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1 Executive summary 

This report presents a review of the current market for Gigabit passive optical networks (GPONs). 
The review is the first stage of a project for Ofcom to understand the possibilities for unbundling 
of GPON networks and any associated costs of competition. 

As requested by Ofcom, the review includes a description of the current state of GPON technology 
and possibilities for unbundling, as well as case studies of real GPON deployments from six 
different countries from Europe, North America and Asia. The review is based on a combination 
of desk research and consultation with key industry figures. 

We have provided an overview of the various fibre technologies and infrastructures including the 
main variants of passive optical networking (PON). We have also compared the relative merits of 
GPON vs. point-to-point (PTP) networks, highlighting the relative cost benefits in terms of fibre 
management, civil works, power consumption, and troubleshooting, as well as bandwidth 
scalability, security, service symmetry, reach, and the possibilities for unbundling. We note that 
GPONs are not naturally suited to unbundling due to the shared nature of the network. We have 
also given an overview of future developments in GPON technology, which include extended 
(longer-range) PONs, higher-capacity (10G) PONs and higher-capability (WDM) PONs. 

The country case studies have shown a number of real-world issues from the deployment of 
FTTH.  

• In France, the regulator is currently proposing that multiple fibres be installed between the 
flexibility point and the home. This is in line with an alternative operator’s business model, but 
is in opposition to that of the incumbent.  

• In South Korea, the high proportion of the population living in dense areas and high rise 
accommodation has led to a deployment cost which is a fraction of that seen in other countries.  

• In Slovenia, all FTTH deployments are PTP, and the alternative operator is leading the 
incumbent in the deployment of fibre.  

• In Switzerland, the incumbent Swisscom is partnering with utility companies to deploy a 
multiple-parallel-fibre network, from which it will offer a variety of wholesale access 
methods.  

• In the UK, there are numerous small fibre deployments, but overall coverage is still nascent. 
However, Ofcom has already published a policy position on FTTH, especially relating to new 
build developments.  

• Finally, in the USA there are two main deployments of FTTH with the regulator relying on the 
cable companies to provide infrastructure competition.  
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We have also included a number of other insights into the costs of deploying GPON networks. 
These include cost assumptions from Analysys Mason’s previous experience of modelling the cost 
of fixed networks, and high-level figures from publically available sources. We have also 
summarised qualitative insights from the review which inform how the underlying costs are 
affected by the choice of architecture and the development of technology.  We go on to consider 
the implications for the cost modelling in the remainder of the project. Key next steps will include 
the definition of scenarios informed by the outputs of this review. We have proposed using an 
active access model of competition as a base case by which to measure other scenarios, and will 
consider costs in terms of passive and active equipment deployment, and the ongoing operating 
costs. 

We have indentified seven possible scenarios (or options) for unbundling on GPON networks. The 
first four options involve the deployment of multiple parallel PON infrastructures, with a ‘flexi-
point’ between the feeder and terminating network segments. There are two variables with this set 
of unbundling options. The terminating segment may contain a single fibre per household (which 
must be swapped between operators when a customer churns) or multiple fibres per household 
(one for each operator). The second variable is the location of the flexi-point: either out in the field 
near the end-user or at the exchange.  

We also indentify further options where wavelength division multiplexing (WDM) is used for 
unbundling. The fifth unbundling option uses WDM to separate conventional time division 
multiplexing (TDM) GPON of different each operator within the shared fibre. The sixth and 
seventh options use WDM to separate individual users, either by assigning wavelengths or 
allowing operators to own and install their own transponders. 

We have made an assessment of the feasibility of the different options from an alternative 
operators’ viewpoint. We believe that the unbundling of GPON by using a flexi-point out in the 
field is likely to be feasible, although there is some debate in the industry as to whether the single- 
or multi-point configuration is the best approach. A single-fibre to each home requires less home 
wiring, but will require more space (potentially a separate cabinet to house the ODF) at the flexi-
point.  A multi-fibre connection to each home requires more home wiring, but the lack of ODF at 
the flexi-point may mean that the splitters can be accommodated in a smaller space (perhaps an 
existing manhole or footway box).  We believe that placing the flexi-point in the exchange will be 
less viable, especially if the existing duct network is congested, as it dramatically increases the 
amount of fibre that must be deployed across the access network (with associated increases in 
duct-space requirements and civil works costs) and so negates some of the advantages of 
deploying a PON network. The separation of operators using WDM is not currently supported by 
standards1

                                                      
1 We believe that standardised operator-separated WDM PON will be a useful development for increasing the density of users that can be 
served from a single piece of equipment.  However, this option is likely to require more expensive lasers (which must be cooled at both the 
exchange and in the CPE) and we are not aware of any current standardisation effort in this area. 

, and this is unlikely to be viable due to the need for a proprietary solution.  Both user-
separated options are likely to be viable, although the unbundling of transponders is unlikely to be 
available from vendors for 4-5 years. 
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The proposed competition scenarios are summarised in Figure 1.1. 

Scenario Description Advantages / Disadvantages Feasibility 

Base Active Access to a 
single GPON 

Efficient use of assets / connection 
speed limited by infrastructure provider 

Currently being proposed by 
BT and IFNL 

1 Single terminating 
fibre with flexibility 
point in the field 

Minimal extra fibre required, operators 
control capacity delivered to users / 
cabinet required to house ODF, manual 
re-patch required upon churn 

Likely to be feasible, although 
debate remains over whether 
single or multiple terminating 
fibres is optimal configuration 

2 Multiple terminating 
fibres with flexibility 
point in the field 

No requirement for manual re-patch or 
ODF in the field / large amount of fibre in 
terminating segment and home 

See previous 

3 Single terminating 
fibre with flexibility 
point in the 
exchange 

Manual re-patch and additional space 
requirements centralised at exchange / 
PTP level of fibre plant across access 
network 

Unlikely to be feasible due 
large increase in the required 
amount of fibre 

4 Multiple terminating 
fibres with flexibility 
point in the 
exchange 

No requirement for manual re-patch or 
ODF at the exchange / even higher 
amount of fibre plant than PTP across 
access network 

See previous.  The amount of 
fibre required is equal to that 
required in scenario 3 
multiplied by the number of 
operators 

5 WDM used to 
separate operators 

Same amount of fibre as base case, 
operators can differentiate on 
connection speed / not supported by 
standards 

Unlikely to be feasible due to 
requirement for a proprietary 
solution 

6 WDM used to 
separate end-users 
by assigning 
wavelengths 

Users have dedicated bandwidth / 
operators constrained to connection 
capacity of the infrastructure provider’s 
equipment 

Likely to be viable as this form 
of unbundling is already 
applied in the carrier market 
(i.e. wavelength services) 

7 WDM used to 
separate end-users 
by unbundling 
transponders 

Operators have complete control over 
connection speed of user / standards 
required to avoid wavelength 
interference 

Likely to be viable, although 
unlikely to be available for 4-5 
years 

Figure 1.1: Summary of GPON competition scenarios [Source: Analysys Mason] 
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2 Introduction 

This document presents a review of the market for fibre-to-the-home (FTTH) infrastructure, 
focusing on the deployment of Gigabit passive optical network (GPON) technology. The review 
summarises the findings of the initial phase of a project to understand the cost of competition 
under various options for passive optical network (PON) unbundling.  

In the UK, BT, IFNL and i3 are deploying GPON infrastructure. While delivering significant 
benefits to consumers in terms of speed and capacity when compared with copper-based 
infrastructure, GPON does not naturally support unbundling due to the high number of end-users 
sharing a single fibre coming from the exchange. There are a number of options for unbundling 
GPON infrastructure, including the deployment of parallel networks, use of connection ‘flexi-
points’, and separation of wavelengths. Ofcom is looking to understand the cost of competition for 
each option, to inform its future policy and ensure the UK broadband market remains competitive. 

The review is split into the following main sections: 

• An overview of GPON technology: in which we describe GPON technologies now and in the 
longer term, give an overview of the options for GPON unbundling, and give an assessment of 
the feasibility of each option from an alternative operator’s viewpoint. 

• Country case studies: in which we describe GPON and PTP deployments in six countries 
around the world (France, South Korea, Slovenia, Switzerland, the UK and the USA). We give 
an overview of the market and regulatory environment, a description of the FTTH 
deployments, and any available details on the associated architecture, vendors and costs. 

• Insights into the costs of deployment: in which we outline some example cost assumptions, 
give examples of overall cost estimates from other studies and real world deployments, and list 
a series of qualitative cost drivers. 

• Implications for GPON unbundling: in which we draw out the implications for cost modelling 
scenarios and assumptions to be used later in the project. 
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3 Technology overview 

3.1 Introduction 

In developed countries, a number of factors have led incumbent operators to deploy next-
generation access (NGA) networks based on fibre-to-the-x2

• Fibre to the cabinet (FTTC) – the shortening the copper local loop by connecting all street 
cabinets to the local exchange using fibre. The technology used for FTTC-based access 
networks is VDSL/VDSL2. 

 (FTTx) architecture, namely the 
increasing competition from cable access providers based on the upgrade of DOCSIS to version 
3.0, and the demand for ever-increasing bandwidth. Fibre-based infrastructure also helps fixed 
telecoms operators to differentiate against mobile broadband services.  

NGA is characterised by an attempt to shorten or remove the copper local loop, which represents a 
major technical bottleneck in providing ever-increasing bandwidth.  

In next-generation fibre access, it is important to distinguish between two different architectures 
(or depths of fibre deployment): 

• FTTH – the complete removal of the copper loop and connection the end-user directly to 
fibre. We discuss FTTH in more detail below. 
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Figure 3.1: FTTx architectures [Source: Analysys Mason]  

                                                      
2 ‘x’ in this context denotes the fact that there are several possible configurations for a fibre access network. 
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Infrastructure providers that want to deploy FTTH network have two alternatives: 

• PON 
• Ethernet point-to-point systems (PTP) 

FTTH architecture options 

PON architecture – By definition, a passive optical network (PON) is a point-to-multipoint, 
FTTH based architecture, in which unpowered optical splitters are used to enable a single optical 
fibre to serve a number of subscribers (typically 32 or 64). The other PON components include the 
optical line termination (OLT) at the infrastructure provider's central office and the optical 
network units (ONUs) located with the end-users. This is illustrated in Figure 3.2. 
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Figure 3.2: PON architecture [Source: Analysys Mason] 

As shown on Figure 3.2, in a PON network, the single fibre between the OLT and the splitter is 
shared across all customers connected to the PON, significantly reducing the requirements on the 
fibre plant.   

There are two predominant competing standards (ITU-T and IEEE) for PON network: 

• EPON (Ethernet PON) is an IEEE/EFM standard for using Ethernet for packet data. EPON is 
applicable for data-centric networks, as well as full-service voice, data and video networks. 
EPON is less popular in Europe and the US but is dominant in Japan and South Korea. The 
download speed of EPON is 1.25Gbit/s. 

• GPON (Gigabit PON) is an evolution of the BPON standard and its standardisation is 
supported by the ITU and the FSAN group. Current GPON implementation provides 2.5Gbit/s 
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downstream and 1.25Gbit/s upstream, shared between all subscribers on the same fibre. In the 
rest of this paper, we will concentrate on GPON as it is the dominant PON technology in 
Europe. 

Point-to-point architecture – PTP architecture is based on existing Ethernet technology where a 
dedicated fibre is deployed for each individual user from the local exchange to the user premise, 
with dedicated capacity. This is illustrated in Figure 3.3. 
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Figure 3.3: PTP architecture [Source: Ofcom/Analysys Mason] 

Relative merits of GPON and PTP architectures  

Footprint and fibre management - The fundamental difference between a PON-based 
architecture and a PTP architecture is in the number of fibres to install and manage. The large 
quantity of fibre required to be managed in the central office for PTP architecture means that more 
space (referred to as a larger ‘footprint’) is required than in GPON implementations. It also implies 
that it is more prone to human handling errors as a large number of network failures occur due to 
faulty/incorrect fibre connection. Also, since GPON requires a smaller footprint in the central 
office than PTP, more subscribers could be connected per exchange and therefore fewer exchange 
overall would be needed (exchange consolidation).  

Civil works - Inherently linked to the number of fibre required in a PTP architecture is the 
requirement for available space in the infrastructure network (ducts) to route all these fibres. Lack 
of space in the existing infrastructure network may require extra civil works to upgrade the 
capacity of the infrastructure network, which significantly increases the cost per home 
passed/connected for operators.  

