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Foreword

The FTTH Council Europe is an industry organisation 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 /,amkguddigbityaialagteyvatidm i
network operators, consultants and investossjggestedhat there was scope to
provideadditionalguidanceon the business caser FTTH.

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

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

pleasedto present what we believe is the first aveomprehensive guid® FTTH

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 strategies atypesof 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 businss case for fibro-the-home. You should read
this documentif you are thinking of planning, constructing or gsting in a last
mile fibre network, or have already startélis processand want to find out more.

Thisguideis 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 td Ré&fivorks.
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Introduction

After more than a decade of deployment around the world, fibvehe-home
(FTTH) is no longer a telecom research project advanced by-stgdyscientists.
On the contraryFTTH is shaping up to be the foundation of our negitali
society, bringing economic prosperity and a multitude of business, social and
entertainment opportunities to its users.

28 | ff KIF@S LISNER2YLFt SELISNA Sy Ofhetied
consumedas internetbrowsing photos omrmoviesg and ourgrowingdependency
ondigital resources such as storage and bandwidth. As legacy, cbpped
access networks continue their ineviil@ journey towardsetirement,
organisations large and small are securing tdegital future by investing iribre.

Over the past few years, negeneration access services have continued to be
adopted by more endisers, as service providers of all types continubemgin
their rollouts. Globally FTTétibscribes grew by 29 percentluring 20080 reach
33.6 nillion at yearend, anda further 5.5 million subscribers joined thamthe
first half of 200%lone The growth in subscriber numbesisowslittle 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 streamfom 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 althdhgttoncept is
simple, the detail and execution required can be formidal3&cemany
organisations nowplanning or buildind=TTH networks are not from traditional
telecommunications backgroundey mayface a steep learning curve.

Therefore, theFTTHCouncilEuropedecided 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 investts have already been made with

o | FibretotheHome _
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successand there are many more business opportunities to be developed and
exploitedc 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 FTHdsinesses

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 ofr 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 will be needed
when developing the businessise Regulation is discussed in chapterfhe
business plan itself is the subject ofagiter 7, which looks amethodsof 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 aur case studies
illustrate how positive business cases have been achigheg also highlight the
importance of careful 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 curreantlustrytrends and best practiseWe
would bepleasedo receive anyeadercommentson how we canmprove it.

Albert Grooten, Chair of tHBusiness 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 has clear advantages for the-eisdr becaus it can providehigher
bandwidth,and better reliability tharbroadband servicethat have ADSlor cable
as the underlying technologyboth now and in the foreseeable future

The advantages for the engser translate into 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, central office consolidation, and
future-proof network infrastructure guaranteeing sea of upgrade in the future

FTTHill also be arenabler for considerablsocial environmentaknd economic
benefits¢ and these benefits are already tangible in countries that 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 to capture 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
advantage®f FTTHand a starting point for developing your own arguments
about why fibre is théest foundation for your future business-or lackground
information on the technical aspects of FTTH, we recommend that you read the
FTTH Handbookvhich is availableia 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@Mbps ADSlconnection. Thefollowing table
shows typical download and upload times for image and video traosfer
different types of broadband connection

o | FibretotheHome _
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Time taken for: 1GB 4.7 GB 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, 25GB BluRay single layer capacity
3. FTTH example: 100 Mbps Ethernet point-to-point system

4. CATV example: DOCSIS 2.0 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 -gereratibnprddeittand = | YR LINRPYA &S Ay ONBI &SF
but FTTH demonstrates both lotgrm and shoriterm advantagesAlthough

headline speeds are eyetchingg  imfofdant 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 performangealso 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 actie

equipment is installed al N] SGAy 3 &adzOKNI4aMpdziR G2 vy a o La
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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 wasadvertised.

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

cable T\bperators to deliver headline spels of 100Mbps (or even 200Mgn

trials), achievetheseK A I K SNJ 4 LISSRa& 0 €corabdikg sgvgr&df 02y RA
channds 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. Furthe cable T\&ystems are optimised for downstream usage by

design, and upstream capacity is not only low, but is also extremely contended.
Thesequality issues ardamiliarto 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 chaeg 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 states that a higihd usels connection speed

grows by 50 percemer year and this law has heldue 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 thglrest available to consumers.

Looking forward, a combination of increasing uptake of existing ®and new
services entering the market will continue to push bandwidth requirements
higher. Applications are already envisaged théll consume more than 200Mlsp
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of access capacityA selection oexistingand future services and their bandwidth
requirements are presentedh 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 withiglance
from the telephone exchange, as described in Figure 1.

Two trends are expected to generate higher bandwidth needs for individual users.
The first trend is multitasking: performing multiple, simultaneous activities online.
For example, a user mdg browsing a web page, while listening to the audio

from an online music or video service.

The second trend is passive 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 ramy

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

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

However, there is aoundargument that more bandwidth is neededday. 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 demand'V,

where content isstreamedon request,s also becomingncreasingly comman

Individually, these services can be supported ostexg 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 areibg limited by lack

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

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

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

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

Mmann D. KFENR RNAGS Aa O2yapdadngfshali YI {f o0&
that amount of da& could take over 20Bourswith a highend ADSL conneon.

In Januay 2010 Kype 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 quality low-resolution video conferencing with accurate 4ip
synchis still a challengevermanyresidentialoroadband connections.

