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1 Executive Summary1
This project has looked at the feasibility of achieving true open access, combined with WDMPONs. True open access as defined by FMN as the ability to select a service from a service
provider at the „click of a mouse‟ and, moreover, to select the desired service provider
appropriate for the usage. For instance a user looking to transfer large amounts of data (e.g.
music) might choose a service provider which offers lower tariffs and better performance
than others. The BBC has identified that service providers vary tremendously in respect of
their throughput capability as measured by minimum bandwidth over time. This „click of a
mouse‟ concept is analogous to selecting a tv channel on a tv set. Figure 1.1 below
illustrates the concept.

λ1
Content and Service Providers

λ1……λn
Fibre “Neutral
Access Network”
(NAN)

Core
switched λ
network

λ2

λn

Figure 1.1 - Lightpaths on Demand
FMN has investigated the ways in which this open access capability might be achieved. In
fact there are a number of options depending on the amount of data transfer required. For
most residential users with up to 100 Mbit/s requirements we have identified an approach
which operates at layer 3 and which can be cost-effectively deployed. It subsumes the
Ofcom Ethernet Active Line Access proposals.
True open access is undoubtedly an end user requirement, provided the commercial
arrangements can be put in place. To this end there is a new market for service aggregators,
who would provide the combination of services and/or service providers desired by the end
user, and the service aggregator would put these requirements in place, with just a single
interface for commercial aspects. For instance, the service aggregator would ensure the
end user was aware of the costs of his/her desired service combination before any
commitment was made.
In terms of „lightpath switching‟ we are of the view that 100 Mbit/s operation over WDM-PON
will meet the foreseen requirements for the next 10 years or more. However, beyond the
WDM-PON, and hence deeper into the network, the issues become more problematic since,
for the majority of users, a dedicated Lightpath would not be cost-effective. There is an
approach known as wavelength fractional switching, which offers the opportunity to
1

Acronyms and terms introduced in this summary are expanded upon in the remainder of this document and also in Annex
One
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maximise the utilisation of wavelengths on a fibre more so than currently. This is particularly
important in the future as illustrated by the BBC‟s i-player experience, where peak to mean
transport capability may need to be far greater than currently assumed in the future.
For ultra-fast speeds of 1Gbit/s or more, which are projected by Nielsen‟s Law in around 10
years time, WDM-PONs can still be used but with a lower capacity because the WDM-PON
could not use hybrid TDMA approaches for instance.
Fibre To The Premise (Curb/Cabinet/Home) is now starting to be rolled out in quite a large
way in the UK with BT Openreach (BTO) planning to deliver superfast broadband to 10M
homes (40% of the population) by 2010. Superfast broadband in this context is considered to
be up to 40 Mbit/s for FTTC, and up to 100Mbit/s for FTTH. Virgin Media has already
upgraded its cable tv network using HFC/DOCSIS technology to provide 50Mbit/s, and
provide this service to 50% of the population via its existing network. It is understood that it
has no current plans to expand its network any further, but has very recently announced a
100 Mbit/s offering; it is also trialling a 200Mbit/s offering. There are various other small
installations addressing potentially up to a few thousand homes and businesses provided by
a range of generally small, independent, and sometimes community based organisations.
Experience to date in the UK, and also from Verizon in the USA, suggests that the typical
initial take up rate of these superfast broadband services is c. 20%, hence only around 2M
homes in the UK are likely to actually use superfast broadband by 2012.
It has been noted that currently the biggest user of bandwidth for domestic users is video
downloads, e.g. BBC i-player, which requires up to 2 Mbit/s. High definition i-player will
require up to 8 Mbit/s. In the short term therefore one can understand why most end users
would be happy to just receive a genuine 8 Mbit/s (not „up to‟!). There is no doubt however
that the demand for bandwidth will increase over time and that 40-100Mbit/s will be needed
in years to come. (Nielsen‟s Law) suggests that speeds of > 1Gbit/s will be needed by heavy
users by 2020.
Once all end users have access to 40-100Mbit/s access links, then the problem for network
providers will likely revert back to the metro/core networks. Information supplied by the BBC
suggests that at peak periods demand for bandwidth for its i-player service can increase
within an hour to 300Gbit/s - from a base level of maybe 10-20 Gbit/s. This type of activity
presents a major headache for network designers and planners.
Existing implementations for superfast broadband use optical fibre at least to the cabinet
(FTTC), and in some instances right to the home (FTTH). The technology deployed is
generally based on GPON, and which BTO calls its Generic Ethernet Access product.
GPON however has some limitations; most notably the number of end users per OLT, and a
more cost-effective solution is the use of wavelength division multiplexing over passive
optical networks, known as WDM-PONs. This technology is starting to be installed
throughout the world and is deemed to be the optimal access technology for the future.
Having said this some new entrants appear to favour point to point FTTH connections e.g.
Fastweb in Italy and Citynet Amsterdam being two such examples.
The concept of minimising CAPEX and OPEX costs by doing away with, or at least reducing
the number of, local exchanges has been proposed in recent years, which has spurred
research into what are known as long range WDM-PONs, and the goal has been to achieve
100km spans from a metro/core node to the customer, albeit with a small amount of midway
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active componentry. This does question whether the architecture can be truly described as a
PON, but this is not important.
PONs invariably are based on tree and branch configurations. Many researchers have
pursued the same thinking with LR WDM-PONs; however LR WDM-PONs do permit the use
of ring and spur architectures, which have many benefits over tree and branch including
improved reliability, although they are currently thought to be slightly more expensive in
CAPEX terms, although may be comparable if measured in terms of total cost of ownership
(TCO).
Collaborative work on developing an optimal LR WDM-PON to date has not resulted in the
complete success that we would have wished for!
As it happens, for the UK, this may not be a particular problem. LR WDM-PONs may have
wide application around the world but, we have to note that, in the UK they may not be quite
so necessary. This is because currently the existing c. 5,500 local exchanges in the UK have
a typical reach of 10km to the vast majority of end users. Clearly 5,500 exchanges is a large
number, but current BTO thinking is that this number might reasonably be reduced to c. 800
in coming years. This smaller number would require that the reach be extended to perhaps
20-30km, but this is vastly different from the 100km goal of LR WDM-PONs being pursued
by most researchers. Cost effective technology to achieve a reach of 20-30km is needs to be
developed.
Whilst such technology has obvious application in the UK (being a relatively small country),
there are nevertheless many other small countries in the world and, even in larger countries,
there would be a ready market for an economic 20-30km solution, with LR WDM-PONs
being deployed just in the more rural areas.
FMN proposes the need for a number of developments:
1 the development of the true open access hardware and software needed at the
customer‟s premises, possibly incorporated into the ONU
2 the development of the corresponding open access functionality at the exchange
end – to be associated with the OLT
3 the development of a more cost efficient WDM-PON solution than LR WDM-PONs
for application in relatively densely populated countries (e.g. UK) where end – user
to exchange distances of 20-30km will suffice (which might be either tree and
branch or ring and spur)
4 the development of a wavelength fractional capability for improving the transport
efficiency from the OLT to the next part of the network
5 a 1Gbit/s WDM-PON solution using dedicated wavelengths with wavelength
switching through the network
FMN further proposes that these developments be demonstrated as part of the PIANO+
testbed/demonstrator project.
FMN believes that there should, as a minimum, be significant intellectual property developed
as a result of this work, and possibly potential for direct commercialisation.
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2 Introduction
2.1

Project Discussion

The project comprises two main themes namely:
1. The use of wavelength division multiplexing in the local network
2. The provision of open access
Whilst wavelength division multiplexing (WDM) technology is not new, it has not hitherto
been deployed in local networks. WDM technology has the significant advantages for users
of greatly increasing the capacity of a single optical fibre, by a factor of 10 or even more. It
also facilitates switching of signals as necessary and is highly suited to campus and local
networks, both areas where the technology has not hitherto been deployed.
Open Access is the practical means whereby customers (i.e. businesses,
academia/research, or residential users) can make their selection of a service and a service
provider (SP) in real time - with just a few „clicks of a mouse‟.
Technologies now exist whereby this open access SP selection can be carried out
instantaneously. Such technology, when combined with superfast broadband capability e.g.
100Mbit/s+, provides the nirvana in terms of telecoms broadband service.
We know that certain types of user such as media based businesses and research
institutions require this type of offering now. Residential users will desire this capability in the
5-10 year time frame, especially once HDTV type services become the norm.
This project aims to develop optimal solutions for both SP selection in an open access
manner and the provision of superfast broadband highways.
Ofcom, the telecoms regulator in the UK, is particularly keen that open access should be
provided by network providers in the future. This is strengthened by the recent body of work
initiated by Ofcom to standardise on Active Line Access (a form of open access for Ethernet
based networks), which goes down the right path, although it is not clear why Ofcom should
be leading this work. However open access, as envisioned by this project, goes further and
is designed to operate on next generation WDM-PONs.
The Carter Report published in 2009 has also encouraged the provision of an open access
capability at the earliest opportunity. We see the Ofcom activity (and eventual output, which
will be driven by UK industry) as an integral, albeit initial, component of this project.
Currently there is no commercially available offering which provides the combination of
instantaneous open access selection and superfast broadband connectivity using WDM.
Hence the need for this project by FMN.

2.2

Project Scope

Scope of project is as follows:
1. Determine market for super/ultra high bandwidth in the 5-10 year timeframe
2. To identify key requirements for superfast broadband in the 5-10 year timeframe from
user, service and network operator viewpoints
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3. To identify optimum WDM-PON arrangement to meet requirements in (2) including
long range WDM-PON
4. To determine missing links i.e. what needs to be developed to make optimum
solution in (3) happen, e.g. opto-electronic components etc
5. To examine the commercial and regulatory issues surrounding implementing the
optimum solution in (3)
6. Given that one of the key requirements in (2) is „true open access‟ (whereby users
can change service providers at the „click of a mouse‟), how can such a requirement
be achieved technically
7. What are the commercial and regulatory issues surrounding implementing „true open
access‟ as identified in (6)
8. Recommend next steps
9. Preliminary proposals for demonstrators
The remainder of this document is structured to address these topics
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3 The FMN Vision and Goal
3.1

Vision

Our vision, which we believe to be widely accepted, is for the widespread deployment in the
UK (and elsewhere) of a broadband capability which provides:


Near instant access to the internet, downloads etc
o To achieve this requires high bandwidths to meet all foreseeable service
requirements. In practice, for most residential users, this means 100Mbit/s,
but for some industrial/academic users this could be 1Gbit/s or more.
o



Unfortunately adequate bandwidth is not, of itself, sufficient to ensure a high
quality service if the network equipment is not designed to handle the peak
traffic, hence achieving zero (or near zero) contention is essential

Open access - whereby the end user can select their preferred service provider (or
services, independent of service provider), and/or connection through the network, at
the „click of a mouse‟

This vision is based on FMN‟s analysis of previously stated views and desires by numerous
different individuals and entities, including FMN itself.

3.2

Goal


To demonstrate the above vision on a test-bed/demonstrator in 2011



To have a sufficient number of equipment vendors who are prepared to supply
equipment/systems meeting the vision



To have buy-in and preparedness of the major network/service providers to adopt the
equipment meeting the vision



To establish a new business entity to make open access capability available to all via
participating system vendors

These goals have been identified by FMN as the practical means by which the vision in para
3.1 might be most readily achieved.
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4 Summary of Work Undertaken
In pursuing this project FMN has undertaken:
a)








Discussions with:
System / equipment vendors.
Service providers
Network providers
Research institutes
Academic institutions i.e. universities
Regulator (i.e. Ofcom)
Government (i.e. BIS)

b) Desk-based research
The information and data gathered has enabled FMN to develop:



A program of work to achieve the vision
A collection of partners for a potential test-bed demonstrator

A detailed list of entities with whom FMN has had discussions as part of this project is given
in Annex Two. Desk based research of relevance to the project is itemised in the references
given in Section 17.
This project has been very short (literally 3 months in duration), and hence it has not always
been possible to go into the detail which we would normally expect with this particular
project.
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5 Market Requirement
5.1

Bandwidth

Whilst many residential users are currently content with up to 8Mbit/s broadband service it is
clear that new service offerings will require higher broadband speeds. These new services
will include:






HDTV
3D HDTV
Gaming
Peer to peer file transfer
Etc

Nielsen‟s Law of Internet bandwidth usage for high end users (1) has determined that
bandwidth is on average growing at c. 50% pa. The projections for growth up to 2020 and
the internet bandwidth needed at that time - if this Law holds true over the next 10 years - is
shown in Figure 5.1 below.