Bandwidth scalability - PTP systems are considered more ‘scalable’ because they provide 
dedicated capacity over dedicated infrastructure. This is in marked contrast with GPON systems 
which provide shared capacity in a shared medium. As a consequence, individual PTP subscribers 



GPON Market Review | 8 

Ref: 15340-512 

can be upgraded independently of each other; a characteristic that a GPON system does not 
support. Furthermore, it should be noted that the optical network unit (ONT) in a GPON must run 
at the aggregate line rate, making the ONT more complex (and therefore expensive) to implement 
than an equivalent PTP ONT. 

Troubleshooting - It is widely acknowledged that GPONs are more difficult to troubleshoot than 
PTP. When a fibre breaks between the splitter and the end-user of a GPON network, it is difficult 
to identify which branch has failed. In PTP networks, if a user loses connection, it is straight-
forward to track down the fault as the user is the only one using that fibre. GPON vendor are 
currently considering a number of options to be integrated in their existing solutions to alleviate 
this problem. 

Service Symmetry - GPON is asymmetrical as it currently offers 2.5Gbit/s on the downlink and 
1.25Gbit/s on the uplink.  In marked contrast, PTP architectures offer a symmetrical service as the 
technology is based on Ethernet (which is not constrained to the asymmetrical data rates of the 
GPON standard).  

Security – In many respects, GPON architectures are prone to denial-of-service (DoS) attacks, 
given the shared nature of the medium. For example, if an ONT continually transmits on the 
upstream, it will prevent any other subscribers on that branch from transmitting data, denying them 
service.  Current GPON operators have implemented a protocol whereby if a standards-compliant 
ONT transmits packets outside of its timeslot, the OLT shuts that ONT down.  However, this 
would not guard against a specific malicious attack, for instance if a non-compliant laser was 
attached to the GPON. This situation could not occur in a PTP network as subscribers are 
physically isolated from one another through a different fibre.  

Reach – Currently, GPON systems have a 20km reach whereas equivalent PTP systems only have 
a 10km reach3

Power consumption – Individual GPON ports consume more power than their PTP counterparts. 
However, in the local exchange, a PTP system needs a port for each subscriber whereas a port in a 
GPON system is capable of supplying 32 or 64 subscribers. The ports of GPON and PTP systems 
are very different: PTP ports operate at 100Mbit/s (or 1Gbit/s

. These ranges exclude any regeneration in the field. 

4

                                                      
3 GPON and PTP ranges are set by standardisation.  The technologies were standardised by FSAN/ITU and IEEE respectively.  We suggest 
that the difference in range could be due to restrictions on the laser power of PTP systems which were imposed to allow the technology to 
compete on price with GPON. 

) and GPON ports run at 2.5Gbit/s 
in the downlink and 1.25Gbit/s in the uplink. The relative power efficiency of GPON and PTP 
systems are dependent on the take-up of services, and in practice, GPON ports are not always 
operated at full capacity. Power savings are gained when several subscribers start sharing the 
power of the 2.5Gbit/s OLT card.  Therefore, for high GPON take up (say >30%), GPON is more 
energy efficient than PTP in the local exchange. However, in the case of very low take-up on a 
given GPON branch (say 2–3 subscribers), the extra power required for the OLT is not spread 
across enough users to be significantly different from the consumption of an equivalent PTP 
system.  

4 For high-end deployment 
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From an environmental perspective, it is also important to consider that GPON ONTs consume 
more power than PTP ONT. Again, this is mainly due to the fact that GPON ONT need to operate 
at the aggregate line rate (2.5Gbit/s in current systems) and PTP ONT are Ethernet-based and 
operate at lower rates (typically 100Mbit/s). Looking at the overall system consumption (OLT and 
ONT), Cisco argues that the breaking point between GPON and PTP is reached when GPON take-
up is 30% (10 subscribers on a branch). However, consumption of the ONT has no direct impact 
on the operator’s opex. The overall power consumption for PTP and GPON systems is illustrated 
in Figure 3.4.  

 

Figure 3.4: Per customer power consumption for a 30% GPON take up rate [Source: Cisco] 

Passive outside plant – GPON and PTP architecture do not require any active equipment in the 
field. In the case of PON, a splitter maybe required in the field but is unlikely to fail due to its 
passive nature. 

Unbundling capability - Of central importance to this report is the unbundling capability of 
FTTH networks. Since PTP architecture offers dedicated access to the end-user, it is relative easy 
for a third-party operator to physically connect to this user in the central office. However, in the 
case of GPON, the infrastructure is shared between all 32 users in a GPON branch and it is 
therefore more challenging (but not impossible as we will show in Section 3.2) to unbundle such 
networks. 

The relative advantages and disadvantages of PTP vs. GPON architecture are summarised in 
Figure 3.5 
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GPON PTP 

Advantages 

 Reduced power and space requirements in 
central office (consolidation) 

 Less space required in the infrastructure network 

 Simplified fibre management 

 Low power consumption with higher take-up rates 

 Passive outside plant 

 Medium reach (20km) 

Advantages 

 Potentially limitless bandwidth per user 

 Unbundling easy to implement 

 Per-customer upgrades possible 

 Symmetrical technology 

 No equipment (passive or active) in the field 

 Low power consumption of CPE 

Disadvantages 

 Shared-medium concerns 

- DoS attacks 

 Per-customer upgrade not possible 

 LLU difficult to implement 

 Asymmetrical technology 

 Medium power consumption of CPE 

Disadvantages 

 Complex fibre management in the local exchange 

 Prone to human error in the local exchange 

 More space required in infrastructure network 

 Higher power consumption 

 Lower reach (10km)3 

Figure 3.5: GPON vs. PTP – Relative advantages and disadvantages [Source: Analysys Mason]  

Operator trends 

The vast majority of NGA deployments in Europe have been based on FTTC architecture. 
However, most operators recognise that copper will need to be removed in the long term as 
(copper-based) VDSL2 downlink speeds are likely to be capped to 50Mbit/s and the architecture 
will continue to provide asymmetrical services. Also, where the sub-loop is too long, a VDSL2-
based solution will not be optimum as it only provides a marked increase in bandwidth over the 
first few hundred meters of copper. 

FTTH architectures will provide a longer-term, ‘future-proof’ architecture, completely removing 
the copper sub-loop bottleneck. It was shown by the Broadband Stakeholder Group (BSG) that the 
average cost per customer connected of deploying FTTH infrastructure is more than triple that of 
FTTC, but there are niche markets where the FTTH business case is more favourable - i.e. in new 
developments. 

In order to understand the practicality of FTTH deployment and operations, a number of European 
operators (including BT) are currently deploying pilot FTTH networks based on GPON 
technology in newly developed areas. For these operators, if the pilot network experiment proves 
successful it is likely that GPON will be the de-facto FTTH standard for deployment in other parts 
of the country. As GPON can be challenging to unbundle, the use of this architecture may 
significantly impact the prospects for infrastructure competition, and the NGA competition 
landscape as a whole. 
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Structure of this the remainder of this section 

In order to fully understand the competition impact of selecting GPON as the de-facto architecture, 
we will provide in Section 3.2 a detailed technical review of current GPON systems as well as an 
insight into their future evolution. In Section 3.3, we will review the possible architectures for 
GPON unbundling and provide comments on their feasibility and operational requirements from 
both an incumbent and alternative operator’s perspective in Section 3.4. 

3.2 GPON technologies now and in the longer term 

3.2.1 Current GPON systems 

Functional description and standards 

Figure 3.6 illustrates the functional mode of operation of a GPON system. On the downlink, the 
OLT unit, located in a local exchange, broadcasts all data to all subscribers. On the subscriber’s 
side, the ONT, operating at the same line rate as the OLT, receives the information and selects data 
that is destined for it.  



GPON Market Review | 12 

Ref: 15340-512 

1 2 3

OLT 2

ONT 1

ONT 2

ONT 3

1 2 3

1 2 3

1

3

2
1 2 31 2 3

DOWNSTREAM OPERATION

Customers 
(ONUs)

Data for 
customers 
1, 2 and 3

1

OLT 2

ONT 1

ONT 2

ONT 3

2

3

1

3

2
1 2 3

Customers 
(ONUs)

Data from 
customer 1

UPSTREAM OPERATION

t1

t2

t3

1 2 31 2 3

OLT 2

ONT 1

ONT 2

ONT 3

1 2 31 2 3

1 2 31 2 3

1

3

2
1 2 31 2 31 2 31 2 3

DOWNSTREAM OPERATION

Customers 
(ONUs)

Data for 
customers 
1, 2 and 3

1

OLT 2

ONT 1

ONT 2

ONT 3

2

3

1

3

2
1 2 31 2 3

Customers 
(ONUs)

Data from 
customer 1

UPSTREAM OPERATION

t1

t2

t3
 

Figure 3.6: Functional diagram of downstream and upstream GPON system [Source: FTTH Council] 

On the uplink, the bandwidth is shared between the users in the time domain and the system 
assigns specific timeslots to each user to allow the upstream bandwidth to be shared between all 
users - i.e. each subscriber can only transmit at a given time.   

The Full Services Access Network (FSAN) group of operators is responsible for the 
standardisation of GPON systems and ITU standards G.984.x provide all characteristics for 
2.5Gbit/s GPON systems.  

The two main considerations for operators/services providers deploying GPON systems are: 

• reach 
• split ratio (number of end users sharing a single fibre from the OLT). 
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The ITU standard defines different classes of optics with different costs and reach. GPON today 
provides a 20km reach with a 28dB optical budget (class B+ optics). Reach can be extended to 
30km by limiting the splitting factor (max 1:16). Class C+ optics are already standardised (32dB 
optical budget) and allow to extend the reach of GPON system by 10km or allow a doubling in the 
split ratio. The ITU standards sets the upper limit on the distance to 60km but it is unlikely that a 
32 splitter-based system will achieve this range, even when using class C+ optics. 

In terms of split ratio, an operator would like as many customers as possible to be connected to a 
single OLT port to be able to distribute the cost of the OLT across all customers it serves. This 
desire drives up the number of splits in the passive splitter. However, increasing the number of 
splits also reduces the distance the signal can travel as it increases the system’s loss parameters. 
Therefore, an increased number of splits results in a reduced link budget (distance) for the system. 
As an illustrative example, doubling the split ration results in an additional 3dB penalty in the link 
budget, which is equivalent to approximately 10km of fibre attenuation. Due to this compromise, 
current deployments typically use 32 or 64 way splitters. In any case, increasing reach and split 
ratio cannot be obtained simultaneously for a given link budget. 

Figure 3.7 summarises the main GPON characteristics: 

Characteristic Value 

Downlink speed 2.5Gbit/s 

Uplink speed 1.25Gbit/s 

Typical split ratio 32 or 64 

Typical range5 20km   

Downlink spectrum 1480–1500nm  

Uplink spectrum  1290–1330nm 

Maximum range 60km 

Figure 3.7: Characteristics of GPON technology [Source: Analysys Mason] 

Network topology and deployment 

Depending, on the density of subscribers, GPON can be deployed using a single splitter or two 
splitters per branch6

                                                      
5  B+ class optics 

6  This argument is currently being debated with the FTTH community and this example is illustrative only and does not intend to 
answer this problem 

. This is illustrated in Figure 3.8. 
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Figure 3.8: Splitter deployment options [Source: FTTH Council]  

Within very dense housing (buildings of more than 24 households), it may be more appropriate to 
adopt a single splitter architecture located as close as possible to the building to minimise the 
amount of fibre to deploy. In marked contrast, in less dense areas, with many single-tenancy 
households, it may be preferable to adopt a two-splitter architecture to better map geographical 
pockets of end-users and optimise the total amount of fibre to deploy.  

Extended GPON 

The reach of current, standard GPON systems is 20km. As discussed in the previous section, an 
increase in the reach of GPON system leads to more households being served by a single local 
exchange which ultimately results in the consolidation of local exchanges used to provide GPON 
services.  

There are two schools of thoughts regarding how the reach could be extended, both involving 
active equipment in the field:  

• The first solution is based around optical amplification where erbium doped fibre amplifiers 
could be installed in the field to re-amplify (1R) the signal in the optical domain.  

• The second approach is based on electrical regeneration, in which the signal would have to 
undergo an optical to electronic to optical conversion to be re-amplified, re-shaped and re-
timed (3R).  
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Both solutions have a negative effect on the operator’s opex and go against the philosophy of 
PONs by including active equipment in the field. The 1R solution has the advantage of amplifying 
all optical signals present in the fibre. The 3R solution is more expensive and will only enable the 
regeneration of individual signals (since it is achieved at the electronic layer), meaning that if more 
wavelengths are added to the system, additional equipment may be required. However, in terms of 
quality, the 3R regeneration provides the better performance. 

