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Foreword

This document (CLC/TR 50510:2020) has been prepared by CLC/TC 86A, "Optical fibres and optical fibre cables". 

This document supersedes CLC/TR 50510:2012.
Attention is drawn to the possibility that some of the elements of this document may be the subject of patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such patent rights.
1 Introduction 



This document is a revision of CLC/TR 50510 Ed1 published in 2012. At that time Ed1 was published, no comprehensive document was available on fibre access networks, a few of which were deployed. Since then, massive deployments have occurred in most European countries, even if a lot more still remain to be done and, guides are available from organizations such as the FTTH council Europe. 

This new edition of CLC/TR 50510 takes lessons from the experience gained all along those deployments and, it refers to existing documents when relevant. It addresses the impacts of the new generation of communication systems on the access networks and components. More specifically, it provides guidelines towards the IEC and CLC standards relating to the access networks and their technologies.

As the first edition, this new edition addresses FTTX networks in general and includes:

· FTTC = Fibre to the Curb, meaning to the street (to the last cabinet);

· FTTB = Fibre to the Building, meaning to the building, normally into the basement;

· FTTH = Fibre to the Home, meaning into the residential area.

It is as well of relevance for:

· FTTE = Fibre to the Enterprise, 

· FTTA = Fibre to the Antenna.

This document is subdivided into five main clauses:

· Network Structure and Nodes: introduces the telecommunications infrastructures and provides an overview of the basic structure for the FTTX network
· FTTX Communication System: introduces the next generation communication systems that will be run on the FTTX networks

· FTTX passive network products and system solutions: describes system implementations for FTTX including requirements on products and installation techniques
· Network design: provides guidance on how to create a network and gives an overview of applicable network topologies.
· Planning: provides basic information in relation to various installation practises and the planning relevant to those practises
Valuable information is also available in the annexes.

2 Network Structure and Nodes
2.1 General
This clause provides an overview of the FTTX networks and provides a foundation for any terminology and references made from subsequent clauses.
2.2 Access network
The following two pictures give some simple illustrations of P2P (point-to-point) and PON (passive optical networks, point-to-multi-points). P2P is in general passive, where one fibre from the central office is routed directly to the customer and does not use splitters. For PON one fibre from the central office is shared among a number of customers (usually 32, 64 or 128) by the use of one or several passive splitters located within the network. 
The pictures are examples from different countries in Europe. See also the Glossary. 


[image: image1]
Figure 1 – Example for a Point-to-Point/Access Network 

Note:

· A Point of Presence (PoP) is an artificial demarcation point or interface point between communicating entities. An Internet Point of Presence typically houses servers, routers, network switches, multiplexers, and other network interface equipment.
· The dashed line in Figure 1 and Figure 2 is an optional cable for protection switchover for ring applications.

[image: image2]
Figure 2 -  Example of a Passive Optical Network (PON)

3 FTTX Communication System

3.1 General
FTTx passive networks deployed (and being deployed) are planned for several decades and need to be agnostic with regard to the activation technologies. Therefore, they must be able to support commercially available point-to-multi point (P2MP) and point-to-point (P2P) active technologies (e.g. G-PON, P2P, E-PON, 10GE-PON, XG(S)-PON,), as well as future standards (e.g. NG-PON2, 25 and 50Gbps PON ...).
3.2 PON Technologies

The following figure shows the different transmission technologies defined by the International Telecommunication Union (ITU-T) and the Institute of Electrical and Electronics Engineers (IEEE), as well as the wavelengths respective used:
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Figure 3 -  PON wavelengths allocation
GPON technology: delivering 2.5Gbps downstream and 1.25Gbps upstream, on one fibre shared between several users. This technology has been standardized under the reference ITU-T G.984.x

XG-PON technology: delivering 10Gbps downstream and 2.5Gbps upstream, on one fibre shared between several users. This technology has been standardized under the reference ITU-T G.987.x

XGS-PON technology: delivering 10Gbps downstream and 10Gbps or 2.5Gbps upstream, on one fibre shared between several users. This technology has been standardized under the reference ITU-T G.9807.1

Technology NG PON2 TWDM PON: delivering 4 (at 8) x10Gbps downstream and 4 (at 8) x10 Gbps or 4 (at 8) x2,5Gbps upstream, on one fibre shared between several users. This technology has been standardized under the reference ITU-T G.989.x

NG PON2 Technology PtP WDM: Offers a point-to-point architecture with a dedicated pair of channels for each customer, offering balanced rates of 1.25 / 2.5 / 10Gbps downstream and 1.25 / 2.5 / 10Gbps upstream. This technology has been standardized under the reference ITU-T G.989.x

EPON technology: delivering 1.25Gbps downstream and 1.25Gbps upstream on the same fibre shared between several users. This technology has been standardized under the reference IEEE 802.3ah.

10G EPON technology: delivering 10Gbps downstream and 1,25Gbps or 10Gbps upstream on the same fibre shared between multiple users. This technology has been standardized under the reference IEEE 802.3av.

Beyond these technologies, new standards are being defined, which will bring bit rates around 25Gbps or 50Gbps per channel. The wavelengths should be within the specified spectrum (1260nm - 1625nm; see Figure 3). It is already worth to note that the new PON technologies will solicit the fibres at more extreme wavelengths, both on wavelengths ranges lower and higher than any existing telecommunication system.

3.3 Optical Budgets and PON Technologies

Each PON technology offers several optical budget classes.

This optical budget is defined by the optical specifications at the OLT and the ONT:

· in the downstream direction, minimal launched power at the OLT and the maximum sensitivity at the ONT 

· in the upstream direction, minimal launched power at the ONT and the maximum sensitivity at the OLT 

This optical budget must be taken into consideration in network engineering (topology, design, coupling rate, length of the local loop, etc.).

For GPON technology, the ITU-T G.984.2 standard defines 2 optical budget classes, B + and C + of 28 dB and 32 dB, respectively.
Table 1: GPON technology

	Technology
	Standard
	Class
	Max optical budget

	GPON
	G.984.2
	B+
	28 dB

	GPON
	G.984.2
	C+
	32 dB


For XG-PON and XGS PON technologies, the ITU-T G.987.2 and G.9807.1 standards define 4 optical budget classes N1, N2, E1 and E2 with 29 dB, 31 dB, 33 dB, 35 dB respectively.
Table 2: XG-PON and XGS-PON technology

	Technology
	Standard
	Class
	Max optical budget

	XG-PON
	G.987.2
	N1
	29 dB

	XG-PON
	G.987.2
	N2
	31 dB

	XG-PON
	G.987.2
	E1
	33 dB

	XG-PON
	G.987.2
	E2
	35 dB

	XGS-PON
	G.9807.1
	N1
	29 dB

	XGS-PON
	G.9807.1
	N2
	31 dB

	XGS-PON
	G.9807.1
	E1
	33 dB

	XGS-PON
	G.9807.1
	E2
	35 dB


For NG-PON2 technology, the ITU-T G.989.2 standard defines 4 optical budget classes N1, N2, E1 and E2 with 29 dB, 31 dB, 33 dB, 35 dB respectively
Table 3: NGPON2 technology
	Technology
	Standard
	Class
	Max optical budget

	NG-PON2
	G.989.2
	N1
	29 dB

	NG-PON2
	G.989.2
	N2
	31 dB

	NG-PON2
	G.989.2
	E1
	33 dB

	NG-PON2
	G.989.2
	E2
	35 dB


3.4 New PON Technologies Introduction

For any introduction of new fibre activation technology, the possible coexistence of the wavelengths of each technology should be verified.

In the current state of the standards and transmission technologies presented in this document, coexistence is ensured only between standards / recommendations of the same body (ITU-T or IEEE). For example, it is not possible to combine GPON and EPON (respectively XGS-PON and 10G EPON) on the same fibre.

The ultimate goal of coexistence, in addition to the possibility of a smooth transition (i.e. technological migration requiring no optical mixing operation) when switching from one technology to the next, is to allow optimal use of the fibre network deployed.

Note: It would be advisable that the wiring in new housing corresponds to standards that allow to provide digital services beyond 1Gbps, or even 10Gbps, in order to be in adequacy with the new technologies envisaged.

The introduction of new PON technologies can be carried out in 3 possible ways:

Option 1: dedicated fibre per technology till the last distribution node with patching option 

This option could require the installation of additional optical fibre cables.

Option 2: introduction of a coexistence element

This option, based on an element of optical coexistence, makes it possible to multiplex different wavelengths of the PON technologies. In this case, the optical budget available for the fibre local loop is the optical budget of the active elements minus the insertion loss of this coexistence element.

The reference scheme of the fibre local loop with the introduction of new technologies by adding a coexistence element is described below. The superposition between the GPON technology and the new technologies is realized via an optical component of the WDM1r or CEx or CEMx type. The characteristics of these components are as follows (ITU-T G.984.5):
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Figure 4 -  WDM1r: GPON et XG(S)-PON
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Figure 5 -  CEx: GPON, XG(S)-PON and NG PON2

Option 3: OLT Multi-PON Module (MPM) also called "Combo"

This third option uses the capabilities of new OLT cards directly mixing 2 technologies (GPON and XGS-PON) and integrating the WDM1r multiplexer.

There are 2 optical budget classes for these Multi-PON Module cards:
Table 4: Multi-PON Module cards
[image: image6.emf]Mode Standard Classe

Budgets 
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MPM B+ G.984.5 Amd 1 B+ 28 dB

MPM C+ G.984.5 Amd 1 C+ 32 dB


4 FTTX passive network products and system solutions 

4.1 General

Optical fibre cables have been installed and widely used for 30 years in intercontinental, transcontinental, regional or metropolitan, this clause provides information on optical fibres, connectors, splices, link designs and optical power budgets. It discusses optical fibre cable technology and various installation techniques, in relation to design and handling.

In FFTX, to cope with the always increasing needs of bandwidth to permit the coexistence of several system generation on the same fibre, all the fibre transmission bands will need to be used, from 1260 nm to 1625 nm (and even 1650 nm for monitoring). This matter of fact shall be considered when designing or selecting the network components, when dimensioning the network itself. This clause takes then into account the FTTX specificities.

4.2 Optical fibres
4.2.1 General
As the used wavelength range will increase, it is important to understand what kind of issues may occur regarding the longest wavelengths, and notably the microbend or macrobend concerns.

Microbend and macrobend loss both increase with the wavelength. They both could penalize the possibility to use the higher part of the wavelength range as planned for the new systems.

Macrobend loss increases when the bending radius of the fibre decreases. Bending can be related to the deployment topology (tight bending of a drop cable in a building environment), to the selected accessories (fibre storage in a cassette) or to accidental bend due to mishandling of the fibre or the cable in the field.

Added loss due to microbending occurs when localized lateral forces along the length of the fibre appear. These may be caused by manufacturing and installation strains, as well as dimensional variations in the cable materials due to temperature changes and or aging. Sensitivity to microbending is a function of the difference of refractive index of the core and the cladding, and diameters of the core and cladding. Coating structure and degree of softness have also an influence. 

To reduce microbending losses the cable structure must protect the optical fibres from lateral forces and strains. Whatever the structure type (loose tube, central tube, ribbons, micro-modules, …), the cable construction should provide a fair protection of the fibres.  However, in FTTH networks, cable size must be limited to optimize the utilisation of the existing infrastructures or to limit the cost of new infrastructures. The use of fibres with limited microbend sensitivity becomes highly relevant.
Since 2006, optical bend-insensitive single-mode fibres have been added as a new fibre category (ITU-T G.657). The rationale behind this was a new fibre demand to install fibres with tighter bends. The 2016 ITU-T G.657 revision has a new title “Characteristics of a bending-loss insensitive single-mode optical fibre and cable”, which means that this fibre can be used for all applications not only the access network. In addition a 200 μm fibre has become popular to be compared with a 250 μm standard fibre, see Annexes and Table 2 below. It is worth to note that ITU-T G.657 fibres offer as well reduced microbend losses.
4.2.2 Choice of optical fibre type
The choice of optical fibre is determined by several parameters. The most important are:

•
system cost,

•
optical budget,
•
transmission bit-rate.
The advantages of a single-mode fibre are high transmission capacity and low optical attenuation. If a single‑mode fibre is used in FTTX, the same type can be used throughout the network, which gives transparency and uniformity. This also simplifies service, maintenance and new developments. Another advantage is that only tools and instruments for single-mode fibres need to be procured. 

Table 5 – Single-mode fibre types as defined in ITU and EN/IEC

	Single-mode (SM)
	EN IEC 60793-2-50

   Old              New
	ITU-T

	Unshifted dispersion
	B1.1
	B-652.A, B
	G.652.A, B

	Cut-off-shifted
	B1.2
	B-654
	G.654

	Low water peak
	B1.3
	B-652.C, D
	G.652.C, D

	Bending loss insensitive unshifted dispersion
	B6_a1

a2, 

b2, b3
	                 B-657.A1,      

A2,

B2, B3
	G.657.A1, A2, 

B2, B3

	Dispersion-shifted
	B2
	B-653
	G.653

	Nonzero dispersion-shifted
	B4
	B-655, 656
	G.655, G.656


For FTTX-infrastructures single-mode optical fibre should be used. Recommended types are G.657.Ax.