Figure 5.1 - Nielsen’s Law for Growth of Internet Bandwidth (1)
Cisco has generated projections for broadband growth up to 2013 as shown in Figure 5.2
below:
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Source: Cisco white paper, “The Exabyte Era‟, http://www.cisco.com/

Figure 5.2 - Broadband Growth Projections by Service
FMN has predicted the increase in bandwidth required to accommodate these services over
the next 10 years up to 2020 using, as a basis, data generated by Cisco (2), which is shown
in Figure 5.3 below.
Broadband Growth
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Figure 5.3 - Broadband Traffic Growth Predictions up to 2020
source: FMN (based on Cisco data 2009)

A very important consideration is that the demand for any particular service, and hence
bandwidth needed by residential users, is not constant. For instance, a residential user might
download an HDTV programme which requires 100Mbit/s for a few minutes but, thereafter,
may only require less than 10 Mbit/s for other services to the home. Davey et al (3) have
suggested the increase in bandwidth requirements as shown in
Figure 5.4 below:
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Bandwidth utilisation
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Figure 5.4 - Increase in Peak Bandwidth Requirement with Time
An important requirement for the development of any WDM-PON architecture is therefore
that a short term objective should be that they be able to accommodate a peak user
bandwidth of a minimum 100Mbit/s to homes. In the longer term (according to Nielsen‟s
Law) speeds of up to 1Gbit/s or more might be needed by c. 2020. These twin goals are
illustrated in Figure 5.5 below:
Bit/s
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Open Access
WDM-PON
1-10 Gbit/s
Wavelength end to end

Technology available, but no market need

Market need

1G

100M
Open Access
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100 Mbit/s
Layer 3 switching
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10M

2015

2010

Time

2020
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Figure 5.5 - FMN Technology and Market Projections
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5.2

Broadband and FTTH Rollout in the UK

In 2009, 18.3 million households in the UK (70%) had Internet access and 63% of all UK
households had a broadband connection (an increase from 56% in 2008).
In the UK research into PONs dates back to the mid 1980s, with fundamental research work
being undertaken by BT Group (BTG) at its research Labs at Martlesham. ADSL and
ADSL2+ technologies have managed to meet most of the broadband demand to date,
providing as they do, broadband speeds of up to 8Mbit/s for most users.
The regulatory and competitive environment has also been a factor since BT, as the
incumbent, has not until very recently (i.e. 2007) had the commercial incentive to roll-out
FTTH. The first BTG commercial implementation of FTTH was at Ebbsfleet using GPON in
2007 - as a result of strong competition from others (namely FMN).
The UK has been slow in deploying FTTX with the only major implementation being BTO‟s
deployment at Ebbsfleet (4) in Kent which commenced in 2007.Another potentially major
deployment is at Wembley (5) in West London implemented by Velocity1, a venture between
the property developer Quintain Estates & Development Plc, and Industria (a network
implementer), aimed at servicing up to 4000 homes with 100Mbit/s. However in both of these
implantations the current financial recession has impacted the build rates for homes and, as
a result, there are only a few hundred lines currently connected.
However the situation in the UK is about to change dramatically with BTO‟s plans (6), which
are summarised below.
This BTO roll-out, together with Virgin Media‟s, will reach up to 50% of the population by
2012, and further BTO roll-out is likely to achieve perhaps up to c. 70%. However there is
concern that the remaining 30% of the population might end up in the broadband „slow lane‟.
To this end a £5 per month levy (tax) on landlines is planned to be implemented by the UK
Government following a proposal in the Carter Report (7), which should raise around £150M
pa, and which would be used to fund FTTC (and/or other technologies) to areas which BTO
would deem to be non-viable; the idea being that ultimately there would be broadband
available to almost all of the population at speeds of up to 40Mbit/s.
The market in the UK is at last delivering Next Generation Access (NGA) - defined as
speeds in excess of 10 Mbit/s.
The major incumbents are now highly pro-active in providing NGA. There are also many
smaller, local infrastructure projects that are delivering NGA to the marketplace. However,
due to the high cost of this NGA infrastructure (see Figure 5.6 below), it is estimated that the
market alone will not deliver much beyond 60-70% of the country (8). Therefore, without
intervention, many towns and communities will not be able to benefit from the advantages
NGA can offer.
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Source: Analysis Mason (8)

Figure 5.6 - Increases in Cost as Roll-out Progresses to 100%
A summary of the current plans of the major UK players is given in Table 5.1 below:
Provider

Virgin Media

BT Openreach

Activity
Virgin Media has led the way high speed broadband service of 50
Mbit/s available to all its customers, representing nearly 50% of UK
households, followed by a very recent 100Mbit/s offering. No further
roll-out from Virgin Media is anticipated however. It is trialling a
200Mbit/s service to its existing network base however. Virgin uses
HFC technology and DOCSIS 3.0 to achieve this service.
BTO [6] has ramped up its activity to deliver NGA and now aims to
connect 1.5m homes with NGA in 2010, and to have NGA provided to
40% of all UK homes by 2012. This is to be achieved by a combination
of Fibre To The Cabinet (FTTC) to c. 7.5M homes and Fibre To The
Home (FTTH) to c. 2.5M homes. The envisaged cost of these plans is
some £1.5 Bn.
The service will be offered to service providers on an open, wholesale
basis thereby supporting a competitive market. Sixty nine locations
across England, Scotland, Northern Ireland and Wales will benefit from
this latest phase of BT‟s investment programme.

Table 5.1 - Summary of Major UK Broadband Players
Other deployments of high-speed broadband in the UK are also being implemented – these
are shown in
Table 5.2 below.
Provider

H20 networks

Activity
H2O, which provides fast broadband via the sewers, has announced that it
can provide a service faster and cheaper than traditional delivery
methods. Bournemouth has been selected as the first such exercise. This
will be the largest Fibrecity project in Europe and the company will be
funding and providing the network at a cost of around £30 million. The
fibre will provide ultra high bandwidth to all Bournemouth's businesses and
more than 88,000 homes at speeds far exceeding current DSL or cable
modem speeds
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Provider
Digital Region,
South Yorkshire
Alston
Cybermoor
Titanic Quarter
(Belfast)
Wembley City

Baltic Quarter
(Gateshead)

Walsall
West
Whitlawburn
Housing Co-op
(Cambuslang,
Glasgow)
Derby Cityscape
Independent
Fibre Networks
Limited (IFNL)

Activity
A FTTH project has been installed in South Yorkshire, the main
supplier for which is Thales Security & Solutions Ltd. A new business
Digital Region Ltd has been established.
Alston in Cumbria is one of the most sparsely populated parishes in
England. It was a broadband 'not spot', until the implementation of the
Cybermoor wireless project. This is a demonstration of the provision of
remote broadband using wireless technology.
Titanic Quarter is a £5 billion development co-promoted by the Port of
Belfast and Titanic Quarter Limited. The project is led by Redstone, which
is installing the fibre, and Packetfront the technology, in all the homes and
businesses in this new build regeneration project
In Wembley, north-west London, Quintain Estates and Development
plc is the company behind the continued regeneration of the area of
land either side of Olympic Way leading to the new Wembley Stadium.
Gateshead Council has joined forces with Alcatel-Lucent Telecoms to
provide high speed Internet access to one of its biggest employment sites,
the Baltic Business Quarter development. This will be done through a joint
venture company called Gateshead Technology Innovations Ltd (G-ti).
The project was announced in October 2008. Work has already started on
the installation of miles of underground fibre optic cables right across the
Baltic Business Quarter site.
Walsall Regeneration Company (WRC) is leading the way in developing
the first community owned fibre to the home (FTTH) project in the West
Midlands based on the 'OnsNet' scheme in the Netherlands. WRC is
planning a major new business development in the centre of the town
including high speed fibre connections.
West Whitlawburn Housing Co-operative (WWHC) is a progressive
housing charity on the outskirts of Glasgow. It is embarking on the
Cambuslang project to build a further 100 new homes alongside their
existing apartments, and is keen to offer the tenants services being
enjoyed by their counterparts on the continent
LightSpeed Derby is a project with two ambitious targets for this Midlands
city. By 2012, it would like to have a locally managed core fibre network
linking up the premises of all public sector agencies, all major businesses,
business parks, and all major new developments. By 2016, it would like to
have next generation broadband access available to 100% of households.
IFNL is providing fibre systems to local developers around the country.
For instance, there are housing developments in Corby and Hampshire
(near Andover)
Table 5.2 – Summary of Other UK Projects

Various other small local projects are anticipated, mainly in cities/towns, but probably not
accounting for more than 10% of the total population and, in some instances, replicating
BTO‟s network.

5.3

FTTH Roll-Out Around the World (apart from the UK)

Numerous broadband operators in developed markets across the world have started to build
high speed broadband networks using fibre to the home (FTTH) and fibre to the premise
(FTTP) technology.
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Frost & Sullivan (9) have reported that, as at September 2009, there are some 42 million
FTTH/FTTP subscribers in the world, with some 76% being in the Asia Pacific region (with a
total of about 32 million installations). Global FTTH/FTTP installations are forecast to grow at
a rate of some 28% per annum and are expected to reach around 125 million by the end of
2014.
The high growth rates in the Asia Pacific region are due to the high density of apartment
buildings, and hence the majority of installations are FTTP. South Korea has the highest
household penetration of combined FTTH and FTTP subscribers in the world at 46.7% followed
by Hong Kong (32%), Japan (30%) and Taiwan (18%).
Figure 5.7 below illustrates the trend.

Source - BSG

Figure 5.7 - Fibre Penetration outside of UK

5.4

Rate of Roll-Out

In respect of WDM-PONs specifically issues which will affect the rate of roll-out of WDMPONs are:


Speed at which key components can be developed and offered on a cost effective
basis such that WDM-PONs are similar in price to GPON and EPON



Speed at which the optimal architecture can be standardised, including decisions on
point to point, and ring and spur arrangements



The desire to transition to long range WDM-PONs, the implications of having
additional active componentry between the core network and the customer, and the
desire for cost-savings by minimising buildings, energy and operational costs
generally etc



The implications for those service providers who have already made large financial
commitments on TDM PON technology, who will wish to see a return on their
investment before transitioning to WDM-PONs

WDM-PON technology was not commercially available for the first wave of FTTx deployment and
is still not available at commercially viable prices for the current second wave of FTTx
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deployments. However WDM-PON has significant potential when the third wave of fibre
deployments commences in 3-5 years time i.e. around 2013-2015, by which time WDM-PON
technology will be mature and cost-effective.

5.5

A Salutary Observation

Recent market research by the Yankee Group (10) suggests that, in the near future, the
development of FTTH access might be slower than expected. The report contends that the
introduction of mass broadband access based on optical fibre could be inhibited by a
number of factors. These, and others identified by FMN (with particular respect to the
deployment of WDM-PONs) are given below:


Services such as cable television, voice and data access are widely available and
they utilise the existing infrastructure e.g. copper and radio links, some of which can
achieve speeds of up to 200Mbit/s per customer. As these solutions are already on
the market it is going to be difficult to persuade customers‟ to embark on using new
technology without offering substantial benefits and at an acceptable price.



The regulatory policy in many countries still remains unclear. The decision has not
been made whether to impose unbundling on future optical networks owned by an
operator with large market share or not. This uncertainty discourages possible
investors.



Lack of applications that would drive the demand for larger bandwidth beyond around
20 Mbit/s - with the exception of maybe HDTV. In a number of countries, such as the
UK and Germany, there has been little interest in other advanced technologies, such
as video on demand. The Irish market does not differ much from the European
average.



The financial cost of a nationwide roll-out of FTTH is enormous. In the UK for
instance it has been estimate that to roll-out FTTH to 100% of homes would cost at
least £15Bn.



Falling average revenue per user (ARPU) in markets across the globe is making it
increasingly difficult for service providers (SPs) to justify business cases for fibre
investments in the local loop. Many markets have required stimulation and direct
injection of funds from their Governments for FTTx networks to be built. The potential
return on investment is even more challenging in emerging markets, where consumer
broadband ARPUs are typically less than $20 pm.



Operators in some developed markets have already rolled out significant
deployments of FTTH and FTTP, using TDM PON technologies, including Verizon
and AT&T in the USA, HKBN in Hong Kong, NTT in Japan, Korea Telecom in South
Korea and Chunghwa Telecom in Taiwan. For these operators to upgrade to WDMPON so soon after their initial TDM PON deployments will be challenging since they
will wish to maximise the return on their TDM PON investments. For these operators
WDM-PON will be more relevant for green and brown- field local access FTTx
investments.



Operators who are not in the vanguard of FTTX deployment will have less of a
problem in going straight to WDM-PONs. WDM-PONs are proving to be an attractive
technology for service providers (SPs) due to the higher speeds achievable, and the
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lower potential costs per customer due to the overall costs being shared by over
1000 or more customers.


TDM PON technologies cannot cost effectively offer bandwidths much larger than
100 Mbit/s, whereas WDM-PON technology has the potential to increase capacity
many times by increasing the wavelengths carried. WDM-PON can therefore help
service providers stay well ahead of the ever increasing bandwidth demands of
customers for at least the commercial lifetime of the WDM-PON network. For
business customers WDM-PON can represent an even more attractive technology
for service providers because of the enormous that can be offered for business
applications such as cloud computing, hosted services, peer to peer data file transfer
etc.
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6 Review of WDM-PON Technology
6.1

Optical Access Technology Options

Figure 6.1 below summarises the main optical access technologies, with Annex Four
expanding in more detail.
Optical Access Technologies

Passive Optical Network (PON)

WDM

Short Range

Point to Point

TDMA

Long Range (WDM-PON)

BPON

GPON

Figure 6.1 - The Main Optical Access Technologies

6.2

Technology Summary

Table 6.1 below summarises the key features of each technology:

ONUs per OLT
(splitting factor)
Bandwidth per
user
Maximum Reach
Downstream
aggregate speed

Upstream
aggregate speed

Long range
WDM-PON Tree
& Branch

Long range
WDM-PON
Ring & Spur

Pt to pt
Ethernet

PON

BPON

GPON

GEPON

1

16-32

32-64

64-128

16+

tbd

tbd

tbd

tbd

tbd

20 Mbit/s

50-100 Mbit/s

20 Mbit/s

10 km

10 km

tbd

tbd

tbd

20-30km

100 km

100 km

10Mbit/s

622 Mbit/s

2.5 Gbit/s

1.2
Gbit/s

1.25
Gbit/s

10 Gbit/s

10Gbit/s

10Gbit/s

10 Mbit/s

155 Mbit/s

1.25-2.5
Gbit/s

1.2
Gbit/s

1.25
Gbit/s

2.5 Gbit/s

10 Gbit/s

2.5 Gbit/s

ATM
upstream

ATM/Ethernet

Ethernet

Ethernet

ATM/Ethernet/
TDM

ATM/ Ethernet/
TDM

100 Mbit/s
now up to
1-10 Gbit/s
in future
100km
100 Mbit/s
now up to
1-10 Gbit/s
in future
100 Mbit/s
now up to
1-10 Gbit/s
in future

EPON

WDM-PON
512

512

Protocol

Ethernet

TDMA
upstream

Demonstration
Commercial roll out
Reference

n/a

n/a

n/a

n/a

n/a

n/a

n/a

PIEMAN

ATM/
Ethernet/
TDM
MUSE

2003+

n/a

N. America

Widespread

Asia

n/a

2010+

2015+

2015+
(11)