3.2.2 10G GPON 

Functional description and standards 

The functional description of 10G GPON is similarly to that of existing GPON systems described 
in Section 3.2.1. In the rest of this document, will refer to GPON and 10G GPON as TDM 
GPONs, since they are all based on the same TDM-based medium-access control in the uplink. 

10G GPON is a natural continuation in the evolution of PON technologies, increasing bandwidth 
four times (from 2.5Gbit/s), reach from 20 to 60km, and split from 64 to 128, knowing that reach 
and split maxima cannot be obtained simultaneously as described in the previous section7. The 
FSAN 10G GPON specification is currently under definition and should be completed by the end 
of 20108

• First step: 10Gbit/s downlink and 2.5Gbit/s uplink  

 and the first standard systems are expected to be commercially available in 2011.  

The standard is likely to specified in two steps:  

• Second step: 10Gbit/s downlink and 10Gbit/s uplink. 
 
The first step will enable the cost of the CPE to be kept down as it will only require a 2.5Gbit/s 
laser transmitter. In the second step the CPE will have to accommodate 10Gbit/s laser transmitter 
technology, which currently does not match the price points for access consumer markets9

                                                      
7 FTTH Handbook 

8 Estimation based on vendor interviews 

9 Both 10G upgrades will require an upgrade to the CPE.  However, it should be noted that symmetrical 10G standard will be mostly used by 
the business market, whose CPE is far more expensive and contains a removable laser component (SFP) that can be upgraded 
independently of the rest of the unit. 

. There 
is also the more fundamental question of whether 10Gbit/s in the uplink is required from a demand 
perspective but this debate is outside the scope of this section. 
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Figure 3.9: Evolution of GPON systems [Source: Alcatel Lucent]  

Upgrade of current systems with 10G GPON  

Since GPON and 10G GPON systems operate in different frequencies (wavelengths) in the fibre, 
the two systems can coexist in the same PON network. This is illustrated in Figure 3.10: 

 

Figure 3.10: Co-existence of GPON and 10G GPON in the same infrastructure [Source: Alcatel Lucent]  
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As illustrated in Figure 3.10, a WDM multiplexer can be inserted at the OLT site to multiplex the 
GPON and the 10G GPON downlink into the same fibre. In a similar way, the GPON and 10G 
GPON uplink co-exist in the fibre and are de-multiplexed in the frequency domain (wavelength) at 
the OLT site. It should be noted that ONTs have a passband filter that will filter out any unwanted 
wavelengths (the wavelength of GPON systems the ONT is not connected to). 

A summary of the characteristics of 10G GPON is provided in Figure 3.11. 

Characteristics Value 

Downlink Speed 10Gbit/s 

Uplink Speed 2.5 → 10Gbit/s  

Typical split ratio 32/64 →128 

Typical range 20km 

Downlink spectrum 1575–1580nm  

Uplink Spectrum  1260–1280nm  

General availability (standard solution) 2011 

Figure 3.11: Characteristics of 10G GPON technology [Source: Alcatel Lucent] 

From Figure 3.11, it can be noted that the spectrum allocated for the uplink (20nm) is significantly 
larger than the spectrum allocated for the downlink (5nm). This is explained by the fact that, in a 
client environment, the temperature of the equipment (ONT) is not usually controlled. Lasers in 
the ONT will have a much larger spectrum (linewidth10) which makes them more tolerant to 
changes in temperature11

3.2.3 Introduction to WDM PON  

.  

WDM PON systems represent a significant advance in PONs as it enables the provision of 
dedicated bandwidth in a shared medium. WDM PON architecture and technology is not expected 
to be standardised by the FSAN before 201312

More generally, WDM systems have been around for more than a decade and one would believe 
that, since each WDM vendor claims to be compliant with the standards (wavelength grid, power 
levels, etc.), different WDM components would easily inter-operate with each other. However, in 
reality, WDM equipment of different vendors do not always interoperate with each other on the 

. 

                                                      
10  The laser linewidth is the amount of spectrum used by the laser. The linewidth is usually measured in nm (unit of wavelength) 

11  In a customer premises environment, ONTs are not usually in air-conditioned environments which means the temperature can 
fluctuate and lasers are quite sensitive to temperature changes. 

12  According to correspondence with FSAN 
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line side. This mainly due the fact that vendors add features to try and differentiate their products, 
which modifies the wavelength content (adding custom management information for example). 

In order to understand WDM PON systems, it is first important to differentiate between two 
different kinds of WDM PON networks: 

• one uses wavelengths to logically separate TDM PON networks (termed ‘Operator-separated 
PONs’ below) 

• one uses wavelengths to logically separate individual users (termed ‘User-separated PONs’ 
below). 

We describe in the next section each type of WDM PON. 

3.2.4 TDM PON separated by WDM 

The simplest form of this kind of WDM PON is through the use of wavelengths to provide two 
different logical PON services, and consists of mapping one GPON to one wavelength and the 
other GPON to another wavelength, logically separating them in the frequency domain. This 
configuration is used to allow the co-existence of GPON and 10G GPON as depicted in Figure 
3.10. 

Separating TDM PON by using different wavelengths could be extended to a multi-operator 
environment, where each operator could operate its own logical GPON over a common GPON 
infrastructure. However, the current and future specifications of spectrum for TDM GPON 
systems does not cater for multi-operator scenarios13
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 as current GPON transmitters implementation 
make use of the entire spectrum allocated in the standard. This is illustrated in Figure 3.12. 

 

Figure 3.12: TDM PON allocated spectrum window vs. laser linewidth [Source: Analysys Mason] 

                                                      
13  except for the combination of a GPON and a 10GPON  
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 Considering the above figure, it is expected that 10G GPON manufacturer will use lasers with a 
20nm linewidth in the ONT on the uplink and lasers with a 5nm linewidth on the downlink. This 
will in effect cover the full band allocated for 10 GPON, leaving no spectrum for additional 
wavelengths in the standardised bands.  

Given that the limitation is due to the standard and is not of a technical nature, it may be possible 
to implement multi-operator TDM GPON systems using proprietary solutions by using non-
standardised wavelengths. Such an option may be expensive due to lack of volumes. 

3.2.5 User-separated WDM PONs 

In this scenario, each user has dedicated capacity through a dedicated wavelength. User-separated 
WDM PONs provide the best of both worlds: dedicated capacity over a shared infrastructure. 
Although a number of vendors offer WDM PON solutions today, WDM PON architecture and 
technology is not expected to be standardised by the FSAN before 201314

Laser wavelength allocation  

. 

Currently, each vendor has its own approach to WDM PON, and these differ significantly in the 
allocation of wavelength in the system and the spectrum band used.  

There are different ways of allocating the wavelength of WDM lasers, which have a significant 
impact on cost, number of spares to hold for the operator and service provisioning time. These are: 

• fixed laser transponder 
• tuneable laser transponder 
• colourless wavelength locking laser transponders.  

Fixed lasers are assigned a pre-determined wavelength that cannot be changed or altered. Fixed 
lasers are the lowest-cost lasers, but the operator is required to hold a different spare laser for 
every single wavelength present in the system. In standard C-band WDM systems, this would 
mean at least 32 different lasers. 

The wavelength of tuneable lasers can be adjusted remotely within a certain wavelength range. 
Theses lasers are more expensive than their fixed counterparts but enjoy a higher degree of 
flexibility as transmitting wavelength can be changed. Laser ‘tunability’ means that only 4 
different lasers are required to covert the full 32 wavelengths, as each tuneable laser can be tuned 
to one of eight different wavelengths. However, the network planner still needs to define in 
advance the wavelength for each new subscriber and need to tune individual lasers to be consistent 
with their wavelength plan. This process can be quite time-consuming. 

                                                      
14  According to correspondence with FSAN 



GPON Market Review | 20 

Ref: 15340-512 

Colourless wavelength locking laser transponders solve the operational issues associated with 
the above laser types by being able to automatically lock to a wavelength sent by the system. This 
significantly reduces the provisioning time of subscribers. Figure 3.13 illustrates the operation of a 
colourless wavelength locking laser. 

 

Figure 3.13: Colourless Wavelength locking laser operation [Source: LG Nortel]  

In a colourless wavelength locking system, a broadband light source, also known as a white laser, 
sends a pilot signal to the WDM demultiplexer (termed wavelength router in the above figure) that 
includes all the colours in the spectrum. Each port of the WDM demultiplexer filters out a different 
spectrum slice of the light. At the receiver, the colourless wavelength locking receiver “sees” that 
slice of light (narrow spectrum) and automatically locks onto it, meaning that no manual 
assignment has to be performed. It should be noted that this operation can be implemented both on 
the upstream link and on the downstream link, making it possible to have colourless wavelength 
locking lasers in both the local exchange and in the ONT, significantly improving the 
commissioning of any new subscribers. 

Description of user separated WDM PON systems  

While it is not in the scope of this paper to provide the full details of each proprietary 
implementation, we will concentrate on the characteristics of transponder-based WDM PON 
systems which offer unbundling capabilities.  
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Figure 3.14 illustrates the main components in a transponder-based system: 

 

Figure 3.14: WDM PON - Transponder based systems [Source: Analysys Mason] 

Central to this architecture is the transponder. A transponder is a four-port device (2 Rx and 2 Tx) 
used to adapt an optical signal of unspecified wavelength to a specific WDM wavelength. 
Transponders have a line side and the client side.  

To illustrate the operation of a transponder, let us consider the first transponder in the OLT site in 
Figure 3.11, whose ports are numbered (1) to (4). On the downlink, a signal is received from the 
switch onto port (1) of the transponder. The signal received is usually at 1310nm (called grey 
optics because it is not a WDM wavelength15

Interconnection with client equipment is performed on the client side of the transponders through 
grey optics (non WDM 1310nm wavelength) which is fully interoperable with other 1310nm 
transponders and does not include any non-standardised feature to allow full inter-operability. The 

). The signal undergoes an optical-to-electronic-to-
optical (O-E-O) conversion and is re-transmitted on wavelength λ2 in port 2 of the transponder on 
the line side. The wavelength is then multiplexed into the WDM system using a WDM 
multiplexer, where the signal will eventual reach is destination CPE. 

On the uplink, the transponder receives wavelength λ1 (from CPE 1) on port (3). The optical 
received signal undergoes an O-E-O conversion and is then transmitted to the switch on port (4) at 
a wavelength of 1310nm (grey optics).  

                                                      
15 In the case of coarse WDM 1310nm could be a wavelength but let us assume it is not the case for this example 
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main advantage of this architecture is that the transponder sends out a clean signal to the client 
interface, having gone through electrical regeneration (O-E-O). The main disadvantage is 
associated with the fact that O-E-O conversions are costly, and the access network would be 
specifically sensitive to cost.  

3.3 Possible forms of GPON unbundling now and in the longer term 

In this section, we will provide an insight into how each of the GPON architectures described in 
the previous section can be unbundled.  

Note: we recognise that the possibilities for GPON unbundling include giving operators access to 
the exchange-side of each splitter.  However, this would require all 32 (or 64) customers attached 
to the splitter to churn at the same time, and therefore we have not considered this possibility in the 
analysis below. 

3.3.1 TDM PON unbundling options  

When we refer to TDM PON unbundling, we do not differentiate between GPON and 10G GPON 
as the unbundling options are the same for each solution. 

When considering unbundling options for TDM GPON networks, it is important to consider two 
factors: 

• Number of fibre deployed to connect each household – operators can either deploy a single 
fibre per every connected household or deploy multiple fibres per household (effectively 
deploying parallel PONs).  

• Location of interconnection between the alternative operator and the fibre operator – 
Interconnection can usually take place either in the central office or at a flexibility point 
located in the field (at the splitter site). 

 
In all of our TDM PON unbundling options, we implicitly assume that the unbundling is 
performed on the terminating segment of the fibre since it is the only section of the fibre network 
that is not “shared”. Before we describe the advantages and disadvantages associated with each 
option, it is important to understand the relative merits of placing the splitter at the local exchange 
or in the field for a GPON network. 
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The main attraction for GPON operators of placing splitters in their local exchanges is that they 
are easily accessible and preclude the need for any equipment to be to deployed in the field. 
However, there are several disadvantages associated with such a solution. By placing the splitter in 
the local exchange, the GPON operator has to deploy an amount of fibre that is very similar to a 
PTP architecture with the following similar drawbacks: 

• complex fibre management in the local exchange 
• prone to human error in the local exchange 
• more space required in infrastructure network (potentially more civil works). 

