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Abstract — An overview is given of fiber-to-the-home
networks based on the point-to-point architecture. Ethernet
is used as the dominant communications protocol. It is shown
how point-to-point network compare to passive optical
networks. Based on these arguments, European networks are
shown to choose point-to-point as the architecture of choice
for fiber-to-the-home.
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1. INTRODUCTION

S more and more people require broadband

connectivity the limitations of existing network
technologies such as DSL and coax cable become
apparent. Therefore, many network operators in Europe
are choosing fiber-to-the-home (FTTH) as the way to
provide future-proof broadband communication. Today,
already several leading European operators are deploying
FTTH: In Amsterdam a network is being built and
operated by BBned to provide fiber to 40,000 homes, and
this is only the first phase! Similarly, incumbent operator
KPN is deploying FTTH in the Netherlands as part of its
All-IP program, which includes also high speed ADSL and
VDSL. This is in fact a nice example of how FTTH and
copper based networks go hand-in-hand. Many other
deployments are underway in Europe, predominantly in
Denmark and Sweden, but also in Eastern Europe. A good
example is the FTTH network being built by leading cable
operators in Maribor, Slovenia, with already 2500 active
users.
When deploying a FTTH network, the network operator
has to make a choice in network architecture. Two
possibilities exist: Point-to-point (PtP) Ethernet or so-
called passive optical networks (PON). Figure 1 shows the
basic architecture of each network. PON is a point-to-
multipoint network, where one feeder fiber is shared by
typically 32 or 64 users. In PtP, each user has its own fiber
connection direct to the access switch.
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Fig. 1. PON network architecture on the left and PtP
network architecture on the right.

In Europe, network operators are choosing PtP as the
network of choice for FTTH. such deployments, since it
not only provides the bandwidth, but also scalability and
manageability advantages over PON networks. A first
major advantage of PtP is the use of Ethernet as standard
for layer 2 communication. This makes the networks open;
multiple services from multiple service providers can be
provided over a multi-vendor network. This is especially
important, since it enables equipment from different
vendors to be inter-operable. Secondly, PtP is simple:
every end-user gets a fiber connection. Ultimately, this is
the most flexible and future-proof architecture. Taking
into account that in densely populated areas such a Europe
the distance between end-user and central office is small,
the cost such a network is low. In addition, the cost of
fiber itself is continuously decreasing, making such “fiber-
rich” deployments attractive.

Point-to-point networks also win in terms of scalability
and upgradeability. Imagine two fiber-to-the-home
deployments, one PtP and one a PON network with 32
users on one fiber. After a few years, the demand for
bandwidth rises to the Gigabit per second level for the top
10% end-users (the early adopters of bandwidth). Just like
with DSL, these users pay the highest subscriptions. To
upgrade these users, the whole PON network needs to be
upgraded, since all users share the same network.
Increasing the bandwidth requires changing everyone’s
home gateway and replacing all central office PON
equipment. In point-to-point, with every user on its own
fiber, upgrading can be done on a per user basis. One can
gradually and gracefully introduce new equipment to the
highest demanding, highest paying customers, while
maintaining the current equipment for the “normal” users.
The investment in equipment and technology is therefore
much more effective than in PON, and the lifetime of the
network is much greater.
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Fig. 2. Typical triple play point-to-point network for
fiber-to-the-home.

II. BUILD-UP OF POINT-TO-POINT NETWORKS

In the following part of this paper, the build-up of a typical
PtP network in Europe will be discussed.

Point-to-point fiber-to-the-home networks are designed to
deliver broadband services to end-users over fiber. The
network consists of a passive fiber infrastructure and
active equipment to enable distribution of the
communication services. Figure 2 shows how the service
providers and users are connected through the FTTH
network. The active network can be divided in a user part
(customer premises equipment, CPE) and a central office
(CO) part. The CPE terminates the network at the user,
providing a conversion of the communication signals to
services that the user can access. The CO functions as a
transport network to connect the users to service providers.
The network is managed through the network operations
center.

Both the CPE and the CO parts have their own
management tools and can be operated independently from
each other. In this way, each of these parts becomes a
modular building block within the FTTH network. In order
to provide network guarantees, it is essential that the
interfaces between the building blocks or network
elements are well-defined. With the right set of Ethernet-
based standards and specifications, inter-working can be
achieved.