Table 6.1 - Comparison of Optical Access Architectures in their Typical
Configurations

6.3

WDM-PONS

Wavelength Division Multiplexing Passive Optical Networks (WDM-PON) are the next
generation in the development of access networks and, although physically similar to TDM
based PON technologies as the name implies, it uses many different wavelengths with a different
wavelength for each user and hence, logically, it can be regarded as being a point to point
scheme. WDM-PONs can potentially offer the largest bandwidth at the lowest cost.
The architecture of a WDM-PON is similar to the architecture of the basic PON, except that
the each ONU operates on different wavelengths and hence higher transmission rates can
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be achieved. WDM-PON carries multiple wavelengths in the tree part of the „tree and branch‟
configuration to increase overall capacity and minimise costs. A typical WDM-PON architecture
is shown in Figure 6.2 below:

ONU

Laser hazard

TX
LOS

FA IL

DC-34
(S M)

AWG

ONU

ACTIV E

ONU

OLT

ONU

ONU

Figure 6.2 - Typical WDM-PON Architecture
Wavelengths in the downstream (DS) direction pass through a passive 1:N splitter and each
ONU selects one of the DS wavelengths using an individual filter. The upstream (US)
wavelengths are passively combined in the 1:N coupler/combiner.
The challenges with this basic architecture are that the losses of the passive
splitter/combiners can be high at 17dB or more, and the broadcast security issues from
using TDMA. Identical ONUs cannot be used unless both the receiver filters and transmitters
are tunable and hence much research is going in to finding cost-effective component
solutions. One approach to overcoming the high loss of the splitters is to use arrayed
waveguide gratings (AWG), which typically have losses of c. 5dB. Unlike TDM PON systems, the
ONU only receives the information destined for it.
One of the biggest challenges for WDM-PONs is that it is not desirable to have different
ONUs produced for all the different wavelengths to be used, since this would require either a
large range of fixed wavelength ONUs to be available, and/or manual intervention on
installation, which increases CAPEX and OPEX respectively.
The solution to this challenge is the deployment of „colourless‟ ONUs, in which the ONU
detects which wavelength is used in the downstream direction and automatically adjusts the
wavelength in the upstream direction to this same wavelength.
For WDM-PONs to be widely deployed the cost of the key optical and electro-optical
components used in the OLTs and ONUs, as well as any intermediate combiners/splitters,
needs to be reduced dramatically for the technology to be economically viable and
competitive. Considerable research is being devoted to this issue - see Annex Six.
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In addition research has focused on enhancing WDM-PONs ability to serve larger numbers
of customers in an attempt to achieve greater economies of scale by increasing the
revenues per unit cost.

6.4

Long Range WDM-PONs

It is possible to locate the OLT further back into the metro/core network by inserting an
optical amplifier at a suitable intermediate point, possibly the local exchange or a street
cabinet. Where the optical amplifier is not located in the local exchange then this architecture
has the advantage of major CAPEX and OPEX savings.
There are a number of WDM-PON architectures - some of which are reviewed by Grobe et
al (12), Huan et al (13), and Davey et al (14). It is only those which are likely to be
commercially viable which are of real interest. Hence it is cost, and performance such as
bandwidth per user, splitting ratio and achievement of long reach, which are probably the
major considerations in any commercially viable design (12).

6.5

Why WDM-PONS?

Basic designs of TDMA PON, e.g. EPON and GPON, do not have the capability of meeting
the longer term bandwidth requirements, this despite work to increase the aggregated
bandwidths to 10Gbit/s (i.e.10GEPON).
WDM-PONs on the other hand has individual wavelengths assigned to each ONU at the
customer‟s premises, which means that higher bandwidths to each ONU are achievable.
Furthermore, each ONU operates on an individual bit rate rather than the aggregate (WDM)
bit rate. Since each ONU has a different wavelength, privacy and security issues are not an
issue either.
WDM-PONs offer significantly improved performance in respect of bandwidth, split ratio and
reach over traditional PON technologies. With WDM-PON, a virtual PON can be created for
each subscriber using multiple wavelengths on a single fibre.
Notwithstanding the above, WDM-PON networks can be designed to use TDMA techniques,
in particular those already used by the EPON and GPON standards, resulting in what are
known as hybrid WDM-TDMA PONs. Such designs improve scalability by allowing splitting
ratios of up to 1:1000. Furthermore WDM-PONs can deploy wideband optical amplifiers,
which enable distances of up to 100 km to be readily achieved. The achievement of such
long distances has a major potential impact on network design since it facilitates the merging
of the access and metro networks, leading potentially to major capital and operational cost
savings.
WDM-PONs meet the major requirements of this project in that they can offer:


Virtually unrestricted bandwidth connectivity in order to meet all foreseeable service
requirements. In practice for most residential users this means 100Mbit/s, but for
some industrial/academic users this could be 1Gbit/s or more, and some future
residential high usage rate users may also need >1Gbit/s in the future.



Zero contention (nb: adequate bandwidth of itself is not sufficient to ensure a high
quality service)
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Open access whereby the end user can select their preferred service provider,
and/or connection through the network, at the „click of a mouse‟ with the ability to
switch and route traffic more effectively and to carry multiple service providers
offerings over a single fibre

For lower end user bandwidth requirements, e.g. up to 100Mbit/s, hybrid WDM-PONs using
TDMA have many advantages.
However, for ultra high speed end user requirements, e.g. 1Gbit/s or more, we believe that
hybrid working is not viable, and that a virtual point to point approach is optimal.
An alternative to WDM-PONs for ultra high speeds is point to point Ethernet where a
dedicated fibre is provided to each end user. This solution offers a future-proof capability and
is elegant in its simplicity. However the equipment costs at the exchange might be significant
(because not shared between a large number of customers), and the operational constraints
in terms of the large number of fibres entering an exchange building, especially in the case
of long range solutions, where one exchange might service up to 50,000 customers, might
make this option non-viable in practice.

6.6
6.6.1

WDM-PON Architectures
Tree and Branch

The architectures for WDM-PONs described in para 6.3 above have assumed tree and
branch configurations. These have the advantage of relative simplicity, straightforward
planning, ability to co-mingle FTTC installations in the same conurbation etc.
6.6.2

Ring and Spur

Ring and spur topologies for LR-PONs are also being investigated (15), as shown in Figure
6.3 below:

Figure 6.3 - Ring and Spur Type Architecture (15)
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In this arrangement each PON segment and OLT are connected through a fibre ring, and
each PON segment can exploit traditional FTTX technology with a topology consisting of
several spurs served from the ring. The ring can cover a Metro area of up to 100 km and
traditional users in an access area can be served by a spur segment. The major advantage
of the ring topology is that availability is significantly improved in the event of any outage,
since traffic can be transmitted in the alternate direction.
Various ring and spur demonstrators have been produced, e.g. MUSE, SARDANA, and
SUCCESS are briefly discussed in Section 7.
A summary of the different WDM-PON options is given in Table 6.2 below (as above):

Tree & Branch

Virtual point to
point
Tree & branch

Tree & Branch

Long range Virtual
point to point
Tree & Branch

512

1

512

1

512

20 Mbit/s
20-30km

Up to 10 Gbit/s
100km

50-100 Mbit/s
100 km

Up to 10 Gbit/s
100km

20 Mbit/s
100 km

10 Gbit/s

Up to 10 Gbit/s

10Gbit/s

Up to 10 Gbit/s

10Gbit/s

2.5 Gbit/s

Up to 10 Gbit/s

10 Gbit/s

Up to 10 Gbit/s

2.5 Gbit/s

ATM/ Ethernet/ TDM
Various
2010+

Ethernet
FMN 2012
2015+

ATM/Ethernet/TDM
PIEMAN
2015+

Ethernet
FMN 2012
2015+

ATM/Ethernet/TDM
MUSE
2015+
(11)

Type

Regular

Architecture
ONUs per OLT (splitting
factor)
Bandwidth per user
Maximum Reach
Downstream aggregate
speed
Upstream aggregate
speed
Protocol
Demonstration
Commercial roll – out
Reference

Long range

Long range
Ring & spur

Table 6.2 - Detailed Comparison of WDM-PON Architectures

6.7

Conclusions
a)








WDM-PONs have the advantages of:
being more scalable than traditional PON technologies
flexibility facilitating installation
allowing integration of multiple service offerings
allowing convergence
facilitating open access.
bandwidth upgrades are easy to implement
up to 16,000 users can be accommodated which means that costs can be shared
across a large number of users

b) Currently the equipment cost of a WDM-PON is two to three times more expensive
than more traditional PON technologies. However the key cost determinants are
being addressed by many organisations and, as and when WDM-PON equipment
prices become comparable to TDM PON technologies, network providers should be
able to justify major purchases.
c) A key factor of LR-WDM-PONs is that there is potential for eliminating Local
Exchanges by merging the metro and access networks - with significant potential
savings in both OPEX and CAPEX. This thinking undoubtedly applies to larger
countries and those with sparse populations.
However, LR WDM-PONs may not be needed in densely populated countries,
including the UK, since a reduction to c. 800 local exchanges, which we believe
might be planned by BT, means that, in most cases, customers are never more than
20-30km from an exchange. Cost reductions will still be achieved by an over 80%
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reduction in the number of exchange buildings, and WDM-PONs, which can achieve
20-30km spans already exist, and would be much cheaper than LR WDM-PONs.
d) Issues preventing widespread immediate deployment of WDM-PONs are:
 The technology is still not fully standardised.


Telecommunications providers are reluctant to deploy proprietary technologies and
demand standardised and inter-operable equipment. Vendors have realised that
WDM-PON must be standardised to be successful and are now working to
standardise the technology as it matures. They are also leveraging off-the-shelf
technologies and standardised WDM and Ethernet protocols in its development
where possible.



They are still expensive compared with GPON and EPON

e) ring and spur configurations may be a better option than tree and branch
configurations and projects such as PIEMAN have not helped resolve this question.
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7 Collaborative and Other Projects
Apart from industrial and academic research there have been a number of international
collaborative R&D projects. Some of these under the EU banner have been under the
Framework Programmes 5 and 6, with the goal of spurring research and development of
broadband access and many projects received considerable level of funding viz:

7.1
7.1.1

Collaborative Projects
GigaPON Access Network (GIANT)

The primary objective of GIANT (16) was to study and simulate networks based on the
GPON protocol. Partners from five universities participated in this venture. The total cost of
the project was estimated to be €7.07M just over half of which was funded by the EU.
7.1.2

Next Generation Optical Networks for Broadband European Leadership
(NOBEL)

The goal of NOBEL (17) was to create intelligent and flexible optical networks that would
enable broadband services for all. The total project budget was €24.5M with about half being
funded by the EU.
7.1.3

Multi Service Access Everywhere (MUSE)

The objective of MUSE (18) was to test different types of a broadband access for residential
subscribers. 27 organisations were involved, and the project cost was €34M, with just over
half being funded by the EU. It was one of the first projects to examine the „ring and spur‟
architecture as opposed to „tree and branch‟.
7.1.4

PLANET SuperPON

The ACTS-PLANET (Advanced Communication Technologies and Services – Photonic
Local Access NETwork) (19) project was also EU funded. It investigated advances in G.983
APONs system and addressed topics such as network coverage, splitting factor, number of
supported ONUs, and transmission rates. Although referred to as a SuperPON it is not
strictly a PON since not all of the components between the OLT and ONUs are passive;
however the term Superpon has tended to be used to describe a PON based system, albeit
with active components.
The project was installed in 2000 and demonstrated a total of 2,048 ONUs and had a span
of 100 km, comprising a feeder length of 90 km and a drop section of 10 km. The large
splitting factor was achieved by having two sets of splitters. The increased transmission
range from 20 km to 100 km and split size from 32 to 2048 increases the signal attenuation,
and, to compensate for this, optical amplifiers were located at the feeder section (feeder
repeater) and at the intersection between the feeder and the drop sections (amplified
splitter). In the downstream direction, Erbium Doped Fibre Amplifiers (EDFAs) were used
because of their high power gain, wide working bandwidth, and the continuous wave mode
of downstream signal. The cost of the amplifiers is shared amongst all the end users.
In the upstream direction, the distances between the ONUs and the OLT may vary
somewhat, and hence the optical signal attenuation may not be the same for each ONU and,
as a result, the power level received at the OLT may be different for each ONU. PLANET
chose to deploy semiconductor optical amplifiers (SOAs) to amplify the burst-mode
upstream signals. The SOAs were not only placed at the output of the splitter in the local
exchange, but also included in parallel between split stages, in order to reduce the split loss
before the signal is attenuated by a split.

fmn 650 TSB Report ver Final.docx

27

March 10

In Commercial Confidence

The transport system was based on Asynchronous Transfer Mode (ATM) operating at 2.5
Gbit/s and 311 Mbit/s for downstream and upstream transmissions respectively. A TimeDivision Multiple Access (TDMA) protocol was used to allocate the upstream bandwidth
among multiple users and, apart from synchronizing ONU transmission, the protocol also
enabled the SOAs to set the correct gain to compensate for different power losses of
upstream signals from the different ONUs. The current thinking has moved on from this
architecture.
7.1.5

Photonic Integrated Extended Metro and Access Network (PIEMAN)