The attraction of using a GPON solution with a local exchange splitter is associated with the 
number of interfaces present in the local exchange (1 per 32/64 customer passed). It also benefits 
from lower power consumption in the local exchange if the GPON take-up rate exceeds 30% (as 
discussed previously in Section 3.1).  Also, it may be more attractive to deal with fibre 
management, human error and space issues at centralised exchange locations, rather than the 
distributed ‘field’ locations. 

Based on our observations at the start of this section, we will consider four unbundling options: 

• Unbundling Option 1: Single-fibre systems with flexibility point in the field 
• Unbundling Option 2: Multi-fibre systems with flexibility point in the field 
• Unbundling Option 3: Single-fibre systems with splitter in the local exchange 
• Unbundling Option 4: Multi-fibre systems with splitter in the local exchange. 
 
We now discuss each of these options in more detail. 

Unbundling Option 1: Single-fibre systems with flexibility point in the field 

The unbundling architecture for Option 1 consists of connecting each subscriber household with a 
single fibre and allowing different operators to gain access to that fibre through a flexibility point 
(co-located with the splitter in the field). This is illustrated in Figure 3.15. 
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Figure 3.15: TDM PON unbundling: Option 1 [Source: Analysys Mason]  

In this configuration, access to individual subscribers is gained through manual connection to 
optical distribution frame (ODF) in the flexi-point. In this scenario, we anticipate that there will be 
two levels of ODFs: a shared ODF and an operator-owned ODF. The shared ODF will be used 
to interconnect the fibre terminating segment to the customer and these connections would be 
fixed.  The flexible patching would occur between the shared ODF and the operator-owned ODF 
as illustrated in Figure 3.15. Let us take an example to see how this would operate in practice. 

If a customer was with Operator 3 and wants to move to Operator 2, Operator 3 would need to 
remove its patch cord from the shared ODF (represented by a red cross on Figure 3.15) and 
Operator 2 would need to install a new patch cord between its own ODF and the shared ODF 
(represented by a green tick on Figure 3.15).  

One of the advantages of this architecture is that it would support a multi-technology environment 
as different operators could use different technology (WDM PON, GPON or PTP) as illustrated in 
Figure 3.15. 
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► Key issues 

As illustrated in this example, the flexi-point approach is very labour intensive and prone to 
human errors (i.e. the risk of connecting to the wrong port of the ODF). Customer churn will be a 
key input into the frequency of required interventions. In a worst-case scenario, if interconnection 
errors are made, existing customers will become frustrated for degraded or loss of service, and 
churn will increase. This may create a cycle of negative reinforcement, by increasing the 
frequency of interventions and possibly increasing the number of errors in connections. This 
problem would be solved by implementing an automatic optical cross connect in the flexi-point 
that could be remotely controlled from the NOC centre to change the connection setup. However, 
according to our research, such a device is not commercially available today and its 
implementation is likely to be costly. 

In Option 1, a key point still to be resolved by operators/regulators is the area of limit of 
responsibility. If this model is to be successful, it will be important to first define the limit of 
responsibilities between the fibre provider and the alternative operator. For example, it is unclear 
who would be responsible for the patch cord linking the shared ODF and the operator ODF. 

Another area under investigation for this model is the optimum location of the flexipoint. The 
ARCEP consultation suggests that it should be dependent upon the density of population and type 
of accommodation. In large MDU units, the flexi-point should be located in the building while in 
less dense areas, it should be in the field, optimally placed to serve a number of individual 
households16

Unbundling Option 2: Multi-fibre systems with flexibility pointing the field 

. Throughout Europe, there are major differences in the distribution of multi- and 
single-tenancy households which will directly affect the optimal location of the flexi-point. 

Also, the flexi-point will need sufficient space to accommodate all the equipment of all operators, 
including that of new-entrant operators. There are a number of options to retain flexibility points 
including hosting them underground in a manhole or hosting them in a purpose built street cabinet.  
The size (and space requirements) of the flexi-point will be dominated by the need for an ODF, 
and will also dictate the number of flexi-points (and suitable accommodation) that will be needed 
across the whole network.  If the number of flexi-points is much higher or lower than the current 
number of cabinets, it could dramatically change the landscape of the telecoms network in the UK. 

Option 2 architecture consists of connecting each subscriber with a multiple fibre allowing all 
operators to be always “connected” to all users. In this option, a flexibility point would be installed 
in the field at the splitter location.  This is illustrated in Figure 3.16. 

                                                      
16 In France, regulation is being proposed that if an area has a certain population density and an MDU has a certain number of dwellings, 
then the flexi-point (known as Mutualisation Point) must be co-located with the building to maximise the PON-related benefits of having a 
lower numbers of fibres in the feeder segment.  However, the threshold density and number of dwellings are still being decided, and there 
are no regulations for lower density housing. 
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Figure 3.16: TDM PON unbundling: Option 2 [Source: Analysys Mason]  

In Option 2, the key advantage would be that once all operators have installed their splitters and 
have connected to the appropriate fibre, there would not be any requirements for any manual 
intervention17

                                                      
17 except in the case of a fibre break or for general maintenance. 

 at the flexi-point since all operators would be linked to all subscribers served by that 
flexi-point.  Each time a customer signs up to a new service, the operator would have to arrange to 
the appropriate ONT to be connected to the appropriate fibre connection at the home.  It should be 
noted that some operators refer to the flexi-point in this scenario as “a fibre management point”, 
but in the rest of this document we will not distinguish between a flexi-point and a fibre 
management point.  

An inherent attribute of Option 2 significantly alleviates the risk of human errors at the flexi-point. 
It also means that fibre can be spliced (jointed) directly to each splitter of each operator, 
significantly improving the attenuation of the connection when compared to an ODF-based 
approach (described as Option 1). 

Finally, Option 2 does not suffer from the limit of responsibility problem raised for Option 1 as the 
fibre from the splitter maybe owned and managed by the fibre provider, and the alternative 
operator could rent it as any other dark fibre.   
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► Key issues 

The main issue with this solution resides in the amount of fibres to install in the 
buildings/households. In large, multi-dwelling buildings, this number may be very significant and 
may cause a problem in some buildings due to space constraints. However, this problem may be 
alleviated over time by improving cabling technology (more fibre can be fitted into smaller 
cables). 

Despite reducing the risk of human error at the flexi-point, there is still the risk of human error in 
the connections at the home.  For example, each customer may have a box on the wall of their 
home, with n fibre ports, one for each operator.  If a customer (or engineer) mistakenly connects a 
piece of CPE to the wrong port, this then risks incompatible CPE being connected to any of the 
operator’s networks. 

Option 2 implicitly assumes that there would be enough space at the flexi-point to accommodate 
all splitters of all operators as well as all fibres. If there are four operators present in the flexi-
point, the number of fibre to connect will be increase fourfold compared with the number of fibre 
required for option 1. However, despite the additional fibre requirements, the lack of ODF will 
mean the flexi-point for option 2 is likely to be smaller than for option 1. 

A decision will need to be made on the optimum number of fibres per household to install from 
the outset. The number of fibres deployed per household would impose a constraint on how many 
operators can unbundle a particular flexi-point. As an example: if the fibre operator installs three 
fibres per household (one to provide its own services and two to be used by alternative operators), 
then it will implicitly limit the competition in the area served by the flexi-point as it would be 
difficult for a third alternative operator to gain access to subscribers in that area: it is unlikely that 
the owners of multi-dwelling buildings would allow a third operator to install additional fibre in 
the building, having already gone through the process with the initial fibre provider. Even 
assuming access can be granted to multi-dwelling buildings, it would cost the third operator as 
much as the initial fibre operator to deploy fibre, but with the disadvantage that it would be 
unlikely to be able to share the costs with other operators (other operators would already be using 
the infrastructure of the initial fibre provider).  

Another issue is associated with the cost of implementing such a solution. The capex required for 
this architecture is significant, as everything has to be provisioned from the outset to minimise the 
number of interventions and therefore the cost. Some infrastructure providers argue that the 
splicing (jointing) of all these fibre cables is labour intensive and would significantly increase the 
cost of the flexi-point when compared to a mono-fibre solution per household as depicted in 
Option 1.  Inherent to that question is the wider question of who should bear the cost of the 
flexipoints, and more generally, how the extra cost of implementing an unbundling architecture 
incurred by the fibre operator (incumbent operator in many case) would be shared amongst 
alternative operators using the flexi-point. 
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Unbundling Option 3:Single-fibre systems with splitter in the exchange 

Option 3 architecture consists of connecting each subscriber with a single fibre from the local 
exchange and providing access to other operators in the local exchange. As discussed at the start of 
this section, this architecture would be equivalent to a PTP topology, inheriting all drawbacks 
associated with such a topology when compared to a conventional GPON deployment with the 
splitter in the field (i.e. increased fibre count, increased fibre management requirements, greater 
risk of human error, and a larger footprint).  Figure 3.17 illustrates unbundling Option 3. 
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Figure 3.17: TDM PON unbundling: Option 3 [Source: Analysys Mason]  

In Option 3, the splitter, and therefore the flexibility point, would be located in the local exchange. 
The architecture from an ODF and splitter prospective would also be equivalent to Option 1.   

However, while the procedure to give alternative operators access to a given fibre/subscriber 
would be similar to Option 1, there is a difference.  Option 3 would benefit from scale as a large 
number of subscribers, belonging to a range of different OLTs, would be terminating on the shared 
ODF. Consequently, fewer staff per customer would be required to carry out the ODF 
interconnections as these would be concentrated in a single area and not geographically distributed 
in different flexi-points. These economies of scale may make market entry more attractive for 
alternative operators. 
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Placing the splitter in the local exchange also alleviates the issue with space as the fibre operator 
can more easily host equipment of alternative operators (i.e. active equipment, splitters and ODF). 

► Key issues 

The key issues associated with such an option would be linked to the fact the operator must 
effectively deploy a PTP architecture to every subscriber leading to: 

• complex fibre management in the local exchange 
• human error in the local exchange due to the number of fibres  
• potential increase in the cost of the network due to civil works required to upgrade capacity of 

infrastructure network. 

A key issue that was associated with Option 1 remains in Option 3 which is the limitation of 
liability. However, given that interconnection models between incumbent and alternative operators 
are well established in local exchanges, this issue is likely to be resolved.  

Unbundling Option 4:Multi-fibre systems unbundled from the exchange 

The final option for unbundling consists of placing the splitters at the local exchange and 
providing a connecting each subscriber with a multiple fibre allowing all operators to be always 
“connected” to all users. This is illustrated in Figure 3.18: 
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Figure 3.18: TDM PON unbundling: Option 4 [Source: Analysys Mason]  
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The main advantage of such solution is that no manual connection to be carried out. 

► Key issues 

Option 4 is equivalent to deploying n×PTP systems from the local exchange to each subscriber. 
This architecture suffers from the same drawbacks as Option 2 and Option 3 combined: 

• large amounts of fibre to install in the buildings/households 
• difficulty in determining in advance the optimum number of fibres per household 
• high cost of implementing the solution 
• complexity of fibre management in the local exchange (complexity increasing with the number 

of operators) 
• human error in the local exchange due to the large amount of fibre (risk increasing with the 

number of operators) 
• likely to incur additional civil works given the number of fibres to be deployed. 

► Summary 

Figure 3.19 provides a summary of the relative drawbacks of unbundling Options 1 to 4 (TDM 
GPON). 

• Shear # fibres per 
households

• high cost 
• fibre manag. in LE +
• civil works given the 

shear number of fibre 
to deploy.+

• Fibre manag. in LE -
• Prone to human error
• Fibre management in 

theLE
• civil works

• Large # of fibre per 
households

• Optimum # of fibre 
per household?

• High Cost
• Available Space at 

flexipoint

• Labour intensive
• Prone to human error
• Limitation of 

responsibility
• Location of flexi-point
• Available Space at 

flexipoint

Number of fibre per household

Single fibre Multi-fibre

Lo
ca

tio
n 

O
f t

he
 fl

ex
i-p

oi
nt

Lo
ca

l E
xc

ha
ng

e
In

 th
e 

fie
ld

1 2

3 4
• Shear # fibres per 

households
• high cost 
• fibre manag. in LE +
• civil works given the 

shear number of fibre 
to deploy.+

• Fibre manag. in LE -
• Prone to human error
• Fibre management in 

theLE
• civil works

• Large # of fibre per 
households

• Optimum # of fibre 
per household?

