. The downside here is that

more subscribers need to share the combined channel, so whilst headline speeds

go up endusers suffer from increased contention and their throughput suffers at

peak times. Furthegable T\&ystems are optimised for downstream usage by

design, and upstream capacity is not only low, but is also extremely contended.
Thesequality issuesare familiarto many cable users.

| Copper DSL Speed Evolution has reached its limit ‘

| Bit rate (Mbit/s)
FTTH/1G
1000
FTTH/100M
100
50 No improvement at longer distance from exchange
| VDSL2
40
Notes
| -Ideal performance is indicated here
- Bit rate performance reduces with:
30 - copper line characteristics
- noise and interference
| ADSL2+ -adjacent active DSL lines
-line stability, time of day, etc.
20 - Datapoints from Broadband Forum
I ADSL2
10
1 2 3

Figurel: How broadband speed changes with distance from the telephone exchange.

A key question is how much bandwidthenougl? b A St aSyQa [ ¢ 2F Ay
bandwidth is an empirical law that gt that a higkend usels connection speed

grows by 50 percemer year and this law has held true for the past 25 years

bA St as poltfor BLOS & connection speed of 31Mbpa speed that is

already familiar to many, but by no means thigleg available to consumers.

Looking forward, a combination of increasing uptake of existing services and new
services entering the market will continue to push bandwidth requirements
higher. Applications are already envisaged théll consume more than 20@bps
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of access capacityA selection oexistingand future services and their bandwidth
requirements are presenteth Figure 2

I FTTH: Future-proof Infrastructure for Connected Home Services

“Connected Home"”

Next-gen TV
Upload DVD in 10mins Super Hi-Vision
1 channel 3D TV + 1xHD +3x HSI
Family: 2x HDTV + 2x HSI + up/download
Family HD videocall
2 channels HDTV + iPlayer
1GB backup in 10mins
HD PC videoconference
1x HD YouTube
Internet

| | | | | | | |
10('!074L 100 =—— 50 —— 20 — 10 10 —— 20 —— 50 — 100 %1000
| I | I I I | I
ADSL/2+/M
VDSL2

| Upstream Capacity (Mbps) | Downstream Capacity (Mbps) |

CATV/HFC-DOCSIS
FTTH/100M

FTTH/1G

Access Network Technology

Figure2: FTTH versus other fixelihe technologies. Note that downstream and upstream scales are
logarithmic. Twetone bars represent typical and bestase scenarioDSL speeds reduce with distance
from the telephone exchange, as described in Figure 1.

Two trends are expected to generate higher bandWwideeds for individual users.
The first trend is multitasking: performing multiple, simultaneous activities online.
For example, a user may be browsing a web page, while listening to the audio
from an online music or video service.

The second trend igassive networking, whereby a number of online applications
work passively in the background, such as software updates, online backups,
internet PVR (personal video recorder) and ambient video, such as +tamnmy

and securitycams. Cisco estimates thattimumber of applications generating
traffic per PC has increased from 11 to 18 over the last year.

And of course, in a typical household thene likely tobe multiple users sharing a
singlebroadbandconnection

However, there is aoundargument that meoe bandwidth is needetbday. For

example DVD rental firms like Amazdrave started offeringnoviedownloads.

Catchup TV services ateecoming increasingiyopulam G KS . ./ Q& At fl @ SNJ I
service requires a mininm 3.9Mbps of downloadcapability On denandTV,

where content isstreamedon request,salso becomingncreasingly comman

Individually, these services can be supported on existing broadband connections,
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but with many homes containing more than one computer or televidioa,
multiplier takes the bandwidthrequirementsout of rangefor the majority of
households

There is also evidence thaxisting products and services are being limited by lack

of speed. For example,tte time to upload home video or digital photographs at

full resoluton in order to share them with family is typically measured in tens of

minutes or even hourg an unacceptably long time for most people. By the same

token, online backup services are constrained by the lack of upload capacity. A

100 GB hard driveiscamh RS NB R a Yl f f puploadigiistBatta a il y RI
that amount of daa could take over 20Bourswith a highend ADSL conndon.

In January 2010k8pe launched HD video callinghich requirest least 800 kbps
of bandwidth in both directionsg putting it out of reach of users with a standard
ADSL+ connection with its maximum upstream data rate of 448 Kbgdsed,
providingdecent qualityJow-resolution video conferencing with accurate 4ip
synchis still a challengever manyresidentialbroadbandconnections.

Broadband marketing has typically focused on downstream bandwidth, but
upstream bandwidth will become increasingly important as applications that
require two-way videosharingpecome commonplace, and clotdsed services
proliferate. Not oy does FTTH offer the highest upstream data rates, it also
opens the way to symmetrical bandwidth.

Service provider benefits

Ct¢c¢l A& 2FGSYy | dAIINER T 4 SOV I 21T 8¢ T dridazNIs K
really mean? FTTHequiresinstallation ofa fibreconnection to each home or

building in order to deliver communications services currently provided over

copper cable The lifetime of thefibre cableis expected to be 30 years or moge

the cable itself is just plastic and glass, which is robust agdades extremely

slowly. The fibre in the ground hastually unlimited capacity, so bandwidth

upgrades only require changes to the equipment on the ends of the link.

The active equipment on the ends of the link has a shorter lifegggpically
sevenyearsg but this is true of any broadband technologyTTH quipment is
available todayhat supports 100Mbps or everGbps to enelsers, and further
technology generatinsare possible. In contrdsalternativetechnologies like
VDSL and DOCSIS &ce already pushing the limigs far asoppercabling is
concernedg copper that isjn the majority ofcases, far older than 30 years

Incumbent operators, while historically committed to their approach, nevertheless
can see the writing on the wallnd many are planning FTTH deploymeints
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coming yearsBothtraditional telecoms operators and cable TV providsiié
eventually drive fibre all the way to the home, or go out of businedistecognise
FAONB I & G KSBmedpérgtdrshaitd alelly roved through the
intermediate stepsSwisscomfor example, hapreviously invested iADSL and
then VDSL access technologut hasnow decided to adopt FTTH

Although VDSL technology continuesmprove, VDSImust be seen as a

technology with aiiited operating life and hence a challenging payback case. Itis
unlikely that operators will be able to ievest to upgrade over a very short
timeframe, and therefore the emphasis should be to learn the lessons from early
adopters and put in the mostfure-proof solution from day one.

Another motivator for service providers is that FTTH networks lsay@ficantly
lower operational costfOPEXthan existing copper or coaxial cable networks
FTTH networks consume less electrigisome reports put the figure at 20 times
less tharHFCGor VDSLNetwork operation and maintenance can be simplified by
full automation and software contrpko fewer staftan beemployed In addition,
maintenancecosts araypicallyreducedbecausehere is no active equipment in
the field to maintainand opticalcomponentshave better reliability

Verizon in the U8as reported that its FIOS FTieétwork showed a decline &0
percentin network trouble report rées, and that customers are more satisfied
with their service because it morestable and suffers from less downtime

Higher customer satisfactiorends to lead tamprovedcustomer retention and
lower churn which also helps to redud@PEX. A (1 Q & r © KaBd dni8 an
existing customer than to recruit a new one

A 2008 study on NGA service portfolios commissioned by the FTTH Council Europe
also showed that FTTH operatordlected 30 percenhigher average revenues

per userg not because thi offerings were intrinsically more expensive, but

because customers subscribed to more services

Theability to offer new services is a key attraction for service provideh® want

to stay ahead in a highly competitive environmeritheentertainment services

segnent is extremely dynamic and has been driving consumer adoption of new

technology. For example, IPTV service subscribers increased to around 21 million

worldwide durng 2008 and a growth rate of 28 percastforecast to continue for

at least the next 5ears. Withassociated revenusofl N2 dzy R bPc o0Aff A2y Oen
billion), this is an important and growing revenue stream for established and new

entrant service provideralike
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The terrestrial analogue TV switdlff deadline of 2012, recommended by the

European Commissianis looming in many European countries. The transition to

digital terrestrial transmission has already proven to be a major market

discontinuity that can be successfully leveraged by IPTV providers, and will result

in increased subsigtion rates.

HDTV service is a fertile area for new business strategies because it provides a

differentiator for service providers. Even in developedikets like the US, which
has 61 percenof the glotal total of HDTV households, 43 percefhousehaotls
SAGKSNI R2y Qi KIF @S 2N R2y Qi g6l GOK 15
marketopportunity. With 156inch displays already on the market, it is perhaps
only a matter of time before films are premiered directly to the home on IPTV,
instead of a mematic release.

Already on the horizon is 3D €\Wr more accurately, a first generation of
stereoscopic TV. The first &babled TVs, from big names like Sony and
Panasonic, are expected to hit the stores as soon as2@id. As Hollywood, film
and T\studios gear up for 3D production, broadcasters are ready to join them.
¢KS ../ ONRIROIFIa&ald GKS 62NXRQa FANRID

o2y i

t A0S

- A

aFdGSttAGS ¢+ LINPOARSNI {1@& KFI&a lyy2dzyOSR .

channel on their HD platfan this year. Evethoughstandards and technology
require further development, it seems likely that 3D will drive consumer
investment and videoserviceproviders hope it will enable them to secure
premium servicdees.

. S@2YyR | 5 -4RXKa XFedryiBeNbristtated in a live broadcast in 2008

jointly bythe BBAn collaboration with NHK of Japathis is envisaged as a 33

million pixel system (7680 x 4320), with 32 times the information density of HDTV.

This is currently being standardised, andildoenter the broadcast arena as early
as 2020 with a taget to-the-home bitrate of 69Mbps. Spectrung whether
satellite, cable or broadcastis a finite resource and at this point mudfigabit
per-secondFTTH delivery will truly come into its own.