Photonic Integrated Extended Metro and Access Network (PIEMAN) was promoted by the
EU and the Information Society Technologies (IST) Sixth Framework Project and was
instigated in 2007 with the objective of demonstrating a long-reach access network.
The objectives of the PIEMAN project were to look at the technology required for long reach
WDM-PONs and part of PIEMAN was to look at fully flexible solutions using tunable
transmitters that could be low cost enough for customer premises use with “colourless”
ONUs.
The parties involved comprised system vendors including Alcatel-Lucent and Siemens, and
various operators including BT.
It seems that a number of architectures were considered as a part of the PIEMAN project,
but that the choice (tree and branch architecture) was determined more by what could be
achieved in the timescales, rather than the best overall solution.
Some of the architectures addressed were known to suffer from cross talk introduced by
optical back scatter, due to the same wavelength being used for both upstream and down
stream traffic. A possible solution would be to separate the up and downstream wavelength
bands by using separate wavelengths but, of course, this would reduce the total number of
ONUs which can be accommodated.
Disappointingly we conclude that there is still some further work to be done!
The PIEMAN project (20) was concluded in Summer 2009 and should have provided an
optimal WDM-PON architecture. However, at date of finalising this report, there has been no
final report. Interim results were published by Talli et al (21)and there has been a useful
publication published post completion (22).
Figure 7.1 below shows the PIEMAN arrangement, which demonstrated a 100-km
transmission range with 32 DWDM channels supported, each of which operated at a
symmetric 10 Gbit/s and served a PON segment. The split ratio for each PON segment was
512, which means that the maximum number of users is 32 x 512 = 16,384. At the local
exchange, the downstream wavelengths are pre-amplified by the EDFA, and then demultiplexed into the single wavelengths through AWG. Then, each single wavelength is
amplified by a single-wavelength EDFA.
This configuration shows better performance and cost efficiency compared with the one
which only has a powerful EDFA before the AWG. For the upstream direction, each
upstream wavelength before entering the AWG is amplified by a single-wavelength EDFA,
which is stabilised against transients introduced by bursty traffic. A common upstream WDM
EDFA at the local exchange is not used in order to avoid the transients by neighbouring
channels.
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Figure 7.1 - PIEMAN Demonstration Architecture (21)
Other key features of PIEMAN include the 10-Gbit/s burst-mode receiver and colourless
ONUs. The 10 Gbit/s burst-mode receiver is comprises a burst-mode trans-impedance
amplifier with PIN photodiode and a burst-mode post-amplifier to accommodate the high bit
rate and the high dynamic range imposed by the high split and the ASE introduced by the
amplifiers.
The colourless ONU attempts to reduce the cost of the ONU by removing the need for an
internal wavelength referring and control function. Instead, the ONU re-modulates the
downstream optical carrier distributed from the central office, using the colourless reflective
modulators that operate across the full upstream bandwidth range to generate the upstream
signal.
7.1.6

SARDANA

Another demonstration of ring and spur architecture is the Scalable Advanced Ring Dense
Access Network Architecture (SARDANA) project (23) (24) and is shown in Figure 7.2
below. The proposed completely passive resilient FTTH network is based on a WDM ring for
the transport of the large amount of downstream and upstream information (up to 1.2Tbit/s if
using 64 wavelengths for 2,000 users), and TDM trees, transmitting a number of
wavelengths from a number of different operators, all sharing a common infrastructure.
Increased availability is achieved because of the ring design whereby the Remote Node
(RN) can receive signals from either direction in the ring so that, in the event of a failure, the
RN can choose to receive signals from the direction which still remains connected to the
central office.
The passive RNs distribute the different wavelengths to each of the access trees; remote
amplification at the RN is by means of EDFAs to compensate for the add/drop losses; optical
pumping of the remote amplifiers is achieved by using pump lasers located at the exchange,
with extra Raman gain being achieved along the ring.
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Figure 7.2 - SARDANA Demonstration Architecture
7.1.7

FSAN NG-PON

The FSAN Next Generation PON (NG-PON) (25) task group is studying the evolution of
optical access systems beyond GPON. GPON standards are now mature with operator
plans in place for volume deployments. In parallel the research community are reporting
various future developments of optical access technology. The NGA task group is studying
the various technology and architecture options for next generation optical access systems
(e.g. WDM, 10 Gbit/s and increased reach/split) and how an operator would evolve from a
deployed ITU-T GPON (or IEEE GE-PON) to a next generation access system.

7.2
7.2.1

Other Demonstrations
STARGATE

STARGATE (26)is a demonstration of an optically-integrated access-metro network. It
employs a hybrid structure of a ring and spur network together with a long-reach star subnet
connecting each remote node. This structure allows ONUs of different PONs to
communicate directly without any OEO conversion at any intermediate exchange, and it can
easily allocate a new channel to an upgraded user in a pay-as-you-grow manner. The
remote node supports space dimension and optical bypass, which allows dynamic set-up of
fine-granularity transparent connections between ONUs in different WDM-PONs so as to
support of emerging applications.
7.2.2

British Telecom (BTG)

BTG has demonstrated a Long-Reach PON, with a 1024-way split, 100-km reach, and a 10Gbit/s transmission rate for both upstream and downstream directions (27). The reduced
split achieves a major cost saving by reducing the number of optical amplifiers needed, i.e. 6
optical amplifiers rather than the 39 required by SuperPON. The 1024-way split is made up
of a cascade of two N:16 and one N:4 splitters in the drop section. The system includes a
90-km feeder section between the OLT and the local exchange, and a 10-km drop section
between the local exchange and the ONUs. In order to boost the signal attenuated by the
number of splitters and the long-distance fibre attenuation, optical amplifiers are used at both
the OLT and the local exchange.
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In order to reduce the CAPEX and OPEX the ONU has to be simple and low cost. This
means that the transmitter output power in an ONU has to be lower than really desired.
Furthermore, the fibre attenuation is c. 40dB, hence, the signal power is very low by the time
it reaches the local exchange. To boost the signal a two-stage amplifier was deployed
comprising a low-noise pre-amplifier (which produces a high SNR by maintaining its ASE at
a low level), together with a second-stage amplifier to further increase the optical signal
power. Forward error correction (FEC) was used together with an optical filter to improve
the SNR of the received signal at the OLT.
The demonstration (27) focussed mainly on maximising the power budget to achieve the
desired long range of 100km. A further demonstration (28) demonstrated extended gigabit
PON (GPON) range to 135 km, and integrated WDM to increase the system capacity.
7.2.3

University College Cork, Ireland

The Photonic System Group of the University College, Cork (Ireland) has demonstrated a
hybrid WDM-TDM LR-PON (24), (29). The project demonstrated a WDM TDM LR-PON
whereby each wavelength pair (up and down stream) was able to operate over 100 km and
with a large split ratio of 256.
7.2.4

SUCCESS (Stanford University aCCESS)

Stanford University (30), has demonstrated a ring-and-spur WDM-TDM access network
architecture. It employs a semi-passive configuration of remote nodes to enable protection
and restoration, and fast tunable lasers at the OLT to provide down and up channels which
can be shared by all ONUs to reduce the transceiver count.
7.2.5

ETRI

ETRI, a Korean government-funded research institute, has developed a hybrid LR-PON
solution (which they call WE-PON (WDM-E-PON)) (15). In this WE-PON arrangement 16
wavelengths are transmitted on the ring, and they can be added and dropped to local PON
segments through the remote node (RN) on the ring. A possible design of the RN includes
OADM and optical amplifiers. As the split ratio of the splitter is 1:32, the system can
accommodate 512 users.

7.3

Summary

The main demonstrations and their characteristics are summarised in
Table 7.1 below:
Project

Reference

ACTS –
PLANET

19

BT

27

WDM–TDM
PIEMAN

24, 29
20

WE-EPON

15

SARDANA

23, 24

SUCCESS

30

MUSE

14

Technology/
architecture
Tree & branch
APON
Tree & Branch
GPON
Tree & branch
Tree & branch
Ring & Spur
GPON
Ring & Spur
GPON
Ring & Spur
GPON
Ring & spur

Range (km)

Wavelengths

Bit rate
(down/up)
Gbit/s

No. of ONUs
served

100

1

2.5/.3

2,048

135

40

2.5/1.25

2,560

100
100

17
32

10/10
10/10

4,352
16,384

100

16

2.5/2.5

512

100

32

10/2.5

1,024

100

n/a

n/a

n/a

n/a

n/a

n/a

n/a

Table 7.1 - Summary of Main Demonstrations
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All demonstrators achieve 100km or more. The WDM-TDM, PIEMAN and SARDANA
arrangements all offer 10 Gbit/s downstream. All bar the WE-PON can handle 1,000 or more
ONUs.
Probably the optimal tree and branch demonstrator of those in the table is PIEMAN - in that
it meets the 100km range requirement, can achieve 10Gbit/s in both up and downstream,
and serves the largest number of ONUs at 16,384. However, as previously noted, PIEMAN
requires some further attention in order to address the crosstalk issues, which could
potentially be achieved by having different wavelengths for up and downstream, although
this would mean halving the number of ONUs to 8,642 (however this is still twice the nearest
competing design).
The best ring and spur arrangement would seem to be SARDANA with 10Gbit/s downstream
and 1,024 ONUs. Whether this architecture has potential for matching, or exceeding, the
PIEMAN approach requires further study and research. If this was possible it could make it
the more attractive option, provided that overall costs were much the same.
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8 Wavelength (or Lightpath) Switching
Wavelength switching, sometimes referred to as Lightpath switching, is simply the end to
end switching of lightpaths (i.e. wavelengths), and uses circuit switching principles where the
channel capacity is the same as the capacity of the wavelength channel (31).
Wavelength switching can be used for:
i) end-to-end connections – where the optical signal path traverses one or more
wavelengths from source to destination
ii) edge-to-edge connections – which is the same as (i) above, but the wavelength is
terminated at an edge router. This approach improves the transport efficiency in the
core network, by aggregating the IP inputs from a number of lower usage end users.
Techniques include:

8.1

Optical Flow Switching

Optical flow switching (OFS) is used for end-to-end connections and hence is of particular
interest with respect to this project (32) (33). The end user requests an end-to-end lightpath
connection and, if the desired network path is available and meets the performance
requirements e.g. delay, a lightpath is switched and made available for the required duration.
For cost reasons OFS does require sufficient data traffic for each connection in order to
justify the use of a full wavelength. For this reason OFS tends to be limited to large data
transfers, such as interconnection of supercomputers, distributed data storage, large
downloads, and distributed high-speed computing services. As residential users‟
requirements for higher capacities increase over time, then OFS may well find application
maybe in the 2020 timeframe (see earlier reference to Nielsen‟s Law).
Although OFS is mainly for end-to-end connections, it can, in principle, also be used for
edge to edge applications. In such cases multiple end user connections are aggregated
together at edge routers and OFS is then used for transport in the core network.
scheduler

WAN

LAN

LAN

X
X
mux

OXC
X w dedicated
wavelength
channels

X

Figure 8.1 - Optical Flow Switching
Source: Chan (32)

8.2

Optical Circuit Switching

Optical circuit switching (OCS) in core networks uses either generalised multiprotocol label
switching (GMPLS), or automatic switched optical networking (ASON) (34) (33), and IP in
the access network, with aggregation of packets at edge routers, and edge to edge light-path
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connections as illustrated in Figure 8.2. This can be a very efficient technique if the edge
routers aggregate a sufficiently large amount of traffic.

WAN
LAN

MAN
router

MAN

WAN
router

X

LAN

OXC
X w dedicated
wavelength
channels

MAN

Figure 8.2 - Optical Circuit Switching
Source: Chan (32)

8.3

Fractional Wavelength Switching

Fractional wavelength switching (FWS) (35) provides connections at sub-wavelength
rate/level. Typically, it uses WDM-time-division multiplexing (TDM), whereby each
wavelength is further subdivided into time slots (or frames) within cycles based on TDM.
Since FWS is far more flexible than wavelength switching in its routing capability, it can
utilise wavelengths more efficiently and all the way to the end user.
There are various FWS technologies such as:
a) Sub-Wavelength Switching (SWS) which are ideal for local and metropolitan area
networks.
b) Fractional-lambda switching (FLS) or time-driven switching (TDS).
FWS could find application in FMN‟s project no.1 aimed at 100Mbit/s application s in the
short term.

8.4

Conclusion on Lightpath Switching

There are some distinct advantages in deploying one or more of the above in the future
Internet. There are many issues to address, such as the use of IP, potentially with flow
routing, the granularity of FWS connections, network performance, survivability, and
locations of edge routers of OCS and/or FWS, so as to be able to generate an optimal
network architecture.
Two scenarios are:
i) to deploy OFS for end-to-end large transactions (i.e. FMN‟s project no. 2), and
ii) FWS for the less bandwidth-hungry applications operating at up to 100Mbit/s per
user (FMN‟s project no. 1b).

8.5
8.5.1

Prior Work
ESLEA

The Exploitation of Switched Lightpaths for e-Science Applications (ESLEA) was a two-year
project, which ran from February 2005, which aimed to demonstrate the potential of circuit-
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switched optical networks (lightpaths) to the UK e-Science community (36). The project was
funded by EPSRC (Grant No. GR/TO4465/01), PPARC, and MRC, and involved the
scientific and technical expertise of CCLRC, National e-Science Centre, and the universities
of Edinburgh, Lancaster, Manchester, Oxford, and University College London.
The UKLight circuit-switched network provided ESLEA with the infrastructure to demonstrate
the feasibility and benefits of using switched lightpath technologies for e-Science
applications. UkLight is an optical R&D network, managed through UKERNA as a
complement to the SuperJanet4 production network. It comprises a 10Gbit/s backbone to
selected points in the UK and connects to global optical networks via 10Gbit/s links to
Chicago (via StarLight) and Amsterdam (NetherLight).
UKLight enables high-demand applications to deliver massive data sets on a global scale
and prove bandwidth-intensive remote visualisation techniques. In addition, it allowed
ESLEA‟s network system researchers to develop both the control models and protocols
needed to build scalable switched optical networks without the risk of disrupting IP service.
8.5.2

CA*net and CANARIE

CA*net (37) is the pan-Canadian advanced optical network for research and links Canadian
higher education and research networks with each other, and others around the world. It is
sponsored by Industry Canada, and managed by CANARIE (Canadian Advanced Network
for Research, Industry and Education).
CA*net 4 operates on optical wavelengths and has a potential throughput of 40 Gbit/s at its
core.
The significant feature of CA*net 4 over its predecessor CA*net 3 is that network connectivity
can be controlled by the user, such that they have the ability to establish and manage their
own optical networks within a subset of the whole network.
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9 Open Access
9.1

Introduction

Currently, broadband service provision in the UK (be it copper or fibre based) is delivered to
the end user via a number of SPs who can be categorized as follows:
a) vertically integrated SPs such as BT Retail and Virgin Media i.e. the delivery chain is
owned and managed by one company
b) DSL based SPs, such as Carphone Warehouse and Sky, who make use of
Openreach‟s access network infrastructure. Backhaul is then delivered either by the
market, or can be owned
c) Resellers of a) and b) services
d) Newer, fibre based SPs such as IFNL and Velocity1 who are using their own
infrastructure and have their own SP capability, but aim to encourage other SPs to
utilise their fibre based infrastructure. As in b) above, backhaul tends to be delivered
via the market.
To aid further discussion, a generic model shown in Figure 9.1 below illustrates how the
various components of delivery fit together.