• High Cost
• Available Space at 

flexipoint

• Labour intensive
• Prone to human error
• Limitation of 

responsibility
• Location of flexi-point
• Available Space at 

flexipoint

Number of fibre per household

Single fibre Multi-fibre

Lo
ca

tio
n 

O
f t

he
 fl

ex
i-p

oi
nt

Lo
ca

l E
xc

ha
ng

e
In

 th
e 

fie
ld

11 22

33 4

 

Figure 3.19: Relative drawbacks associated with each unbundling options of TDM GPON [Source: 

Analysys Mason] 
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3.3.2 WDM Separated TDM GPON  

As mentioned in Section 3.2.3, this architecture would allow different operators to simultaneously 
and independently operate their own TDM PON networks over a common PON infrastructure. 
There is no choice of unbundling option as such. The only possible network configuration would 
be for alternative operators to be present in the local exchange and interconnect with the 
infrastructure provider’s PON, ensuring that the uplink and downlink wavelengths supporting each 
PON are in different spectrum bands. This is illustrated in Figure 3.20. 
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Figure 3.20: Unbundling TDM PON through WDM (Option 5) [Source: Analysys Mason] 

This option has a number of advantages in terms of competition. First, it allows an operator to 
provide different types of services seamlessly and therefore have a range of services in its product 
portfolio tailored to user requirements. For example a customer can be offered a 50Mbit/s service 
on a 2.5Gbit/s PON wavelength or, if greater capacity is needed, a 250Mbit/s service on a 10Gbit/s 
PON wavelength. It also allows upgrades to be made independently as both systems co-exist on 
the same infrastructure. 

This configuration also allows different operators to provide their services independently of each 
other, without having to share bandwidth. This allows them to tailor their quality of service to their 
own users and use this as a differentiator. Having different PON systems allows operators to have 
dedicated OAM systems, which is an important component of the service level provided to 
customers.  

► Key issues 

However, as mentioned in Section 3.2.3, such a solution would not be supported by current 
standards as the current allocation of spectrum (wavelength) for uplink and downlink does not 
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allow more than one GPON system to be supported on a single infrastructure18

3.3.3 User separated WDM PON  

. This is despite the 
fact that the solution is technically possible using other parts of the fibre spectrum.  We believe 
that standardised operator-separated WDM PON will be a useful development for increasing the 
density of users that can be served from a single piece of equipment.  However, this option is 
likely to require more expensive lasers (which must be cooled at both the exchange and in the 
CPE) and we are not aware of any current standardisation effort in this area. 

In addition to separation of operators’ GPONs, WDM can also be used to assign an individual 
PON to each end-user. However, the prospects for unbundling in this way depend very much on 
the vendor solution, and particularly on whether or not the OLT solution allows alternative 
operator to access individual wavelengths on the OLT card, as described in Section 3.2.3. A 
transponder-based WDM PON allows access to individual wavelength through the client side and 
therefore we will concentrate on this solution to analyse the unbundling scenarios that are possible 
in WDM PON. We consider two options for WDM Unbundling in the following sections:  

• Unbundling Option 6: Connection to a wavelength provider through grey optics 
• Unbundling Option 7: Physical unbundling of the transponder. 

Unbundling Option 6: Connection to a wavelength provider trough grey optics 

This unbundling model consists of the infrastructure provider providing a wavelength to an 
alternative operator. The architecture of such a system is summarised in Figure 3.21. 

                                                      
18  Except if Operator 1 and Operator 2 operate different generations of GPON i.e. one with 10G GPON and the other with 2.5G GPON 
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Figure 3.21: WDM PON Layer 1 access [Source: Analysys Mason]  

In this option, the WDM PON system would be owned, operated and managed by the 
infrastructure provider. An alternative operator willing to gain access to a particular subscriber 
could connect to the client side of the associated transponder (using 1310nm grey optics) through 
an ODF. The limit of responsibility between the infrastructure provider and the alternative 
operator may be at the ODF as illustrated in Figure 3.21.  

This model has proved successful for over a decade as it has been used extensively by operators 
providing wavelength services to other operators for metro or long-haul applications.  One of the 
main advantages of this model is that there are no inter-operability issues on the client side of the 
transponder since the interconnection is realised using standard grey optics (1310nm). 

Another potential advantage of this solution, which is inherent to WDM systems in general, is that 
transponders are bit-rate- and protocol-independent on the client side – i.e. they can accommodate 
a wide range of protocols and bit-rates which allows alternative operators to use the protocol that 
is best suited for providing a high-quality service to their customers. The most obvious protocol 
they could use is Ethernet, but other protocols such as fibre channel or FICON could also be 
supported by the wavelengths, allowing alternative operators to provide innovative services such 
as dedicated disaster-recovery or storage services. However some proprietary implementation of 
WDM PON are based on Ethernet and do not support any other protocols. This will be a key area 
to address for the standardisation of WDM PON. 

Finally, in this unbundling option, it would be feasible for operators to own and manage the ONT 
if the WDM PON system is based on Ethernet. Standardisation of Ethernet OAM (IEEE 802.1ag, 
IEEE 802.3ah and ITU Y.1731) means that in theory, ONT will have a standard management 
interface that will allow any standard management system to monitor its performance from the 
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operator’s network operation centre (NOC). However, this would rely on the WDM PON standard 
to adopt Ethernet as the base technology. 

► Key issues 

A key issue that must be resolved for WDM systems is the allocation of wavelengths to 
individual customers. As described in Section 3.2.3, there are a number of ways to allocate 
wavelength in a system depending on the type of transponder. Each bears different costs and 
provisioning effort. The options are: 

• transponder using a fixed laser  
• transponder using a tuneable laser 
• transponder using a colourless wavelength locking laser. 

The key issues associated with each of these transponders and associated wavelength provisioning 
techniques is not specific to Option 6, but applies to all wavelength unbundling options/scenarios. 
From a functionality perspective, the optimum transponder to use would be the transponder using a 
colourless wavelength locking laser as it fully automates the subscriber provisioning process. 

Unbundling Option 7: Physical unbundling of transponder 

This unbundling model is similar to Option 6. The main difference is that the alternative operator 
owns the equipment on the line side of the WDM system - i.e. the transponders. A possible 
architecture for such a system is summarised in Figure 3.22. 
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Figure 3.22: WDM PON Unbundling – Option 7 [Source: Analysys Mason] 
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This option solves the issue associated with ownership of the ONT, potentially allowing 
alternative operator to innovate on the line side and to be more independent from the infrastructure 
provider. However, there are several restrictions on how such a system could be implemented, 
which are discussed below. 

► Key issues 

The main issue associated with this solution is the possible negative interactions between the 
different wavelengths of the different operators. Since the infrastructure provider would no 
longer have control over the WDM active equipment on the line side, it would be difficult, if not 
impossible to determine what wavelength (and consequently what operator) is responsible for any 
malfunction in the WDM system. Sources of faults may be due to different operators using 
different powers in the lasers from different co-location rooms. This situation would certainly not 
be acceptable, for example, if an incumbent infrastructure provider was operating a number of 
wavelengths to serve its own subscribers, and the associated quality of service was at the risk of 
being degraded by alternative operators. This situation is further exacerbated in LR WDM PON, 
where all input wavelength to an optical amplifier would need to have the same power 
characteristics.  

However, these issues may be addressed by the WDM PON standard when it becomes available, 
by defining characteristics and equipment configurations to allow a multi-operator WDM PON 
environment to exist. 

3.4 The feasibility of GPON unbundling: an alternative operator’s perspective 

In this section, we will explain the feasibility of implementing each of the unbundling options 
defined in Section 3.3, highlighting the relative merits of each proposed solution, from the 
perspective of both the infrastructure provider and the alternative operator.  

3.4.1 TDM GPON Unbundling options 

In this section, we review the possible implications of unbundling Options 1 to 4 for both the 
infrastructure provider and alternative operators. The two key implications are: 

• mono-fibre vs. multi-fibre infrastructure in the terminating segment of the network 
• location of the splitter/interconnection point with alternative providers.  

We explain in detail the potential perspective of both the infrastructure provider and alternative 
operators, based on the answers to the ARCEP consultation on the sharing of FTTH networks, 
released in June 200919. 



GPON Market Review | 36 

Ref: 15340-512 

Single fibre vs. multi-fibre 

In France, there has been intense debate between ARCEP and the FTTH players regarding the 
number of fibres that should be deployed to each household in the terminating segment of the 
network.  

The result of a consultation released by ARCEP in 200919

Distributed flexi-point vs. flexi-point in the local exchange.  

 indicates that the infrastructure 
provider, France Telecom, is in favour of a mono-fibre deployment for each household, arguing 
that multi-fibre deployment would introduce significant complexity in the terminating segment of 
the network. One of the arguments used is that the number of splices required in a multi-fibre 
deployment would lead to a significant increase in the cost of the infrastructure.  It can be argued 
that the deployment of a mono-fibre allows the optimum amount of fibre to be deployed. If 
multiple fibres are deployed in the terminating segment, then the number of operators must be 
estimated in advance. If the number of operators is smaller than expected, this could lead to un-
utilised assets which will drive up the overall cost per subscriber. 

In marked contrast, alternative operators favour the multi-fibre deployment scenario promoted 
by ARCEP in densely populated areas. This approach enables them to be more autonomous in the 
process of client acquisition. There would be no need for manual intervention to connect to the 
terminating part of the fibre – i.e. all operators would have connectivity to all households in a 
“connected” area. This approach would potentially lead to faster service provisioning times for 
alternative operators. One alternative operator in France also believes that the number of fibres 
should be fixed to four (which may not be appropriate for other markets with a different 
demand/number of operators).  

A multi-fibre architecture would also allow more than one operator to offer its services to a 
particular customer at the same time. This could lead to “specialised” operators emerging with new 
services and business models (e.g. home CCTV surveillance). We also believe that, in the case of 
mono-fibre deployment, the amount of labour invested by the infrastructure provider could be 
quite significant, especially if there is a high churn amongst customers of in a given area. This 
could lead to high lead times and deter customers from changing providers.  

► Flexi-point in the field 

In Europe, all GPON deployments have splitters located in the field (i.e. at some point between the 
exchange and the end-user) to minimise the amount of fibre that must be deployed. Bringing the 

                                                      
19  Synthese des contibutions a le consultation publique sur les orientations de l’ARCEP concernant la mutualisation des reseaux en 

fibre optiques, ARCEP, June 2009 
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splitter closer to the end user results in a greater proportion of the feeder part20

► Flexi-point in the exchange 

 of the GPON 
system requiring a single fibre.  

A significant advantage of locating a flexi-point in the field is that it gives greater scope for 
infrastructure providers to cater for changes in the density of accommodation at a specific location. 
As some households will be demolished or newly built, they can disconnect or install new fibre 
from this strategic point in the network, without having to go back all the way to the local 
exchange. 

Locating the flexi-point within the exchange also has a number of advantages for the infrastructure 
provider as it enables them to have central access to the terminating segment of all clients and 
provides significant space in which to host equipment. However, this architecture would have a 
level of fibre plant equivalent to a PTP architecture, with all of the associated fibre management 
issues (field-located flexi-points only require PTP levels of fibre plant between the field locations 
and the home). 

Overall, there are significant advantages to locating the flexibility point in the field for both 
infrastructure providers and alternative operators. 

Feasibility of implementation  

In view of the previous comments, we believe that the only really feasible unbundling options 
for TDM PON are likely to be Option 1 and Option2 as there is a significant number of 
drawbacks in locating the flexi-point in the local exchange. Infrastructure providers are likely to 
favour Option 1 whereas alternative operators are likely to favour Option 2 for the reasons 
explained in this section. However, it should be noted that even if a decision is made over the 
configuration of the flexipoint, there are attendant issues that must be resolved. Boundaries for the 
limits of responsibility in the network must be defined and control of the shared parts of the 
flexipoint must be managed. 

3.4.2 WDM separated TDM GPON unbundling option 

As discussed in Section 3.3.2, unbundling Option 5 would allow alternative operators to deploy 
their GPON independently of each other, using the passive WDM multiplexer/demultiplexer 
provided by the infrastructure provider. The main drawback associated with this unbundling option 
is that in order to be cost effective as an access solution, current standards define only one set of 
frequencies for use in a TDM PON. This does not allow for more than one GPON or 10G GPON 

                                                      
20  Located between the OLT and the splitter. 
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systems to co-exist21

3.4.3 User-separated WDM PON 

 on the same GPON infrastructure. For this reason, we do not believe the 
unbundling Option 5 is likely to be feasible, as a proprietary solution will be required unless new 
standards are developed. 