Onel NHdzYSyid 2FGSy NIXYAaSR o6& 2LISNI G2 NA

0 KI

0KS&8 aR2y Qi aSS G4KS RSYlIyRéD h¥ O2dz2NESX

demand for services that are not available to them. However, the NGA service
portfolio study foundthat FTTH subscribers consume three to five times more
bandwidth (aggregate uploads and downloads) than ADSL users. Further, the
same study showed that FTTH subscribers are net contributors to the internet,
uploading more material than they downloath other words, once subscribers
get access to more bandwidth, they spemadre timeusing existing services, as
well as gaining the ability to use new services.
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Community benefits

Gommunities with FTTH can obtain genuine advantages because they will be able
to access a wider range of internet servicBxamples of potentiddenefitsthat

FTTH networks cagenerateinclude:

1 boostingeconomic growth and increasing the global competitiveness of
GKS O2YYdzy AbageQd o0dzaAySaa
1 enhancing O2 Y Ydzy A (& Qa and @taifindwibasingsges | G G NI O
1 increased efficiency in the delivery of public serviceduaing education
and healthcare
T enhancinghe overall quality of life of th© 2 YYdzy A G &y OAGAT Sy &
increasing the opportunities faaommunication and
1 reducing traffic congestion and pollution

Quantifying these benefitm isolationis challenging A number of studies have
observed sstatisticalconnection between higher broadband adoption and an
increase ireconomic prosperityat bath local and national levelEvidencéased
studies on FTThiave not yet been carried olitecause the technology has not
been mainstream for long enough is anticipated that realvorld analysis on the
economic impact of FTTH will be carried out in doarse However, several
reportshave attempted to make sensible predictions on the impact of FTTH
networks on job creation and GDP.

For examplethe Columbia Institute for Telnformation (CITI) made a

guantitative analysis ahe macroeconomic impactfenvestment in broadband
infrastructurein Germany To meetGerman2 & Yy I U A &fyprovidings® NH S i
percentof households with at least 10@bps and an addition880 percent with

50 Mbps by 202@vould requireA Y @S &  3& ylllibn tBe¥ said Thiswould
createan extra541,000direct jobsin construction and electronic industrieahile

job creation triggered by enhanced innovation with new serviees)ld create
additional employment amounting anothd27,000 pbs. The imp&t on GDRn
Germanyis estimated tobe €171 billionbetween 20D and 2020 which amounts

to 0.6 percentof annual GDP.

A recent study bypovum for the FTTH CounEliropelookedat the socieeconomic
benefits ofFTTHacross differentommunities in Swederandfound evidence that
FTTH has a positive influenae health, eduation and other public services-or
example in Hudiksvalla town on the Baltic Sea coast with around 15,000
inhabitants there wasa clear link between rollout of fibre to the communignd
the ability to attract new businesses to the areBhe study suggesthe impact
will be geatest in rural areas wherinere arelimited localresources aneénd-
users face significant travel requirements
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It has also been calculated thasage of FTH-servicesan have gositive impact
onthe environment The FTTH Council Europe commissidifeetycle

assessment experBriceWaterhouseCoopers/Ecobilamstudy the

environmental impact of the deployment of a typical FTTH network. The results
showedthat the energy and raw material usdd produce the equipment,
transportit and deploy the networls easilycompensated by FTFéhablel

services like teorking fewer miles travelled fobusiness, and reduced long
distance transport of patients.

Thestudyfoundthat the environmental impact of the deployment of a typical

FTTH network will be positive in less than 15 years compared to if the network had
not been built. Intelligent deploymentsing existing ductgnd sewers, where
available canfurther improve the positiveenvironmentalimpact of FTTHThe

FTTH Council North AmeriaskedEcobilan to calculate resultailoredto the
circumstance®f the USAwhich showed environmental pay back in just 12 years

¢ mostly due to the ready availdhy of aerial cable.

It may be difficult for service providers to capture the financial value of these
externalitiesdirectlyin the form of service fees. However, other parties involved

in the networkdeploymentmay take these benefitsiio consideratio when
makingdecisiors. For instance, theotential social ané&conomic benefitgor the
communitycouldhelpyouto gainlocal support for the projegtwhich could help

to smooth the deployment process localandresult inmore customerssigning

up to receiveservices The business case should address all alternative drivers and
methods for funding the network rollout
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Chapter2: FTTHOperator Models

Network layers

An FTTH network can be considered to hioe layers: the passive infrastructure
comprising the fibre, duct, enclosures and other outside plant; the active network
comprisingthe electrical equipment; retail services, which provides connectivity to
the internet, and of course the enrdsers Some people also visualize an
additionallayer, the content layetlying above the retail services layevhich may
also be exploited commercially.

% 88—l

Retail Services
(residential, public & business)

Figure3: Network layers.

This technological structure has implications for the way that a FTTH network is
organised an@ LISNJ} G SR ® [ SGQa t221 4 GKS&aS Ay Y2

Passive infrastructure

The passive infrastructure layer comprises all the physical elements needed to

build the fibre network. This includes physical objects such as the optical fibre, the

trenches, ductsad poles on which it is deployefibre enclosures, optical

distribution frames, patch panels, splicing shelves and so on. The organisation in

charge of this layer witlormallybe responsible for network route planning, right

of-way negotiations, and theivil works to install the fibre. This is the laydvese

the network topology is implemented, whether poita-multipoint (also known as

G 0 NBNIE Q) dripoin@-LI2Z Ay G ol faz2 1y26y |ad& aK2YS Nlzy€ o0
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Active network

The active network layer refers to tleectronicnetwork equipment needed to
bring the passive infrastructure alive, as well as the operational support systems
required to commercialize the fibreonnectivity The party in charge of this layer
will design, buildand operate the activequipment part of the network.

Retail services

Once the passive and active layers are in place, retail services come into play. This
is the layer where the internet connectivity is packaged as a service for consumers
andbusinesses. Besides enabling those services technically, the company
responsible for this layer is also in charge of customer acquisitiotg-garket
strategies, and customer service. The retail service provider may also decide to
offer premium sevices from the content layeisuch as IPTV (more in Chapiér

Types of FTTH organisation

Each network layer has a corresponding function. The network owner is in charge
of the first layer, although they will probably outsource its construction to a third
party. The wholesale provider owns the active equipment, while the retall
services are provided by the internet service provider (ISP). These three functions
may be found as departments within the same company, or they may be under
the control of differat organisations.

In the case of a vertically integrated model, a single player will own all three layers
of the network. This is often the case for incumbent operators, like for example
Orange in France, Telefonica in Spain and Verizon in the Unitezs St&@n the

other end of the spectrum, we see the fully separated ownership of the different
layers, as is the case some parts othe Netherlands where Reggefiber controls

the passive infrastructure, BBNed runs and operates the active network and
provides wholesale access, and various retail service providers package the
broadband access with their services and sell directly to theusmals.

Hereare some typicaF T THbperatormodels:

Vertically integrated

As mentioned above, the vertically integratetbdel means that one operator
controls all three layers of the network, and consequently, if a second operator
wishes to also offer broadbarahd telephonyservicesn the same areahe will
haveto build his own infrastructure, operate it and market itectly to the end
users. This is a clear form of infrastructural competition.
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Passive sharing

While this model cabe considered form of infrastructural competition, it
leverages a single passive infrastructure, which is banitl maintained by one
owner. The active and services layers are owned bifferentorganisation A
second service providenayshare the same passive infrastructure with the first
service provider, but will still have to investdative network equipmenand
operationsas wellasthe services and gto-market activities. Typically, this
model goes hand in hand with regulatory requirements for passive wholesaling.

Active sharing

Inthe active sharing model a singleganisationrowns the passive infrastructure

and operates thactive network. This vertical infrastructure owner wholesales
broadband access to the various retail service providers who will then compete
against each other for customers. The regulatory framework associated with this
operatormodel regulates activerholesale specifically, and seeks to encourage
service competition.

Full separation

Full separationas was already mentioned abgymartitionsthe ownership of the
different layers. Each layer is owned by a different player, with the infrastructure
owner generating income by providirgassive infrastructuraccesso the

network operator, who in turn wholesales broadband access to retail service
providers. This modetimulates competition at the services level and goes hand
in hand with regulatory requements for passive and active wholesaling.

Vertically Passive Active Full separation
Integrated Sharing Sharing P
- i s oE oE = e s
S = = = e i e
= &3 &3 2| @i| @2
_____________ _u’_:‘ = tE = _u’_:‘ =11 %’_ J a8l =8 ) o8 | | Los i ras |l na ]
S| 05| o5 =
@ x| @ | @ =
On|l oo on
. o= o oo
_ |- 2N T T | SRS .
o = o
S S8

., Infrastructure Service Competition
Competition ~~ Competition “Open Access” /

|

. Regulated

: Access to public ) .
Regulation infrastrufture passive & active

wholesale

Figure4: FTTH operator models and regulation
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Asan FTTH networwner, your interest could stop at any of the three levels in

the value chainIndeed, the same organisation could leadifferent interests in
different geographical areas, depending on the local market and the availability of
potential businesgartners.

Each type obperationalmodel has it®wn opportunities am challenges, which
are summaried in the following table:

Pros

Cons

Vertically integrated

You control total value chain
and cash flow profile

Complex operation and high
execution risk

Wholesale operator

Capture extra margin for
modest incremental
investment.

Must be technicallgredible
yet flexible. Smalloperators
may struggle due to lack of
commercial anadperational
standardsfor wholesale

Passive mtwork
owner only

Simple operations.
About 50% of the revenue
potential.

Lack of direct control over
the revenue stream and
marketing to the eneliser.

Deciding which operational model to chose is fundamental, as it will determine
the business model of your activities and your financial model. This decision,
however, is also dependent on the regulations within the territory you are
planning to @erate, the competitive environment, and your core business
activities and competencies.
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Example: HanseNet

HanseNet (Alice Germany) is deploying an FTTB network in the Eimsbuttel
in Hamburg. Based on the GPON standard, the network will coenecy
customer with 100Mbps via VDSL2 with an optical network unit (ONU) plac
in the basement of the building. HanseNet provides tApliey services (voice,
broadband, TV), and videmn-demand.

| yaSbSid KIFIa RSOARSR (2 dalShidnfeds d
that all three layerg passive, active and retail serviagare under its control.
The layers have been planned, built and commissioned by HanseNet with i
own resources or implemented under its project leadership. As one of the
biggestiISPs on the German telecommunications market, HanseNet has the
professionals and expertise to plan and implement the whole network.