Broadband marketing has typically focused on downstream bandwidth, but
upstream bandwidth will become increasingly importantagplications that
require two-way videosharingpecome commonplace, and clotdsed services
proliferate. Not only 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 fibre connection to each home or

building in order to deliver communications services currently provided over

copper cable The Ife-time of thefibre cableis expected to be 30 years or moge

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

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

upgrades only require changéo 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 everGbpsto end-usels, and further
technology generatinsare possible. In contrdsalternativetechnologies like
VDSL and DOCSIS 3.0 are already pushing thedsfdas axoppercabling is
concernedg copper that isjn the majority ofcases, far older thaB0 years

Incumbent operators, while historically committed to their approach, nevertheless
can see the writing on the wall, and many are planning FTTH deployments
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coming yearsBothtraditional telecoms operators and cable TV providsits
eventuallydrive fibre all the way to the home, or go out of busineali:recognise
FAONB I & G KSBmedpérgtdrshaitd a¥feady #moved 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 a limited operating life and hence a challenging payback case. It is
unlikely that operators will be able to 1ievest to upgradever a very short

timeframe, and therefore the emphasis should be to learn the lessons from early
adopters and put in the most fure-proof solution from day one.

Another motivator for service providers is that FTTH networks lsay@ficantly
lower operatonal cost§OPEXthan 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 softwareontrol, so 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 ratesand that customers are more satisfied
with their service because it morestable and suffers from less downtime

Higher customer satisfactiotends to lead tamprovedcustomer reteation and
lower churn which also helps to redu®@PEX A 1 Qa4 OKSIF LISNJ 2 KI y3
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 rcenthigher 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 aheadn a highly competitive environmentTheentertainment services

segment 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 growthate of 28 percents forecast to continue for

at least the next 5 years. Withssociated revenusofl NP dzy R bc o0Aff A2Y
billion), this is an important and growing revenue stream for established and new
entrant service provideralike
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The terrestriabnalogue TV switcbff 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 successfullyésaged by IPTV providers, and will result
in increased subscription 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 percefhouseholds

SAGKSNI R2y Qi KIF @S 2N R2y Qi gl GOK 15 O2yi:
marketopportunity. With 156inch displays already on the market, it is perhaps

only a matter of time before lins are premiered directly to the home on IPTV,

instead of a cinematic 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 kit the stores as soon as mD10. As Hollywood, film
and TV studios gear up for 3D production, broadcasters are ready to join them.
¢KS ../ ONRIROIFIad GKS ¢2NIRQa FANRG fA
satellite TV provider Sky has announced itSigtti A 2y G2 f I dzy OK GKS |
channel on their HD platform this year. Evboughstandards and technology

require further development, it seems likely that 3D will drive consumer

investment and videoserviceproviders hope it will enable them to sere

premium servicdees.

. S@2YR |15 ARAKNIVVWAIBNIIANSI Ré RSY2yaidNl 6§SR
jointly bythe BBAn collaboration with NHK of Japathis is envisaged as a 33

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

This is currently being standardised, and could enter 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.

hyS I NHdzYSyid 2FGSy NIXAaSR o6& 2LISNIG2NB G
0KS&8 aR2y Qi aSS G4KS RSYlIyRéD h¥ O2dz2NESX
demand for services that are not a\able to them. However, the NGA service

portfolio study found that 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 contributdhetimternet,

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 withFTTH can obtain genuine advantages because they will be able
to access a wider range of internet servicExamples 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 for communicatioand
1 reducing traffic congestion and pollution

Quantifying these benefits isolationis challenging A number of studies have
observeda statisticalconnection between higher broadband adoption and an
increase ireconomic prosperityat both 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 due cautdewever, several
reportshave attempted to make sensible predictions on the impact of FTTH
networks on job creation and GDP.

For examplethe Cdumbia Institute for Teldnformation (CITI) made a

guantitative analysis ahe macroeconomic impact of investment in broadband
infrastructurein Germany To meetGerman2 & Yy I U A &fyprovidings® NH S i
percentof households with at least 10@bps andan additional30 percent with

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

job creation triggered by enhanced innovation with new segsigvould create
additional employment amounting anothd27,000 pbs. The imp&t on GDRn
Germanyis estimated tdoe €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 arounda®
inhabitants there wasa clear link between rollout of fibre to the community, and
the ability to attract new businesses to the areBhe study suggesthe impact

will be geatest in rural areas wherere arelimited localresources an@énd-
usersface significant travel requirements
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It has also been calculated thasage of FTTservicessan 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
showed that theenergy and raw material uséd 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.

The studyfound that 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 fiowed environmental pay back in just 12 years

¢ mostly due to the ready availability 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 pastinvolved

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

to smooth the deployment process localgndresult 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 himee 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.

Figure3: Network layers.

This technologial structure has implications for the way that a FTTH network is
2NHIFIYA&ASR YR 2LISNIGSR® [ SGQa 221 4 GKS:

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, ducts and poles on which it is deployfdate enclosures, optical

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

charge of this layer wilormally be responsible for network route planning, right

of-way negotiations, and the civil works to install the fibre. This is the laerev

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

G 0 NBMIE ) dripoink@-point (- f a2 Y26y a GK2YS Nizy£€0 @
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