The physical link between the CPE and central office
parts of the network is based on a point-to-point
architecture. Within this architecture, the FTTH network
enables the transport of two basic service types:
communication through an Ethernet/IP network, and
broadcast of (video) content through a CATV network
overlay. The following sections will discuss the details of
the Ethernet/IP network and the CATV network overlay.
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III. ETHENET/IP NETWORK

Figure 3 provides an overview of the Ethernet/IP
network. Within this network the router functions as the
central element, directing the transport of IP packets
through the network. The access switches transport the IP
packets to the end-user. The CPE, located at the end-user,
receives the IP traffic and translates it into application-
related signals, like Internet and (POTS) telephony.

The router performs several functions. Primarily it
connects the various service providers to the network: for
example, internet-services via a firewall and telephony via
a SIP-Proxy and PSTN gateway. Furthermore the router
functions as an access-point to the network for the
Network Management server, permitting it to distribute
network management signals across the network.

As the network is scaled to more users, the routing
function is distributed over an array of interconnected
routers. Eventually, the routing function can be partitioned
into two levels: a lower level with distribution switches
and a higher level with routers for interconnection. The
distribution switches distribute the IP traffic to the various
access switches, while the interconnection routers are
optimized to establish the interconnection to the service
providers.

The distribution of IP traffic via the Ethernet/IP network
is based on standards:

Inter-working at layer 1: Physical layer

Optical interfaces at both sides of the passive
infrastructure are compliant to the international IEEE
802.3ah standard:. The attenuation of the passive
infrastructure should remain within a specified window
(minimum — maximum attenuation); in practice this means
that the span loss of the link between access switch and
CPE needs to remain below the limit specified by the
standard. The optical transceivers in the CO and the CPE,
performing the basic electric-to-optical conversions, need
to fulfill the requirements given by the IEEE 802.3ah
specification; in practice, this is guaranteed by the
transceiver suppliers.
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Fig. 3. Overview of the Ethernet/IP network.
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Fig. 4. Overview of the various protocols in the FTTH
network.
Head-end !
Inter-working at layer 2: Ethernet layer ‘
At this layer, the transport of information between two

points is defined. Both the CPE and CO-equipment need
to comply with the Ethernet standard, IEEE 802.3. Full
network transparency is guaranteed by this standard. In a
FTTH environment a number of functions are of critical
importance. First is the setting of VLANs to provide
transparent connection between services providers and
CPEs. Second is the Quality-of-Service (QoS) setting that
enables prioritization between different types of services:
e.g. high quality traffic such as voice gets priority over
lower quality traffic such as internet.

Inter-working at layer 3: IP layer

Within the IP-layer, the routing of IP packets through a
network is defined. Items of relevance to this layer are, for
example, IP addressing, subnetting, and routing. Above
Layer 3 the application protocols, such as TCP/UDP,
HTTP, SIP, are defined. The equipment within the Central
Office area is transparent to these service-related
protocols. The central office equipment is managed by
using the Simple Network Management Protocol (SNMP).

Within the CPE, the traffic streams are handled on layer
2 as explained above, guaranteeing transparent
connectivity between the end-user and the service
provider. The voice service, as well network management,
terminates at the CPE. Voice is supported through the SIP
protocol (according to RFC 3261).

Figure 4 gives an overview of the various protocols,
supported by a Ethernet-based PtP FTTH network.

IV. CATV NETWORK

Figure 5 provides an overview of the Genexis CATV
network overlay. Four basic elements are of relevance:

1. The optical transmitter translates the electrical
(analog) signal of the head-end into an optical signal
suitable for distribution. This signal is transmitted within
the 1550 nm wavelength band in order to allow optical
amplification of this signal;
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Fig. 5. Overview of the CATV distribution network.

2. The Erbium Doped Fiber Amplifier (EDFA)
amplifies the optical signal to a level appropriate for
connecting the head-end to a large number of end-users.
Depending on the number of users and their physical
location, one or more EDFAs can be used each with its
own gain and power.

3. The splitters arrange the actual distribution of the
signal to the various end-users. These are fully passive
devices, not requiring any electrical power feeding or
maintenance.

4. The CATV-receiver, located at the end-user,
translates the optical input signal into an electrical signal,
suitable for direct connection to conventional TV and
Radio equipment.

V. SUMMARY

In summary, an overview is given of point-to-point
networks for fiber-to-the-home. The Ethernet standard
plays an important part, enabling interoperability between
equipment vendors and a multi-service network
environment. Also PtP offers scalable networks in a
future-proof architecture. Therefore, most European
operators are choosing point-to-point networks for their
FTTH roll-out.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