Planning guidelines for the passive and active network were written by
HanseNet. These guidelines regulate how the netwotst be built in future,
no matter who builds it. HanseNet could choose to give one or more netwc
layers to another company to build and operate, but the partners would be
strictly bound to the guidelines laid down by HanseNet.

Conversely, it is also psible for HanseNet to establish partnerships with oth
FTTxproviders, whether they are just building up a passive or active networ
whether they are a vertically integrated operator. Until now HanseNet has
been using service platforms from other dars in Germany to distribute the
Alice portfolio all over Germany. Therefore HanseNet will also be able to
integrate new FTTx wholesale customers into the existifgdiform.

The main reason for choosing a vertically integrated model was because

Hanséet wanted to have a technical and financial proof of concept. Using
experiences gained from the Hamburg trial, HanseNet will be able to deterr
the value of potential partners. This is important because it is unlikely that &
single provider will bable to build up FTTx networks all over Germany; inste
there will be a lot of partnerships for a Germaide rollout of FTTx networks.

Another reason HanseNet did everything itself was because there were no
possible partners available to do a passiveawek rollout in Hamburg, and
there were no possible partners able to build up an active network. Owing t
market share of nearly 40 percent, HanseNet was the only service provider
willing to make such an investment in Hamburg.

o | FibretotheHome _
/| Council Europe 24 www.ftthcouncil.eu




Chapter3: First Seps

The complexity of starting up an FTTH project often does not get as much
attention as needed A small but dedicated team will be needed to establish the
viability of the project.The teammayneed a variety of skills: accountant, lawyer,
technicalmarketing and communications, and market researtheprojectsthat
have the greatest chance of success are those with a champion, someone who is
absolutely passionate about the project, and l&@en there from the beginning

A distinction should be madeetweenbuildingan FTTH network and operating
the networkg different skills are required, and therefore itlikelythat you will
employ different people fothe construction and operatiostages of thenetwork.

The following diagram provides a vistiateline of the keystagedeading up to
the activation of the FTTH network, and highligtits most importantevents
during the deploymenphase

Sales process with %
for go or no go order

Demographical
analysis

Engineering firms expanding
into project management

\

Pem‘lissions\ Civil works

Network operational

High-level Detaile

! : 2 : Service activation
engineering engineering.

Network owner might
do this in-house,
subcontract to civil
contractor of third party

High and detailed
design can be
done in one stage

Civil contractors moving into all spaces
except for equipment. Also contractor
will subcontract

Budget for pricing
and service bundles

Figure5: Timeline of an FTTH deployment.

Included in this timeline arthe following stages:

1. Establishment: putting together a steering group, securing initial funding,
carrying out adlemographicahnalysis, developing key relationships, and
building awarenessf the project
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2. Business plan: putting together a detailed financial eidgat you can
take to the bankincluding analysis of the expected revenues, and planned
expenditure.

3. Financing and procurement: securing the major funding required and
establishing contracts with companies that will build the network.

4. Deployment:isecuing planning permissianinstalling the fibre and other
infrastructure.

5. Service activation: lighting the fibre, and connecting the users.

In the rest of this chapter we will look at the establishment phiaseore detall

Market research

It is important to understand the market in which you hope to operate, in terms of
the potential customer base, the service provider competition, and the geography
and existing infrastructure in the proposed deployment area. Using this
information you carproceed to an initial assessment, and later tocanplete
business plan.

First, dentify all the keyplayersin the targeteddeploymentarea, both suppliers
and end-usersg actual and potential.

From government sources (e.g. the CenBuseauor Office of National Statistics),
you should be able to ascertain some basic information about the market
including the population by town/region and thmeimber of households If you

are lucky the information may also break down the population into ¢hibgng in
ordinary houses/villas and those mmulti-dwelling units. This information is
extremely useful when estimatirnpe capital expenditure later on.

Collect information about existingroadband provisiorn the territory, especially
information rdating to availability, speeds amticesof existing servicesSrvice
provider websites are an obvious first point of calVhere possible, find out what
plans existing service providers have to enhathegr product offeringsn the area
¢ you may ned to consult news sources or ask the service provider directly

L 2dzNJ Yy I (A 2 yivebsite Wil Bade dn ExBeNghtZeference as they
normally havedataon the current take uwf broadband servicesThe regulator
may also recoranore detailed infomation such aghe penetration of different
types of service, like IPT\8eeChapter &or a list oftelecomsregulators.
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Prepare a map of thproposed deploymenterritory to identify gaps irservice
provision and opportunities to exploit other infrasttture, like roads,electricity
pylons, sewers, disused mine workingad so on Google Earth offers maps and
satellite images that provide more detailed geographical information abiweit
terrain and features of the landscape

At this stage, WNBE 02 YYSY R G R2AYy 3 eéchlyAindingdrBhat2 NJ ¢ Y
has happened in similar contexts in other regi@ml countriesand what lessons
from elsewherecan be usefullyadapted to youmparticularsituation.

Customer engagement

Carry out arawarenesgaising campaigto explain theadvantages of FTTid
your potential customers, and tstimulate demandor services This is an
important step because consumers are largely unaware of the benefi3$ it

Many consumers may not be aware of the typdafadband connection they are

using. Service providers don't necessarily @listomershat their service i$TTH,
AYyaidSFR NBFTSNNARAYy3I G2 Al. heéeidasd céainy | YSI
degree ofconfusionin the marketplacéecausesome boadband productbased

on cable or VDSL technolog@® branded asfibre-2 LJG A O¢ = S @Sy (K2 dAaAK
reaches the neighbourhood, not the home

At this point you maylsowish to carry out awveyof potential customergo find
out what services they i@ interested inreceiving how well they feel they are
being served by existing communications providarsd how their needs might
develop in the future

Registering demand in advance of network rollout is a common strategy among

FTTH operatorsDutch gerator Reggefibet T2 NJ Ay aidl y@®for aSia |
network deployment digging only starts wheat least 40 percent of households

in the connection arehave preregistered for services.

The competitive response

If your market research showikat there is considerable penatp demand for
better broadbandthis information alone may be enough to coaxexisting
operator into action. Indeed, thisouldbe the desirecend-result ofa demand
aggregation strategy.

However, if this is not your intgion, then the response of other operatocsuld
impact your plan negatively. Incumbent service providers will work hard to keep
customers, with price reductions, improved services or even more devious tactics.
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Some FTTHrojectshave experiencetegalchallenges fronother telecoms
providers whichhabecausedsubstantialdelay to the project Becausehese
delays tend teextend the timeneeded to reach positive cash flow, theyl
increase the cost of borrowing, as well as adding direct leggts To the extent
that these challenges can be avoided or dealt viitta speedy and efficient
manner, the ramp to positive cash flow is likely to ocouore quickly

Project feasibility

If you believe that you have spotted an FTTH opportunity, then firsy cart a
high-level assessment. Only if enough of the fundamentals are right is it worth
spending more time, effort and possibly money on a more detailed assggsm
which would typically involve a financial model and business plan.

The FTTH Council segts the followingisple framework for assessmenvhich

is designed to provide help potential entrants identify arédzat arelikely to

require attention. The criteria for assessment are presented in the form of spider
diagramsg one for revenue potenal and the other operationg which are shown

on the following pages along with suggested specific criteria. These criteria will be
discussed in more detail later chapters

The result of the process will be a
gualitative assessment expressed as a
picture such as the one on the right.

Thereare no hard and fast rulebut if a

project has either zero greens or two or
more reds on either diagram then caution is
advised.

Thesediagrams are not a set of definitive
requirements, but merely a guide to
assessment, which can be ugedstimulate
thinking andinternal discussion.

Every FTTH opportunity is differeatyd some factors may not be relevant for a
particular projectwhereas factors not shown could be of vital importance. In
such cases, the framework shouse modified to suit In light of the increased
government emphasis onniversalbroadband, the availability of public funds may
have a significant impact on sometbé red areas, particularly those associated
with high infrastructure costs.

Figures on pages8229 and 31 areeproducedcourtesy ofVentura Teani.LP
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Revenue assessment

Market Size

Channels or
Existing Customer

Prices
Management / \ N
g I Competition

Team
Market Maturity

Critical Issues Concerns Okay
. Significant risk and “red flag 6 . Manageable but of concern . Good or encouraging
for the project position

Suggested criteria for assessment are as follows:

Market Si <2000 homes to 2000 - 5000 homes
arket Size to pass
Price (in Broadband price
low/high per month in
salary market) Low cost:
i c oSt
Established FTTH or
upgraded &
Competition effective cable TV.

Dominant sat TV

provider

Saturated with
Market existing FTTH true
Maturity broadband

No team and poor No team or weak
proposition to team. Major
Management potential recruits uncertainties re
team recruitment
proposition
Channels or
Existing

Customer Base
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Market size Any business iV have some fixed costs. In the case of an FTTH
organisation there will be a substantial fixed element relating to central systems
for provisioning new customers, billing, customer care cemand so on. Wére

the potential number of customers is lothe disproportionately high level of

fixed costanmake it difficult to make a sensible business caSa.the other

hand, as one of the case studies shows, it is possible to build a successful FTTH
network to single apartment block

Market PricesBroadand is the foundation service on a fibre network, although it
may be bundled with additional services, such as voice telephony, TV, or even a
mobile phone contract. However, for the purposes of the initial assessment, it is
useful to consider the currengricing of the broadband element alone because
this provides an important indicator of the financial feasibility of the project.
Chapter 4 contains a more detailed discussion on services and pricing.

Competition The competitive environment will determénthe market share that

you can expect to achieve. Places that are not served by broadband clearly offer
the best prospects; however, broadband black sppliscations too far from the
telephone exchange to receive DSL servicend to be geographicallgiverse,

and therefore more expensive to connect with fibre.

Market maturity. The maturity of broadband and tripjelay local markets varies

greatly across Europe. On the one hand, in Greece there is no cable television and
ADSL only became widely dabie and affordable in 2008. On the other hand in
Sweden there are many areas where FTTH and cable compete and ADSL has been
more or less squeezed out of the markelh general, it is easier to gain traction in

a growing market, although it is also @ety possible to convert a local market

from lower broadband speds to highkspeed broadband.