The G.657 fibres were specially designed for the access network in terms of reduced bending sensitivity (including applications inside buildings) but is now recommended for all applications. Types A1 and A2 are fully compliant to G.652.D for all other transmission parameters; types B2 and B3 may deviate from G.652.D  in terms of mode field diameter, chromatic dispersion and polarization mode dispersion (PMD), but its bending sensitivity is further reduced compared to type A1. Key features of EN IEC 60793-2-50 B-657.A2 fibres are summarized in Table 6 whereas Table 7 compares bending losses of respectively 1 m and 2 m of fibres bent in 15 mm storage radius cassette according to the fibre type. G.657.A2 appears as the most optimized fibre being both compliant to B-652.D type and offering extremely good bending performances. The storage of the B-657.A2 fibre is non-penalizing the power budget even at the longest wavelengths.

Table 6: Key features of EN IEC 60793-2-50 B-657
	Type
	Smaller specified bending radius
	Compliance to

IEC EN 60793-2-50 B-652

	B-657.A1
	10 mm
	Yes

	B-657.A2
	7,5 mm
	Yes

	B-657.B2
	7,5 mm
	NO

	B-657.B3
	5,0 mm
	NO


Table 7: Attenuation of respectively 1 m and 2 m of fibres bent in 15 mm storage radius cassette according to the B-657 fibre type

	Fibre Type
	Unit
	B-657.A1
	B-657.A2/B2
	B-657.B3

	Length of stored fibres
	m
	1
	2
	1
	2
	1
	2

	Attenuation at 1550 nm
	dB
	0,27
	0,53
	0,03
	0,06
	Not specified
	Not specified

	Attenuation at 1625 nm
	dB
	1,06
	2,12
	0,11
	0,21
	Not specified
	Not specified


4.2.3 Number of optical fibres provided to each end-user
The total number of fibres for each end-user is depending on the use of opto-electrical components in the network and installation technique. Most systems for point-to-point connections are based upon two-fibre solutions with one fibre for uplink and one fibre for downlink. 

There are also systems based upon Wavelength Division Multiplexing (WDM) techniques, where the up- and downlink is on the same optical fibre, but using different wavelengths, which require only half the quantities of optical fibres, splices and connectors.
When the network is dimensioned it is necessary to take into account future possible requirements such as new establishments, alarms, different providers et cetera. Different systems in the future may need more fibres. It is not necessary to mount connectors on unused fibres. Unused fibres can be stored in splice boxes or panels.
At last local regulation needs to be considered.

4.3 Cables and ducts
4.3.1 General
Optical fibres are specified in the EN IEC 60793 series. They include the optical fibre tests methods.
IEC 60794-1-1 gives the general recommendation for optical fibre cables whereas the test methods are described in the 60794-1-2 series. 
It is of key importance to underline that optical fibres and optical cables shall be qualified according to the EN IEC test methods and shall meet the criteria of performances specified in the EN IEC 60793 and EN IEC 60794 sectional, family or product specifications. Only then the optical cable is expected to operate in the field for a reasonable period of time (typically 20-30 years) without significant degradation in transmission properties.
Optical cables are classified according to the environment, either indoor or outdoor, and the way they will be installed.
In Europe, cable constructions are mainly based on either loose tube or micromodules elements.

4.3.2 Construction for indoor cable and outdoor cables

4.3.2.1 Outdoor cables
Outdoor cables are specified in the series:

· EN IEC 60794-3 (outdoor cables),
· EN IEC 60794-4 (cables along overhead lines), 
· EN IEC 60794-5 (micro-duct cabling for installation by blowing).

The installation of outdoor optical fibre cables can be performed by and/or in combination of:
1. Laying of direct buried fibre optic cable directly into the ground.

2. Laying of polymeric ducts and consequently blow or pull in fibre optic cables according to EN IEC 60794-3 or EN IEC 60794-5.

3. Laying of a micro-duct system and consequently blow in micro fibre optic cables or blown fibre units.

4. Deploying the cables on aerial infrastructures (poles, …)

5. Attaching cables to facades

A complete overview of the different cable constructions including the extractable cable design are given in Annex B.

4.3.2.2 Indoor cables
Indoor cables are specified in the EN IEC 60794-2 series.
Indoor cables that are permanently installed in the buildings shall comply with the European Construction Product Regulation (CPR,referring to standard EN 50575) and regional implementation regulation.

Indoor cables must limit the spread of fire and smoke and contribute to occupant safety and emergency response. Indoor cables also have to prevent fire hazard to neighbouring materials.

The goal is to limit as much as possible:

· Flame propagation (by their own behaviour to fire hazard),
· Inflamed particles emission, called “drops”,
· Smoke emission,
· Smoke acidity.

Indoor cables are classified and certified by notified bodies. The CPR classification (marking) may be on the cable or on its packaging or on its labelling or any combination of the preceding

The indoor cables classification is based on the following criteria:

· Amount of heat generated during combustion,
· Smoke emission. Marked as “s”,
· Acidity of gases released. Marked as “a”,Limitation of released flammable elements or droplets. Marked as “d”.
A summary of these classes is proposed in the table below

Table 8: CPR classes summary
	CPR classifications

	Main criteria

	Additional criteria

(levels)


	Aca
	
Calorific value only

	None

	B1ca
	
Heat generation

Fire propagation of a cable bundle
Fire propagation of a standalone cable
	Smoke emission
(s1, s1a, s1b, s2, s3)



Flaming droplets
(d0, d1, d2)

Acidity
(a1, a2, a3)

	B2ca
	
	

	Cca
	
	

	Dca
	
	

	Eca
	
Fire propagation of a standalone cable only
	None

	Fca
	N.A


It should be noted that the Eca and Fca classifications do not contain any commitments regarding smoke emissions, droplet formation or acidity of gases produced during combustion. These categories do not meet basic safety expectations.
4.3.2.3 Indoor/outdoor

Indoor/outdoor cables are specified in the EN IEC 60794-6 series (under development). Indoor/outdoor cables shall as well comply with the CPR.
“Universal” indoor/outdoor cables of which generally possess the characteristics associated with outdoor cable designs having the thermal and mechanical robustness that makes them suitable for use in the outside plant, while simultaneously being relatively flexible, compact and lightweight while exhibiting the fire performance required in indoor premises are specified in IEC 60794-6-10. 

Flame Retardant Outdoor cables (see IEC 60794-6-20) are used when most of the cable length is deployed as an outdoor cable with a part of its length is deployed indoors. The cable design can be derived from a typical outdoor cable design according to the product specifications described in IEC 60794-3. The specific demand related to bend radii according to the installation situation and fire performance according to the regional legislation mainly requires the appropriate selection of the jacket material in combination with other material and / or design considerations.

Indoor cables which are weatherised (see IEC 60794-6-30) are used when an indoor cable is to be used outdoors over a short distance (few meters), e.g. for example when the network access point, (NAP) is very close to the building. The weatherised indoor-outdoor fibre optical cable design can be derived from an indoor design (see IEC 60794-2) with specific outdoor performance features added. Critical parameters are UV stability, and resistance against exposure to humidity.

4.3.3 Cables constructions for various installation methods
4.3.3.1 Duct cables

One straight forward solution is to use the existing ducts built for copper telecommunication cables. Often the available space is scarce. There is the need to optimize the number of optical fibres per duct. There are two strategies for that: pulling several cables together in the same duct or installing a bundle of micro-ducts in the existing duct and then blowing micro-cables inside the micro-ducts. This second approach offers the advantage of a pay-as-you-grow approach, installing capacity where and when needed. A detailed description of the blowing technologies is provided in part 4.3.4.4 of this document.
In both cases (duct or micro-ducts) cable sizes need to be reduced. This is always at the detriment of their intrinsic mechanical properties. It is worth recalling that for the micro-cables the mechanical resistance is provided by the combination of the micro-duct and of the micro-cable. The micro-cable is designed according to the standard EN IEC 60794-5 and thus cannot be installed without the protective duct. 

In both cases the reduction of size puts more constraints on the optical fibres that could translate into additional optical losses by so-called microbending effects. This effect increases with increasing wavelength of the transmitted signal: the higher the wavelength, the higher the potential additional losses. One should keep in mind that the new GPON transmission systems (XGS-PON, NG-PON2) will use the highest transmission window.

In this perspective, the optical fibres should be carefully selected. Relevant performances over the years couldn’t be obtained without a high-quality fibre coating and a specifically designed fibre core. ITU-T G.657.Ax, primarily defined to have good macro-bending performances, have proved as well to be less sensitive to microbending effects than G.652.D fibres. ITU-T G.657.A2 could be even described as microbend insensitive fibres and, as such, G.657.A2 fibres are the corner-stone of the most aggressive cable designs and they offer the possibility to cope with the most demanding environments.

To reduce the cable diameter, the fibre coating diameter of ITU-T G.657.Ax can be reduced from 250 µm to 200 µm or even down to 180 µm. The figure below illustrates the cable diameter and the gain in fibre count per duct obtained by the optimization of micromodules cables construction and by the reduction of the fibre diameter coating. “The figure 6 illustrates how the total number of fibers placed into a duct with 42 mm inner diameter can be increased by increasing the number of low diameter cables in the duct and also by further increasing the fiber density in a cable by using fibers with reduced diameter. Micromodule designs as well as stranded loose tube design with low diameter buffer tubes are suitable for that application”

[image: image7]
Figure 6 -  Duct filling optimization with low diameter cables
4.3.3.2 Direct buried cables

Direct buried cables are usually “stronger” cables e.g. with higher crush resistance. Generally, they are armoured cables. Their cost, the time needed to remove the different layers to access the fibres prevent their use in FTTH networks at least in the final distribution part. On the other hand, if the soil is soft enough (e.g. pure sand), non-armoured cables can then be used. This technology has been extensively be used in the Netherlands, associated to mid-span access.
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	(a) Loose Tube fibre optic cable – Metallic armoured - Dry core - 
Double sheath
	(b) Micro-module fibre optic cable – Metallic armoured - Dry core - 
Single sheath
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	(c) Micro-module fibre optic cable – Dielectric armoured - Dry core - 
Double sheath
	(d) straight mid-span access cable for direct buried installation in soft soil


Figure 7 - Different constructions of direct buried cables
4.3.3.3 Aerial cables

4.3.3.3.1 General

Aerial cables are supported on poles or other tower infrastructures and represent one of the more cost-effective methods of deploying fast and simple optical infrastructure. The main benefits are the use of existing pole infrastructure to link subscribers, avoiding the need to dig in roads to bury cables or new ducts. 

Aerial cables are relatively quickly and easily to install, using hardware and practices already familiar to local installers. On the other hand, aerial cables design and installation planning require a specific know-how which is addressed in this chapter.

4.3.3.3.2 Main constraints

Two main types of constraints must be addressed: the topological constraints and the climatic constraints. 
The combination of these constraints can have very significant consequences on the safety, reliability and longevity of the network. They must be carefully considered, and the cable designed accordingly.

Topological parameters:

· Span length: distance between two poles

· Sag: Maximum vertical distance between the virtual line connecting the fixing points between 2 adjecent poles and the installed cable.

· Height difference: altitude difference between dead end clamps points

· Vicinity to other elements (other cables, ground, distance above a road etc…)
The first three parameters directly affect the mechanical strain or force (F) the cable must always withstand without impairing its optical performance or longevity. 
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Figure 8 - Cable profile when installed on a horizontal span (F = force)
Climatic parameters:

· Wind
· Ice, frost, snow…
· Temperature
· Corrosivity of the atmosphere (salinity, pollutant…)

The combination of the first three climatic parameters determines the maximum load, added to F to which the cable can be subjected over short periods of time. The cable must of course be able to withstand this strain without impairing its optical performance or longevity. 