Service Providers (SP) / Communications Providers (CP)

Service

Network Provider (Switching, or Routing)

Active

Network Provider (Access Network)

Civils/ Ducts and Dark Fibre

Passive

Figure 9.1 - Layers of Service Provision
True open access is facilitated if there is separation of network from service provision in
such a way, both technically and commercially, that the provision of a large number of
service choices for consumers is possible. In general, these true open access networks have
low entry barriers because service providers‟ costs are closely related to their revenues thereby encouraging innovation and choice.
True open access is clearly in the best interest of consumers, in that they empower the
consumer with the full freedom of choice, such that the consumer can choose any service
from any service provider, unrestricted in duration (short or long term), and with any
combination of services and service providers at any time. FMN sees the physical
manifestation of such true open access as being able to switch services and service
providers with the „click of a mouse‟.
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The term „Equivalence of input‟ is often confused with „open access‟ and falls a long way
short of true open access. In current „equivalence of input‟ on GPON, there is a very limited
choice of SPs, who are each assigned their fixed ports on the GPON ONU. Most SPs will
wish to promote their own bundled service offerings, as now on current legacy networks,
together with higher priced options exploiting the additional capability of NGA networks. This
approach is unlikely to encourage the development of true competition and innovative
services, and is therefore possibly not the ideal solution for serving the best interests of the
consumer.
An example of true open access model is the network provided at Mälarenergi (38) in
Sweden, with 32,000 residential and 2,000 business customers. In this model residential and
business customers can choose any service from any service provider, unlimited and in any
combination of services and service providers at any time.
Open access as described above applies to the access network; however there are further
different meanings including:
1. End users being able to access any service provider of their choice and any service
provided by the service provider (as above)
2. Service providers being able to use a network on an open access competitive basis
3. Network providers being able to use a network provided by someone else to provide
a network offering
Definitions (1) and (2) apply mainly to the access network, but the latter two (2) and (3) can
be applied in any part of the network.
These different definitions are addressed in more detail below:

9.2

Open Access for End Users in the Access Network

Open Access for end users has the particular benefits to the user of:
 Instantaneous transfer from one service provider to another under the control of the
end user
 Ability to use a number of service provider offerings simultaneously if necessary to
benefit from offerings such as low cost file transfer etc
There are two broad categories of end user who might require open access, namely:
1. residential/private, small/home office users (referred to hereafter as small users)
2. large organisations, commercial/industrial/academic etc, seeking to transfer large
quantities of data (e.g. research institutions such as CERN) (referred to hereafter as
large users)
9.2.1

Small Users

Competition on NGA networks could potentially be achieved in various ways including:
 sub-loop unbundling
 duct sharing
 active access methods
o active line access e.g. bit-stream
o wavelength unbundling
In this project we have concentrated on looking at just the active options, e.g. wavelength
unbundling, active line access, and aggregated active line access. We have not addressed
duct sharing, dark fibre and sub-loop unbundling, because they do not link in with the other
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part of this project, i.e. the deployment of optimal WDM-PONs. Furthermore these options
have been considered separately by a project commissioned by Ofcom (39)
One approach to open access is shown in Figure 9.2 below.
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Figure 9.2 - Open Access Arrangements for Small Users (up to 100Mbit/s per end
user)
Open access has been demonstrated and commercially deployed by Packetfront in a
number of FTTH networks, primarily Sweden (40); hence there is already an existence
theorem.
The challenge to be undertaken in this project is to adapt the current practical manifestation
to make it suitable for use in the local network in a vendor independent manner.
9.2.2

Open Access in the UK

Ofcom has specified the Ethernet Active Line Access (ELEA) solution for providing
„equivalence of input‟. This choice has apparently been made so as to stay as close as
possible to the current traditional wholesale over copper model and practices. Ofcom is very
positive about the true open access approach, as described in para 9.1 above, but it is
understood that they consider it to be too big step for the UK at the moment.
FMN believes that there is no reason why the capability to provide true open access should
not be provided on all new network implementations now, although regulatory coercion may
be needed, particularly with regard to the service providers who may not deem it to be in
their best interests for customers to have such flexibility.
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9.2.3

Ethernet Active Line Access

The term Active Line Access has been adopted by some e.g. Ofcom in the UK with a view to
achieving open access and current work by Ofcom is aimed at offering EALA, which is the
set of requirements for one of the competitive options in Next Generation Access (see Annex
Five). EALA is designed to enable the provision of innovative services to customers through
a wholesale bit-stream product, which can be offered by service providers, and which is as
close as possible to the physical layer of the network where it might not be possible, nor
practicable, to require shared passive access to infrastructure. As far as possible, the aim is
that Ethernet ALA will offer SPs a similar scope for innovation and control as they would
have with direct access to the passive infrastructure
So far, according to the UK Government (41), the focus of industry attention has been on
identifying how best to implement active access – whether as part of a regulatory decision
from Ofcom, or as a condition of public sector funding of NGA deployments. Ofcom, along
with NICC (a technical forum for the telecoms sector that develops interoperability
standards), has outlined the active access approach that they believe would work best for
next generation access networks – namely Ethernet Active Line Access, or ALA.
It is desirable that ALA has a number of key characteristics in order to maximise its benefits.
It should:





Retain as much as possible of the innovation supported by passive access
Be neutral to the applications – voice, video, HDTV, data
Be implementation neutral to the underlying media – point-to-point fibre, GPON,
copper, bonded copper, wireless
Help to overcome technology isolation – one wholesale access for all technologies.

The emergence of a number of local and community-led broadband networks means that it
is likely that there will be a patchwork of networks that make up NGA across the UK over the
coming years and, in order to avoid inter-operability problems, some standardisation is
needed. To this end the Broadband Stakeholder‟s Group (BSG) has established their
Commercial, Operational and Technical Standards (COTS) project, which has the objective
of developing a standardised approach to ensure that independent, local projects, national
network providers and ISPs can all inter-operate. It is understood that any proposal will be
fully ALA compliant.
BTO has developed an ALA compatible solution, which they call Generic Ethernet Access
(GEA), and which they are implementing on their FTTH and FTTC installations, the original
installation being FTTH at Ebbsfleet. GEA is intended to enable competing service providers
to provide services over the Openreach network – whether FTTC or FTTH. There have been
some concerns from service providers about various issues related to GEA and its
implementation.
9.2.4

Large Users

Large users have been working on achieving open access for large file transfers for some
years, e.g. the CA*net project in Canada (37). Solutions for this application have tended to
involve optical switching at locations in the metro/core networks. Such approaches are not
unreasonable for large users and commercial terms can be negotiated with network and
service providers as necessary.
A typical approach is shown in Figure 9.3 below:
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Figure 9.3 - Lightpath Selection for Large Users
9.2.5

Open Access for Service/Network Providers in the Access Network

For service/network providers this means obtaining access over a network provided by
another network operator. Where a network operator wishes to gain access this will be for
him to resell the capacity to service providers on a wholesale basis. Service providers can
rent access from the original network operator directly if they so wish.
There are two approaches namely passive and active:
a) Passive
Passive access refers to competition based on renting a network providers‟ (NP)
physical infrastructure and the service provider connecting his own equipment, similar to
Local Loop Unbundling (LLU) in today‟s market. This could include duct access and subloop unbundling.
A typical passive arrangement is shown in Figure 9.4 below:
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Source - Ofcom (39)

Figure 9.4 - Open Access for Service/Network Providers in the Access Network using
the Passive Model
In the majority of cases the original network provider will be BTO in the UK. The question
as to whether open access might be achieved over a network provided by Virgin Media
is unclear, as indeed it is with micro network providers, e.g. Velocity 1 at Wembley.
b) Active
Active access refers to the model whereby service providers use wholesale products that
use network providers‟ physical infrastructure and electronic equipment. An example is
the Bitstream product available today. This requires network owners to implement an
Open Access model, with service providers able to offer products over the network
provider‟s network.

Source - Ofcom (39)

Figure 9.5 - Open Access for Service/Network Providers in the Access Network using
the Active Model
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9.2.6

Open Access for Service/Network Providers in the Core/Metro Network

Service network providers requiring connectivity to the core and metro networks can do so
either by leasing capacity from the original provider, which guarantees a certain bandwidth
between two or more locations. However this means that the lessee has to dimension their
requirements for maximum capacity, or use overflow capacity in some way. A preferred
option would be an arrangement whereby they can lease capacity as required. This means
that bandwidth leased can vary by the hour/day etc. This requirement is being addressed to
some extent by the development of dynamic bandwidth allocation (DBA) techniques.
A typical approach is shown in Figure 9.6 below:

PoP

End User
(up to 100
Mbit/s)

λ1

λ1
WDM-PON
ONU

λx

OLT
WAVELENGTH
FRACTIONAL
SWITCH

OPTICAL
SWITCH

METRO/CORE

Figure 9.6 - An Example of Dynamic Bandwidth Allocation using Fractional
Wavelength Switching

9.3

Summary of Open Access Options

Para
referenced

User

Example

User Selects

Open access achieved
by

9.2.1

Small user

Residential & SMEs

Service provider

Electronic s/w solution as
per Packetfront

9.2.4

Large user

Academia
Research orgs
Large businesses

End to end connectivity at
required bandwidth/bit rate

Lightpath switching end to
end, together with dynamic
bandwidth allocation (DBA)
where necessary

9.2.5

Access service
provider

Service provider

Offer competitive access

„unbundling‟ by use of
different wavelengths in
access network

ISP/Service provider

Optimum and most cost
effective routing through
core network to deliver
service to end user

Lightpath switching in core
and metro, together with
dynamic bandwidth
allocation (DBA)

9.2.6

Service provider

Table 9.1 - Summary of Open Access Options
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10 Commercial and Regulatory Issues
10.1 Introduction
Access networks are the single largest expenditure for a network provider and hence it‟s
most valuable asset. For this reason access networks need to be installed as part of a longterm plan with a lifetime of typically at least 25 years. It took more than one hundred years to
build the global network which currently supplies most of the developed countries of the
world with high-quality telephony service. It has perhaps been fortunate that the twisted
copper pair cables of today have facilitated implementation of the many transmission
technologies of the 20th century.
However, with the dramatic growth of the internet and data generally, upgrading the current
access infrastructure from twisted pairs of copper wire to fibre on a broader scale is
essential, but will necessarily take a long time. Moreover it is essential that, whichever
technology is installed in the coming years, it can remain in service for at least 25 years so
that the capital cost can be recovered. It is because of the enormous cost, and the very long
cost recovery time, that competition in the provision of network infrastructure in the access
network, whilst theoretically desirable, is commercially very restricted, and certainly cannot
readily be made a national requirement.
Governments see the installation of next generation access technology and infrastructure as
being of strategic importance with regard to national economic prosperity. Regulatory bodies
generally have the mandate to define a framework that both assures investors, and offers
consumers, a competitive communications offering. In today‟s de-regulated markets, service
providers, but not network providers, typically have several choices in the context of local
loop unbundling, be it copper, or fibre cabling.
There are two extremes:
i)

Service providers (SPs) can gain access to the physical media, i.e., copper wires or
dark fibres. In this instance SPs are fully in control of their own destiny and can
connect whatever technology they choose. This gives them ultimate flexibility
regarding service creation and definition.
A variant is where WDM-PONs are used and a wavelength is allocated to each SP;
these wavelengths can be regarded as a point to point link with a standardised
interface at the Local Exchange.

ii) At the other extreme is access to the bit stream only, as per EALA proposed by
Ofcom and referred to in para 9.2.3. In this case, the NP operates the equipment that
drives the access link. In this scenario, flexibility on the service definition side is more
limited.
For new build brown or green-field installations the modus operandi is fairly clear cut.
However in transitional arrangements where a NP is moving from a copper based network to
a fibre based network then the regulatory environment might be more problematic. For
instance, once fibre has been rolled out closer to the end users, there is little incentive to
maintain the old copper plant. Will NPs still wish to offer both infrastructure access and bitstream access? If traditional TDMA-PONs are deployed then bit-stream access can be
provided but there is no way to provide access to the physical layer.
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However network providers are unlikely to install competing networks because of the
enormous costs and long pay-back times involved, such that normal financial investment
decisions would make such decisions non-viable. The only alternative option would be if
Governments themselves funded some or all of the competing network infra-structure. Given
the current economic climate there is little appetite from Governments to pursue this option.
That said, however, the Australian Government recently announced such an initiative (42)
In the UK Ofcom is highly supportive of the concept of open access from the customers
perspective, i.e. that they should have a choice of service provider. FMN‟s recommended
way ahead as described within this report is aimed at achieving this goal.
Depending on the way in which the technology develops regulatory changes may be
necessary to ensure open access is provided to end customers by both service and network
providers.
Given that BTO is the incumbent network operator in the UK, BTO needs to be persuaded of
the merits of any preferred solution and hence it is vital that BTO be involved in future work.