Management team As in any business, there will be a great difference between
the achievements of a good team compared to a weak teAnelassic problem is
that the team focuses on technology or construction, and initial marketing is poor,
which then takes a long time and considerable effort to overcome.

Existing channel®\ company that has an existing customer base has adb
advantageover a completely new branid that they have a reputation alreagy
andcan use existing channels to publicise tied services. Tdseadvantagscan
resultin lowercosts toinform potential newcustomes, higher takeup ratesand
improved margins.
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Operations assessment

IT Systems

Complexity
of Services

Management

Team

Critical Issues
Significant risk and “red flag 6

for the project

Access to Capital

Construction
Method

Building
Density

Ease of
Deployment

Access to Home

Okay
’ Good or encouraging
position

Concerns
. Manageable but of concern

Suggested criteria for assessment are as follows:

Access to
Capital

Construction
Methodology

Building
Density

Ease of
Deployment

Access to the
Home

Management
Team

IT Systems

Complexity of
Competitive
Offerings

Insufficient
finance.
>14% WACC.

100% Dug - high
quality pavements

Individual houses
in low density
developments

No right to build
and hostile
authorities

Costs 12 or more
months revenue.
Agreement by
individual home

Technology driven.
Incomplete or poor
skills

Paying 3rd party
for bespoke build

Techy culture.

>25% added to
fixed costs

o0 | FibretotheHome
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Rights slow to
obtain. Shortage of
skilled contractors

Costs 9 or months
revenue

Lacking clear
leadership

Build from scratch

No wholesale.
Fixed costs add
>15% to fixed
COsts
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Access to capitallThere will be a high level of capital expenditure in the early
years Assuming the money can be obtained, it is the cost of money that counts
specificallythe weighted average cost of capital (WACD)iswill depend on the
nature of the project and the source of fungsnore information in Chapter.7

Construction methodologyConnecting a central office to individual homes and
businesses is a major patthe capital expenditure in an FT hidtwork. Theway
that the fibreis routed as well as the construction methadshallow or deep
digging, existing duct or large conduit, or aerial caphgll have a major impact on
construction costThe influences oronstruction cost are discussed@mapter 5

Housing densityWhatever the method of building fibre around a town or city, the
average length of fibre per home passed will hawerdous impacon the

financing. Individual homes will clearly be the highest cost to connect whilst large
apartmert blocks will be the cheapest

Ease of deploymenWe do not believe that construction often runs to time and
budget so there is no green segment on tegale. This may be unnecessarily
pessimistic so feel free to add a green option in your own assessment, particularly
if you have access to utility or other infrastructure that takesryfitore directly to
where it is needed

Access to homesThisis abou trying to connect up homes for the lowest possible
cost per home.There are costs associated with marketing to the customer,
drawing up contracts, and gaining access to the building to carry out the
installation Please see Chapter 5 for more infornaati

Management team An experienced management team will make better choices
and save money compared to complete newcomeérke better the management
team understands the mechanics of fibre industries, the better they are likely to
perform. As in anycompany, a commercial and customer focus is vital.

IT systemsIT is another area in which we are pessimistic. We have seen many
larger operatorspendmillions on IT systems and still not be able to operate in
the way they wish. For smaller FTTH ectg it is less of an issue but with multiple
partners or your own sefges to developthere ispotential foran awful lot of
complexity which generally means large fees to IT consultants.

Complexity of Servicelm addition to direct IT costs, there ish@den cost of
complexity ced by multiservice operators As more services and more

variations are added, customer support and billing become more complex, and the
overallpotential for errors goes up. For these reasons, the simpler the
competitive ervironment you are entering, the easier it will be for your project.
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Chapter 4 Servicesand Pricing

What services do you plan to offer over the netwoakd how much will you
charge? These aley questiosfor all types of FTTH organisations, whether
network owner, wholesale operator, retail service provider or some combination
of these three. Even if your organisation does not plan to operate in the retail
services layer, you will need to set up relationships with the companies that will.

Research &s shown that the business case for FTTH is highly sensitive to customer
take-up of servicesThe choice of service package and the ability to provide these
services has been one of the main criteria for success or failure of many of the
independentFTTHhetworks.

Retail services can be divided up according to market segment

residential
business
carrier
public sector

= =4 -4 A

Residential

An increasing number of consumers are demanding reliable;$pgkd
broadband connectivity in order to access an expanding range of internet
activities, including online shopping, online banking, school homework, -cgitch
TV services such as BBC iPlayétwdu, and many more.

Catchup TV is an example of ovére-top (OTT) internet video services, because it
is available to anyone with a broadband internet connection at no extra charge.
This is distinct from broadcast IPTV services, which are provig#ttlretail

service provider exclusively to its customers.

Typical residential services include:

1 Basic telephony (using VOIP)
1 Highspeed broadband
T IPTV

I NBGFAET LI O1F3S GKIFIG AyOfdzZRSa Iff GKN

Retail ISPs may also chodseffer other services for customers, such as web
space, online backup, technical advice and so on. These senagdsebundled
together with the basic package.
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In the context of a community network, the network owner may aigsh tooffer
local serwies. For example, a housing associabemed network may offer a
central system for booking landlord visits and building maintena#celunicipal
network could offer free access to public servie@siocal TV broadcasting

Business

Many large corporatins are already hooked into fibi@ptic networks because

they have high bandwidth, high reliability and high security requirements that far
exceed those of the residential sectoks a result of their special requirements,
these large businessese not wsuallylinkeddirectlyto the same infrasticture as
residential customers

However, esearch has found that there is a considerabl@ketopportunity to
address the underserved lower end of the business market. Small and medium
sizebusinesses caeasily be served from a typical FTTH netwdgken if your
network is consumer focused, it is worth considering whether to connect any
businesses that happen to be within your coverage area.

The technical network requirements for businesses may not bstantially
different for those for consumers, but yawouldconsider offering service
packagesailored to the businesaser, with extra features such agptime
guarantees, lower contention, and businagsde customer servicespeak to
local businesse® assess their needs.

Carrier

Studies suggest that 2 LISy polici@éSvéhighéallow third parties to offer their
services on the networlgan enhance the business case, particularly if you are a
new player in the retail market placésetting establisbd, respected internet
service providers to offer their products over your network can be an effective
means of increasing your overall market penetratidrherefore, if you plan to
adopt the vertically integrated model, consider also opening up your oo
wholesale customers.

The roll out of optical fibre into the access network on a greater scale has further
advantages for other networks such as mobiléobile broadband currently offers
download speeds of 10Mlspto users through such technology HSPA. The next
generationof mobile broadbandased on LTE or WiIMAX is currently being rolled
out, andhas tre potential to offer 100Mbpor more. Wih multiple users the

base statiorconnectivityrequirementsare likely toexceed the capability of

current microwavebackhaulkystems.Further,the increased bit rates will require
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higher densities of antennavhich may also need to be interconnected with fibre.
Incorporating mobile backhaul into the access network could ideoa scalable

and costeffectivemobile network architecture, especially since mobile base
stations are often located on top of apartment and business buildifigerefore

a further return on investmeninay bepossiblefor the network builder who takes
this added dimension into account.

Public sector

52y Qi yS3tSOl GUKS Lzt AO aSO0i2NJ 6KSY RNJI .
Schools, libraries, hospitals, doctors surgeries and local government buildings all

require connectivity and have expanding requirengeat more ICT is brought into

the school curriculum, libraries become digital access points, doctors share patient

records electronically, and governments put more public services online.

Pricing strategies

ARPU (average revenue per user) is the corregat ter the average monthly
revenues paid by a subscribeFhe higher the ARPU in the target market, the
more attractive that market will be.

As with many things, it is clear that one approach does not suit all situations.
Broadband pricing is influendéby geography, demographics, competition and
possibly regulation. Businesses and the public sector will generally support
different pricinglevels than retail consumers.

Many incumbents have run pilaunch market studies that tended to suggest that
resicential customers were only willing to pay a-18 percent premium for a
triple-play subscription over fibre. In areas where there is a strong satellite TV
offering this figure may be lower. However, it must be stressed that this is
marketdependent: Vedon in the US has reported an ARPU exceeding $140 in
Q409 for its FIOS service which is growing Healdead with entrenchedable TV
competition.

Use the infomation you collected during the market reseanuhase to assess
what the market wantandwould be willing to pay forg these are not necessarily
the same thing Keep this information up to date and relevant throughout the
business planning phase.

A study intoNGAproduct portfolios commissioned kilie FTTH Counddurope
identified severaldifferent retail strategies.Yankee Groupnaly®d the service
portfolios of 20 NGA operators around the world in order to identify what kind of
services are currently offered; the attractiveness, relative profitability and
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technical requirements of these servgeand the directions in which service
providers are developing or envisage developing new services in the future.

The study identified three different strategies at play on the market:

1 Thebroadbandutility strategy focuses on customer acquisitiavith the
aim of providingaffordable internet access to as mangersas possible.
This is a typical strategy for municipal networks and alternative operators.
1 Theexpandand-cashin strategy consistsf a wide nework deployment
with few addedvalue servicesffered until a critical mass of customers is
attained
1 Thekeepit-premiumstrategyis about providingexynew servicesat
premium prices, to address a smaller customer base without cannibalising
existing revenues. This kind of behaviousften found at incumbent
operators.

Market share

In a separate study, Yankee Group showed that penetration rather than ARPU has
the strongest effect on th&TTHiusinesase For the set of assumptions in their
model, it was difficult to create a busingsnwith a payback in five yeas less,
unless penetratiomeachedat least 30 percent.