[image: image13]
Figure 9 - Climatic load

A saline or polluted atmosphere can accelerate the “dry band arcing” issues that can occur when a dielectric cable is surrounded by an intense electromagnetic field. 
4.3.3.3.3 Cable design

Overhead cables are designed to guarantee several decades lifetime within a given climatic conditions ranges, span lengths and sags. Within these limits the cable construction shall limit the fibre elongation to a certain limit. EN IEC 60794 series are recommending a maximum of 0.2% for 1% screen tested fibres. In agreement with the customer higher value could be permitted. Generally, elongation should not exceed 0.3% The attenuation change shall be reversible and limited to a value agreed between the manufacturer and the customer.
The figure 10 and 11 below present constructions of ADSS (All Dielectric Self Supporting) cable. The figure 12 shows “Fig_8” cable construction with a metallic messenger. It must be underlined that proper grounding is mandatory for cables with metallic parts. It required specific techniques and skilled installation team.
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	(a)  central strength member loose-tube ADSS

(Diameter: ~15 mm)
	(b) micro-module ADSS with 2 strength members imbedded in the sheath
(Diameter: ~12 mm)
	(c) micro-module ADSS with 2 strength members imbedded in the sheath
(Diameter: ~12 mm)


Figure 10 - Different constructions of 144 optical fibre ADSS cables for FTTx
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	(a) loose-tube ADSS cable 
(Diameter: ~17 mm)
	(b) micro-module ADSS cable
(Diameter: ~16 mm)


Figure 11 - Different constructions of 144 optical fibre reinforced double sheath ADSS cables for FTTx
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	(a)  loose-tube Figure-8 cable 
	(b)  micro-module Figure-8 cable


Figure 12 - Different constructions non-dielectric reinforcement - single sheath FTTx Figure-8 cables
4.3.3.3.4 Conclusion

There are many aerial optical fibre cable designs. Each design is adapted to a precise configuration: range, climate, electrical environmentand it is not necessarily adapted to other configurations. The cables must be chosen in close collaboration with their manufacturer. The election of a cables manufacturer with vast experience in providing aerial solution is the key point to assure reliability of the aerial network. It is essential to respect the rules of engineering because the constraints on these cables can be very important. It is important to choose the right cable together with the right fittings and connectivity. All of them together work as a real system.

Cable weight and cable diameter will directly affect the total strength to which one the cable and the poles are subjected. For FTTx short span applications, cables using micromodules structure allow often to reduce the weight and diameters of optical cables, limiting the constraints on the infrastructure. 
4.3.3.4 Straight mid-span access cables

4.3.3.4.1 Indoor straight mid-span access cable
Straight mid-span is widely used in risers for the deployment of fibre. It saves significant time and reduces the size of the boxes in the risers.

Indoor cables have been specially developed for this purpose. They can be delivered pre-connected to their base, which further reduces intervention time and limits the risk of installation errors and faults.

There are mainly two types of cables. Long extractable cables (typically 30 m) and medium extractable length cables (typically 6 m). In the first case, the extracted module
 is redirected in a tube to the customer's home. In the second case, the fibres of the riser cable are extracted from the module, spliced to the fibres of a drop cables and stored in cassettes in the floor box, which then acts as a distribution box.
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	Floor box
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	Cable sheath cutting tool


Figure 13 - Indoor straight mid-span access riser cable and accessories
In both cases, the extraction operations of a module are done in 3 steps:

· opening of a window (10 cm long) in the cable upstairs where you want to use the fibres of the module to be extracted, using a specific tool. 

· opening of a window, according to the same operating mode, on the upper floor or on several upper floors, depending on the length of module that one wishes to extract; then cut the module that we want to extract,

· extraction of the module on the initial floor.

Notes:

· depending on the number of apartments per floor, the same floor box can be used for one floor or several floors,

· all openings in the cable must be protected, either directly in the floor box, or by a small ad hoc box,

· the riser cable modules must be mechanically coupled with the cable sheath at its upper end by the use of a box or a suitable solution.

4.3.3.4.2 Outdoor straight mid-span access cable
Outdoor cables with permanent accessibility or removable modules are designed to allow rapid and easy deployment near businesses and places of residence.

[image: image25.emf]
Figure 14 - Outdoor straight mid-span access cable 

These cables are suitable for deployment in underground distribution and connection networks and make it possible to address any type of area of ​​housing and business density. Similar solutions also exist for aerial or façade installation. Compared to full cable access solutions, these solutions allow direct access to modules as required, without requiring intervention on all of the cable fibres and without completely eliminating the sheath.

The modules are free in the cable and have a very low coefficient of friction as well as reinforced mechanical properties compared to standard micromodules.

Such a cable design allows them to be easily extracted over long lengths, for example up to 100 m. Once extracted, the modules can be stored in splice protection boxes with or without connectors or pushed or pulled in a line that goes to the subscriber.

Unlike more conventional cabling methods, this type of cables does not require the systematic use of loops in the manholes, which makes the solution less bulky and faster to install.”
[image: image26.emf]
Figure 15 - Outdoor distribution box for straight mid-span access cable 

4.3.3.5 Blown solutions

4.3.3.5.1 Cables for blowing

Almost all optical cables can be blown over a certain distance when the correct cable and duct characteristics are selected. The ratio of the cable diameter and inner duct diameter has to be limited to about 0,65. Low friction materials should be applied for the cable sheath and the inner duct surface. The cable stiffness has to be limited.

4.3.3.5.2 Micro-ducts and multi micro-duct bundles

Micro-ducts are used for the blowing in of optical fibre micro cables and/or blown optical fibre units. Additional micro-duct optical fibre cables or optical fibre units may be blown into them also in later stage
Different rules may be required for different countries related to indoor and outdoor ducts. In case of indoor use the ducts shall be classified according EN 13501-1 (class E, D, C or B, depending on the requirements for the buiding).

Micro-duct systems are developed and tested as a complete system. They are available as single and multiple micro-duct constructions and are constructed both with and without additional protection layers (see annex C for examples).

The number of micro-ducts in a bundle depends upon the technical solution. A general recommendation employs larger number of micro-ducts for longer routes.
It is recommended to install enough micro-ducts in order to be able to provide connections to all future subscribers in a given area with one micro-duct for each potential dwelling.
There are in principal two technical solutions for micro-ducts (see IEC 60794-5 series):

· a micro-duct optical fibre cable is installed into the micro-duct. The cable generally has a sheath, a strength member and may be gel-filled. The micro-duct does not need to be humidity protected since the cable provides adequate protection;

· single optical fibres or blown optical fibre units are installed into a micro-duct which provides humidity protection. For an outdoor solution all joints needs to be humidity protected.
 Micro-ducts exist in different designs:

· loose micro-ducts for installations in new or existing HDPE-ducts of typical sizes (16/12, 25/21, 32/26, 40/32 or 50/41). With special equipment, it is possible to install these types of micro-ducts next to existing cables in larger ducts;

· multiducts consisting of preinstalled loose micro-ducts in a conventional HDPE duct for all buried applications;

· flame retardant, halogen free {HFFR or LFH) 
micro-ducts for indoor installations, these micro-ducts have to be classified according EN 13501-1 (class E, D, C or B, depending on the requirements for the buiding);

· multiducts for indoor use; these multiducts have to be classified according EN 13501-1 (class E, D, C or B, depending on the requirements for the buiding);

· multiducts combined in a larger tube with extra sheath and humidity protection to be used outdoor in a protective standard duct;

· multiducts combined in a larger duct with extra sheath and humidity protection to be directly buried in soil surrounded with loose sand and no stones.
· outdoor designs for pole assembly. This type can be equipped with a suspension cord or reinforced with aramid yarn to take its own weight at the assembly on the pole
The performance of micro-ducts are defined in EN 50411-6-1 (Unprotected micro-duct for category S and A)

An overview of available micro-duct dimensions is given in the table 9.

Table 9: Overview of micro-duct dimensions

	Name
	OD [mm]
	ID [mm]
	Nom.wall thickness [mm]
	Suitable for max cable diameter [mm]
	Duct material
	Application Indoor / Outdoor
	Application as direct buried
	Only application with protective sheath or in HDPE ducts

	3/2,1
	3,0
	2,1
	0,45
	1,4 only fibre units
	HDPE
	Outdoor
	
	X

	3/2,1
	
	
	
	1,4 only fibre units
	LFH
	Indoor
	
	X

	4/3
	4,0
	3,0
	0,50
	2,0
	HDPE
	Outdoor
	
	X

	4/3
	4,0
	3,0
	0,50
	2,0
	LFH
	Indoor
	
	X

	5/3,5
	5,0
	3,5
	0,75
	2,5
	HDPE
	Outdoor
	
	X

	5/3,5
	5,0
	3,5
	0,75
	2,5
	LFH
	Indoor
	
	X

	5/2,1
	5,0
	2,1
	1,45
	1,4 only fibre units
	HDPE
	Outdoor
	X
	

	5/2,1
	5,0
	2,1
	1,45
	1,4 only fibre units
	LFH
	Indoor
	
	

	7/4
	7,0
	4,0
	1,5
	2,5
	HDPE
	Outdoor
	X
	

	7/4
	7,0
	4,0
	1,5
	2,5
	LFH
	Indoor
	
	

	7/5,5
	7,0
	5,5
	0,75
	4,0
	HDPE
	Outdoor
	
	X

	7/5,5
	7,0
	5,5
	0,75
	4,0
	LFH
	Indoor
	
	X

	10/6
	10,0
	6,0
	2,0
	4,5
	HDPE
	Outdoor
	X
	

	10/6
	10,0
	6,0
	2,0
	4,5
	LFH
	Indoor
	X
	

	10/8
	10,0
	8,0
	1,0
	6,8
	HDPE
	Outdoor
	
	X

	10/8
	10,0
	8,0
	1,0
	6,8
	LFH
	Indoor
	
	X

	12/8
	12,0
	8,0
	2,0
	6,8
	HDPE
	Outdoor
	X
	

	12/8
	12,0
	8,0
	2,0
	6,8
	LFH
	Indoor
	X
	

	12/10
	12,0
	10,0
	1,0
	8,7
	HDPE
	Outdoor
	
	X

	12/10
	12,0
	10,0
	1,0
	8,7
	LFH
	Indoor
	
	X

	14/10
	14,0
	10,0
	2,0
	8,7
	HDPE
	Outdoor
	X
	

	14/10
	14,0
	10,0
	2,0
	8,7
	LFH
	Indoor
	
	

	16/12
	16,0
	12,0
	2,0
	10,0
	HDPE
	Outdoor
	X
	

	20/15
	20,0
	15,0
	2,5
	12,0
	HDPE
	Outdoor
	X
	


To identify micro-ducts in a bundle the micro ducts have to fully coloured or marked with coloured stripe(s) 

Examples of different designs of micro-ducts and multiduct bundles for the use of optical fibre micro cables and/or blown fibre units are given in Annex C

4.3.4 Hybrid cables

For remote powering of telecommunication equipment, notably for FTTA, FTTLA, …, hybrid telecommunication cables associating current carrying conductors and fibre optics can be installed.

It facilitates and reduces the cost of the cables installation. A number of variant hybrid cables exist; see Figure 16 for some examples: power cables with micro-ducts for fibre blowing, and with built-in fibre (OPGW, optical ground wire) to feed to the connection node through the high tension voltage network. 
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- not to scale -

	A cable with conductor and loose tube wired around a central strength member

	A cable with conductors wired around a micromodule based cable



Figure 16 – Examples of hybrid cables

4.3.5 Drop cables

4.3.5.1 Indoor drop cables
Typical application for indoor drop cables is Multi-dwelling units (MDU) connection. Indoor drop cables connect customer Optical Telecommunication Outlet (OTO) to either a floor distribution box or a building entry point. 

They should ease the installation and comply with CPR (see clause 4.3.2.2.). Their colour is often white or ivory and their diameter between 2 to 4mm. They contain reinforcement elements to provide mechanical pulling strength and optical fibre protection.
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	(a) 1 optical fibre indoor drop cables
	(b) 4 optical fibres indoor drop cables


Figure 17 – Examples of indoor drop cables for installation by pulling in a tube or along a wall

Indoor drop cables could also be pushed in existing and already occupied tubes. Their geometry and mechanical performances are then adapted to this pulling method. Dedicated products have been designed. Their size is often around 2x3mm. Push tests must be carried out by the cable manufacturer to ensure that these cables are capable of being pushed in a fast and secure way.
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Figure 18 – Different constructions of flat pushable low friction all dielectric drop cables
4.3.5.2 Indoor/outdoor drop cables
Typical application for indoor/outdoor drop cables is single-dwelling units (SDU) connection. Indoor/outdoor drop cables connect customer optical Telecommunication Outlet (OTO) to Fibre Concentration Point (FCP).

Two main solutions have been developed: single sheath indoor/outdoor drop cables and double sheath strippable indoor/outdoor drop cables
4.3.5.2.1 Single sheath indoor/outdoor drop cables
Single sheath indoor/outdoor drop cables are based on a UV protected fire retardant sheath. The cable diameter is typically in the range of 3 to 5 mm.

[image: image105.jpg]



Figure 19 – Indoor/outdoor drop cable – mono-sheath structure 

4.3.5.2.2 Double sheath strippable indoor/outdoor drop cables
In the case of double-sheathed connection cables for outdoor and indoor use, the external sheath, which is removable, provides adequate protection for outdoor use in pipe, facade or overhead. The cable with the external sheath removed complies to CPR and is then as thin and flexible as an indoor drop cable.

Strippable outdoor cable with embedded LSOH indoor drop avoid transition box and corresponding mitigation losses (splice)


[image: image35]
Figure 20 – Indoor/outdoor drop cable –double sheath strippable structure 

Note: the indoor/outdoor structures presented here are in single-fibre configuration. They are usually also available with 2 or 4 optical fibres.
4.4 Connectivity products
 and solutions
4.4.1 Connectors in the FTTX-network
Fibre optic connectors are passive optical components and are used to align optical fibres together or to connect fibres to transmitters or receivers. 