Unbundling scenarios for user-separated WDM PON covered in this report are Option 6 and 
Option 7 (see Section 3.3.3 for details). We will refer to user-separated WDM PON as WDM 
PON for simplicity in the rest of this section. 

WDM PON offers the perspective for operators to provide dedicated bandwidth through a shared 
infrastructure which allows the unbundling to take place in the local exchange. This is a significant 
advantage for the infrastructure provider as no field operations would be required to commission 
an alternative operator’s subscribers. The barrier in the adoption of WDM PON is standardisation 
which is currently due at the end of 2013 by the FSAN group in the best-case scenario.  

From the alternative operator’s perspective, Option 6 and 7 have different implications.  

In Option 6, the alternative operator would rent a wavelength from the infrastructure provider for 
each of its subscribers. The operator is dependent on the infrastructure provider to assign it a 
wavelength. However, this unbundling model is well proven as it is currently used in the carrier 
market segment. It should be noted that the alternative operator could still monitor the ONU 
through standard Ethernet management capabilities (IEEE 802.1ag, IEEE 802.3ah and ITU 
Y.1731).  

Option 7 gives the alternative operator greater better control to allowing ownership of the 
transponder that forms part of the WDM PON.  This is an important idea from a competition point 
of view as it gives the operator the freedom to upgrade its transponder capabilities in line with its 
own service aspirations and customer needs. However, the key to this option is the standardisation 
of the WDM PON technology, which should dictate how wavelengths bands could be allocated in 
a multi-operator environment. Also, it should put in place protection mechanisms to prevent 
wavelengths of a particular operator affecting others as described in Section 3.3.3.  

So in conclusion, both Option 6 and 7 may be feasible but the content and timing of the 
standardisation will be key to the success of WDM PON unbundling.  

 

 

                                                      
21  Except for the case of two operators using different generations of GPON: if one operator uses a GPON system and another 

operator uses 10G GPON system as the are specified in different frequency bands.  
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4 Country case studies 

4.1 Introduction 

In this section, we present six cases studies of FTTH deployments from around the world. The 
case studies are designed to highlight real-world issues with FTTH deployments, which will 
inform the development of cost modelling scenarios and assumptions later in the project. 

The six countries are listed below, along with a brief description of the reason for including each 
in the review. 

France The French market provides a good example of a Western European country 
that is comparable to the UK, but with a more advanced FTTx market. Both 
FT and Neuf Cegetel (SFR) are rolling out GPON, while an interesting 
contrast is found in Iliad (Free), which favours a PTP architecture. 

South Korea South Korea is a good example of a country with very high take-up of 
broadband, and advanced FTTx market. The earlier launch of fibre services 
means that EPON is more widespread than GPON, but second operator SK 
broadband (previously Hanaro Telecom) is upgrading its VDSL network to 
GPON. 

Slovenia Slovenia provides a useful Eastern European perspective and is especially 
interesting as the alternative operator is leading the way in FTTH 
deployment. 

Switzerland Swisscom is rolling out a multi-fibre network in order to allow 
infrastructure-based competition. Swisscom itself will use one fibre, and the 
others will be available for cooperation partners, such as utility companies, 
which are assisting with the roll-out. 

UK As the target market of the study, it is important to form a clear picture of 
the current state of FTTH deployment in the UK. 

USA Verizon’s FiOS network provides a useful example of a rapidly growing 
GPON network in a westernised country. AT&T is also moving into GPON 
with its U-Verse network (having originally focussed on FTTN). 

Each case study follows a common structure, including an overview of the market and regulatory 
situation, details of relevant fibre deployments, and any available information on architectural 
details, vendors and costs. 
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4.2 France 

Market and regulatory overview 

The French broadband market is dominated by the 
incumbent France Telecom (47% market share), 
and alternative DSL operators Iliad (Free) (24%), 
and SFR (22%), all of which have launched fibre-
based services in the last two years.i 

The regulator, ARCEP, has published a number of 
rulings relating to the FTTx market. It has granted 
alternative operators equal access rights to France 
Telecom’s duct network, and has also “instilled the 
principle of having operators share the last segment 
of the networks” – i.e. it mandated sharing of intra 
building, up to the mutualisation point, of fibre 
networks, to avoid allow a fair infrastructure 
competition between fibre access operators without  
duplication of the in-building/terminating segment. 
The regulations currently under consultation state 
that the shared access point must not be located in 
private property, except where the building is 
connected to a visit-able sewer, or in the case of 
MDUs with 12 or more households.ii
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Figure 4.1:  FTTB subs [Source: Analysys Mason]  

Furthermore, any operator may request that the Building Operator (i.e. the operator appointed by a landlord 
to install fibre) install an additional dedicated fibre to each unit. ARCEP states that the operator which 
request an additional fibre must pay the additional costs, as well as a share of the initial investment. 
However, the cost allocation formulae currently under consultation are note consistent with this principle. 
The French government has stated a target of 4 million homes using FTTH by 2012iii. 

Current and planned FTTx deployments 

France Telecom conducted a successful FTTH pilot which ran from June 2006 to February 2007, using 
GPON. It subsequently progressed to pre-roll out with limited objectives but this has stalled in recent months 
due to uncertainty over its commercial viability in light of ARCEP’s proposal to mandate multiple parallel 
fibres in the terminating segment, before any full scale roll-out. 

Leading alternative operator Iliad (Free) is rolling out FTTH using an Ethernet over a point-to-point fibre 
architecture. It has plans to connect 4 million homes by 2012, and says it will cover 70% of Paris by the 
second half of 2009. 

SFR (formerly Neuf Cegetel) has launched FTTH services using both GPON and PTP architectures: “Rather 
than adopting a blanket approach to fibre, we have chosen to make our deployment decisions on a local, 
case-by-case basis, alternating between GPON and PTP Ethernet.”iv 

Architecture, configuration, equipment and costs 

France Telecom’s 2006–7 trial passed 14 000 homes across six districts of Paris and five provincial cities. It 
acquired 1000 customers, representing a penetration of 7%. Total capex for the pilot was less than 
EUR5 million, an average of EUR360 per home passed, or EUR5000 per customer. Its costs for the pilot 
were divided into five categories – Network and optical infrastructure (60% of total costs), Customer 
connection (10%), CPE (10%), Home installation (5%), and Customer acquisition, relationships with 
“syndics” [collective housing] and service provisioning (15%).v France Telecom currently uses a 1:64 split 
ratio.  

Iliad (Free) plans to spend EUR1 billion by 2012 on its FTTH roll-out, by which time it expects to have 
connected 4 million homes. This is an average of EUR250 per home passed, considerably lower than the 
France Telecom pilot. 
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4.3 South Korea 

Market and regulatory overview 

The South Korean high-speed broadband market is 
one of the most advanced in the world, with FTTx 
services available to over 90% of households. An 
important driver of this high penetration is the fact 
that, in common with many Asian countries, a much 
larger proportion of people live in high-rise blocks, 
compared to Europe and North America. 

Also in contrast to other parts of the world, the 
regulator has not introduced any particular 
obligations or restrictions on the deployment of fibre 
networks, so that operators are not obliged to 
provide access to their competitors. This has helped 
drive the penetration rate, but does not seem to 
have caused prices to remain high, (as might be 
expected) – incumbent KT offers a 10Mbit/s 
symmetric service for USD26 per month.vi
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Figure 4.2:  FTTB subs [Source: Analysys Mason] 

Since 1999, the government has operated a certification scheme for buildings with over 20 households and 
3300sq m, providing potential householders with a clear indication of the standard of the in-building cabling, 
and the likely broadband speeds that it can support. This scheme now covers over 3.2 million households in 
over 5500 buildings. 

Current and planned FTTx deployments 

Incumbent KT has 49% of the super-fast broadband market, and is in the process of updating its FTTB 
EPON network to FTTH (i.e. extending the fibre to individual dwellings within each block). It mainly uses an 
EPON-based architecture, but has also experimented with GPON, as well as being at the forefront of 
developing WDM-PON. It reached its one-millionth FTTH subscriber in July 2008.  

Alternative operator SKT (formerly known as Hanaro Telecom) has opted for a GPON architecture for its 
transition from FTTB to FTTH, having previously used Ethernet LAN and FTTx/VDSL. By the end of 2008, it 
had 2.3 million subscribers for its 100Mbit/s service – almost two thirds of its broadband customer base. 

Architecture, configuration, equipment and costs 

KT’s medium-term objective is to upgrade its entire network to FTTH, and to improve coverage nationwide. 
It is investing USD1.3 billion from 2006–10, and USD540 million in 2008 alone. 90% of South Korean 
households are connected to the broadband network – approximately 16 million – meaning that the average 
spend per home passed is approximately USD80. This is low compared to some other countries, but it is 
important to note that 81% of South Korea’s population lives in urban and suburban areas, reducing roll-out 
costs. KT’s equipment vendors include Dasan Networks, Ubiquoss, Corecess, Dongwon Systems, Comtec 
Systems, Auvitek and Samsung. 

In 2007, SKT spent USD105.3 million upgrading parts of its network, to provide 100Mbit/s availability to a 
further 8.3 million households on top of its existing 4.3 million households passed. This represents an 
investment of just USD13 per household passed. However it should be noted that this was an upgrade of its 
network rather than a new fibre deployment per se, so much of the infrastructure will already have been in 
place. SKT uses Alcatel-Lucent GPON equipment.vii 
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4.4 Slovenia  

Market and regulatory overview 

Slovenia has a broadband penetration rate of 64% 
by household. There are eight major broadband 
providers, led by Telekom Slovenije (TS) (48%), 
then T-2 (19%), Amis (9%), UPC Telemarch (7%), 
Tus Telekom (3%), KRS Rotovz (2%), Ljubljanski 
kabel (2%) and KRS Tabor (1%). In Q1 2009, 65% 
of broadband connections were provided over DSL, 
with 22% delivered via cable, and 12% via FTTHviii

The broadband market got off to a slow start as 
although LLU was introduced by law in 2001, TS did 
not offer fully unbundled services until mid 2005

. 

ix. 
The regulator, APEK, did not initially include FTTH in 
its reviews of Markets 4 and 5, but has subsequently 
indicated that it might be included in Market 5x. 
APEK has also mandated that TS provide access to 
its ducts for alternative operatorsxi
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Figure 4.3: FTTB subs [Source: Analysys Mason] 

In Slovenia, the delivery of VoIP telephony is a licensed service, separate and distinct from the provision of 
Internet accessix 

Current and planned FTTx deployments 

Two operators are deploying FTTH infrastructure: TS and T-2. In contrast to the overall broadband market, 
T-2 is leading the deployment of FTTH with 27,000 installed lines in Q3 2008, compared to 10,000 lines 
from TSxii. 

TS switched on a pilot VDSL network in January 2007, and at the same time began rolling out FTTH. The 
first commercial FTTH connections went live in April 2007. By March 2008 TS had installed 7900 VDSL2 
ports and had 4300 FTTH subscribers. In the medium term, TS hopes to reach 300 000 FTTH subscribers. 

T-2 began its roll-out of FTTH in January 2007. It is investing heavily in a nationwide IP network that 
combines VDSL2 and FTTH. By August 2008, T-2’s FTTH connections were available in seven cities, with 
work ongoing to expand availability in each. 

Architecture, configuration, equipment and costs 

Both TS and T-2 are deploying PTP networks. TS are focusing on scalability, adaptability for new services, 
and quality of servicexi. TS also suggest that PTP is future proof, uses simple end-to-end Ethernet, with 
mass-market CPE. TS suggest that PON limits IPTV possibilities, has reduced interoperability, higher 
software and CPE costs, and little backwards compatibilityxiii. 

TS are deploying two fibre cables to each customer premises. One cable is for IP connectivity (broadband, 
VOIP, IPTV) and feeds into the FTTH modem at the customer premises. The other cable is used to 
transport the Cable TV signal, which is converted to an analogue signal at the customer premises before 
being carried over a coaxial cable to the TV. This is driven by customer preference for ‘classical’ TVxiii. 