Percent of Takeup

Figure6: Undiscounted payback period with $1000 per home connected and 45 percent gross margin.
Source: Yankee Groy2009,6 So A y I NJ & a Fa\AANYSH al KM120R Sotdz 6 2 NJ| €
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So how much market share is it reasonable to expect? Experience of FTTH
operators indicates that first year penetration rates in areas with no fibre, cable or
fast DSL competition can be as high as 50 percent, but conservativay 20

percent is perhaps more realistic. The final penetration in the same area might be
as high as 70 percent, but again you have to estimate the realistic penetration and
this will also depend on the ability and willingness to.pay

The competitive environmerwill be the majorinfluence on thenarket share that
you can expect to achievél.he maturity of broadband and tripjelay local
markets varies greatly across Europe. On the one hand, in Greece there is no
cable television and ADSL only became widegilable and affordable in 2008.
On the other hand in Sweden there are many areas where FTTH and cable
compete and ADSL has been more or less squeezed out of the market.

In general, it is easier to gain traction in a growing market, although it is also
entirely possible to convert a local market from lower broadband speeds te high
speed broadband.

Places that are not served by broadband clearly offer the best prospects; however,
broadbandd y $bdts ¢ locations too far from the telephone exchange tceéve

DSL servicastend to be geographically diverse, and therefore more expensive to
connect with fibre.

The most risky proposition is a market that already has good FTTH covédage.

other factors being equal, the presence of an existing FTTH apearamediately

reduces your addressable market by 50 peraewnthy should you expect to get

more than your fair share of the market® practise, you are likely to be

competing for the unaddressed portion of the market, which is likely to be a
harderselcA ¥ GKS& RARY QU é6lyld FAONB FNRY GKS
they want it from a second?

Back to basics

FTTH technologyas inherently advantageshen it comes t@rovidinga range of
newserviceE 0dzi R2y QG 3IS0 Ol N3NdycRast)radiabe ® DSG
broadbandg is a good way to secure customer loyalty. Broadband on its own is a
profitable productg in fact it is the most profitable product for carriers, according

to research.

One way to avoid mistakes that could alienate fetgustomers is to run a trial.

Limit your commercial launch to a beta test group that fully understands that you
will be testing your services, and is prepared to expect the teething problems. Do
not expand beyond your beta group until the system isand running properly

and has been thoroughly tested.
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Chapter 5 Deployment

In this chapter waskthe alkimportant question, how much will the network
cost? How much investment wibhe requiredto build the networkand how much
will be requiredto keep it going?Expenditure falls into threenaincategories

1 capital expenditure CAPE)X; big ticketitems paid for at the start of the
project, and during upgrades and extensions

91 operating expenditurdOPEX( the cost of keeping the network runrgn

i cost of goods soldCOGS] costsincurred whena sale is made.

In the following sectionsve consider the major influences on these itenand
offer somegeneraladvice orhow toreduce costsluringnetwork deployment.

For technical information on FTTH equipment and deployment please refer to the
FTTH Handbookvhich is availableiathe FTTH Council Europebsite

CAPEX

It is helpful to understand the relative contribution of edtle differentitems of
capital expendure, and thughe relative costsaving potential. The chart below
shows asimplified CAPEX distribution faypical GreenfieldFTTH deployments
where no existing infrastructure can be reusedvil@vorks are thenost
expensive itemandtherefore offer the greatestpotential for cost reductiong and
also the largest variance between different situations

m Deployment46%
B CO actives 26%
Subscriber actives 16%

B Material 12 %

The otheritemsare:

w CO actives the active equipment in the central office
W subscriber activeg equipment installed at the customer premises
W material¢ fibre-optic cable enclosures and other passive hardware

¢ | FibretotheHome _
/| Council Europe 38 www.ftthcouncil.eu




Network design

An FTTH network is a logrm investment The anticipatedlifetime of thecable

in the grounds at least 25 years(i K (§ & yd& $§ Ol dzZNB NI & 3Idzk NI y i
lifetime; the working lifetime is likely to be much longeFheactive equipment

will be upgradedn this timeframeput it should be possible to reuse the

infrastructure With this in mindjt is worth considering a design for the cable

plant that is capable adupporting different network architectures

In terms of the cable plant, there are two main optidos the topology ofthe
access network: poirto-point and pointto-multipoint.

In a pointto-point (P2P)Yopologyeach

end-useris served by a single fibre that

runs all the way from the central office to

0KS Odza (2 YSNRANisKIRE YS 2 NJ ?
probably consist of several sections of

fibre joined with splices or carectors,

but there is a single, uninterrupted

optical path from the central office to the
customerpremises.This is sometimes
NEFSNNBR (2 Fa | aK2YS |

In apoint-to-multipoint topologyall

traffic is carried on a singlshared filve
from the central office to aranching
point, and from there the traffic is routed
onto individual, dedicated fibres, one per
customer. In a passive optical network
(PONYouting is accomplishedptically
usingpassiveoptical splitters. Splitters
can be centralized arascadednot

usually more than two).

Thecustomerpremisesn either case

may be a single residenger a multiple
dwelling unit (MDU) in which case active
equipmentmay be installed in the
building in ordetto aggregatdraffic

from all customers in the building on
onto the single fibre

Installationinside an MDU
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Routing in a poinrto-multipoint network can also be achieved electronically with
Ethernet routes, in which case the architecture, rather confusingly, is called
Ethernet pointto-point. Although the cable plant has a poitd-multipoint
topology, each customer has a logical peipoint connection. The end-user
sends and receives only the data intended for thethere is no broadcast or
time-sharing of customer traffic.

Several variabns of the basic network architectures are possible. For example,
some homerun networks have been deployed using two fibres from the central
office to the subscriber. The first fibre delivers broadband, telephone, and
customerspecific video serviceké IPTV and videon-demand, while the second

can be used for broadcast TV. This allows the network operator to take advantage

of the inherent broadcast capabilities of PON equipmdhthe second fibre is
also deployed in a homeun topology, the PONpéitter can be located in the
central office

Choosing the right network architecture often generates considerable debate.
CKSNE Aa y2 OfSINIGgAYYSNIT Ay G2RIe&Qa
operator requirementst Y R A G Q& A ofelaizaalit yoyiriowni 2 6 S
requirements, business and technical priorities, and to ensure that you make a
fully informed, balanced choice.

When designing a fibre network a common mistake is to savaital costs by
putting in fibrethat corresponds wittcurrent requirements Historically the need
for fibre has grown over the yegrand is likely to continue to do so. Installing a
minimum of fibre often leads to the neddr more advanced and expensive
communication equipment. Single fibre solutions coergate bottlenecks in the
future, either technical or commercial.

At the start ofthe projectconsiderwhetherto put extra ductsin the trenches.
Duct systems that can be reused by pulling or blowing in neadditionalfibre

will enhance thdifetime of the network If non-reusable ductsdirect buried
cables, water cable, aerial cable or facade cahtegonsideredthe lifetime of

the network would decrease to the anticipated lii@e of the chosen fibre cables.

Active equipment

The POP is the FT€Huivalent of the telephone exchange, typically a small
building or room where all fibre connections are terminated and connected to the
active equipment. Inside the POP, you will find the optical distribution frames
(ODFs), patch panels, the active gauent and the fibre test equipment.

Theprice ofequipment in the PORsill dependon the chosen technology and
vendor. As mentioned earlier Here is nasimpleanswer to the question: whh is
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best: pointto-point or PON? The best solution depends amuaberof factors,
including the price of equipment, planned services, projected customeruake
and access to duct spad® name just a fewYou must makeareful evaluation of
your specificnetwork circumstancs.

In general, modelling shows thpbint-to-point deployment costs are likely to

grow in proportion with homes connected: equipment does not need to be
deployed, powered, managed or maintained until there is a paying customer ready
to take revenuegeneratng service. In contradte cost per subscriber iRON
deploymentsdecreases witlsubscriber density: as more customers are

connected, the common exchange costs are increasingly shared.

Some other variables to consider include:

1. Space; P2P networks require more floor space in the centffice since
each incoming fibre must be patched through and terminated individually
on an active module, whereas a single PON active module is connected to
manysubscribers with just one fibre

2. Securityc There are many business customers using PON networks.
However, sincéON is shared mediumpusinesses and other
organisations with highly sensitive data such as hospitals magatill
accept thigype of connectionpreferring a dedicatedldre. Whilst
downstream data is encrypted in tleeirrent PONstandard, it is visible at
all endpoints¢ andupstream data is not encrypted

3. Power consumptiom is highly variable depending on subscriber
penetration, the geographic distribution of subscribers on the network,
and the equipment configuration at the central officBON technologies
are power efficient for high penetration rates. However, the féetttthe
t h b Q aspded tethksmitter must be powered even when there are only
a few active customers on that branch of the network can result in higher
power consumption per subscriber at lower penetration rates.

4. Ease of troubleshootingsince there are o optical elements in the link
between the central office and the customer, P2P networks can be tested
from the central office, which saves time and money. The splitter in a PON
makes thignore difficult, although notmpossible.

5. Impact of a cable cut In the event of &completecable cut in the feeder
part of the network.architectures with fewer fibres will take less time to
repair. Independent of the architecturthe time to repaircouldalsobe
reducedby using more cables (i.e. fewer fibres perlealn the network
design, allowing repair teams to work in parallel
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Outside plant

The horizontal portion of the outside plant (OSP) brings the fibre down the street,
passing all the homex buildings In most cases the O8Rs the largest influence
on cost, especially if the cableged tobe put in the ground.

Although there is always a fibre between the central hub and the customers, the
way that this is routed will have a major impact on construction co$ie

possibility to reuse existing ducts andnduts should always be considerdd.

ducts are already in place for part of the route, then blowing fibre through them
could substantially reduce the deployment cost over that length.

The lowest cost solution where there is no existing build is amla@ute, where
power (or similar) poles are used to string the fibre between. This clearly plays
into the hands of any utility companies that want to be part of a fibre based
business. A similar approach that may be used is stapling. Here the fibre is
literally passed around the outside of the building and stapled in place.

Where the above is not possible, the fibre will need to be dug. This can be done
using a shallow digging approach called mitemching (at about twice the price
per metre of aeml) or a deeper, full trench method (roughly doubling the price
again at least).

The state of the existing pavements will impact these costs for digging. Where
ornate paving is in place then the cost to make good the pavemenbevidreatly
increasel. Even the particular nature of the subsoil has an impact on costs: soft
ground may permit fast construction using dedicated mole equipment: detailed
local knowledge is invaluable.