10.2 Commercial and Regulatory Considerations re Open Access
10.2.1 Introduction
It is recognised that economies of scale are fundamental in the provision of access networks
and it follows therefore, that competition in the access network in any given geographical
area is not commercially viable.
It is therefore essential that BTO has an obligation to roll-out adequate future-proof solutions,
e.g. WDM-PON with open access.
BTO‟s existing solutions, such as FTTC, are not sufficient for the long term and hence BTO
has to be convinced and committed to the long term solution, whatever it might be, but
assumed to be long range WDM-PON with open access in this project. FTTC can only be
regarded as a short term expedient pending the implementation of the „holy grail‟ solution.
BTO‟s FTTH roll-out is based on GEA which, whilst providing a certain degree of competitive
access for service providers, falls far short of true open access.
10.2.2 Commercial Issues regarding Open Access - Network providers
Despite considerable activity by academia, system vendors, and network providers, at the
end of the day, it is the network providers who will decide what they wish to install, which will
inevitably be a compromise between performance and capital and operating costs.
In the UK the biggest network provider is BTO and widespread roll-out of WDM-PONS and
the provision of true open access in the UK will therefore be almost entirely dependent on
the decisions made by BTO. Note that BTO is installing FTTC to 40% of homes by 2012,
which will provide up to 40 Mbit/s. Note also that 40Mbit/s does meet average peak user
bandwidth requirements (see Figure 5.4), although not peak user bandwidth (i.e. 100Mbit/s).
10.2.3 Commercial Issues regarding Open Access - Service Providers
Service providers do not like open access, because it means that customers can chop and
change at the click of a mouse. Normally SPs have minimum contract terms (e.g. 12-24
months) to minimise the impact of such chopping and changing (referred to as customer
churn). It is possible that open access for end users as envisioned in this project may not be
possible if at least a few SPs do not accept the concept.
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There is scope for a new generation of service provider however, who might act as a service
aggregator (SA). End users would contract with the service aggregator who would supply the
services requested. The SA would purchase the services on a wholesale basis from the
service providers.

10.3 UK Government Intervention
The UK Government has recognised that achieving anything close to 100% penetration of
high speed broadband (i.e. > 10Mbit/s) is unlikely to occur if left to the market, which might
at best achieve c. 70%.
It decided therefore in 2009 to create a Next Generation Fund funded through a levy of 50p
per month on all fixed landlines. The draft legislation for this was published following the PreBudget Report in November 2009.
The declared objectives of the Next Generation Fund are (41)
 to support the roll out of NGA to at least 90% of households in the UK by 2017;
 to promote the roll out of infrastructure that meets the needs of businesses and
households in the UK, and supports economic growth;
 to ensure value for money through minimising deadweight and ensuring competition
in the procurement process;
 to meet affordability constraints implied by the income stream from the new 50p per
month landline duty imposed on all fixed lines.
 to maximise synergies with the Government‟s Universal Service Commitment, a
parallel infrastructure investment programme to ensure virtually every community has
access to a broadband connection of at least 2Mbit/s.
It is understood that the UK Government Ofcom‟s believe that any network that is deployed
as a result of the Next Generation Fund should be open access, in order provide the best
choice and price, as a result of competition, for the consumer.
FMN however understands that advanced technology is being developed which will
enable xDSL on copper cables to be increased up to 40Mbit/s in the near future. If this
is indeed the case then the need for the Government to intervene and to charge a levy
is totally unnecessary.

10.4 A New Model – the Neutral Access Network (NAN)
Earlier, mention was made of the need for BTO to be persuaded of the merits of any
preferred solution from this study and hence we expect feedback from them in due course.
However, in our discussions with industry, both generally and specifically for this project, we
have found that a number of issues have arisen as BTO moves to an all optical access
network, viz:
1. SPs/NPs recognises that it is unlikely that any other network provider could obtain
finance to roll out optical access networks in competition with BTO.
2. Increasingly, other SPs/NPs are questioning the “right” of BTO to maintain its
monopoly supply position of NGA.
3. New access products are being driven by an operating component of a major
competitor of the SPs/NPs i.e. BTO within the BTG
4. The unbundled local loop solution works for copper based services, but other
SPs/NPs are questioning the need for such “heavy” regulation and subsequent
adjudication in any future fibre networks
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5. There is an appetite for alternatives, such as infrastructure sharing – this is where
WDM-PONs come into play, we think. Other discussions have centred on the
sharing of BTO ducts and poles
A number of other issues were raised in our discussions, which although worthy of study and
reporting, detract somewhat from the focus of this study. We do note, however, that WDMPONs could enable different models for providing optical open access networks. These
models are summarised by Bogliolo (43) and very briefly, introduces the concept of a Neutral
Access Network (NAN) provider. Figure 10.1 below illustrates the concept.

BT Retail
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CPW

Other NPs e.g.
Velocity1
Redstone
IFNL, etc

Virgin

BT Wholesale

Sky

CPW

Other NPs e.g.
Velocity1
Redstone
IFNL, etc

Virgin

Other NPs e.g.
Velocity1
Redstone
IFNL, etc

Virgin

Openreach

Service Provision over Fibre (2010) - “Islands of Access Networks”

BT Retail

Sky

CPW

Other NPs e.g.
Velocity1
Redstone
IFNL, etc

Virgin

BT Wholesale

Sky

CPW

Other NPs e.g.
Velocity1
Redstone
IFNL, etc

Virgin

Neutral Access
Network
(NAN)

Service Provision over Fibre (c2015??) - “Neutral Access Network”

Figure 10.1 - Neutral Access Network Model
Introducing such a model into the UK would, we believe, be the logical step to enabling full
wavelength open access.
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11 Further Research Considerations
In producing this study we have concluded that the following topics require further study.
Some of these topics relate to componentry, which to some extant have/are being
investigated under the aegis of the TSB – see Annex Six.

11.1 Optimal Architecture
There is a presumption by many that tree and branch WDM-PON networks are the way to
go. We are not convinced that this approach is necessarily optimal and would recommend
that further work go into addressing the practical, operational and commercial issues
surrounding the deployment of ring and spur architectures. In addition the results of the EU
funded SARDANA project which is looking at the technical issues should be followed
carefully.

11.2 Need for so much Focus on LR WDM-PONs
The technical focus is now on long range WDM-PONs. Whilst there will be a need for such
technology, it is unlikely to be as all pervasive as currently thought by many, and densely
populated countries, such as the UK, are likely to find that perhaps only 10% of the access
network requires such technology. For the remainder, regular WDM-PON technology, which
can achieve reaches of up to 20-30km, will suffice.
A standardised design which can be used for both short and long haul applications, with just
minor replacement, or addition of, modules might be an economic and operationally
attractive option.

11.3 Open Access
Open Access, as currently deployed by BTO is not in FMNs view „true open access.‟ We
believe that Regulators should be pushing for „true open access‟ and that new designs
should take such requirements into account.
It is FMN‟s proposal to demonstrate how „true open access‟ can be achieved in conjunction
with WDM-PONs (both short and long range) as part of the upcoming PIANO+ project.

11.4 Long range WDM-PON Componentry Research
There is some research required in various component areas viz:


Optical amplifiers
The gain of erbium doped optical fibre amplifiers cannot be altered very rapidly which
presents problems when handling bursty nature traffic as found in upstream timedivision-multiple-access (TDMA) traffic in a LR-PON. Work to address this issue is
required.



Semiconductor optical amplifiers (SOA) can adjust their gain faster and they offer the
potential for monolithic or hybrid array integration with the other optical components.
However they have a relatively narrow working bandwidth which restricts their use to
just certain applications.



Optical Sources
ONUs are the single most common item of equipment deployed in PONs and in order
to minimise CAPEX and OPEX, low-cost uncooled transmitters are often used in the
ONUs. Unfortunately un-cooled transmitters are temperature dependent and can
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suffer possible wavelength drift of as much as 20 nm, and in LR-WDM-PONs
wavelength drift is critical, especially with respect to optical filters.
One solution is to use reflective ONUs (R-ONU), which generate the upstream signal
from an external optical carrier, which could be the downstream optical carrier, or a
shared optical source at the local exchange, using a reflective SOA (RSOA)
modulator. Note that transmitters for a traditional PON are designed for a
transmission range of less than 20 km, whereas the LR WDM-PON has to achieve a
range of 100km or more.


Upstream Resource Allocation and Dynamic Bandwidth Allocation
In LR-WDM-PONs, the distance between the OLT and ONUs can be up to 100 km or
more and hence transmission delays can be a problem. In order to mitigate these
delays more highly efficient remote-scheduling algorithms, such as improved
versions of DBA, need to be developed.

11.5 1Gbit/s Optoelectronic Devices
There is a need for low cost optoelectronic devices for use with 1Gbit/s WDM-PONs (not
necessarily LR WDM-PONs) in order for such solutions to be economically viable.

11.6 All Optical Wavelength Converters
For a 1Gbit/s open access solution using wavelength routing, there will be a need for alloptical wavelength converters - in order to avoid blocking, and to move the wavelength from
one generated by the transmitting user to whatever wavelength is being used by the
receiving end user.
We are not aware of any all-optical device being currently available and research into such a
device is needed as a matter of urgency.

11.7 Fractional Wavelength Switching
For the 100Mbit/s solution where wavelength feeds from a WDM-PON arrive at the
exchange, FWS is deemed to be the answer for combining a number of such signals and
forwarding them on into the network on a single wavelength in an efficient and cost-effective
manner. The possibility of integrating the FWS with OLTs is also a possibility (see 11.8
below).

11.8 All-Optical OLTs
For the designs where wavelength routing is deemed to be viable then there is the prospect
of implementing all-optical OLTs. There is no such research work underway as far as we are
aware at the present time.
Moreover there is the potential for integrating/combining all-optical OLTs and the fractional
wavelength switches (see 11.7 above).
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12 Preliminary Testbed/Demonstration Proposals
As a result of this feasibility study FMN has identified three projects which might be pursued
further, possibly as part of PIANO+.
Project 1A
This project would be aimed at demonstrating open access with100Mbit/s to the end user
over WDM-PON using either tree and branch and/ or ring and spur architectures. The open
access functionality would be provided at level 3 i.e. electronically. Some integration activity
will be needed to ensure that the equipment from different sources operates as desired.
Technology availability:
Market requirement:
Demonstrator available:

Within a year
As soon as commercially available ie 2011
2011

Project 1B
This is similar to project 1A except that it deploys wavelength fractional switching/routing
whereby the 100Mbit/s signals are carried over a dedicated wavelength from the ONU to
OLT and then combined with other end user signals using wavelength fractional switching
for passage over the metro/core networks.
A major aspect of the project would be the development of a combined all optical OLT
feeding into the wavelength fractional switch, the latter being able to accommodate a
number of OLT feeds.
Technology availability:
Market requirement:
Demonstrator available:

Within 2 years
As soon as commercially available i.e. 2011
2012

Project 2
This project is the future „holy grail‟ offering 1Gbit/s to and from the end user, open access
using wavelength switching and routing end to end.
This project will ideally require the development of an all optical wavelength converter.
Technology availability:
Market requirement:

Demonstrator available:

Within 2 years
c.2020 for high usage residential end users
2013 for a small number of high usage commercial/academic
users e.g. JANET etc
2012

In each project FMN will facilitate the demonstrator/test-bed, define requirements, especially
user requirements, undertake programme management, and participate in the integration
and testing. It will also mastermind the ultimate commercial proposition. The proposed
projects are summarised in Table 12.1 below:

Project type
Demonstration

Project 1A
Demonstrator

Project 1B
Demonstrator

Project 2
Research demonstrator

True open access over
WDM-PONs offering
100Mbit/s

True open access
over WDM-PONs
offering 100Mbit/s

True open access using
wavelength switching
over WDM-PONs
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Project 1A

Project 1B

Project 2
offering 1-10Gbit/s

True Open Access

Yes

Yes

Yes

Access technology

WDM-PON

WDM-PON

WDM-PON

Open access
technology

Layer 2/3

Dedicated
wavelength on PON
and wavelength
fractional switching in
metro/core

Dedicated wavelength
end to end

End user speed

100 Mbit/s

100 Mbit/s

1 - 10 Gbit/s

Open Access
example

Packetfront

None

CA*net

a) Technical
integration of open
access „box‟ and
WDM-PON

Research

b) selection of tree
and branch or ring
and spur

Technical integration
of all optical OLT and
wavelength fractional
switch

a) End to end
switching control at
λ level operating at
1Gbit/s+
b) All optical
wavelength
converter

Market requirement

2010

2012/2020

2020

Demonstration date

2011

2012

2012

Project value

Euros 2M

Euros 3M

Euros 3M
High

IP prognosis

Minimal

High - all optical OLT
and wavelength
fractional switch

a) True access IP
suitable for λ
switched end to end
networks
b) all optical
wavelength
converter

Business opportunity

Minimal

High with possibility
of new VC funded
venture

High with possibility of
new VC funded venture

Table 12.1 - Summary of FMN Proposed Demonstrators
A diagram showing the timeline inter-relationships is given Figure 12.1 below:
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Bit/s
10G
Open Access
WDM-PON
1-10 Gbit/s
Wavelength end to end

Technology available, but no market need

Market need

1G

100M
Open Access
WDM-PON
100 Mbit/s
a)with Layer 3 switching
b)with wavelength

10M

Market need

2015

2010

Time

2020

1M

Figure 12.1 - Projects 1(A&B) and 2 Showing Demonstrators and Market Need
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13 Proposed Consortium for Further Testbed Work
At the current time we are unable to declare our proposed partners for confidentiality
reasons
Partners will be required with the following expertise:
Experience in
1. WDM-PON capability
2. WDM-PON tree & branch and ring & spur architecture experience
3. Open access with electronic L3 capability
4. Fractional Wavelength Switching
5. All optical OLT
6. 1Gbit/s componentry
7. Wavelength switching
8. All optical wavelength converter