Connectors are designed to be easily demated and are generally used at the end of networks and at other points where reconfiguration may be required. Most connector styles are durable with repeated mating as long as they are kept clean and in good condition.

Connection loss is mainly caused by following factors:

	· lateral offset of two aligned fibres
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	· angular mismatch of two fibre axes
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	· end face air gap 
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The following criteria and requirements are internationally agreed and published as standards:

· mechanical intermateability,

· optical intermateability,

· optical performance requirements,

· reliability requirements,

· end face geometrical requirement,

· polishing condition (scratches, defects), Note: Any removable dust or contamination is removed before inspection,
· the required intermateability performance of connector sets.
A number of different connector types are defined in international standards. They can be distinguished by the size, shape of the body, coupling mechanism and the way the two fibres are held in contact with each other. Normally the connectors of different types cannot be mated together unless hybrid adaptors are used.
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	SC
(ferrule diameter 2,5 mm)
	LC
(ferrule diameter 1,25 mm)
	LSH
(ferrule diameter 2,5 mm)


Figure 21 – Examples of single fibre ferrule based connector types

Common connector types currently used in FTTx are the SC, the LSH and the LC style connectors (see figure 17). The LC has a ferrule (the part that holds the fibre) of half the size of the SC or LSH. Two LCs will fit in the space of one SC or LSH. The LSH offer protection against end face contamination and damage as well as optical power blocking.
Connectors may be fitted to the cabling in a number of ways. Traditionally either direct field termination, which generally involved polishing the connector end face, or splicing on of connector pigtails have been used. Factory polished field terminated or ‘splice-on’ connectors are also quite common. These have a factory finished end face with a splice directly at the rear or inside the connector. This avoids the need to find storage for fusion or mechanical splice holders and can be particularly useful at the customer interface.  
Other connector options include multifibre connectors such as MPO (frequently 12 or 24 fibres) which find applications in multidwelling units where a number of fibres are required in the riser or horizontal cabling.

The most important parameter in connector choice is based on  the space available after that the required optical parameters of insertion loss (lost power through the connection) and return loss (the amount of power reflected back at the connection) are specifiable to suit the needs of the transmission network. If  llower return loss is required  the connecters are selected with Angled Physical Contact (APC)  where the ferrule in the connecter is polished at an angle of 8 degrees..

The deployment and the choice of the connector  depend on the following: 

· space available.

· type already deployed in the system (if  not a new build)

· standardised 

· availability from different sources

Fibre optic connectors can be mounted in the field but this is  not recommended for Single mode applications. Connectors are supplied factory terminated as pre-connectorised pigtails, patch cords or cable assemblies.  .  

Table 10 summarises the typical optical performance requirements for connections in an FTTX infrastructure: 
Table 10: Proposed connection requirements for FTTx infrastructures

	Connection type
	Optical attenuation, typical 
dB
	Optical attenuation, 97 % value
dB
	Return loss

dB

	Single-mode
	( 0,25
	( 0,5 a 
	( 45 b

	a
The proposed attenuation values equal attenuation grade C according to EN 61755-2-1 and EN 60755-2-2.
b
The proposed return loss values equal RL grade 2 (≥ 45 dB) and 1 (≥ 60 dB) according to EN 61755-2-1 resp. EN 60755-2-2. Return loss ≥ 60 dB: For a video overlay network (with analog RF modulation) APC (angled polished connector) are recommended. Higher reflections may result in a distortion or a poor S/N ratio of the video signal.2.


4.4.2 Optical fibre splicing
4.4.2.1 General
Permanently joining optical fibre together is called fibre splicing. When splices are made on either primary coated or buffered optical fibres, they are usually stored in a protected environment, such as a tray, with a length of slack fibre to aid resplicing if required. Splices are generally expected to last the lifetime of the cable installation. 

Both fusion splicing (using an electric arc to weld the two optical fibres together) and mechanical splicing (aligning two prepared fibres in a protective cover) are used in FTTX. The attenuation of a splice (when similar fibres are spliced together) is typically below 0,05 dB. It could increase if different types of fibre are spliced together (see IEC/TR 62000). The table 11 below shows the calculated splice losses based on mismatch of mode field diameters. They count only one part of the splices losses. Main contribution comes often from defect introduced during the fusion splice process.
Table 11:Typical proposed connection requirements for FTTX infrastructures

	 
	 
	Typical MFD's for ITU-T G.657.A2 [um]

	 
	 
	8,2
	8,3
	8,4
	8,5
	8,6
	8,7
	8,8
	8,9
	9,0

	Typical MFD's for ITU-T G.652.D & G.657.A1 [um]
	8,8
	0,022
	0,015
	0,009
	0,005
	0,002
	0,001
	0,000
	0,001
	0,002

	
	8,9
	0,029
	0,021
	0,015
	0,009
	0,005
	0,002
	0,001
	0,000
	0,001

	
	9,0
	0,038
	0,028
	0,021
	0,014
	0,009
	0,005
	0,002
	0,001
	0,000

	
	9,1
	0,047
	0,037
	0,028
	0,020
	0,014
	0,009
	0,005
	0,002
	0,001

	
	9,2
	0,057
	0,046
	0,036
	0,027
	0,020
	0,014
	0,009
	0,005
	0,002

	
	9,3
	0,069
	0,056
	0,045
	0,035
	0,027
	0,019
	0,013
	0,008
	0,005

	
	9,4
	0,081
	0,067
	0,055
	0,044
	0,034
	0,026
	0,019
	0,013
	0,008

	
	9,5
	0,094
	0,079
	0,066
	0,054
	0,043
	0,034
	0,025
	0,018
	0,013

	
	9,6
	0,107
	0,092
	0,077
	0,064
	0,052
	0,042
	0,033
	0,025
	0,018

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Mean calculated Splice Loss
	0,027
	 
	 
	 
	 
	 
	 

	Max calculated Splice Loss
	0,107
	 
	 
	 
	 
	 
	 



The deployment and the choice of the splicing type depends on the following: 

· Performance required; 
· Cost of the splice and splicing equipment; 
· Skill level required to make the splice; 
· Time required to make the splice; 
· Configuration and location of the splicing (mass splicing or a few fibres); 
· Power availability for the splicing equipment. 
Splice technique can vary due to cable type and transmission requirements and the requirements for demountability and the number of fibres to be spliced. Fusion splicing is typically chosen where there are a large number of splices to be made at one location (a multifibre cable), but closer to the subscriber’s premises mechanical splicing or field mountable connectors may be economical choices. The splicing can be done above the surface in special vehicles or in tents. It can also be performed in manholes or in shafts. It is important that the environment is clean and with right humidity and temperature. Recommended splicing temperature is between +10 °C to +30 °C without condensation for fusion splicing machines (due to electronics in splicing machine) and 0 °C to +40 °C for mechanical splicing and connectorisation.
4.4.2.2 Splice boxes
Cables have to be spliced together and you need provision for doing that. Each splice point should have the splice box and extra cable in a large cement ring made of plastic or other material.

Splicing of aerial cables should be performed on ground level. Box and extra cable are attached high up on to the pole with special devices. If it is not possible to splice the cable on the ground, it is necessary to use a sky lift or similar.

A protection box for outdoor splicing of micro-ducts/cables or optical cables should:

· be easy to handle and install,

· be easy to open and close without using a lot of extra material,

· give good mechanical protection to the fibres under difficult conditions,

· make it possible to respect the minimum fibre bend radius,

· give the same protection for extra reinforced as not-reinforced duct/cable, for different diameters of duct/cable, for buried as for aerial installations.

Splice boxes should work both indoor and outdoor. They should be watertight to withstand water during flooding. Regulations depend on local requirements. Splice boxes are specified in EN 50411-3-1.
A careful and accurate installation is therefore required. Area of application and number of fibres can vary from box to box.

4.4.3 Pre-connectorised fibre

Today it is a common method to supply fibres and cables with pre-connectorised end(s). Both one-end (pigtails) and double-ended products (patch cords) are readily available. Traditionally, these cables contain one or two fibres, but it is also possible to use cables with a large number of fibres (cable systems or cabling systems).. In this case the cable terminals must be accordingly protected for the installation. Industrial connectorisation guarantees high quality for the pre-connectorised products and reduces installation time and cost. The use of pre-connectorised cables is recommended wherever it is possible.
4.5 Optical splitters

4.5.1 General

Optical splitters are used in passive optical networks (PON) to divide the outgoing signal and recombine the incoming signal to the subscriber. Two types of splitters may be used, fused biconic taper or planer waveguide.
4.5.2 Functional performance attributes
The functional performance attributes are described in IEC 61753-031-3.
4.6 Fibre organisers and closures

4.6.1 Closures

4.6.1.1 General

Closures generally act as protection for joints in cable or micro-duct. Closures may be placed underground, in handholes, in duct chambers, direct buried, or mounted on a pole. Occasionally a closure may be placed within an off-track chamber or in an above ground cabinet.

Closures can be provided pre-connectorised.
4.6.1.2 Optical fibre management system closures (FMSC)

Closures for FMS should be water-tight and have easy access for future reconfiguration of customer circuits. The closures are generally arranged at a distance of 250 m to 500 m depending on the requirements of the network structure (P2P, PON) and the population density in the regions. Certain networks may require the use of mid-span joints, which enable the optical fibre elements to be continued through the joint un-spliced. Only the required optical fibres are intercepted for splicing. Optical fibre management systems in closures are designed in such a way as to allow frequent re-entries without disturbing the traffic on existing optical lines., Closures are necessary as the last switching point in the field and can supply between 100 and 1 000 accommodation units depending on the network structure.
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There are three typical FMS closures types; Dome, Pan or Inline (Figure 18), which may contain three typical FMS organiser types; tree, book or jukebox (Figure 19). 
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 Figure 22 – Dome, Pan and Inline closures
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Figure 23 – Different organisers

The products such as sealed pan, dome and inline closures are specified in EN 50411-2-2, EN 50411-2-3 and EN 50411-2-4.
4.6.1.3 Micro-duct closures

Closures should have easy access for future additions of customer micro-ducts. Typically ‘protected micro-duct’ and ABF closures are pre-installed during the network build, in order to blow optical fibre through the micro-ducts at some future point in time.
There are different configurations of ABF closures: Dome, Pan or Inline, and Y, T and X among others. Fig. 22 shows some of them. Contained within an ABF closure is micro-ducts routing for purposes of micro-duct storage, blow from and re-configuration (interception). 
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Figure 24 – “Y”, “T” and “X” closures
The product of sealed closures for air blown fibre micro-duct is specified in EN 50411-2-5.
4.6.2 Optical Distribution Frame (ODF) 
The term “ODF” refers to a frame, including the optical fibre management system and the means to store and guide pigtails, patchcords and cables inside the frame. ODF does not include the means for routing cables or pigtails outside the frame (also known as pigtail ducts or “raceway” systems). The frame is a mechanical structure to which cables are attached and that holds all the elements of the ODF. It may be a rack and shelf type of structure, similar to that used to contain the electronics, or another type of structure. Its main functions are mechanical support and a basic level of protection of its content.
General information on fibre management system (FMS) interfaces are included in EN 61756-1 that includes definitions and rules under which an FMS is created.
In the ODF, the optical fibres should be properly managed and guided from where a cable or pigtail enters the node, until it leaves again. The optical fibre management system comprises all of the ways and features that are intended to guide and store optical fibres, pigtails, splices, connectors and passive devices inside a node, at any location where they are not protected by the cable sheath. The optical fibre management system in an ODF may be designed in such a way as to allow frequent re-entries and changes without disturbing the traffic on existing optical lines. It is recommended that an ODF meets the requirements given in the document ITU-T L.50 ‘Requirements for passive optical nodes: optical distribution frames for central office environments’. The ODF may be installed pre-connectorised which is cost-effective, time-saving and gives a high quality product.

The Optical Distribution Frame (ODF) connects the system to the incoming and outgoing cables. It gives an area where termination and the connection of optical fibres can be controlled and may be located in the Central Office, Data Centre, Point of Presence, or Access Node. 

The design of ODFs should give:

· high packaging density;

· good control of the cabling;

· easy extendibility;

· easy maintenance and repair in its operating mode.

Connectors, splices and splitters are mostly contained within a single rack. An optional single optical fibre management system minimizes the risk of interference with other connections while working on neighbouring connections. This increases the operational safety of the individual optical fibre routes.

The number of optical fibres and the selected connection technology determine the correct size of the ODF’s location. These dimensions are referred to later in this document.
4.7 System design

4.7.1 Link dimensioning

The following parameters are needed for a link dimension:

· maximum transmission distance,

· optical attenuation budget for the system,

· optical fibre type,

· connector attenuation,

· splice attenuation,

· maximum back reflection (return loss),

· type of connector,

· ageing and repair margin.

Some systems also need:

· shortest link distance,

· lowest optical attenuation. 

4.7.2 Calculation of an optical power budget

4.7.2.1 General

Every optical fibre length and component of an FTTX network introduces attenuation into the network. This should be calculated for the sum of the optical fibre and components and should be compatible with the capabilities of the transmission and receiver equipment used. This can be calculated based on a worst case or statistical model. 