The cost for right-of-way shouldalsobe taken in to consideration wheshoosing
the route of the network. Thesecosts consist of annual feeand costs to get
permissions.

Whatever the method of building fibre around a town or city, the average length
of fibre per home passed will have a serious impact on the financing. Individu
homes will clearly be the highest cost to connect whilst large apartment blocks will
be the cheapest

Of course, demographics cannot be changed, but they should be taken into
consideration when deciding where to roll out the network and which areas to
target first.

Aiming to pass as many homes as possible as quickly as possible is an
uneconomical way of rolling out a network. Your business case would normally
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show that t is better to achieve good penetration anlimitedarea then to have
lower penetration over a bigger area

Housing densitys so significant an element of cost that low density rural areas are
unlikely to be viable candidates for fibre networks unless some form of
government subsidy is available.

Potential improvemers:

duct renting if available

aerial fibreg attaching fibre to poles

facade fibreg stapling the fibre to the front of buildings, where allowed
reducing the digging coststrain local contractors to do the work
optimisation of network topoloy

= =4 -4 -4 4

Final drop

In addition to connecting alonifpe streets, connedbnsneed to be maddrom the
street to individuahomes. The costper customemwill be dependent on theype

of residenceg, whetherstandalone houses oMDU. Although MDUs are cheaper
on a per custorar basis, they also present specific challenges.

The costs of ibuilding cabling in MDUs can vary substantially depending on the
availability of technical shafts (or otherwise), the ease of access to the basement,
and ease of access inside the apartmettigs can have a big impact on final costs.

The cost of handling keysd difficulty in gainingccess to apartments often
underestimated particularly in cases where access to multiple apartments is
required on the same daywhen writing contracts, iis important to address the
issue of access. It must be clear who has the responsibility if access is denied.

The cost also varies according to the approa¢buprobablydo not want to
connect up everyroperty with fibre on day oneunless it is a newuild area
However,it may be more coseffectiveto put micro-duct to every apartment in
an MDU, allowing fibre to be blown in later as and when required.

There is also a cost for negotiating customer contracts. The worst case is where
you have to agre terms with individual residents. This creates problems of getting
everyone together at once or having to carry out several visits to gain agreement.
This would be the case in some apartment blocks with particular types of joint
care agreements in place

The opposite extreme occurs where there is potential to negotiate with either a
GSYylyiQa aaz20AlFldA2y 2N flyRf2NR gK?2
hundreds of occupants. The scope of these negotiations may be greater than for
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one home but oerall, the effort per home connected is significantly reduced and
hence the associated costs are reduced.

Somecosts are only incurred when new sdibers connect to the networkp
these costs are proportional to the take rate of the services.

Potentialimprovements

1 involvingcustomesin preparative work

1 pre-ordering/massconnection initiativefor initial rollout

1 reusingcoppercablinginsideMDUs, for exampleby terminating the FTTB
network with a VDSDSLAM

In some cases, connectiswill be paidfor by landlords or tenanassociations.
Landlodsare becoming increasingly aware ththe provision of tripleplay
services in their properties enables them to charge higher rents or sale prices.

There have already been cases where home owners arg'\dlli G 2 Libré& € mnnn
fibre connection, because it boosts the value of their homes by significantly more.
However, such schemes only work where a reasonable proportion of the homes to

be served will commit to the scheme in advance.

A number of innovative gthods have been developed to reduce the cost of the
final connection and these should be investigated to establish the most
appropriate method and therefore the associated cost model.

Subscriber equipment

As well as theost of terminating the fibren the home orapartment, thee is a
costassociated wittactivatingthe connection andnstallingthe necessary active
equipmentin the home whetherresidential gatewayrouter or settop box

Unlike legacy DSL, tloestomer equipments typically not available from retail
suppliers, ando must be supplied by thaperator providing the FTTH connection.

When entering a private homeadeallythe installationprocess should be planned
as a single visit. This meahe installationteam sould be prepared to do all in
home activities including installing ttigre and subscriber equipment

It is important that the installation teams update all documentation when
installing and splicing fibref a fibre outlet is left in the apartment the risk of
exposing a laser beam should be considered.

Potential improvemers:

1 mass connection itiative during rolbut
1 letthe end-user pay for the equipment by renting buyingit
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FTTH planning software

Several suppliersow offer software packagethat cover all aspects dfuildingan
FTTH networkwhich can help to save costd speed uphe planning,
construction and maintenance phases of an FTTH network

Thesoftwarecombines computer aided design (CAD) with geographical
information systems (GIS) tweatea singleintegrated software packagiat
coversthe design andonstructionof the central office outside plant and in
buildingwiring.

You should consider sofawe thatfeaturesthe followingthree modules built
around a common database:

1 network design tool
1 project and material management tool
1 network registration and maintenance tool

This kind of software can be usta

estimate costs accurately before startimgprk

plan and schedule every step so it follows on seamlessly

scale manpower needs accurately and deploy people more efficiently
reduce overall man hours dramatically and do more with fewer people
reduce total engineering costs

optimisecosts at every si@ge in the network design, implementation and
registration chain

= =4 4 4 4

Thesingle, central databasalows theentire project groupincluding cotractors
andlocalauthorities,to work from the same, alwaygp-to-date information

OPEX
Typical items of operatial expenditure include

communications license fees, if applicable (e.g. universal service)
administration(office rental, vehicles ejc

personnel(recruitment, training, salaries, etc)

cost for rightsof-way

running cost for PORgent, electricity, etc)

backhaul connection

customer acquisition antharketing

network maintenance and troubleshooting

=4 =4 4 4 4 -4 -5 5
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Rights-of-way

If you do not own all the land over which the FTTH network passesythewill

have to pay the land owner fahe right toput® 2 dzZNJ FAO NS Ol 6f Sa
INRBdzy R 2 NJ Ayl 2 If yoK&quizedhg BgNtDyapayimdz0uing um, it
will be categorized as@apital expenditure; alternatively, in the case where you
pay a periodic rent (monthly, annual) it will be sddied as an operational

expense In other words, rights of way can be treated @aPEXr OPEXbut
experience has shown that in mostgleyments it will be an operational expense.

Careful planning can have a positive effect ba tosts associatedith rights-of-
way. For example, if you are paying rentployfibre in third party ducts, you
maybe able to reduce your exmse by opting for an architecture that uses fewer
fibres or cables

Backhaul

52y QG F2NBSGO (2 LI FyourlFYTR neiwizR @&d§ to Be2 NJ 6
connected to the rest of the world.The cost of this will depend on whether you

own your own backhaul, lease fibre from another operator, or purchase a
bitstream productc in other words buy only the capacity that your netwarges.
Unless you own your own fibre, backhaul costs will be an operational expense.

Bitstreamcosts for a fibre operatotan besignificant depending on availability,
local pricing, and the degree of competitiomhe challenge then i® estimate and
cost the right usage per usatecide how much backhaul oversubscription (if any)
you will allow,anddecide whethelyou want to use a cap on usagéhis is not an
uncommon practise in regions with high IP transit costs.

It is not a good idea to havesangle source of access for IP trangit case of
failure. Your second access postiould be able to cope with 80 percewityour
maxmum traffic, even if ths facility is not normally used.

Marketing
One activity often overlooked in business cases is the cost of attracting subscribers
to the network.

Where contracts can be agreed with landlords and/or tenant associations, the cost
of sale is spread across 50, 100, 500 or more potential customeysu Have to

try to sell to each individual tenant/home ownthen you may need to use lew

cost approaches (e.g. leaflets) as advertising may not be justifiable for the limited
number of clients.

A shop in a rolbut area can be a good idedepending orthe size of your
business and your potential customer basgistomers need to be made aware of
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the networkroll-out, andit is useful to have a place whetigey can get
information. The shop could provideformation about theprogress of theoll-
out, as well aon the productportfolio of the service providers that will be active
in this area.

Whenwholesale fibre access is the main produtts a good idea to develop some
partnerships with operators and service providers ahead of the build if pessibl
0SOlIdzaS GKSe& gAff 0S €2dzNJ S@Syddz2 f & Odzaii:
also be used to guide the definition of interfaces and procegsesme municipal
fibre projects have failed because they built overly complex or inappropriate
systems and figed to do business with service providers as a result.

Other fixed costs

Any business will have some fixed codtsthe case of an FTTH organisation there
will be a substantial fixed element relating to central systems for provisioning new
customers, hliing, customer car@nd so on. This means that, where the potehtia
number of customers is lovthe disproportionately high level of fixed costal

make it difficultto make a sensible business case. Conversely, as the number of
potential customers increases, the fixed central costs become less of an issue.

For a small operator the greatest impact may not be the cost of central systems
but the cost of employees. N&brk organisations with fewer than five people are
rare, although it is possible to operate in such a wiagr most organisations the
salary costs of staff imply a minimum viable network size.

If you are going to rent out the network to one or more dsdtshed service

providers that will do marketing, billing and customer care for you, then you must
allow a suitable margin fahem to cover these costsHowever, established

service providers are not generally interested in small special cases because it
more cost effective for them to go after the mass market. This is a real world
disadvantage of small scale.
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Chapter 6 Regulation

Make sure you understand tHaws and regulations that appiy you countryand
at European level, because thesé! influence business decisiodsringFTTH
project planning.Of course, laws and regulation applynt@nydiverse areas of
business; here we will considievo topics ofparticularrelevance to FTTH
deployment telecommunicationsectorregulation, and stateid.

Principles of telecoms regulation

The purpose of regulation is to address market failared introduce mechanisms
to foster competitionand innovatiorfor the benefit of the consumer Market
failure can take many formsA classic example would Benonopoly telephony
provider offering a limited service at too high a price

Until the 1980s, the telecommunications sectorEuropewas exempt from
competitionlaw, with individual member statesontrolling their locamarket as
they saw fit. Starting in 1988however,the telecommunications marketsere
progressively liberaled, with the Commissiomemovingpolicy measures taken by
member states that granted exclusive or special rights to operatilaor steps
weretaken inJuly 1990, wheservices other than voice telephony were
liberalized,andin January 1998, when voice telephony and infrastructure
provision for voicéelephony werealsoliberalized.