TS has quoted several costs per household of FTTH deployment: EUR970 (without civil works, 2007), 
EUR1310 (Urban, including some civil works, 2008), EUR1860 (rural, including some civil works, 2008). TS 
has also broken down the cost per FTTH subscriber in 2007: Optical Port EUR140, CATV Port EUR127, 
ODF EUR60, End-to-end optical connection (sewage, pipes, cables, joins, works) EUR330, Installation in 
Building EUR100, Installation in Department EUR50, CPE EUR163. 

TS has chosen Iskratel to supply equipment for the FTTH roll-outxiv

T-2 is also focusing on scalability and quality of service, and the benefit of guaranteed bandwidth levels. T-2 
claim to have a reputation for delivering the best TV image quality in Slovenia

. T-2 has chosen Extreme Networks to 
provide core and edge switching for the PTP networkxv.  

xv. 

T-2 is aiming to support both residential triple-play services and business services on a common platform.  
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4.5 Switzerland  

Market and regulatory overview 

The Swiss broadband market is dominated by 
the incumbent, Swisscom (53% market share) 
and cable operator Cablecom (19%). The only 
other operator of note is Sunrise (formerly 
TDC), with a 9% market share. Sunrise is also 
the country’s second-largest mobile operator. 

In addition to the above, there are numerous 
smaller operators, which together account for 
18% of the market. The largest is Orange, with 
a 0.6% market share.  

There has been a protracted debate in the 
country about wholesale access to Swisscom’s 
fibre network. Eventually the regulator, the 
Federal Communications Commission 
(ComCom) ruled in favour of Sunrise, and 
mandated that Swisscom provide wholesale 
bit-stream access at cost price.xvi 

 

Figure 4.4: Swisscom FTTN coverage [Source: Swisscom] 

Current and planned FTTx deployments 

Incumbent Swisscom has an overall broadband coverage rate of 90%, at a typical speed of 5Mbit/s, using 
DSL. It also has 75% VDSL coverage.xvii

1. Each partner would deploy a multi-fibre network in a different region, and then each would have 
access to one fibre on the other partners’ region 

 Its ‘Fibre Suisse’ plan, which it launched in mid 2008, will lay 
multiple fibres – usually around four – to every home. It is partnering with infrastructure owners, such as 
utility companies and cable operators, to reduce its costs and offer four wholesale models: 

2. Other parties without any duct infrastructure pay Swisscom to build the network in return for 
exclusive access to one of the available fibres.  

3. Other parties can rent dark fibre from Swisscom 

4. Other parties can purchase bitstream access. 

Swisscom is targeting connection of 100 000 homes by the end of 2009, and 1 million by the end of 2015. 
Although it is not itself using GPON for its FTTH customers, the multi-fibre architecture that it is deploying 
will enable alternative operators to do so. 

Alternative operator Sunrise has partnered with the Zurich-based electricity supplier Ewz to offer FTTH 
services in the city, over the Ewz’s fibre network. 

A consortium of seven other local electricity networks also plans to roll out an FTTH network in Switzerland, 
but it is advocating a single-fibre architecture rather than Swisscom’s multi-fibre model. 

Architecture, configuration, equipment and costs 

Swisscom is using a fully PTP architecture for its FTTH customers, but the nature of its multi-fibre 
architecture means that other operators using it will be able to deploy a wide variety of FTTH architectures. 
It is offering handover through co-location in its central offices, as well as in distribution points (manholes). 
This means that it is feasible for alternative operators to use a PTP architecture the same as Swisscom’s; or 
a PON architecture with splitters installed at distribution points; or any other type of structure. 

Swisscom is planning on spending CHF2.8 billion (GBP1.6 billion) on its deployment, which equates to 
GBP1600 per household connected.  
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4.6 UK 

Market and regulatory overview 

The UK has a highly developed and competitive 
broadband market, with broadband take-up at 59% 
in rural areas and 57% in urban areasxviii. There are 
fivexix significant broadband operators and several 
smaller players. 

Ofcom’s current NGA policy strikes a balance 
between promoting competition and securing 
investment in new infrastructure. Standardised 
active products are recognised as an important 
component of NGA, as they can deliver services 
over any infrastructure (including FTTH). Ofcom is 
keen to keep options for passive access open for 
the future, although demand for this type of access 
is currently low. Ofcom’s duct access survey 
showed that duct access may be a possibility, but 
does not offer an immediate solution to competition 
issuesxx. 

 

Figure 4.5: Ebbsfleet Valley [Source: Dartford Council] 

Ofcom has set out specific expectations for new build developers (who are most likely to deploy FTTH) 
which encourage: offering open access where there is only one network, making use of open standards, 
installing spare duct capacity, and offering ALA-type wholesale bitstream productsxxi. 

Current and planned FTTx deployments 

FTTH deployments in the UK are nascent. BT is operating a GPON FTTH pilot at Ebbsfleet, with plans to 
connect a total of 10 000 homes

xxiii. BT is also undertaking trials of FTTC and plans to have 500k premises 
passed by Jan 2010, with 10 million homes passed in 2012

xxii, and is considering ‘brownfield’ deployment of GPON FTTH for 
exchange-only and long lines

xxiv. BT is currently consulting on a proposal for a 
VoNGA product.  

Virgin Media is deploying DOCSIS 3.0 cable to pass over 12 million homesxxv

Other planned FTTx deployments include: Thales (FTTC, 586 000 premises passed (Digital Region)), IFNL 
(GPON, 6000 homes (Corby)), i3 group (formerly H2O, GPON, 158 000 premises (Bournemouth and 
Dundee)), Geo (Dark Fibre and GigE to businesses within M25), Redstone (PTP Active Ethernet

xxvii xxviii

.  

xxvi, 5000 
homes (Belfast)), and Velocity1 (PTP Active Ethernet, 4200 homes (Wembley) )  xxx. 

There are a number of smaller community deployments of FTTH networks either being planned or deployed 
in the UK (see figure). 

Architecture, configuration, equipment and costs 

BT is aiming for commonality across FTTC and FTTH by offering its GEA wholesale product on both 
architectures (but with different data capacities). For FTTH, BT is using GPON with a 32-way split. CPs 
interface via a 1Gbit/s Ethernet optical interface at a flexibility point at the ‘handover node’ (local 
exchange)xxix

BT is using Huawei as technology vendor for both its FTTC plans

xxxii

xxxiii

. 
xxx and the FTTH deployment at 

Ebbsfleetxxxi. 

IFNL is using GPON with a 64-way split at Corbyxxxiv, but has adopted an agnostic approach to technology, 
choosing PTP or GPON depending on the scale of the deployment, and the available space at the ODF . 
It will be offering access to the infrastructure via an ALA-type active interconnect interface .

IFNL is using Alcatel Lucent to supply GPON equipment. IFNL is looking to move to a 128 way split, but 
Alcatel Lucent does not offer this yet (it is on its roadmap). IFNL notes that increasing the split requires 
increased laser power and therefore costxxxiv

 

. 

i3 says that it will cost GBP30 million to provide PTP (with 2 fibres) for 70 000 homes in Dundee (GBP430 
per household). 
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4.7 USA 

Market and regulatory overview 

The US regulator, the FCC, has chosen to allow 
infrastructure-based competition in the high-speed 
broadband market, rather than the service-based 
model seen in France (for example). The incumbent 
operators (Verizon, AT&T and Qwest) effectively did 
not start to install fibre until they were exempted 
from having to provide wholesale access. So the 
FCC’s policy is to rely on competition with cable 
operators, which have historically led the telecoms 
operators in broadband provision, and are capable 
of providing high-speed services using DOCSIS 3.0. 

As a result, a customer in any given area usually 
has at most two options for high-speed broadband: 
the incumbent operator, and the cable operator with 
the franchise for the area. 

Only two of the three incumbents offer widespread 
FTTx services; the third (Qwest) has only installed it 
in a small number of greenfield sites. 
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Figure 4.6: FTTB subs [Source: Analysys Mason] 

Verizon and AT&T have adopted different strategies for FTTx. AT&T has elected to use FTTN in most 
areas, only using FTTH for greenfield deployments. Verizon, on the other hand, has made a policy of rolling 
out FTTH to existing customers. 

Current and planned FTTx deployments 

The country’s leading Telco, AT&T, which is the incumbent in 22 US states, offers FTTx services under its 
U-verse brand. The brand was originally launched in 2004, and covers a whole portfolio of IP-based 
products, including IPTV and VoIP, as well as high-speed internet. Primarily using FTTN/VDSL, some 
greenfield deployments have used FTTH/GPON. This includes not only wholly new developments, but one-
off new lines within existing coverage areas. By the end of 2008 AT&T had reached its initial target of 
1 million FTTx subscribers, mostly using FTTN, and it is expecting to have passed 30 million households by 
the end of 2010.

xxxvi

xxxvii

xxxv 

The other major FTTx deployment in the USA is Verizon’s FiOS service. Verizon is the incumbent in 12 
states (plus the District of Columbia), and first launched FiOS in 2004 – the first such deployment in the 
country. Originally using a BPON architecture, it started a comprehensive upgrade to GPON in early 2008, 
after successful trials in 2007.  As with U-verse, the FiOS brand also includes a TV service, although this 
is not available in all areas. As of March 2009, Verizon had 2.8 million FiOS Internet subscribers, and it 
forecasts 7 million Internet and 4 million TV subscribers by the end of 2010, out of 18 million homes 
passed.  

Architecture, configuration, equipment and costs 

Verizon reported its cost per home passed falling from USD1220 in January 2006 to USD880 in December 
2006. It forecasts that this will fall further to USD700 by 2010, citing simplified in-home wiring, a simplified 
installation process and a move towards remote service activation and maintenance as factors in the 
decline. It also says that energy consumption and costs will fall from 32 kWh/line/year for a DSL connection 
to 12kWh/line/year for FiOS. It also anticipates reduced costs due to having 91% fewer problems in the 
feeder network. 
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5 Insights into cost of deployment 

5.1 Introduction 

The component costs of deploying fibre network equipment are considered to be commercially 
sensitive by both operators and vendors, and so finding details on these costs is difficult. However, 
the review has revealed a number of insights into the deployment of fibre networks which will 
usefully inform the cost modelling later in the study. These insights will be used to inform and 
validate the cost assumptions made in the modelling. In this section we present some examples of 
the cost assumptions we will be making in the model, along with any qualitative and quantitative 
insights produced by the market review. 

5.2 Individual cost items 

Figure 5.1 gives some examples of unit cost assumptions for components in a GPON network. 
These assumptions are derived from Analysys Mason’s previous experience of cost modelling of 
fixed networks. 

Item Estimated cost (GBP)  Figure 5.1: Cost Item 

Estimates [Source: 

Analysys Mason] 

Ethernet switch (480 ports) 40 000  

Optical line termination (10 ports, 64 users/port)22 25 000   

Optical distribution frame (passive, 1440 fibres) 5500  

Splitter (flexi-point or cabinet, 1:8 ratio) 70   

Cable (144 fibres, without subduct, per metre) 5   

Cable (144 fibres, with subduct, per metre) 11   

Flexi-point (fixed costs, 20 lines) 2500   

Flexi-point (connection per operator) 250   

Flexi-point (connection per user) 12   

 

As WDM PON is a relatively new technology, it is difficult to estimate the individual costs of 
components. However, by understanding the drivers behind the cost of FTTH equipment, we will 
be able to make an informed assumption. The major drivers in the cost of an FTTH system are as 
follows: 

• the number of lasers needed 
• the linewidth of each laser  
• the driving rate of each laser. 

                                                      
22 It will be important to confirm that this configuration is the one currently offered by Vendors 
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In GPON, lasers require higher speeds but are broader (i.e. use more spectrum); a laser is required 
for each line with one additional laser at the local exchange. In WDM PON, lasers need less speed, 
have a narrower linewidth; two lasers are required for each line. Based on these drivers, we will be 
able to make an assessment of how WDM PON equipment compares to GPON, which will also be 
informed by the information from key industry players.  From our interviews, it is currently 
suggested that WDM PON is currently between 50%-300% more expensive per line for active 
equipment than PTP for current small scale deployments.  We will also need to make an 
assumption of how this cost varies over time as technologies mature. 

Additional assumptions will need to be defined for certain opex costs, potentially including duct 
rental, equipment installation and maintenance, and exchange power and space. While it will be 
important to ensure that the absolute costs are accurate, the focus of the study is to understand the 
cost of competition. Therefore it will be the differences in the cost of the unbundling options that 
will be provide the relevant insight for creating policy. 