The optical fibre connection is dependant on the opto-electrical components in use. A general calculation of the maximum optical fibre length, in case of a point-to-point connection without splitters, is given by:

NOTE
The dispersion is here disregarded.
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where

lmax 
maximum optical fibre length in km;

Opb 
optical power budget for the opto-electrical system in dB;

a 
number of connections;

Ca 
assumed maximum connection attenuation in dB/connection;

b 
number of optical fibre splices;

Sa 
assumed maximum optical fibre splice attenuation in dB/splice;

n
margin for ageing and repair, on/off-ratio, temperature changes and similar in dB;

Fa 
typical optical cabled fibre attenuation coefficient in dB/km.

4.7.2.2 Example calculation

The following example calculates the maximum optical fibre length of a point-to-point link from the subscriber to the access node as shown in Figure 21.


[image: image47]
Figure 25 – A model for calculation of optical attenuation

In this example the network is built by using pre-connectorised optical fibres (pigtails), cords and cables from the end-user to the access node. In total this will give three connector connections (a=3) and three optical fibre splices (b=3) in the network. 

An optical link at 1 550 nm with standard single-mode optical fibre has a typical cabled fibre attenuation coefficient, Fa, of 0,21 dB/km. The network is connected with single-mode fibre connectors and an assumed maximum attenuation, Ca, of 0,50 dB per connection (97 % value in Table 10). The assumed maximum fibre splice attenuation, Sa, is assumed to be 0,2 dB per splice.

The optical power budget in this example, Opb, is assumed to be max 7,0 dB.

Margin for ageing is chosen to be 1,5 dB (this value is arbitrary). The maximum optical fibre length is calculated using the formula in clause 4.7.2.1 as the following:

Imax = (7,0 – (3 x 0,50) – (3 x 0,2) – 1,5)/0,21

lmax =  16,2 km

If the power budget is specified to 7,0 dB, the maximum distance is 16,2 km. In practice the maximum distance is often rounded down to have a reserve for the possibility to add a few more splices if necessary.

Substantially higher power budgets can be achieved for all types of application, which would make longer lengths achievable, with more advanced active equipment.

5 Network design

5.1 Overview

This clause provides best practice project and network planning information for use during the design of an FTTX Network.
The goal for each design is to find the best solution for each type of environment. Every design results in a number of realistic alternatives which can be individually selected or used in combination with each other. It is therefore important to try and find the optimal solution for all kinds of environments. A well carried out system design is a result of system and local area knowledge and extensive experience. 

The network solution is a function of the type and characteristics of the area. An optimal solution provides the lowest cost while maintaining quality in terms of function, reliable service and aesthetic design. Some (non binding) network examples are given below for different area types.

Effective system design requires extensive experience and has to combine system knowledge with that of the local areas served by the complete infrastructure. In most cases, the designs for each area served result in an optimal solution together with a number of realistic alternatives. The overall design for the infrastructure has to balance the demands of each area served to with the minimal overall cost while providing the required quality of service to the subscribers.
5.2 Cabling implementation

5.2.1 Optical fibre cabling

In a first installation only the already required number of optical fibres with a small surplus in of optical fibres are deployed to the access node thus reducing the number of connectors and splices. The ducts between access node and Distribution Points should be dimensioned for a higher optical fibre count to anticipate the installation of further customer connections.

For blocks of flats in rural or residential areas a blowing technique may be preferred to duct and/or direct buried cable installations. By the installation of ducts/duct systems connection costs (splices / connectors) may be reduced. In addition the deployment of duct systems makes the network more flexible with respect to repairs and/or installation of additional optical fibre- / optical fibre cable-lines.
In the concentration point the optical fibre is spliced to a cable, typically installed in a duct, to the access node, see Figure 22.
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Figure 26 – Optical fibre installations planned in “cells” with the optical fibre volume focused to the access node

5.2.2 Pulling, burying and blowing

5.2.2.1 General

It may be preferred to use a combination of standardised optical fibre cables (direct buried or in duct or pushed) or micro-duct optical fibre cables/fibre units in a micro-duct system. Three specific examples are given by: optical fibre volume, optical fibre lengths and installation issues.

5.2.2.2 Optical fibre volume

Optical fibre cables including duct and direct buried cables as well as micro-duct optical fibre cables/blown optical fibre units can be used in densely populated areas to simplify and reduce the cost of installation if all ducting within an area is brought together to a Distribution Point (splice cabinet). , Here all optical fibres are spliced to the same cable, which is installed to the access node. The number of optical fibres in the cable and the number of ducts should be dimensioned so that an extension can be made without further excavation.

5.2.2.3 Optical fibre length

In sparsely populated areas it may be more cost efficient to make a geographic grouping of the area. Each subscriber is connected to a Distribution Point (DP) and from that point an optical cable is connected to an access node as sketched out in Figure 23.
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Figure 27– Optical fibre structure in sparsely populated areas with concentration of optical fibres to a node

5.2.2.4 Installation conditions

There are different types of optical fibre cables deployment schemes depending on application: 

· duct optical fibre cables , 

· direct buried optical fibre cables 

· aerial optical fibre cables

· lake and/or sea – optical fibre cables

· using existing infrastructure in tubing (see also right-of-way solution in 3.9.3):

· in gas pipes

· in sewer pipes (stormy and sanitary)

· in drinking water pipes

5.2.3 Trenching


In trenching, a slot is milled or sawn into a road surface, an asphalt walkway or cycle path or unpaved surfaces, into which underground micro-pipes are inserted and which is then immediately sealed with a filling compound.

[image: image50]
Figure 28– Trenching (source DTAG)
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Figure 29– Milling wheel in the ditch (Source: Leonhard Weiss GmbH & Co. KG)
Trenching promises short construction times and significantly lower construction costs compared to laying in open trench construction.

Depending on the slot or trench width to be realized, the trenching processes are nano (up to 2 cm), micro (8 cm to 12 cm), mini (12 cm to 20 cm) or macrotrenching (20 cm to 30 cm) and differentiated according to the cutting or milling technology used.

As an innovative method for laying fiber optic cables in streets and paths, trenching technologies represent great potential for rapid and cost-effective broadband expansion.

The processes have a high construction output of approx. 250 to 600 m per day and, due to the rapid refilling of the road body, lead to a reduction in any traffic problems. Every 600 m to 800 m, shafts are necessary for blowing in the fiber optic (FO) cables. When planning, future renovation and construction work on the road body must be taken into account.

 This can lead to the asphalt superstructure having to be replaced early. In this case, the fiber optic cable laid in the street would also have to be replaced or newly laid.

Advantages of the trenching method compared to open trench construction:

· The execution is less complex, construction costs are saved,

· The construction sites are generally smaller (hiking construction sites),

· The construction site time is shorter (250 - 600 m per day possible),

· Traffic obstructions and nuisance to local residents are reduced.

Disadvantages of the trenching method compared to open trench construction:

· Hardly suitable for composite paving stone areas and damaged asphalt surfaces,

· Increased risk of possible cable damage to the installed cable infrastructure due to the lower installation depth,

· Practical restrictions / additional expenses for house entries (e.g. requirement for an additional head hole),

· Changes in the level of the road body due to ground shifting or use effects as well as frost or compaction damage are possible,

· Technical regulations for the use of suitable backfill materials are not yet available,

· Replacement or re-routing of the cable as part of the structural maintenance of the road pavement is required if the cable is arranged in the asphalt superstructure,

5.2.4 Right of Way (RoW) solution

5.2.4.1 General

A special solution for installation of the network infrastructure in cities is to use the existing infrastructure of tubes and pipes for the deployment of optical fibre cables which minimizes the deployment costs (right-of-way-solution or RoW). The main costs (up to 50 % to 80 %) are civil works depending on the size of the city and population density.

Cable installations in existing pipe-networks should not affect their original function. This is particularly important where the pipes transport product.). Restrictions during repair and maintenance work have to be reduced to a minimum and coordinated with the network operators.

Established solutions are:

· in sewer systems (optical fibre in sanitary and storm systems),

· in gas pipes (fibre-in-gas),

· in drinking water lines (fibre-in-water).

[image: image52.emf]
Figure 30 – Existing infrastructure – possible host for optical fibre cable deployment

5.2.4.2 Optical fibre cables in sewer systems (fibre in sanitary and storm systems)

Sewers provide excellent opportunities for access networks. They reach almost every corner of the city and pass all potential customers. Utilizing sewers avoids bureaucratic digging permits and reduces the costs.

Tube sizes in the public sewer range from 200 mm diameter to sewer tubes, which can be entered by boat. The majority of public sewer tubes range between 200 mm to 350 mm. They provide sufficient cross section for installation of one or more small cables.

Various installations schemes exist depending on the sewer cross section; i.e. man accessible and non-man accessible sewer tubes.

One of the schemes uses steel bracings to fix corrugated steel tubes (carrying the cable after blowing) to the inner wall of a smaller sewer tube without drilling, milling and cutting. This is done by a special robot based on a module used for sewer repairs in many systems.
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Figure 31 – Schematic description of the installation of cables in sewer pipe systems

Man accessible sewers (available in some big cities) can be used to install reinforced trunk cables on the wall of the sewer containing optical fibre micromodules (Flextubes) which can be retracted in order to connect apartment buildings without making optical fibre splices in the sewer.
5.2.4.3 Optical fibre cables in gas pipes (fibre-in-gas)

Gas pipelines are the perfect conduit for deploying optical fibre networks without major disruption and destruction of the streets and pavements normally caused by conventional cut- and fill- techniques. Gas pipeline systems provide a cost-effective means to build or expand the optical fibre infrastructure primarily within metropolitan areas. 

This can be done in two different ways by installing the cable directly and/or by installing an open duct/pipe into the gas pipe. Gas access pipes normally have– in contrast to the mains – no valves or isolating equipment outside a building and are perfectly tailored for the access network.

Figure 32 shows a specially developed I/O-port to guide the cable into and out of the gas pipe so as to bypass the gas valves. An important part of the system is the sealing kit, together with a specially designed optical fibre cable. The cable is blown into the gas pipes by means of a stabilized parachute either by using the natural gas flow itself or by using compressed air, depending on the local requirements. Where the cable bypasses the valves or additional installed I/O-ports defines the optical fibre access points for networks in an ideal way.
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Figure 32– Laying procedure pipeline section in a simplified sketch

Figure 33 shows – in an example - the branch off point between the main gas pipe and the gas house connection line. The components normally used are well established welding techniques for polyethylene pipes (PE100).
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Figure 33 - A house connection gas pipe is used to bridge the distance to the customer
Figure 34 shows a miniaturized I-/O-port adapter for a house connection (access network)
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Figure 34 – Adapter for getting in and outside the gas pipe
5.2.4.4 Optical fibre cables in drinking water lines (fibre-in-water)

The drinking water pipes can be used in a similar manner to gas pipes.

Figure 35 shows the principle of the I-/O-adapter in case of a water pipe.:
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Figure 35 – A simplified sketch for a drinking water line

Figure 36 shows the principal solution for a house connection (access network).
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Figure 36 – A house connection water pipe is used to span the distance to the customer
5.2.5 Access and jointing chambers

Closure access chambers and jointing chambers are used in FTTX networks to give an easy access to cable or duct installations. There are generally four materials available for the access and jointing chambers:

· concrete handholes,

· HDPE handholes,

· polyester handholes,

· polycarbonate handholes.

Different sizes and shapes are available for all types and most of the plastic types are available in fixed sizes and modular build up.

The selection of a type of handhole is based on the following criteria:

· Where will it be installed (mainly security reason)?

· What is the maximum load that it has to take?

· How much space is required?

· What local regulations apply?

· Underground or ground level?

In situations where there is danger of demolition, it is sometimes wise to place the handhole completely underground. A disadvantage could be difficult access. Alternatively a handhole with cover can be used that can be locked with special keys. Several types are available for handholes.
5.3 Areas with block(s) of Multi-Dwelling Units (MDUs)

Areas with block(s) of flats consist of several properties normally in several floors. These properties are grouped within a restricted area, typically within a radius of 100 m – 1 km.
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Figure 37 – Network in an area of blocks of flats

In these areas (see Figure 37) it is often possible to connect the area network into the property with the access node, which means that manholes are not required although manholes may still become a requirement in these areas. The access node should connect to the main node of the community through two distribution nodes.

Multi dwelling units (MDUs) are often served by Distribution Points (DP). From that point optical fibres go to each apartment. Optical fibres may be directly installed or may be spliced at convenient points in the network such as the junction between the riser and the horizontal cable. The optical fibre concentration is normally in a room in the basement or the first floor of the property.
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Figure 38 – Block of flats in cross-section

Optical fibres can be installed 

· as riser extractable cables from the basement with branching-off at each floor towards the flats 
· as separate micro cables from each flat to a splice box in the basement 

· by applying retractable micromodule (Flextube) cables 

· by fibre blowing in micro-ducts to the splice box 

· by terminating the riser at each floor and using window-cut cable at each apartment. 