There are two main mechanisms for market regulation:

1 Competition &w ¢ punishing busiasesfor anti-competitive behavioufex
postregulation).

1 Sector pecificregulation¢ where it is judged that aompanyhas
significant market power (SMPthe market can be regulated advance of
anyanti-competitive behavioufex anteapproacl).

In contrast to the pastiegulation in Europe is becoming mazeordinated at
European levelThe National Regulatory Authorities (NRAE}he member states
must comply withrelevantEuropean directives and guidelinéscludingthe
Access Directivi2002/19/EQ, the Universal Service Directi{@002/22/EQ, and
Guidelines on Significant Market Pow@002/CL65/03).

Furthermore, @ NRA is not able to decide by itself whnhrketremedies are
appropriate instead its proposals must be submitted to tGemmissionfor
approvalusing an Article 7 procedurelhis processs designed to avoid magk
fragmentation across Europe.
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A further step towards more consistent regulation was taken on 25 November
2009, when theBody of European Regulators for Electrd@d@mmunications
(BERE@®yas establishedThis body, introduced as part of the new Telecoms

Package, comprisébe heads of 2NRA®
disseminate regulatory best practice&ych acommon approaches, methodologies

9 w9/ iQadeveibp/addi A 2 y

or guidelines on the implementation of the EU regulatory framework.

Table 71 Overview of the obligations on NRAs

SMP

No SMP

Universal Service
Provider

Regulatory
Framework
Directive (Article
95)

wFacility sharing
wAccounting
separation
wPossibility to
impose compulsory
standards

Access Dective
(2002/19/EQ

Menu of possible
obligations to be
chosen by NRAs
wAccesst non-
discriminatory
conditions
wAccess hcost
based conditions
wTransparency
wAccounting
separation

Other conditions
with prior
agreement of the
Commission

Interconnection and
interoperability of
content, application
and servicesand
associated facilities

Universal Service
Directive
(2002/22/EQ

wControl on retail
services
wCarrierpre-
selection
wLeased lines

wContract
transparency quality
winteroperability of
TV equipment
wDirectories
emergency numbers
wNumber portability
wMust carry

Universal service
obligation

The EU has defined seven product and service markets in eRieimteregulation

may be warranted. Market$ and 5 are relevant to FTTH networks because they

concern broadband (for a complete list of markets see Recommendation
2007/879/EC) Market 4 is wholesale infrastructure access, and market 5 is
wholesale brodband access.
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NRAs must follow a threstep process for regulating these markets:

Step 1 Market Definition

Step 2 Market Analysis

Step 3 Market Remedies

Market 4: Wholesale
(physical) network
infrastructure access

Market 4:Typically
dominated by the former
incumbent operator.

Market 4: Grant access to
the physical path of the
network.

(including shared or fully
unbundled access) at a
fixed location.

Market 5: Wholesale
broadband access.

Market 5:Not always 100%
incumbent dominant
(dependent orproduct
definition and geography)

Market 5:A range of
possible remedies include
different levet of bitstream
accessdifferent pricing
mechanismsetc.

Where dominance is found§RAs must apply at least one remedy. Remedies must
be appied as high as possible in the value ch&mther from the enduser)

because Wolesale regulation leaves more room for competitive entitp the

market Retail regulation is viewed as a last resort.

Remedies can include:

T price control, including costrizntation ¢ limiting wholesale pricing to the
cost of maintaining the access network

transparency the basis ofvholesalepricing must be made public
accounting separation

non-discrimination¢ wholesaleprices not dependent on purchase volume
mandatory @cess to specific facilitiestypically access to the central office
mandatory provision of specific facilitiee.g.powerin the central office

=4 4 4 4 A

It is possible for NRAs to deviate from the above fidtexample py imposing
functional separation.

NGATregulation

In July 2009, th EU proposed a draft docume@bmmission Recommendation on
regulated access to NGA network¥he recommendations provide NRAs with a set
of guidelines on how to regulafiéore deployment, includingnarket analysis

whether operators have significant market power, ahdw to apply remedies
Thesecondconsultation period on the draft recommendations has now closed;
the final Recommendation is due to be published in April 20Ms is a non

binding text, not a directive; howevé\RAs will be expected to apply the
guidelines in their analysis of &fkets 4 and 5.
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ExampleNGARegulation in France

In November 2009, the French Competition Commission approved regulator
ARCEP's draft decision and recommendation on the generaktana conditions
for access to fibreptic electronic communication lines.

For the purposes of FTTH regulation, ARCEP divided France into three zones
according to housing density:

1 Zone 1: large cities, where operators can reasonably expect to makeit prc

1 Zone 2: less dense towns and cities, where infrastructure competition is
unlikely to emerge, and some public funding of FTTH may be needed;

1 Zone 3: rural areas where the business case for fibre is challenging and a
amount of public funding is neked.

Zone 1 includes areas with a concentrated population where it is economicall
possible for several operators to deploy their own infrastructure, in this case
optical fibre networks, in the vicinity of customer premises. According to ARC
148 munigpalities fall inside Zone 1, representing 5.16 million households.

For such areas, the regulator is generally in favour of a fhife solution
between the subscriber and a local access point. To prevent repetitive
installations in the same buildinthe operatormustinstall fibreto all apartments
in the building.and thein-buildingnetwork mustbe opened to other operators
upon request. The building operator should install four fibres if there is more t
one service provider in the building, otheseg one fibre will suffice.

ARCEP also defines the cases where the local connection point for access to
building fibre wiring can be located on private property. As a rule of thumb, tr
local connection point should be located outside the limit ofiwidlal private
properties. Nevertheless, the local access point could be placed inside if the
number of subscribers per building is at least 12, or the building is served by 1
accessible galleries of a public network, such as the sewers of Parisllesgaf
the number of subscribers per building.

In the near future, ARCEP will be submitting its draft decision and
recommendation to the European Commission and to the other authorities,
before its publication and entry into force by the end of 2010.

Discussions about how to regulate Zones 2 and 3 are ongoing. Topics still to
decided include whether or not it would be best to build a single, open networ
infrastructure, public funding, the position of the vertical sharing point, etc.
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List of telecommu nications regulators by ¢ ountry

Be aware that NGA regulati@ontinues to evolve Please consult your national
regulator for up to date information about your country; a list of NRAs follows:

Country Name of Regulator Abbreviation

Austria Rundfunk und Telekom Regulierungaw.rtr.at | RTR

Belgium Institut Belge des services Postaux et de BIPT
Télécommunications/ww.bipt.be

Bulgaria Communications Regulation Commission CRC
www.crc.bg

Croatia | NI Gail F3SyOiaal 1 |HAKOM
komunikacijevww.telekom.hr

Cyprus Office of the Commissioner of Electronic OCECPR
Communications and Postal Regulation
WWW.OCecpr.org.cy

Czech 2Sai1é GSftf S 2widegthcz |l 6 y N CTU

Republic

Denmark Telestyrelsen National Telecom Agency NTA
www.itst.dk

Estonia KONKURENTSIAMERw.konkurentsiamet.ee | KONKURENTSIAM

Finland Viestintavirasto Kommunikationsverket FICORA
www.ficora.fi

France Autorité de Régulation des Communications | ARCEP
Electroniques et des Postesvw.arcep.fr

Germany Bundesnetzagentur fur Elektrizitat, Gas, BNETZA
Telekommunikation, Post und Eisenbahnen
www.bundesnetzagentur.de

Greece National Telecommunications and Post EETT
Commissiomwww.eett.gr

Hungary Nemzeti Hirkdzlési Hatosagvw.hif.hu NHH

Iceland Pést og fijarskiptastofnurwww. pta.is PTA

Ireland Commission for Communications Regulation | ComReg
www.odtr.ie

Italy Autorita per le Garanzie nelle Comunicazioni | Agcom
www.agcom.it

Latvia Sabiedrisko pakalpojumu regulesanas komisijg SPRK

www.sprk.gov.lv

Liechtenstein | Amt fir Kommunikatiomvww.ak.lIv.li AK

Lithuania wé OA & NI 3 dzf viww@tNtY 2 (| N RRT

Luxembourg | Institut Luxembourgeois de Régulation ILR
www.ilr.lu

Republic of Agency folElectronic @Gmmunications AEC

Macedonia www.aec.mk/eng

Malta Malta Communications Authority MCA
WWw.mca.org.mt

Netherlands | Onafhankelijke Post en Telaomunicatie OPTA
Autoriteit www.opta.nl

Norway Post og teletilsynetwww.npt.no PT
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http://www.rtr.at/
http://www.bipt.be/
http://www.crc.bg/
http://www.telekom.hr/
http://www.ocecpr.org.cy/
http://www.ctu.cz/
http://www.itst.dk/
http://www.konkurentsiamet.ee/
http://www.ficora.fi/
http://www.arcep.fr/
http://www.bundesnetzagentur.de/
http://www.eett.gr/
http://www.hif.hu/
http://www.pta.is/
http://www.odtr.ie/
http://www.agcom.it/
http://www.sprk.gov.lv/
http://www.ak.llv.li/
http://www.rrt.lt/
http://www.ilr.lu/
http://www.aec.mk/eng
http://www.mca.org.mt/
http://www.opta.nl/
http://www.npt.no/

Country Name of Regulator Abbreviation
Poland ' NI t Rdz Y2YdzyAll O2A 9 f| UKE
www.uke.qgov.pl
Portugal Autoridade Nacional de Comunicacdes ANACOM
www.anacom.pt
Romania PdzG2NRAGEFGSE bloA2yl £ NANCOM
wS 3t SYSy il NB wwwancbn orodzy
Slovak Telekomunikacny Urad Slovenskej republiky | TO SR
Republic www.teleoff.gov.sk
Slovenia ra3sSyoaelk 11 LROG2 Ay |APEK
www.apek.si
Spain Comision deMercado de las CMT
Telecomunicacionesww.cmt.es
Sweden Post och Telestyrelsemwww.pts.se PTS
Switzerland | Office fédéral de la Communication OFCOM
www.bakomch
Turkey DAE3A ¢S ly2f22Af SNR ¢ BTK
www.tk.gov.tr
United Office of Communicationsww.ofcom.org.uk Ofcom
Kingdom
State aid

The European Commission hag broadband at the hearof public policy
initiatives with the consequent benefits in terms of job creation and economic
prosperity. Thigreates aropportunity for private sector partners to work with
local and regional authorities to create fibre neixks but also meanshat those
authoritiesmust be diligenaboutworkingin harmony withthe EU rules on state
aid ¢ the penalty can be a refund of all aid granted, plus interest.