Potential Partner
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD

Partners might come from any of the PIANO+ participating countries and in particular
Germany and Israel. Partners from other PIANO+ non-participating countries might be
considered provided they are self-funding.
FMN is UK based and will probably have one or more other UK partners.
FMN‟s roles will include:
 Definition of requirements, especially user requirements
 Defining discrete project tasks
 Overall project/programme management
 Facilitate the demonstrator test-bed
 Undertake the integration and testing
 Masterminding the ultimate commercial proposition with preparation of Business
Plan, raising funding etc (as appropriate).
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14 Prospects for Business Activity
There are a number of potential opportunities for developing an innovative equipment and/or
system and/or service as part of this project, including:
1. The further development of the software and associated hardware for achieving open
access at the „click of a mouse‟. It is believed that the output from the proposed
demonstrator will generate various new features, including the ability to integrate with
any 3rd party vendors‟ equipment, and definition of standardised interfaces - which
will be required for the widespread application envisioned, together with building the
implications for switching wavelengths by the end user for connecting through the
whole network.
2. There is a need for a customer premises integrated box which includes the
functionality of:
 the ONU
 the service provider interface box
 the open access functionality
If all this functionality can be inserted within a wall mounted socket box then it should
have considerable appeal.
3. It is possible that a ring and spur architecture might require special functionality
which might have IP value.
4. The development and commercialisation of an all optical OLT and wavelength
fractional switch with potential IP produced.
5. Development of an all-optical wavelength converter, needed in all-optical switches to
avoid the potential for blocking, and to facilitate end to end transmission at
wavelength level.
6. The provision of a service aggregator functionality whereby a (new) service
aggregator entity could be the commercial and operational interface between end
users and the various service providers. The importance of this service is that it
controls the commercial interaction such that the ends user always knows how much
he has to pay for any given combination of services and/or service providers and the
hassle of dealing with a range of service providers to obtain the open access
flexibility is removed. Clearly the service aggregator has to deal directly with the ISPs
and service providers at a wholesale level, and end users at the retail level. There is
scope for the formation of a new business to act as a service integrator, or
alternatively promotion of the concept to an existing service provider who might be
receptive to expanding their portfolio.
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15 Conclusions
This feasibility study has:
i)

Confirmed that there is a market for 100Mbit/s end user service within 5 years and a
1Gbit/s end user service by around 2020 for high capacity users.
ii) We have confirmed that the key user requirements of speed, zero contention and
open access can all be achieved via our proposed solutions.
iii) We have identified the key requirements and technologies for these services from
end-user, service provider and network provider viewpoints
iv) We have identified the WDM-PON architectures which might be used for these
offerings in (ii) above. However further work is required to determine whether ring
and spur architectures trump tree and branch.
v) We have also identified that Long range WDM-PONs are not required for the vast
majority of applications in smaller countries e.g. UK.
vi) We have identified the need for the development of key components in order for the
systems to be commercialised:
 1Gbit/s componentry
 An all-optical wavelength converter
vii) We have noted that there are commercial issues which might limit the potential for
open access in the UK and potentially other countries. We are re-assured that there
are no regulatory impediments however.
viii) We have noted a commercial opportunity for the establishment of a new business
opportunity to provide service aggregation services.
ix) We have identified technical solutions for providing open access for 100 Mbit/s
offerings (ie electrical L3) and wavelength fractional switching, and for 1Gbit/s service
using end to end wavelength switching.
x) We have determined that there are three potential demonstrators to demonstrate the
feasibility of the proposals and FMN plans to make three proposals to PIANO+.
xi) Depending on the outcome of the demonstrators FMN is of the view that there are a
number of potential business opportunities for the commercialisation of a number of
ideas.
xii) FMN also believes that there is potential for a number of patents as a result of this
further proposed work.
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16 Recommendations
Based on this project report and the conclusions herein we have the following
recommendations:
1. That the project proceeds to the next phase with two/three demonstrations of the
open access functionality on a suitable demonstrator test bed
2. On completion of the demonstrator phase that the prospects for a joint venture be
created based in the UK, with stakes held by the participants.
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18 Annex One - List of Acronyms
ACTS-PLANET
ADSL
APON
ARPU
ASE
ASON
ATM
AWG
BBC
BPON
BSG
BTG
BTO
CANARIE
CAPEX
CERN
COTS
CPE
DBA
DOCSIS
DS
DSL
EDFA
EFMA
ELEA
EPON
ESLEA
FEC
FLS
FMN
FSAN
FTTC
FTTH
FTTP
FTTx
FWS
GEA
GEPON
GFP
GMPLS
GPON
HDTV
HFC
IEEE
IFNL
IP
IST
ITU

Advanced Communication Technologies and Services – Photonic
Local Access NETwork)
Asynchronous Digital Subscriber Loop
ATM Passive Optical Network
Average Revenue Per User
Amplified Spontaneous Emission
Automatic Switched Optical Networking
Asynchronous Transfer Mode
Arrayed Waveguide Gratings
British Broadcasting Corporation
Broadband PON
Broadband Stakeholder‟s Group
BT Group
BT Openreach
Canadian Advanced Network for Research, Industry and Education
Capital Expenditure
Conseil Européen pour la Recherche Nucléaire (European Council for
Nuclear Research),
Commercial, Operational and Technical Standards
Customer Premises Equipment
Dynamic Bandwidth Allocation
Data Over Cable Service Interface Specification
Downstream
Digital Subscriber Loop
Erbium Doped Fibre Amplifiers
Ethernet in the First Mile Alliance
Ethernet Active Line Access
Ethernet PON
Exploitation of Switched Lightpaths for e-Science Applications
Forward Error Correction
Fractional Lambda Switching
First Mile Networks
Full Service Access Network
Fibre to the Cabinet
Fibre to the Home
Fibre to the Premises
Fibre to the x (generic acronym)
Fractional Wavelength Switching
Generic Ethernet Access
Gigabit Ethernet PON
Generic Framing Procedure
Generalised Multiprotocol Label Switching
Gigabit PON
High Definition TV
Hybrid Fibre Co-ax
Institute of Electrical and Electronics Engineers
Independent Fibre Networks Ltd
Internet Protocol
Information Society Technologies
International Telecommunications Union
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LLU
MUSE
NAN
NGA
NICC
NP
OCS
OEO
Ofcom
OFS
OLT
ONU
OPEX
PIANO+
PIEMAN
RN
R-ONU
RSOA
SA
SARDANA
SOA
SP
SUCCESS
SWS
TCO
TDM
TDMA
TDM-PON
TDS
UKERNA
WDM-PON
WE-PON
xDSL

Local Loop Unbundling
Multi Service Access Everywhere
Neutral Access Network
Next Generation Access
Network Interoperability Consultative Committee
Network Provider
Optical Circuit Switching
Opto – Electrical - Optical
Office of the Communications Regulator
Optical Flow Switching
Optical Line Termination
Optical Network Unit
Operating Expenditure
Photonics-based Internet Access Networks of the future
Photonic Integrated Extended Metro and Access Network
Remote Node
Reflective ONU
Reflective SOA
Service Aggregator
Scalable Advanced Ring Dense Access Network Architecture
Semiconductor Optical Amplifiers
Service Provider
Stanford University aCCESS
Sub-Wavelength Switching
Total Cost of Ownership
Time Division Multiplex
Time-Division Multiple Access
Time Division Multiplex - PON
Time Driven Switching
United Kingdom Education and Research Network Association
Wavelength Division Multiplex – Passive Optical Network
WDM E-PON
Generic acronym for DSL
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19 Annex Two - List of Experts Contacted for this Study
Organisation
ADVA

Contact
Jörg-Peter Elbers

BBC

Richard Cooper

BIS
BTG (Innovate and Design)
BTO
Cable & Wireless
CIENA
CMA
Ericsson (UK)
Gamma Telecom
Ofcom
Packetfront
Queen Mary College, London
Redstone Converged
Solutions
RINCE (Ireland)

Andrew Carter
Stephen O‟Fee
Trevor Linney
Dr. George
Williamson
Gavin Young
Stuart Perkins
David Boyle
David Harrington
Dr. Pierpaolo
Ghiggino
Andrew Rawnsley
Gareth Davies
David Clarkson
Peter van
Bourgondien
Dr. Chris Phillips

Director Future Network Strategy
Chief Architect (Access)
Head of Network Design
Consulting Systems Engineer
Regulatory Affairs
VP Central Research
Chief Architect

VP of Business Development
Reader, Networks Group

Stewart Jones

Director of Business Development

Dr. Robert Maher

Reader
IGDP Telecommunications
Director
Professor, Optical Networks
Group
Associate Professor
Managing Director
Director of Technology Strategy

Dr. John Mitchell
University College, London
Dr. Polina Bayvel
University of Essex
Velocity1
Virgin Media

Position
VP, Advanced Technology
Controller Digital Distribution &
Operations
Broadband Policy Advisor
Senior Technology Advisor

Dr. Ken Guild
James Saunders
Kevin Baughan

Table 19.1 - Project Interviewees
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20 Annex Three - Vendor and Network Provider Activity
20.1 Vendors
Virtually all the major optical access network vendors are developing products for the Next
Generation Access requirements of network providers. Table 20.1 below briefly summarises
current activity.
Vendor

LG-Nortel

Ericsson

Nokia Siemens Networks
(NSN)
ZTE

ADVA

Current Activity
Following its acquisition of Novera in late 2008, LG-Nortel
has been one of the most active vendors in the field of
WDM-PONs, and is implementing a number of trials around
the world. There are also a few commercial deployments.
Like most vendors LG Nortel is working to maximise the
reach and capacity per wavelength of its WDM-PON
solution.
LG Nortel has the potential to become a leading vendor for
WDM-PONs.
Ericsson is collaborating on the European funded GigaWAM
project and has demonstrated a 10Gbit/s PON solution. Like
most vendors Ericsson is trying to reduce component costs
so as to reduce overall equipment costs.
NSN has abandoned its GPON solution to focus on DSL
solutions for the time being. It is understood that NSN plans
to get back into the NGA PON market in due course.
ZTE of China has developed a PON prototype that is a
combination of TDM and WDM-PON technology and uses
between 4 and 32 channels with a split ratio of 1 to 64.
ADVA is active in the WDM-PON sector and has participated
in various UK Technology Strategy Board projects, along
with partners (see Annex Six). Although headquartered in
Germany, it now has two UK sites.
Table 20.1 - Vendor Activty

20.2 Network Providers
Network providers are realising that they need to consider deploying WDM-PONs in order to
realise the full potential of their fibre networks. However investments by network providers in
WDM-PONs have, to date, been deterred by the high cost and lack of standards and, not
surprisingly, most network providers are waiting for these issues to be addressed by the vendors.
WDM-PON deployment to date has been mainly in trials and commercial deployments have
been very limited.
Korea Telecom has undertaken some very limited deployment of WDM-PON as part of its FTTH
and FTTP roll out focussing on their enterprise customers.
UNET in the Netherlands has tested WDM-PON and is currently rolling out WDM-PON based
FTTP in its live network.
Operators such as Telecom Italia and France Telecom in Europe, and Verizon in the USA, have
declared their serious interest in deploying WDM-PONs in due course.
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Table 20.2 below summarises current UK activity
Network Provider

BTO

Activity
BTO will be upgrading its network using FTTC technology to
provide speeds of up to 40Mbit/s, and plan to roll out to 1.5M
homes by 2010, and up to 40% of UK homes (i.e. c. 10M
homes) by 2012.
BT has also recently announced that they are increasing the
number of homes with access to FTTH to 2M homes by
2012.
It is understood that none of these deployments will use
WDM-PONs however.
Virgin Media has completed their roll out of their super-fast
broadband service, with speeds of up to 50 Mbit/s, across
their whole UK network, covering nearly 50% of all homes in
the UK (i.e. c. 12.5M homes). A 100Mbit/s offering has
recently become available and 200Mbit/s is being trialled.

Virgin Media

Their network is historically based on cable tv (HFC) and
hence it is not thought that their network is conducive to the
deployment of WDM-PONs.
Table 20.2 - UK Network Provider Activity
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21 Annex Four – Access Network Technology and Standards
Considerations
21.1 Introduction
This section summarises the different access technologies and standards

21.2 Point to Point Ethernet
Point to point Ethernet technology deployed over an access network where each customer
has their own dedicated fibre has the distinct advantage that bandwidth can be upgraded
post installation by changing the equipment at each end of the fibre from, for example,
100Mbit/s to 1Gbit/s. This model is a replica of the original copper based access/local
networks that have served us well for over 100 years.
However, whilst disadvantages outweigh the advantages when practical considerations are
considered, especially the physical problems of having large numbers of fibres entering an
exchange building and the numerous optical line terminating units which have to be
accommodated, this approach has been adopted by various new entrant operators around
the world, perhaps most notably Fastweb in Italy, which has some 50% of its customers
connected using point to point Ethernet at speeds in the range 10 - 1000 Mbit/s.
Whilst pt to pt it is an approach that most network providers have moved away from in favour
of GPON etc, we should not ignore the fact that there are some advantages of point to point
systems which some operators feel justify their implementation. If we look to the future i.e.
10 years hence, it is just possible that those network providers who have deployed point to
point systems will find they made very much the right decision?