For those cases with a few flats/offices in a building the optical fibre connection for several buildings can be concentrated to a common splice point. The final point for the FTTX network (before the customer owned cable) may be inside or outside the apartment and may be terminated with a optical fibre socket at each flat. 

The optical fibre roll out in areas with blocks of flats is normally to 100 % of the flats even if some of them will not be actively connected. This is an extremely efficient strategy, in particular for flats with large turnover of tenants.

5.4 Areas with detached houses

In areas with detached houses, the customers’ connection points are distributed over a wider area than in regions with blocks of flats. Access nodes should be placed as centrally as possible in the areas to be be connected. This central placement minimizes the required cable lengths. In areas with detached houses, significantly more house connections have to be realized for the same number of customers than in areas with large blocks of flats. In order to optimize the volume of the material inside the routes between the access nodes and the buildings, it makes sense to put the home connection cables on a distribution cable inside the streets by means of closures instead of leading the house connections to a central connection point with separate cables and ducts. Figs. 33 & 34 show both connection types. Depending on the individual requirements of the installation of the house connection, it is possible to branch off up to 400 optical fibres with appropriate house connection closures and distribution cable combinations without having to plan contingency lengths for the distribution cable.
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Figure 39 – Metropolitan/urban network for areas with detached/terraced houses

Figure 40 shows the details of the direct connection concept.
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Figure 40 – direct connected houses

Sometimes not all houses are connected with optical fibre at a roll out. The area should be prepared for easy connection to all houses. This implies that:

· Installing distribution cables to put house connections in a closure requires the planning of an optical fibre contingency in the distribution cable. If there is an intensive need for optical fibre for the later connection of additional buildings, it makes sense to install a separate tube for a later storage of an additional distribution cable.
· If blowing is used, micro-ducts for micro-duct optical fibre cables or blown optical fibre units are installed in such a way that a non-connected house can be connected later by branching off a duct to the house (or a micro-duct has been installed into the building in an early construction phase). In this way no optical fibre splicing is necessary, since the micro-ducts are connected and the optical fibre unit is blown all the way.

· A duct from an access node should pass the boundary of a building site for possible later connection. 

· When an optical fibre cable is used for houses or terraced houses and if the surplus optical fibre is not used, to avoid digging during subsequent installations install empty ducts with splice areas. 

· Where poles already exist fibre cable may be dropped to the house from the pole.
5.5 Rural areas

The population density in metropolitan/urban areas can differ significantly in the various European Countries, from high density areas (with more than 2000 persons per km2) consisting of Multi Dwelling Units (MDUs), to sparsely built-up areas (with 200 persons per km2 or less) consisting of Single Dwelling Units (SDUs) in some Nordic countries like Sweden. Special network configurations can be used for these low density urban areas. The following example shows a particular network solution from Sweden for such a situation.
In Figure 41 shows connection of single properties in a sparsely built-up area. Expansion should be made when regional or municipality connecting networks are being built. To make it economically viable, possible connection points for the ducts and cables should be planned from the start. Cable for future connections may be stored underground or in a splice area Networks in these types of areas should take the following into account:

· geography. The access node should be placed in a village or similar, passed by the municipality connecting network;

· distance to the access node. In these types of areas optical fibres should always be used (distance longer than 1 000 m).
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Figure 41 – Metropolitan/urban network for rural areas

There is an economic interest to get as many users as possible to each municipality or access node. This will give lower costs per user. Also maintenance costs are lower for a few big nodes, compared with several small nodes in a large geographical area.

5.6 General considerations when designing a network
The network descriptions above are specific solutions for certain areas and may not be applicable without further optimization to other FTTX-networks. 

6 Planning


6.1 General

6.1.1 Outline planning

Using an advanced Network Software Module, readily available today, for the design and deployment of the passive network is essential to optimize the deployment (installation) of the network and to reduce costs. The cost for a computer-made network design and deployment planning tool will be lower than for a customised design and will be much more optimized than a rough plan made on the spot. This will result in detailed knowledge of material quantities needed. Future expansion of the number of connections can be taken into account also, including the location of future Distribution Points. Installation time and logistics can be fully controlled, reducing the capex of the network.
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 Figure 42 – Curves illustrating influence and costs in an FTTX-project

The design and planning phase has the maximum influence on the future development and related costs of the overall project.

Note in Figure 42 that the time axis for running, service and maintenance phase is substantially longer than that of the other two phases. 

It is desirable to plan the optical fibre network to reach as many subscribers as possible from one or a small number of nodes. The size of the access node is prescribed by local conditions for the cable network, such as type of buildings, distance between houses, ownership, agreements between owners and right to install.

In many cases it is necessary to plan for a number of small nodes. Each project is unique and requires its own planning.

6.1.2 Development of outline plans
6.1.2.1 Ownership circumstances 

When a broadband network is installed, the property owner often wants to own the passive network, which is distributing the services within his property. This is explained by the fact that the network increases the property value. In addition, the services operator is paying a network fee for using the network or individual optical fibres. There is therefore an ambition to build the network to generate competition between different operators. At the same time the owner has a maintenance responsibility for the passive network.

As mentioned in clause 2 the access network consists of both the network in a single property and the network between the properties towards the access node. 

The access network can therefore be owned by several property owners or even be owned or rented by a separate network owner/organisation/operator.

The access network is often installed in the basement to avoid unnecessary digging and may then pass other properties. ODFs in buildings which supply the buildings of other owners are critical from the operational point of view. Permission is then needed to pass these. 

Agreements about right to use and arrangements about the land should be settled before a project starts. An easement or similar agreement should be signed. 

In certain communities with community networks, it is possible to rent point-to-point connections through dark optical fibre.

A suitable space should exist where the access node can be placed. Sometimes it is necessary for the property owner to supply and prepare it so the operator can rent it. The space should have some expansion possibilities for specific operator equipment. Service or at least a very long rental period is necessary as moving the node would be very expensive.

6.1.2.2 Housing and property owners

A positive attitude of the residents and the property owners to the installation is important to be able to realize a broadband project. 

It is true that access to broadband increases the value of a property and therefore makes the property more attractive on the market. This also includes housing firms. These have a central role in connecting areas. Cooperation between different organizations such as property owners and tenants associations is important to be able to create the right conditions and understanding for these types of project. 

6.1.2.3 Legal issues

To facilitate building/planning a broadband network, legally binding agreements should be signed before a project is started. However, complicated ownerships may make the agreements difficult to carry out. 

Agreements should be mutually beneficial for the parties concerned in a reasonable way. There are a number of different models for agreements. One way of doing it is to exchange "right to use" against future services or cash or a reduced connection fee.

If the access network is passing over private property some kind of easement should be agreed upon.

An agreement handling the transit of a wire or similar within a property should cover at least the next 25 years. It should also be valid, if the property is sold. 

Trenching on community property requires permission, which may take some time. 

Those players with right to install lines have advantages over those needing permission. This is valid for big community housing firms with large concentrations of houses and flats within one area, regulated by concessions for communal providers and their ICT sub-divisions.
6.1.2.4 Availability

An investigation concerning the availability of ducts and cables inside and between properties should be performed.  Different ways of installing cables, blown fibres and splicing should be considered and combined/adjusted for the present network solution.

· Requirements on arrangements for fire protection should be noted.

· Checking of all possible solutions for installation, e.g. co-installation when digging for district heating or other service installations, is performed.

· Duct types and lengths are noted.

6.1.2.5 Document study

A study of available documentation of different installations to and inside properties should be performed, including:

· investigating the need for digging between properties or if existing trenching can be used;

· investigating the possibility of installing micro-ducts/ducts/cables through adjacent buildings.

6.1.3 Detailed planning

Using the information received from the rough plan, a detailed plan of the installation is made. This includes the following main steps:

· prepare detailed drawings with cable and duct, micro-duct types and terminating fields (using  of standard GIS-based software); 
· list of materials with costs;

· estimation of cost;

· conditions for ordering materials;

· time schedule;

· methods of installation, such as digging for different parts of the network.

6.2 Installation – General advice

6.2.1 Drilling

Before the installation is started it is necessary to check that the planning is accurate. Disturbing activities such as drilling should be performed during daytime. All drilling should be carried out with dust filters and suitable tools and methods for the material to be drilled.

6.2.2 Lift shaft

European Directive 2014/33/EU clearly states, in Article 6, that “Member states shall take all necessary measures to ensure that shafts intended for lifts do not contain any piping or wiring or fittings other than that necessary for the operation and safety of the lift.” 

6.2.3 Messages to residents

Messages to residents should be announced in good time before the installation, in particular before disconnecting electrical power, telephone or lifts. If furniture needs to be moved, it is the responsibility of the resident.

6.2.4 Insurance and compensation for damage

It is important to have competent installation personnel with insurance protection. It is reasonable for the installation engineer to compensate for damage caused by him, painting excluded. 

6.2.5 Certificate

Many system suppliers require that the installation engineer is certified in order to give the customer a system guarantee. The network manufacturers are strongly recommended to implement a certification scheme for the fitters, giving a trained and certified sub-contractor.

6.3 Installation in node areas

6.3.1 Access node

The access node is a central place for servers, computers and telephone and switching equipment for a group of buildings. The design is dependent on the type of equipment and how much it will be used. For new buildings the wish list may be long. For existing buildings it is necessary to adjust to the given conditions in the area. The geographic placement of the node should be optimized so that the distances to all end-users are as short as possible. Furthermore the place should be easily accessible from the access network.

The space should be dry and ventilated with safety doors preferably above ground level and have good protection against water damage, with floor drains and alarms, see Figure 43.  


[image: image62]
Figure 43– Proposal of the design of a node room (* ETSI racks are potential alternatives to 19-inch racks)
6.3.2 Area for splice cabinet – Optical fibre concentration point

Cabinets for optical fibre splicing and optical fibre concentration points should be placed inconspicuously, but still provide easy access for maintenance and service. Suitable places are power or cable TV locations, cellars, garages or similar locations (or identical to a distributor similar to the cross-connection cabinet of today). Humid areas or places liable to flooding should be avoided.

6.3.3 In a flat, a house or similar area (user node – subscriber node)

The FTTX network is terminated in the optical fibre socket with the shortest possible overlength and preferably close to a power outlet. A suitable place is in a hall or another central point, e.g. in a coat cupboard. It is wise to reserve some space for future expansions of equipment and switches (close to a coax outlet).

7 Quality

A quality plan should be made before each planned installation. In this plan processes, routines, and checkpoints are defined for the project. Examples are:

· The scope should be defined accurately.

· The undertaking from participating parties and organisations should be well defined.

· Areas of responsibility are noted.

· All agreements are clarified.

· A quality policy is observed.

· Available resources and competence are secured.

· Actual project model is defined and conveyed.

· Time schedules, progress reports, deviation reports and similar are produced and updated.

· ISO 9000 and ISO 14000 series are applicable.
8 Glossary

	AAL
	Ambient Assisted Living

	ADSL
	Asymmetric Digital Subscriber Line

	APC
	Angled Polished Connector

	APON
	   Asynchronous transfer mode Passive Optical Network (ITU-T G.983)

	ATM
	Asynchronous Transfer Mode

	BPON
	   Broadband Passive Optical Network (ITU-T G.983)

	CAPEX
	CApital EXpenditures (investments)

	CATV
	CAble TeleVision

	CE
	Commission Européenne

	CENELEC
	Comité Européen de Normalisation en Electronique et en éLECtrotechnique

	CEN
	Comité Européen de Normalisation

	CLC
	CeneLeC

	CPD
	Construction Product Directive

	CPR
	Construction Product Regulation

	CWDM
	Coarse Wavelength Division Multiplexing

	DOCSIS
	Data Over Cable Service Interface Specification

	DP
	Distribution Point

	DWDM
	Dense Wavelength DIvision Multiplexing

	EQF
	Equipment Frame (for transmission equipment)


	EPON 
	   Ethernet Passive Optical Network (IEEE 802.3ah)

	ETSI
	European Telecommunications Standards Institute

	EU
	European Union

	FCCN
	Fibre Cross Connect Node

	FDF
	Fibre Distribution Field

	FMS
	Fibre Management System

	FMSC
	Fibre Management System Closure

	FTTB
	Fibre To The Building 

	FTTC
	Fibre To The Curb 

	FTTH
	Fibre To The Home 

	FTTX
FRNC
	FTT(X stands for B, C, H, …): Generic term for FTTB, FTTC, FTTH, …
Flame Retardant Non Chloric (halogen free)

	FWA
	Fixed Wireless Access

	GB
	Giga Byte

	Gbit/s
	Giga bits per second

	GPON
	   Gigabit capable Passive Optical Network (ITU-T G.984)