The objective of stataid control is to ensure that government intervesris do
not distort competition and intracommunity trade. State aid is defined as an

advantage in any form whatsoever conferred on a selective basis to undertakings
by national public authoritiesThe EC Treaty pronounces the general prohibition
of stateaid. However, there are exemptions for a number of policy objectives, for

which state aid can be considered acceptable.

Viviane Reding;ommissioner folnformation Society and Medi@0042010) has
said "Deployment of broadband may be hampered by nerailures in rural and
remote areas. In such cases, waligeted state aid may therefore be

| LILINE LINBvrdijettStidatthané benefited from EU support include the

Of SNy yOS T2N (KS

early 206~

2 SfakK 5S@SnivalkdvsSy i

| v Broadkabd fax Karntehproject in Austria.
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http://www.uke.gov.pl/
http://www.anacom.pt/
http://www.ancom.org.ro/
http://www.teleoff.gov.sk/
http://www.apek.si/
http://www.cmt.es/
http://www.pts.se/
http://www.bakom.ch/
http://www.tk.gov.tr/
http://www.ofcom.org.uk/

In September 200&he European Commission formally adopted guidelines on the
application of EC Treaty state aid rules to the public funding of broadband
networks. The guidelines set out the basis foast practice and how the rules will
be applied in the future The aim is to boost investments in N@&tworks,while
allowingpublic support for deployments iareas with market failure

One of the key ideas introduced in this documerthist of geographically
differentiatedregulation. The guidelines define white (unserved), grey (private
monopoly served) and black (multiple private infrastructures) areas for NGA
networks. As a rule of thumb,tate aid is acceptable for white areas, possibly
acceptable in grey areas, and not allowed in black areas.

The document alscefers tothe principlethat public investment in a private
venture under market conditions is not considered to be statecahis is known
as the Market Economy Investor Prplei (MEIP) This rule was applied when the
Commission approved the Cityngtoject in the Dutch city of Amsterdam.

From the point of view of an FTTH network projeirly consideration should be
given to the followindactors

1 Is there a market failurePhe key test at a basic level is that of duplication:
would the FTTH project duplicate equivalent assets already provided by the
private sector?

1 Procurement private sector partners should be selected through rigorous
advertising and procurement procedes with clearly defined criteria.

1 Profit shareg public/private venture should share profits in the same
percentage as funds are provided by the partners.
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Chapter 7. Finance

Fibre projects are by their nature capital intensive infrastructure projects and so
payback periods are rarely less than five yeaoten much longer. This means
that financing is of central importance to any fibre projeEinances a large
subject however, there are some very clear aspects of finance that are vital to
creationof abusiness case for FThdsed business

The development of a business case for a new operator, business unit or
product/service has clear, if complex, inputs. Tbtee busness up, you will need
to invest money in capital expenditur€ APEX0 build the infrastructureand
connect up the networkand tse working capital to pay for operating
expenditures QPEXsuch asvages, office costsand so on In return,you expect

to generate revenues and ultimately, after covering operating costs, to generate
profits and a return on capital.

Other chapters in thibook coverestimation of the different elementef CAPEX
OPE>and revenues However, irthis chapterwe will briefly discuss the types of
finance typically used iRT THorojects and then in more detail explain how to use
your estimates and projections to provide the important answers that
shareholders, boards and bankers need. They want to know if the pedjec
odzaAySaa OFrasS gAaff 06S LINRFAGIOES |yR
simple questiorg answering itcan bea little more challenging.

Types of finance

To those unfamiliar with banking terms the array of financing solutions can at first
seembewildering and details can vary greatly between countries. In this section
we discuss the basic concepts and solutions to provide a roadmap for general
managers or other nofinancial executives considering an FTTH project.

At its simplest, capital inated (as oppsed to being granted byogernment)in a
projectwill be equity or debtor may be a hybrid of the two, called mezzanine.

Equityrepresents ownership in the companyvéestorsbuying shares in the
companyput their money at risk; if the busness fails they generally get nothing
back. Startup projects are generally funded in this wayd shareholders expect

a higher rate of return than lenders because of the extra risk they take. Financing
a project entirely with equity would therefore kextremely expensive.

Shares can have different classes so that some shareholde#s imore voting
rights (control}than their raw financial contribution would suggest.
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Venture capitalists will claim to provide equity but in reality they provide debt
which they convert to shares if a company is a success. They do this in order to
have first claim on the assets of the company if it félilsir investment is repaid
first before other ordinary shareholders get a return on their money.

As its name suggestsgzranine capital lies in between debt and equity. In
practical terms this is achieved contractually by a combination of a loan and some
equity or claim on equity in the future (like a warrant or similar technique).

IPO /
broadening
investor base

Cash generating Mature

Early stage >
Maturity of company

Figure7: The availability of different types of finance will change over time.

If mezzanine risks were taken purely with a loan, the interest payments would
probably be prohibitively high and ultimately impossible for the company to make.
Often therefore the interesis paid in kind (PIK loan) by means of issuing new
equity (shares, warrants or some equivalent means) or may be rolled up in the
loan balance or by a combination of these two approaches. Smaller companies or
riskier projects tend to use mezzanine fungtimevertheless it is a potentially

useful method of meeting part of the capital cost of an FTTH project particularly in
the risky early stages before there are significant revenues.

Debt is noney loaned to the business with a reasonable expectation that it will be
returned with interest in the future. In order to have that reasonable expectation
either the business must be already established and generating cash, or be close
to proving that i will generate cash with which to repay the loan or a parent
company. Alternatively another party with adequate assets or stable céelw

must guarantee the loan.
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As less risk is taken, debt is cheaper than equity. This does not mean a project
shoul be funded with too much debt however. If the business runs into a short
term problem and cannot make a specific repayment lenders can, if nervous, put
the company into bankruptcy and take the assetging out any shareholders

and piobably replacing tt managers.

There are different types of debt depending on the level of risk taken and their
position in the queue for loan repaymentsthe event of liquidation. éhior debt

has a better position (and therefore costs less) thariquor subordinated det.
Highvyield debt (formerly called junk bonds) attract a higher rate of interest than
other types of loan because they are issued by companies of lower quality and/or
have fewer protections than other forms of debt.

With this in mind, here areseveralbasic types of financial approach for FTTH:

1. Anincremental network extension by an established telecom, cable TV
operator or energy utilityg these are financed internally using general
corporate resources and this approach is not discussed here;

2. A major rew build (or upgrade from copper) by a smaller operator relying
primarily on private finance in a mix of debt and equity;

3. Publiesector owned (typically by an existing State corporation or by a new
special purpose vehicle , i.e. a type of governmawhedd O2 YLI Yy &£ 0 T

4. Public/private partnership (PPP) which is in effect a consortium between
the State and private companies and banks in which the government
guarantees future revenue or other payments in return for the private
sector building and often operatirthe project;

5. Grant or softloan-aided development project in which a private company
or consortium owns and executes the project and is simply given or lent
money on very generous terms (possibly unsecured) by the State to
encourage them to carry out theroject.

The first and last methods of State finance above are self explanaittinpugh in
practical terms obtaining funding will involve many complex hoops through which
a management team must jump. The PPP option is discussed in moreneé&tail

Public -private p artnership

Giventhe considerable potential for economic regeneration or development that
fibre offers, public authorities are frequent fundersif THorojects. There are
various schemes local, regional and European Union fungand the range of
options can mirror the private sector ietms of complexity. In essengqajblic
funding steps in where there is an insufficient econoretcrn.
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In the European Union there are explicit rules (the State Aid Rules) which define
and seek toiinit the circumstances in which public money can support fibre
projects. The underlying goal is to restrict public finance to those areas where the
private sector will not build ooperate unaided. Despite this, public investment in
wealthy urban areassistill allowable under the rules but with certain caveats
principally that the public sector investor must earn a commercial rate of return
even if the period of time is perhaps longer than a bank or similar private investor
would accept for projects dhis type. Howevelin sucha casehe rules also

require that the State is a minority provider of finangperobably best achieved by
using a structure such as a PPP (public private partnership).

PPPslevelopedas a wayor the private sectoto fund capital projects in return

for a guaranged future revenue stream fromogernment. In essence public debt

is replaced with private delihat will makea more or less guaranteed return over
several years. In build and operate PPPs, the contract may betibd

construction and also possibly operation of a major capital asset. The original idea
wasthat the private sector would be better at building on time and to budget than
the public sector and would have a clear profit incentive to do so. Hospitals,
bridges and many other such projects have been funded using PPPs.

As the examples suggest there are many different configurations of PPPs and there
is no single solutiog each deal is structured and negotiated on its merits.

However, the basic featuris that the State has to guarantee futurevenue. It is

that future income stream which enables the private sector to fund the

constmuction, and possibly operation, of the project

LYy C¢¢l LINRBP2SOGa I 02YY2y | LILINEBRK A &
IS money paid regularly to the project when it has been built and put into service.

If revenue from catomers grows, the availabilifyayment is reduced using a pre
defined formula An agreement may even provide a reverse payment or revenue
share to the public sector sponsor if the project is more successful than expected.

The advantage for the public sector is that cost of the project is funded out of
future budgets rather than cuent capital budgets. The cost is the premium for
risk and the required return that is given to private sector financiers funding the
construction. PPPs also tend to be complicated teugeand administer and this
can make them costly.
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Key performance i ndicators

There are a number of measures that are used in finance to look at a