21.3 TDMA PONs
TDM based PON systems have a shared architecture in which a single wavelength is shared
amongst a number of end users. An ONU is located at the end of each fibre in the customer‟s
home or building, and the downstream data is broadcast scheme to all ONUs. In the upstream
direction each ONT has a time slot in which to communicate with the OLT at the exchange.
There are no active elements present in the link, but there are one or more passive
splitters/combiners located at a convenient location known as a remote node between the
OLT and ONU such that a single fibre (or fibre pair) can be used for the main section
between the remote node and the OLT in the exchange, thereby introducing capital cost
savings in the external plant. There are a number of variants namely:
 FTTH Fibre to the home
 FTTP Fibre to the Premise of Building
 FTTC Fibre to the Cabinet

PONs are most commonly designed in tree and branch configuration, although ring and spur
configurations are possible; the tree and branch configuration tends to be preferred since it
generally results in smaller variations in signal power at the receive ends in each direction.
The main feature which distinguishes PONs from other wired networks is the unidirectionality of the intermediate splitting/combining coupler. In the downstream direction the
single wavelength signal sent by the OLT arrives at the splitter, is distributed across all the
output ports and arrives at all the ONUs connected to the splitter. The signal is attenuated,
but otherwise its structure and properties are the same.
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In the other direction, from the ONUs to the single OLT, the situation is different. The
wavelength signals from each of the ONUs (all having the same wavelength, but carrying
differing information) arrive at the input ports of the combiner, get combined and forwarded
on to the OLT located at the Local Exchange. To avoid interference of the upstream signals
from the different ONUs TDMA techniques are used to keep the signals separate in the time
domain. With this technique each ONU buffers its incoming data from the user and the
contents of the data queues for a given ONU are transmitted in a single burst, using the
whole available bandwidth of the channel, upon the start of an allocated transmission
window.
This generalised arrangement has two common standardised arrangements:
i) BPON
The architecture of a BPON is flexible and adapts well to different scenarios. The
underlying ATM protocol provides support for different types of service by means of
adaptation layers. The small size of ATM cells and the use of virtual channels and links
allow allocating available bandwidth to the end users with a fine granularity.
Despite these advantages the complexity of the ATM protocol was hard to implement
cost-effectively and, much simpler, data only oriented Ethernet protocols were deemed
to be more cost-effective and started to replace ATM in many metropolitan area and
backbone networks.
This technology is therefore obsolescent.
ii) EPON
EPONs use the same physical topology as BPONs but, rather than using ATM, it uses
Ethernet protocols. EPON uses the IEEE standard 802.3 Ethernet frames with symmetric
1 gigabit per second upstream and downstream rates. EPON is applicable for datacentric networks, as well as full-service voice, data and video networks.
iii) GPON
GPON is an evolution of the BPON standard. It supports higher rates, enhanced
security, and choice of Layer 2 protocol (ATM, GEM, and Ethernet).
The GPON‟s functionality is heavily based on its predecessor, but instead of using ATM
a simpler Generic Framing Procedure (GFP) is used, which supports both voice and data
services. A big advantage of GPON is that interfacing with the rest of the network is
much easier and hence seamless interoperability can be readily achieved.
In order to achieve a high level of security a sophisticated mechanism based on
Advanced Encryption Standard and a complex exchange of unique keys is built into the
GPON architecture. Higher transmission rates are specified making GPON capable of
supporting transfer rates of up to 2.48 Gbit/s in both the downstream and upstream
directions.
iv) GEPON
GEPON stands for Gigabit Ethernet PON. Transmission on the main leg is typically
1.25Gbit/s and each OLT can feed 32 remote ONUs. The GEPON standard is IEEE
802.3ah. GEPON combines the best of Ethernet and passive optical network technology.
It eliminates the usage of active fibre optic components between the OLT and ONU,
which reduces costs and makes the network easier to maintain.
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21.4 Standards
21.4.1 Point-To-Point Ethernet
The widespread adoption of the Ethernet protocol in local networks and the growing
demands for fast access networks are the key factors that drove system vendors to form the
Ethernet in the First Mile Alliance (EFMA), with the objective of establishing new
architectures enabling FTTH. Such an approach significantly simplified the roll out of the
infrastructure and the manageability of the network. The re-use of legacy technologies gave
the vendors the edge over the competition and new products were available on the market in
a shorter time.
As a result of work of the EFMA task group a number of specifications have been produced
with various interfaces to the physical layer i.e.:





100BASE–LX
100BASE–BX
1000BASE–LX
1000BASE–BX

The maximum transmission speed is 100Mbit/s for the slower links (100BASE–X) and
1000Mbit/s (1Gbit/s) for the faster links (1000BASE–X). In comparison with the different DSL
architectures the specifications enable spans of up to 10km.
21.4.2 APON
APON (ATM Passive Optical Network). This was the first Passive optical network standard.
It was used primarily for business applications, and was based on ATM.
21.4.3 Broadband PON (BPON) Standard
BPON is a standard based on APON. It adds support for WDM, dynamic and higher
upstream bandwidth allocation, and survivability. The Broadband Passive Optical Network
(BPON) was the first to be standardised by the ITU in 1999 and was subsequently endorsed
by the FSAN group, a grouping of network providers and equipment vendors.
The FSAN group proposed the ATM protocol should be used to carry user data, and hence
sometimes access networks based on this standard are referred to as APONs. It also
created a standard management interface, called OMCI, between the OLT and ONU/ONT,
enabling mixed-vendor networks.
21.4.4 Ethernet PON Standard
The Ethernet Passive Optical Network (EPON) standard has been endorsed by the EFMA.
The final version of the new protocol and necessary amendments to the existing ones were
published as IEEE 802.3ah in September 2004.
The main goal was to achieve full compatibility with other Ethernet based networks. Hence,
the functionality of Ethernet‟s Media Access Control layer is maintained and the extensions
are provided to encompass the features of PONs. The approach is simple and
straightforward, and the legacy equipment and technologies such as 100BASE–X and
1000BASE–X networks can be utilised. An upgrade capability to 10G EPON will become
available in 2010 (see IEEE 802.3av, 10G-EPON).
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21.4.5 Gigabit PON Standard
The FSAN group built on their earlier work to take account of the ever advancing technology
which resulted in a new standard called Gigabit Passive Optical Network (GPON), and which
was adopted by the ITU in 2003 as Recommendation ITU-T G.984.
21.4.6 GEPON
The new standard for 10G-EPON (10 Gigabit/s Ethernet PON) was produced by the IEEE 10
Gbit/s Task Force, and is known as IEEE 802.3av. It provides for backwards compatibility
with 802.3ah EPON.
21.4.7 WDM-PONs and Long Range WDM-PONs
It seems that the standards bodies have a little way to go before there are any agreed
standards regarding WDM-PONs.
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22 Annex Five – Status of Active Line Access in the UK
The following slides were presented at the BSG COTS Project on 21 September
2009 and provide a summary of ALA status and its inter relationships with NICC and
COTS.
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23 Annex Six - TSB Photonic Component Project Grants placed in
April 2009
The information in this section was extracted from a TSB document listing sponsored access
network projects in 2009.
1. High volume photonic packaging for bi-di components (HIGH BID)
Summary: It is anticipated that most implementations of future FTTX networks (Fibre To
The X – cabinet, Premises, House, Building, Node) will require a bi-directional duplexer (bidi), i.e. a dual wavelength fibre-coupled transmitter (Tx) and receiver (Rx) with integrated
multiplexer. This project will develop new bi-di photonic packaging techniques which will
reduce component size and cost, and
provide a cost-effective route to mass manufacture, whilst maintaining compatibility with
existing transceiver standards and permit up to 10Gbit/s operation.
Partners: Gooch and Housego (lead), Oclaro.
2. Feasibility Examination of Low Cost, Tunable ONUs for WDM-PONs
Summary: A Wavelength Division Multiplexed Passive Optical Network (WDM-PON) with
high channel count offers excellent prospects for bandwidth and reach scalability (up to
10Gb/s), whilst presenting simple standard interfaces at the network and customer terminals.
One of the main barriers to such an approach is the current high cost of tunable laser based
solutions, especially for the subscriber terminals (optical network units, ONUs). The study
will examine the feasibility of shifting the burden of providing the stability and calibration of
the laser to the network, thereby simplifying the ONU.
Partners: Oclaro (lead), ADVA, BT, Cambridge University.
3. Feasibility study related to low-cost, high-density, scalable WDM-PON OLT
Subsystem
Summary: Studies have shown that Wavelength Division Multiplexed Passive Optical
Network (WDM-PON) technology can meet the key requirements of future high-speed
optical access networks, which include scalable speed (1Gbit/s-10Gbit/s), symmetrical in
operation, low-cost, low-footprint, low maintenance, high-reach, interoperable and energyefficiency. The Optical Line Termination (OLT) is the WDM-PON subsystem that is highest in
complexity and has highest potential for cost, form factor, and energy consumption savings.
The project will undertake a detailed analysis of optical component capabilities and
manufacturing yield characteristics required in order to prove their use in a high volume, low
maintenance environment. The study will develop the OLT specification based on what is
achievable in the field of integrated photonics and high-density packaging for laser and
modulator arrays
Partners: ADVA Optical Networking Ltd (lead), CIP, Oclaro.
4. Roadmap for Broadband Optical Internet Access Towards 10GBit/s Everywhere
Summary: This project will carry out a focused road-mapping study, with the aim of
identifying promising routes forward in achieving the ambitious goals of Photonics 21. The
study will seek the solutions which show the most promise of cost effectiveness, are future
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proof (i.e. allowing bandwidth evolution and infrastructure reuse) and allow simple interfaces
which can be standardized. The results of the study will be made available to UK industry in
order to maximize the opportunities for the UK in the next stage of development,
Partners: Oclaro (lead), Ericsson, CIP, BT, Gooch and Housego, Cambridge University,
Swansea University, Essex University, UCL.
5. ALOHA (AlInGaAs Lasers for Optical Home Access)
Summary: The inexorable growth in broadband communications is beginning to create an
enormous market for low cost, single-mode lasers emitting around 1.3um. Current
technologies deployed (such as GPON – Gigabit Passive Optical Network, EPON – Ethernet
Passive Optical Network) operate at line rates of 1.25Gb/s. However, satisfying future
bandwidth demand will require implementation of next generation PON schemes (eg
10GPON, LR-PON) operating at 10Gb/s line rates. Key to the deployment of this technology
is the availability of high performance, uncooled, single mode, laser diode chips at consumer
grade pricing. This feasibility study will address the key challenges in the step change in
performance required to enable a new breed of low cost, high specification laser diode
sources to become the 10GPON source of choice.
Partners: CST Global (lead), IQE Europe.
6. Feasibility study for Uncooled Tunable laser for WDM-PON
Summary: Fibre to the home (FTTH) next generation optical access networks offer new
opportunities for novel optical component designs. WDM-PON (Wavelength Division
Multiplexed Passive Optical Network) has the potential to provide higher bandwidths, allow
network simplification and cost reduction by removing local exchanges. CIP has identified a
possible opportunity for its hybrid integration technology in WDM-PON applications, to create
a compact wavelength tunable transmitter to go in the customers‟ premises. This project
aims to look at the feasibility of designing the photonic device to work without using costly
and environmentally inefficient active cooling devices.
Partners: CIP (lead), Greenwich University.
7. HOWL- Hi-performance Optical-Wireless Links for home access
Summary: Indoor base stations for broadband access – or 'picocells' – are predicted to be
one of the fastest growing areas of mobile comms. We propose a feasibility study to improve
the wireline/wireless interface in the home by investigating a single chip optical-wireless
(OW) picocell interface using a recently invented optoelectronic integrated circuit (OEIC)
technology based on a resonant tunneling diode (RTD) monolithically integrated with a laser
diode (LD). We aim to design and develop an early stage prototype, single chip OW
interface and assess the commerical potential to be a core component in mass produced
picocell base stations.
Partners: CST Global (lead), Glasgow University.
8. LEXION- Laser sources for EXtended reach Interconnected Optical Networks
Summary: One of the greatest challenges of Next Generation Network (NGN) architectures
is to extend the reach of current solutions to minimise the number of transponders for ever
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increasing coverage. Demands for increased capacity is driving the deployment of higher
transmission rates in all parts of the network. This study aims to develop ultra-narrow
linewidth diode lasers that have significantly narrower linewidths and better SMSRs (Side
Mode Suppression Ratios) under high bit rate modulation than state of the art DFBs
(Distributed FeedBack lasers). The project will deliver proof of concept demos of 1550nm
diode lasers specifically tailored for extended reach solutions.
Partners: IQE Europe (lead), CST Global.
9. Uncooled High Speed Reflective Semiconductor Optical Amplifier
Summary: Reflective Semiconductor Optical Amplifiers (RSOA) are considered to be key
enabling components in future FTTH (Fibre To The Home). The main stumbling block for
commercial FTTH deployment is cost. Currently, RSOA devices operate cooled or
semicooled in order to meet the necessary performance criteria. This cooling increases both
cost and power consumption. The feasibility study intends to investigate the possibility of
making high performance uncooled RSOA devices for WDM-PON (Wavelength Division
Multiplexed Passive Optical Network) systems.
Partners: Amphotonix (lead), Strathclyde University.
10. Wavelength-agile digital coherent access network
Summary: The purpose of this project is to assess the digital coherent receiver as an
enabling technology for next-generation access networks. The project will study the
feasibility of digital coherent techniques in the access network, including both technical and
economic aspects, and will undertake feasibility experiments using integrated optoelectronic
components already developed for coherent core network transmission systems.
Partners: Oclaro (lead), UCL, Nokia Siemens (DE).
11. WDM Access Networks Based on Arrayed Waveguide Gratings
Summary: This project concentrates on studying the novel architectural integration of key
components in wavelength-division-multiplexed passive optical networks (WDM-PONs) to
achieve the “2020 vision” of 10Gb/s everywhere. Full exploitation of the cyclic, Latin-routing
capabilities of arrayed-waveguide gratings (AWGs) across the full 1.3-1.6μm (43THz) fibre
transparency window in combination with tunable laser arrays is proposed.
Partners: Oclaro (lead), Gemfire, Essex University.
12. Cost-effective Customer Premises Equipment for High Speed Access Networks
Summary: The aim of this project is to identify cost-effective solutions for customer
premises equipment (CPE) in next generation access networks, operating at data rates in
the 1-10Gb/s range („towards 10Gb/s everywhere‟). Although fibre links in the core network
have operated at 10Gb/s for the last decade, these systems are far too costly for consumer
use. An improvement of between one and two orders of magnitude is required.
Partners: Oclaro (lead), ST Micro, Gooch and Housego, University of Cambridge, Genexsis
(NL), ComX (DK).
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13. Next Generation Radio over Fibre Distributed Antenna Systems
Summary: A key feature of Future Next Generation Internet Access will be that users will
wish to receive internet information using mobile devices receiving last drop wireless
services, rather than being restricted to wireline links. To deliver this effectively, new optical
internet access technology is required able to manage efficiently the different types of
(multiservice) traffic involved, supporting both wired and wireless services over a converged
infrastructure using low cost methods. This project aims to address this major opportunity
and challenge by taking advantage of the greatly advancing photonics distribution at the
edge. This feasibility study will define the likely specification requirements for sub-systems
for a next generation multiservice converged network, and determine a development route
and options for low cost manufacturing.
Partners: Zinwave Ltd (lead), Alps Electric, University of Cambridge.
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