	HDPE
	High Density PolyEthylene

	HFFR-LS
	Halogen Free Flame Retardant Low Smoke


	IEEE
	Institute of Electrical and Electronics Engineers

	IL
	Insertion Loss

	IP
	Internet Protocol

	ISO
	International Organization for Standardization

	ITU
	International Telecommunication Union

	ITU-R
	International Telecommunication Union - Telecommunications

	ITU-T
	International Telecommunication Union – Radio-communications

	LC
	Little Connector

	LFH
	Low Fire Hazard


	LI
	Local Interface

	LSZH
	Low Smoke Zero Halogen

	Mbit/s
	Mega bits per second

	MDU
	Multi Dwelling Unit

	MMF
	Multimode Fibre

	NG-PON
	Next-Generation Passive Optical Network

	ODF
	Optical Distribution Frame

	OLT
	Optical Line Terminal

	ONT
	Optical Network Terminal

	OPGW
	Optical Ground Wire

	OTDR
	Optical Time Domain Reflectometry

	P2P
	Point to Point

	P2MP
	Point to Multiple Points

	PE
Plenum
	PolyEthylene
Horizontal cabling (system)

	PMD
	Polarization Mode Dispersion

	PMF
	Patch cable Management Frame

	PON
	Passive Optical Network

	POP
	Point of Presence

	PPF
	Patch Panel Frame

	PtP
	Point to Point

	PVC
Riser
	Polyvinylchloride
Vertical cabling (system)

	RL
	Return Loss

	RoW
	Right of Way

	SC
	Standard Connector

	SDP
	Small Distribution Point

	SDU
	Single Wwelling Unit

	SMF
	Single Mode Fibre

	S/N
	Signal to Noise

	TC
	Technical Committee

	TR
	Technical Report

	UPS
	Uninterruptible Power System

	VDSL
	Very high bitrate Digital Subscriber Line

	WDM
	Wavelength Division Multiplexing

	WLAN
	Wireless local area network

	XG-PON
	10 (X stands 10) Gigabit Passive Optical Network

	XGS-PON
	10 (X stands 10) Gigabit Symmetrical Passive Optical Network


1.1 : List of standards 
Preliminary note: this list is not exhaustive

	Optical fibres
	

	
	Generic & Product Specification

	EN IEC
	60793
	
	
	
	Optical fibres

	EN IEC
	60793
	-2
	-50
	
	Sectional specification for class B single-mode fibres.

	
	Measurements for optical fibres

	EN IEC
	60793
	-1
	series
	Measurement methods and test procedures

	IEC
	62221
	
	TR
	
	Microbending sensitivity

	Optical fibre cables

	
	Generic & Test Methods

	EN IEC
	60794
	-1
	-1
	
	Generic specification – General (terms & definitions)

	EN IEC
	60794
	-1
	-2
	
	Basic optical cable test procedures - General guidance

	EN IEC
	60794
	-1
	-20
	
	Basic optical cable test procedure - General and definitions

	EN IEC
	60794
	-1
	-21
	
	Basic optical cable test procedure - Mechanical tests methods

	EN IEC
	60794
	-1
	-22
	
	Basic optical cable test procedure - Environmental test methods

	EN IEC
	60794
	-1
	-23
	
	Basic optical cable test procedure – Cable element test methods

	EN IEC
	60794
	-1
	-24
	
	Basic optical cable test procedure - Electrical test methods

	EN IEC
	60794
	-1
	-3
	
	Generic specification – optical cable elements

	EN IEC
	60794
	-1
	-31
	
	Sectional specification for cable element - Optical fibre ribbon

	
	Product Specification (Sectional, family and detailed)

	EN IEC
	60794
	-2
	
	
	Sectional specification – Indoor Cbles

	EN IEC
	60794
	-2
	-10
	
	Family specification for simplex and duplex cables

	EN IEC
	60794
	-2
	-11
	
	Detailed specification for simplex and duplex cables for use in premises cabling

	EN IEC
	60794
	-2
	-20
	
	Family specification for multi-fibre optical distribution cables

	EN IEC
	60794
	-2
	-21
	
	Detailed specification for multi-fibre optical distribution cables for use in premises cabling

	EN IEC
	60794
	-2
	-22
	
	Detail specification for multi-simplex breakout optical cables to be terminated with connectors

	EN IEC
	60794
	-2
	-30
	
	Family specification for optical fibre ribbon cables

	EN IEC
	60794
	-2
	-31
	
	Detailed specification for optical fibre ribbon cables for use in premises cabling

	EN IEC
	60794
	-2
	-50
	
	Family specification for simplex and duplex cables for use in terminated cable assemblies

	EN IEC
	60794
	-3
	
	
	Sectional specification – Outdoor Cables

	EN IEC
	60794
	-3
	-10
	
	Family specification for duct and directly buried optical telecommunication cables

	EN IEC
	60794
	-3
	-11
	
	Product specification for duct, directly buried and lashed aerial single-mode optical fibre
telecommunication cables

	EN IEC
	60794
	-3
	-12
	
	Detailed specification for duct and directly buried optical telecommunication cables for use in premises cabling

	EN IEC
	60794
	-3
	-20
	
	Family specification for optical self-supporting aerial telecommunication cables

	EN IEC
	60794
	-3
	-21
	
	Detailed specification for optical self-supporting aerial telecommunication cables for use in premises cabling

	EN IEC
	60794
	-3
	-30
	
	Family specification for optical telecommunication cables for lake and river crossings and coastal applications

	EN IEC
	60794
	-3
	-40
	
	Family specification for sewer cables and conduits for installation by blowing and/or pulling in non-man accessible storm and sanitary sewers

	EN IEC
	60794
	-3
	-50
	
	Family specification for gas pipe cables and subducts for installation by blowing and/or pulling/dragging in gas pipes

	EN IEC
	60794
	-3
	-60
	
	Family specification for drinking water pipe cables and subducts for installation by blowing and/or pulling/dragging/floating in drinking water pipes

	EN IEC
	60794
	-3
	-70
	
	Family specification for outdoor optical fibre cables for rapid/multiple deployment

	EN IEC
	60794
	-4
	
	
	Sectional specification - Aerial optical cables along electrical power lines

	EN IEC
	60794
	-4
	-10
	
	Family Specification – OPGW (Optical Ground Wires) along electrical power lines

	EN IEC
	60794
	-4
	-20
	
	Family specification for ADSS (all dielectric self-supported) optical cables

	EN IEC
	60794
	-4
	-30
	
	Family Specification for OPPC (Optical Phase Conductor)

	EN IEC
	60794
	-5
	
	
	Sectional specification for micro-duct cabling for installation by blowing

	EN IEC
	60794
	-5
	-10
	
	Family specification - Outdoor micro-duct optical fibre cables, micro-ducts and protected micro-ducts for installation by blowing

	EN IEC
	60794
	-5
	-20
	
	Family specification - Outdoor micro-duct fibre units, micro-ducts and protected micro-ducts for installation by blowing

	EN IEC
	60794
	-6
	
	
	Sectional specification for Indoor-Outdoor cables

	EN IEC
	60794
	-6
	-10
	
	Family specification for a Universal Indoor-Outdoor cable

	EN IEC
	60794
	-6
	-20
	
	Family specification for Flame Retardant Outdoor cables

	EN IEC
	60794
	-6
	-30
	
	Family specification for Weatherised Indoor cables

	
	
	
	
	
	

	Hybrid telecommunication cables (copper & optical fibres for data transmission and optional remote powering)

	IEC
	62807
	-1
	
	
	Hybrid telecommunication cables - Part 1: Generic specification

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	IEC
	62807
	-3
	
	
	Hybrid telecommunication cables – Part 3: Outdoor hybrid cables – Sectional specification

	IEC
	62807
	-3
	-10
	
	Hybrid Telecommunication Cables – Part 3-10: Family specification for FTTA hybrid communication cables

	
	
	
	
	
	

	
	
	
	
	
	

	Guidance for Optical fibre cabling

	IEC
	62362
	TR
	
	
	Selection of optical fibre cable specifications relative to mechanical, ingress, climatic or
electromagnetic characteristics - Guidance

	IEC
	62901
	TR
	
	
	Guide for the selection of drop cables

	IEC
	62691
	TR
	
	
	Guide to the installation of optical fibre cables

	IEC
	62000
	TR
	
	
	Guideline for combining different single-mode fibres types

	IEC
	62470
	TR
	
	
	Guidance on techniques for the measurement of the Coefficient Of Friction
(COF) between cables and ducts

	IEC
	62959
	TR
	
	
	Optical fibre cables - Shrinkage effects on cable and cable element end termination - Guidance

	IEC
	63194
	TR
	
	
	Guide for colour coding of optical fibre cables

	IEC
	61282
	TR
	series
	Fibre optic communication system design guides

	EN IEC
	50682
	TR
	
	
	Consideration on the use of OTDRs to measure return loss of single-mode optical fibre connections

	IEC
	62316
	TR
	
	
	Guidance for the interpretation of OTDR backscattering traces for single-mode fibres

	EN IEC
	50621
	TR
	
	
	Guideline for the repair of damaged installed optical fibre cables and micro-ducts

	IEC
	62547
	TR
	
	
	Guideline for the measurement of high power damage sensitivity of single-mode fibre to bends – Guidance for interpretation of results

	IEC
	62839
	TR
	
	
	Environmental declaration - Part 2: Optical/copper telecom accessories products specific rules

	IEC
	62048
	TR
	
	
	Optical fibres - Reliability - Power law theory (Mechanical reliability of optical fibres)

	EN
	50173
	
	
	
	Information technology - Generic cabling systems (also known as structured cabling)

	EN
	50173
	-1
	
	
	General requirements and office areas

	EN
	50173
	-2
	
	
	Office premises

	EN
	50173
	-3
	
	
	Industrial premises

	EN
	50173
	-4
	
	
	Homes

	EN
	50173
	-5
	
	
	Data centres

	EN
	50174
	
	
	
	Information technology - Cabling installation

	EN
	50174
	-1
	
	
	Specification and quality assurance

	EN
	50174
	-2
	
	
	Installation planning and practice inside buildings

	EN
	50174
	-3
	
	
	Installation and practice outside buildings

	EN
	50310
	
	
	
	Application of equipotential bonding and earthing in buildings with information technology equipment

	EN IEC
	61280
	
	
	
	Fibre optic communication Subsystem Basic Test Procedures

	EN IEC
	61280
	-4
	-2
	
	Fibre optic cable plant – Single-mode fibre optic cable plant attenuation

	ISO/IEC
	14763
	
	
	
	Information technology - Implementation and operation of customer premises cabling

	ISO/IEC
	14763
	-1
	
	
	Administration

	ISO/IEC
	14763
	-2
	
	
	Planning and Installation

	ISO/IEC
	14763
	-3
	
	
	Testing of optical fibre cabling

	EN
	50346
	
	
	
	Information technology - Cabling installation - Testing of installed cabling


	General Test Methods


	IEC
	60811
	series
	
	Electric and optical fibre cables – test methods for non-metallic materials

	IEC
	60811
	-100
	
	
	General

	IEC
	60811
	-2xx
	
	
	General tests

	IEC
	60811
	-3xx
	
	
	Electrical tests

	IEC
	60811
	-4xx
	
	
	Miscellaneous tests

	IEC
	60811
	-5xx
	
	
	Mechanical tests

	IEC
	60811
	-6xx
	
	
	Physical tests

	
	
	
	
	
	

	Fire performance

	IEC
	62222
	TR
	
	
	Fire performance of communication cables in buildings (Guidance)

	EN IEC
	60332
	-1
	
	
	Tests on electric and optical fibre cables under fire conditions 

	EN IEC 
	60332
	-1
	-1
	
	Part 1-1: Test for vertical flame propagation for a single insulated wire or cable – Apparatus

	EN IEC 
	60332
	-1
	-2
	
	Part 1-2: Test for vertical flame propagation for a single insulated wire or cable - Procedure for 1 KW pre-mixed flame

	EN IEC 
	60332
	-1
	-3
	
	Part 1-3: Test for vertical flame propagation for a single insulated wire or cable - Procedure for determination of flaming droplets/particles

	EN IEC 
	60332
	-2
	-1
	
	Part 2-1: Test for vertical flame propagation for a single small insulated wire or cable – Apparatus

	EN IEC 
	60332
	-2
	-2
	
	Part 2-2: Test for vertical flame propagation for a single small insulated wire or cable - Procedure for diffusion time

	EN IEC 
	60332
	-3
	-10
	
	Part 3-10: Test for vertical flame spread of vertically-mounted bunched wires or cables – Apparatus

	EN IEC 
	60332
	-3
	-24
	
	Part 3-24: Test for vertical flame spread of vertically-mounted bunched wires or cables - Procedures Category C

	EN IEC
	60332
	-3
	-25
	
	Part 3-25: Test for vertical flame spread of vertically-mounted bunched wires or cables - Category D

	IEC
	60754
	
	
	
	Test on gases evolved during combustion of materials from cables

	IEC
	60754
	-1
	
	
	Part 1: Determination of the amount of halogen acid gas

	IEC
	60754
	-2
	
	
	Part 2: Determination of degree of acidity of gases evolved during the combustion of materials taken from electric cables by measuring pH and conductivity

	EN IEC 
	61034
	
	
	