5.3 Overall cost of deployment by household 

There are various data available on the overall cost per household of deploying FTTH 
infrastructure. While usually given at a high level, these data will provide a useful comparison for 
a ‘base case’ of deploying a simple ‘non-unbundled’ GPON infrastructure. 

The BSG report on “The costs of deploying fibre-based next-generation broadband 
infrastructure”23

                                                      
23  http://www.broadbanduk.org/component/option,com_docman/task,doc_details/gid,1036/  

 calculated the cost of deploying both GPON and PTP infrastructure in various 
geotypes. The cost per premises connected for urban areas (covering 44% of the population) is 
given in Figure 5.2. 
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Figure 5.2: Cost per premises connected in urban areas (44% pop) [Source: Analysys Mason for 

BSG] 

It can be seen that the cost of civil works dominates the cost per premises connected. The cost of 
competition for GPON unbundling will be sensitive to the amount of duct available for use. 

The case study reviews of FTTH deployments around the world have revealed a number of 
estimates of the cost of deployment. These are given in Figure 5.3: 

Country Network type Cost per home Year Operator (deployment) 

France GPON GBP245 (passed) 2007 FT (trial) 

France PTP GBP215 (passed) 2009 Free (deployment forecast) 

South Korea EPON GBP40 (passed) 2008 KT (total deployment) 

Slovenia PTP GBP660 (connected) 2007 TS (without civil works) 

Slovenia PTP GBP1050 (connected) 2008 TS (urban with some civil works) 

Slovenia PTP GBP1480 (connected) 2008 TS (rural with some civil works) 

Switzerland PTP GBP1600 (connected) 2009 Swisscom (deployment forecast) 

UK GPON GBP430 (passed) 2009 I3 (Dundee sewer deployment) 

USA BPON GBP480 (passed) 2006 Verizon (deployment at Dec 2006) 

USA GPON GBP350 (passed) 2010 Verizon (deployment forecast) 

Figure 5.3: Deployment cost per household [Source: Analysys Mason] 

The data shows a wide range of deployment costs, and some interesting comparisons can be 
drawn. Deployments in France have much lower costs that in the UK or USA. The French 
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deployments are in relatively dense areas and are likely to make extensive use of existing ducts 
and sewers. US deployment costs are slightly higher due to long loop lengths, and the deployment 
in the UK refers to just 70 000 homes in Dundee, so limited economies of scale will be realised. In 
Slovenia deployment without civil works represents around a 40% saving on the cost of 
connecting a home, compared to an urban deployment with civil works.  Finally, South Korea has 
very small deployment costs, probably due to large proportions of the population living in dense 
urban and suburban areas.  It will be an important aspect of the modelling to understand whether 
this difference is simply due to population density and dwelling type, or more fundamental 
differences between countries. 

5.4 Qualitative cost drivers 

The review has also revealed a number of qualitative insights into the drivers of cost for FTTH 
deployments. These are listed below. 

In-building re-
cabling 

In building re-cabling represents a significant cost driver. Existing cable 
networks have an advantage over FTTH in this sense. 

Flexi-point 
configuration 

The two options for the flexi-point represent a trade-off. A single fibre to 
each household is straightforward (and low-cost) to install, but incurs opex 
to manually re-patch the connection each time a customer churns. Using 
multiple fibres in the terminating segment avoids the ongoing re-patch cost, 
but requires a higher upfront investment. The cost of the flexi-point is 
driven by the number of connecting lines, and can require a cabinet to house 
the ODF (the ODF could be installed in a manhole). 

Gradual investment GPON allows the possibility of a gradual deployment investment. New 
subscribers can be added to the splitter as demand grows. 

Long range The development of long-range GPON will allow the consolidation of 
existing exchanges. This benefit is more relevant to less dense areas, and 
may be beyond the scope of this project which is likely to be focused on 
urban areas. The range of the PON is constrained by the split ratio, and long 
ranges may involve additional active equipment in the field.  

Splitter 
optimisation 

A key factor in optimising the cost of deploying a GPON network is 
optimising the split ratio to balance available duct space, demand and 
population density. A PTP network can be thought of as a GPON network 
with a 1:1 split ratio. 

Roll-out 
improvements 

A number of improvements in infrastructure roll-out are expected in the 
future. These include: economies of scale on cable purchase and the 
development of smaller cable and innovative ducting techniques. 
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Trouble shooting Trouble shooting on a GPON network can be difficult as it is difficult to 
locate any cable break between the splitter an the end-user. This could lead 
to an increase in maintenance costs over conventional PTP network 
configurations.  

Standards and 
Technology 
maturity 

Different PON standards have been ratified for different amounts of time, 
and as such standards compliant equipment will have reached different 
levels of maturity. Therefore the costs associated with GPON equipment 
will be much lower than the costs associated with WDM PON equipment 
(especially if a proprietary solution is required for user separation). We will 
consider the initial (and ongoing) costs of equipment according to the 
maturity of the technology. 

Exchange 
Requirements 

Different FTTH technologies require different levels of power and space in 
the exchange, which will affect opex requirements. Also, locating the flexi-
point in the exchange will also increase space requirements. 

Civil works 
requirements 

The requirements for civil works are driven by the amount of fibre required 
and the duct space available. However, the fibre required is driven by the 
number and configuration of splitters (e.g. single vs. tiered). Also the 
amount of available duct varies in different parts of the network. We will 
consider the effect of both duct availability and splitter configuration. 

Power consumption Power requirements per user are heavily affected by take-up as the OLT 
power can be shared by up to 64 users. Also the utilisation of an OLT will 
be affected by the number of parallel networks. We will consider the effect 
of take-up and multiple parallel networks on power consumption. 

Laser technology There are a number of technology choices that affect the cost of the laser in 
the OLT: 

• Type of Laser: Fabry parrot vs. DFB 
• Speed of interface (driving the cost of the driver circuitry) 
• Spectrum (linewidth) of laser: narrower lasers are more expensive but 

more of them can be accommodated in the same spectrum (DWM) 
• Number of lasers required in the system (n+1 in GPON and 2×n in 

WDM PON) 
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6 Implications for GPON unbundling 

6.1 Introduction 

By reviewing the technical aspects of GPON technology and real deployments from around the 
world, we have identified a number of areas that must be considered in the cost modelling of 
GPON competition. These areas of consideration are summarised below, and include scenarios for 
different architectures and factors affecting the cost assumptions. 

6.2 Scenarios for different architectures 

The review has highlighted seven options for GPON unbundling. We will also need to consider an 
eighth ‘base’ scenario with which to compare the cost of the unbundled options.  

The ‘base’ scenario is likely to be single, simple TDM PON network connecting each home, with 
the splitter out in the field. Operators will interconnect to the network via an active interface (e.g. 
an active-line-access product). The costs in this scenario will include the capex of deploying the 
passive and active network equipment, and the ongoing operating costs. 

There are four scenarios associated with unbundling of TDM PON networks, as there are two main 
variables, each with two options. All of the options will include a flexi-point of some kind, and 
this will add to the cost of the base scenario. The first variable is the number of fibres running to 
each home, which can be either multiple or single, and the second variable is the location of the 
splitter, which can be either in the field or at the exchange. 

The are three scenarios associated with WDM PON networks. The first scenario is using the 
WDM to separate different TDM PON networks of different operators, and the second and third 
scenarios use WDM to separate users using standardised grey optics and unbundled transponders 
respectively. In all WDM scenarios, passive equipment costs will be similar to the base case; 
whereas active equipment will represent an increased cost due to the increased functionality. 

6.3 Factors affecting cost assumptions 

The assumptions for understanding the cost of GPON unbundling will be grouped into three main 
areas: passive equipment deployment, active equipment deployment, and ongoing operating costs.  
All of these areas will be affected by the assumptions for population density and service take-up in 
the areas being modelled. 
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6.3.1 Deployment of the passive infrastructure 

The major passive deployment costs are the deployment of fibre and any civil works required to 
install additional duct capacity. Under the base case and WDM scenarios, these passive 
deployment costs include the cost of fibre for a single PON network, and some amount of civil 
works where there is insufficient space in existing ducts. Another significant passive cost will be 
internal wiring (or ‘fibring’)24

                                                      
24 The modelling outputs will separate out cost per home passed and cost per home connected.  This will therefore require that internal 
wiring costs be modelled separately from other passive network costs. 

. Under the base case, each household will require a single fibre to 
be installed, linking their consumer premises equipment to the network. 

Under the TDM PON scenarios, the use of flexi-points will increase the passive deployment costs. 
The deployment of flexi-points themselves will incur a cost and this will be driven by the location 
(there are more ‘in the field’ locations than exchanges) and size (which will depend on the number 
of users connecting to the flexi-point). There will be some trade-off between these drivers, e.g. 
there will be fewer exchange-based flexi-points but they will each be larger than ‘in the field’ 
equivalents. The location and configuration of the flexi-points will have a significant effect on the 
other passive infrastructure costs. 

Fibre and civil works requirements will increase over the base case if the flexi-point is installed in 
the exchange. Under the single-fibre configuration, each home will require a fibre (compared with 
one fibre for 32 or 64 homes in the base case). This will require more fibre (and duct space) 
between the exchange and the home. Under the multi-fibre configuration, each home will require 
multiple fibres. This will require even more fibres (and duct space) between the exchange and the 
home (equivalent to a PTP network). If the flexi-point is installed ‘in the field’, the effects of flexi-
point configuration will be limited to the fibre between the flexi-point and the home. 

Internal wiring costs will be affected by the flexi-point configuration, regardless of its location. In 
the single-fibre configuration, the costs will be similar to the base case. However, in the multiple-
fibre configuration, several fibres will have to be installed at the home and costs will be 
significantly higher. The cost of adding fibres to the multi-fibre configuration at a later date may 
also need to be considered. It should be noted that a single-fibre flexi-point will have a higher cost 
than a multi-fibre flexi-point as it requires an ODF to allow manual repatching. 

There are several other factors that will affect passive infrastructure costs, including: economies of 
scale on fibre purchase, the introduction of smaller cable and innovative ducting techniques, 
improvements in deployment and installation processes, the need for upfront vs. graduated 
investment. 
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6.3.2 Deployment of the active infrastructure 

Active infrastructure in the base case will include an OLT and Ethernet switch in the exchange, 
and an ONT in the customer premises25

6.3.3 Ongoing operating costs 

. 

In the TDM scenarios, individual component costs will be similar to the base case, but there will 
be some degree of duplication of active assets. For example, each operator will require separate 
OLTs, which are each likely to be less utilised (for a given take up rate) than the OLT in the base 
case. 

In the WDM scenarios, component costs are likely to be more expensive than in the base case, due 
to the higher levels of functionality required, and less mature standards/equipment. 

Other factors that will affect the cost of active infrastructure include: equipment economies of 
scale, the standardised or proprietary nature of the equipment (and how this changes over time), 
and the split ratio of the PON (a higher split ratio requires a more powerful laser).  

Ongoing operating costs in the base case will include maintenance and servicing, power, exchange 
space, duct rental, and non-network overheads. 

Maintenance/servicing costs will be heavily affected by the choice of network configuration. For 
example, the single-fibre flexi-point will require manual re-patching each time a customer churns. 
This cost will be exacerbated if the flexi-points are distributed in the field rather than at the 
exchange. Troubleshooting can be difficult on a TDM PON network, which will add further cost.  
However, experience from operators and vendors suggest that the reliability of optical networks is 
very high. 

Power requirements will increase with duplication of active equipment in the exchange. The 
choice of technology at the exchange (e.g. GPON vs. WDM PON) may also affect power 
requirements. Long-range PONs will require more power, due to the requirement for more 
powerful lasers and/or active repeaters (the inclusion of active repeated will also add significant 
equipment deployment costs). 

Exchange space costs will be dependent on the network configuration. For example, if the flexi-
point is located in the exchange, an operator will require significantly more space there than if the 
flexi-point is out ‘in the field’. Also the density of line cards will affect the space requirements in 
the exchange. For example, WDM line cards currently have a similar density to PTP, but this is 
expected to increase to GPON levels over the next four or five years. The development of long-
range PONs may lead to the closure/consolidation of exchanges, which may reduce this charge. 

                                                      
25 The modelling outputs will separate out cost per home passed and cost per home connected.  This will therefore require that ONT costs 
be modelled separately from other active network costs. 
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Duct rental will be required to different degrees in different scenarios, assuming there is capacity 
available. 

It is likely that non-network overheads can be assumed to remain largely constant across the 
scenarios, and so do not need to be modelled for the cost of competition. 
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