	Measurement of smoke density of cables burning under defined conditions

	EN IEC 
	61034
	-1
	
	
	Part 1: Test apparatus

	EN IEC 
	61034
	-2
	
	
	Part 2: Test procedure and requirements

	EN
	50575
	
	
	
	Power, control and communication cables - Cables for general applications in construction works subject to reaction to fire requirements

	EN
	50576
	
	
	
	Electric cables - Extended application of test results for reaction to fire
This document also covers optical fibre cables

	EN
	50399
	
	
	
	Common test methods for cables under fire conditions - Heat release and smoke production measurement on cables during flame spread test - Test apparatus, procedures, results

	EN
	13501
	-1
	
	
	Fire classification of construction products and building elements - Part 1: Classification using data from reaction to fire tests

	EN
	13501
	-6
	
	
	Fire classification of construction products and building elements - Part 6: Classification using data from reaction to fire tests on electric cables


	EN
	13823
	
	
	
	Reaction to fire tests for building products - Building products excluding floorings exposed to the thermal attack by a single burning item

	IEC
	60695
	series
	
	Fire hazard testing; Guidance and test methods

	ISO
	13943
	
	
	
	Fire safety - Vocabulary

	ISO
	11925
	series
	
	Reaction to fire tests - Ignitability of building products subjected to direct impingement of flame

	ISO
	1716
	
	
	
	Reaction to fire tests for products - Determination of the gross heat of combustion (caloric value)

	
	
	
	
	
	


	Passive Components and Connectors



	Connector and Component Performance Standards

	EN IEC
	61753
	
	
	
	Fibre optic interconnecting devices and passive components performance standard

	EN IEC
	61753
	-1
	
	
	Part 1: General and guidance for performance standards

	EN IEC
	61753
	-2
	-1
	
	Part 2-1: Fibre optic connectors terminated on single-mode fibre for category U - Uncontrolled environment

	EN IEC
	61753
	-2
	-3
	
	Part 2-3: Non-connectorised single-mode 1xN and 2xN non-wavelength-selective branching devices for Category U - Uncontrolled environment

	EN IEC
	61753
	-021
	-6
	
	Part 021-6: Grade B/2 single-mode fibre optic connectors for category O - Uncontrolled environment

	EN IEC
	61753
	-031
	-3
	
	Part 031-3: Non-connectorized single-mode 1xN and 2xN non-wavelength-selective branching devices (NWBD) for Category U - Uncontrolled environment

	EN IEC
	61753
	-51
	-3
	
	Part 051-3: Single-mode fibre, plug-style fixed attenuators for category U - Uncontrolled environment

	EN IEC
	61753
	-52
	-3
	
	Part 052-3: Single-mode fibre, pigtailed-style fixed attenuators for category U - Uncontrolled environment

	EN IEC
	61753
	-53
	-3
	
	Part 053-3: Continuously variable attenuators for category U - Uncontrolled environment

	EN IEC
	61753
	-61
	-3
	
	Part 061-3: Single-mode fibre optic pigtailed style isolators for category U - Uncontrolled environment

	EN IEC
	61753
	-62
	-6
	
	Part 062-6: Non-connectorized single-mode fibre optic pigtailed isolators for category O - Uncontrolled environment and sequential test

	EN IEC
	61753
	-083
	-2
	
	Part 083-2: Non-connectorised single-mode fibre optic C-band/L-band WDM devices for category C - Controlled environment

	EN IEC
	61753
	-084
	-2
	
	Part 084-2: Non connectorised single-mode 980/1550 nm WWDM devices for category C - Controlled environment

	EN IEC
	61753
	-086
	-2
	
	Part 086-2: Non-connectorised single-mode bidirectional 1490 / 1550 nm downstream 1310 nm upstream WWDM devices for category C - Controlled environment

	EN IEC
	61753
	-086
	-6
	
	Part 086-6: Non-connectorized single-mode bidirectional 1 490 / 1 550 nm downstream and 1 310 nm upstream WWDM devices for category O - Uncontrolled environment

	EN IEC
	61753
	-087
	-2
	
	Part 087-2: Non-connectorized single-mode bidirectional 1310 nm upstream and 1490 nm downstream WWDM devices for category C - Controlled environment

	EN IEC
	61753
	-091
	-3
	
	Part 091-3: Single-mode fibre optic pigtailed style circulators for category U - Uncontrolled environment

	EN IEC
	61753
	-092
	-6
	
	Part 092-6: Non-connectorized single-mode circulators for category O - Uncontrolled environment and sequential test

	EN IEC
	61753
	-101
	-2
	
	Part 101-2: Fibre management systems for category C - Controlled environment

	EN IEC
	61753
	-101
	-3
	
	Part 101-3: Fibre management systems for Category U - Uncontrolled environment

	EN IEC
	61753
	-111
	-7
	
	Part 111-7: Sealed closures for category A – Aerial

	EN IEC
	61753
	-111
	-8
	
	Part 111-8: Sealed closures for category G – Ground

	EN IEC
	61753
	-111
	-9
	
	Part 111-9: Sealed closures for category S - Subterranean

	EN IEC
	61753
	-121
	-2
	
	Part 121-2: Simplex and duplex cords with singlemode fibre and cylindrical ferrule connectors for category C - Controlled environment

	EN IEC
	61753
	-121
	-3
	
	Part 121-3: Simplex and duplex cords with single-mode fibre and cylindrical ferrule connectors for category U - Uncontrolled environment

	EN IEC
	61753
	-131
	-3
	
	Part 131-3: Single-mode mechanical fibre splice for category U - Uncontrolled environment

	EN IEC
	61753
	-141
	-2
	
	Part 141-2: Fibre optic passive chromatic dispersion compensator using single-mode dispersion compensating fibre for category C - Controlled environments

	

	Optical fibre connectors 
	

	EN
	50377
	
	
	
	Connector sets and interconnect components to be used in optical fibre communication systems -product specifications

	EN
	50377
	-2
	-1
	Part 2-1: Type FC-PC terminated on IEC 60793-2 category B1 singlemode fibre

	EN
	50377
	-2
	-2
	Part 2-2: FC/APC 8 terminated on IEC 60793-2-50 category B1.1 and B1.3 singlemode fibre, with full zirconia ferrule, category C

	EN
	50377
	-4
	-2
	Part 4-2: Type SC/APC simplex 8° terminated on IEC 60793-2-50 of types B1.1 and B1.3 singlemode fibre, with full zirconia ferrule category U

	EN
	50377
	-4
	-4
	Part 4-4: Type SC-PC simplex terminated on IEC 60793-2-50 category B1.1 and B1.3 singlemode fibre, with full zirconia ferrule category U

	EN
	50377
	-5
	-1
	Part 5-1: Type EC terminated on IEC 60793-2 category B1.1 singlemode fibre

	EN
	50377
	-6
	-2
	Part 6-2: SC-RJ single-mode terminated on IEC 60793-2-50 category B1.1 and B1.3 singlemode fibre, category U

	EN
	50377
	-7
	-2
	
	Part 7-2: LC-PC duplex terminated on IEC 60793-2 category B1.1 singlemode fibre

	EN
	50377
	-7
	-3
	
	Part 7-3: Type LC-APC duplex terminated on IEC 60793-2 category B1.1 singlemode fibre

	EN
	50377
	-7
	-4
	
	Part 7-4: LC-PC simplex terminated on IEC 60793-2-50 category B1.1 and B1.3 singlemode fibre with full zirconia ferrule for category C

	EN
	50377
	-8
	-2
	
	Part 8-2: Type LSH-APC simplex terminated on IEC 60793-2-50 category B1.1 and B1.3 singlemode fibre, composite ferrule category C

	EN
	50377
	-8
	-3
	
	Part 8-3: LSH-PC simplex terminated on IEC 60793-2-50 category B1.1 and B1.3 singlemode fibre, composite ferrule category C

	EN
	50377
	-8
	-4
	Part 8-4: LSH-APC simplex terminated on IEC 60793-2-50 category B1.1 and B1.3 singlemode fibre, composite ferrule category U

	EN
	50377
	-8
	-5
	Part 8-5: LSH-PC simplex terminated on IEC 60793-2-50 category B1.1 and B1.3 singlemode fibre, composite ferrule category U

	EN
	50377
	-8
	-6
	Part 8-6: LSH-HR simplex terminated on IEC 60793-2-50 category B1.1 and B1.3 singlemode fibre, with full zirconia ferrule category C

	EN
	50377
	-8
	-7
	Part 8-7: LSH-PC terminated on IEC 60793-2-50 category B1.1 and B1.3 singlemode fibre, with full zirconia ferrule category C

	EN
	50377
	-8
	-8
	Part 8-8: LSH-APC simplex terminated on IEC 60793-2-50 category B1.1 and B1.3 singlemode fibre, with full zirconia ferrule category U

	EN
	50377
	-8
	-9
	Part 8-9: LSH-PC simplex terminated on IEC 60793-2-50 category B1.1 and B1.3 singlemode fibre, with full zirconia ferrule category U

	EN
	50377
	-8
	-10
	Part 8-10: Type LSH-APC simplex terminated on IEC 60793-2-50 category B1.1 and B1.3 singlemode fibre with titanium composite ferrule for category C

	EN
	50377
	-8
	-11
	Part 8-11: Type LSH-PC simplex terminated on IEC 60793-2-50 category B1.1 and B1.3 singlemode fibre with titanium composite ferrule for category C

	EN
	50377
	-8
	-12
	Part 8-12: Type LSH-APC simplex terminated on IEC 60793-2-50 category B1.1 and B1.3 singlemode fibre with titanium composite ferrule for category U

	EN
	50377
	-8
	-13
	Part 8-13: Type LSH-PC simplex terminated on IEC 60793-2-50 category B1.1 and B1.3 singlemode fibre with titanium composite ferrule for category U

	EN
	50377
	-9
	-2
	Part 9-2: Type MT-RJ terminated on IEC 60793-2 category B1.1 singlemode fibre

	EN
	50377
	-10
	-1
	Part 10-1: Type MU-PC simplex terminated on IEC 60793-2-50 category B1.1 and B1.3 singlemode fibre, with full zirconia ferrule category C

	EN
	50377
	-10
	-2
	
	Part 10-2: MU-APC singlemode terminated on IEC 60793-2 category B1 fibre

	EN
	50377
	-11
	-1
	
	Part 11-1: Type MF terminated on IEC 60793-2-50 category B1.1 and B1.3 singlemode fibre for category C

	EN
	50377
	-13
	-2
	
	Part 13-2: Type LX.5-PC DUPLEX terminated on IEC 60793-2-50 category B1.1 and B1.3 singlemode fibre, with full zirconia ferrule category U

	EN
	50377
	-13
	-3
	Part 13-3: Type LX.5-APC DUPLEX terminated on IEC 60793-2-50 category B1.1 and B1.3 singlemode fibre, with full zirconia ferrule category U

	EN
	50377
	-14
	-1
	Part 14-1: Cords with IEC 60793-2-50 singlemode category B1.1 and B1.3 fibre for category C

	EN
	50377
	-16
	-1
	Part 16-1: Type LF3 APC simplex terminated on IEC 60793-2-50 category B1.1 and B1.3 singlemode fibre with titanium composite ferrule for category C

	EN IEC
	60874
	
	
	
	Connectors for optical fibres and cables

	EN IEC
	60874
	-1
	
	
	Part 1: Generic specification

	EN IEC
	60874
	-1
	-1
	
	Part 1-1: Blank detail specification

	EN IEC
	60874
	-17
	
	
	Part 17: Sectional specification for fibre optic connector - Type F-05 (friction lock)

	EN IEC
	60874
	-19
	
	
	Part 19: Sectional specification for fibre optic connector - Type SC-D(uplex)

	EN IEC
	61274
	
	
	
	Adaptors for fibre optic connectors

	EN IEC
	61274
	-1
	
	
	Part 1: Generic specification

	EN IEC
	61274
	-1
	-1
	
	Part 1-1: Blank detail specification


	
	
	
	
	
	

	Organisers and Closures
	

	EN
	50411
	
	
	
	Fibre organisers and closures to be used in optical fibre communication systems - product specifications 

	EN
	50411
	-2
	
	
	General and guidance for optical fibre cable joint closures, protected micro-duct closures, and micro-duct connectors

	EN
	50411
	-2
	-2
	
	Product specifications - Sealed pan fibre splice closures Type 1, for category S & A

	EN
	50411
	-2
	-3
	
	Product specifications - Sealed inline fibre splice closures Type 1, for category S & A

	EN
	50411
	-2
	-4
	
	Product specifications - Sealed dome fibre splice closures Type 1, for category S & A

	EN
	50411
	-2
	-5
	
	Product specifications - Sealed closures for air blown fibre micro-duct, type 1, for category S & A

	EN
	50411
	-2
	-8
	
	Product specifications - Micro-duct connectors, for air blown optical fibres, Type 1

	EN
	50411
	-2
	-9
	
	Product specifications - Non-sealed closures for air blown fibre micro-duct cable, for category S & A

	EN
	50411
	-2
	-10
	
	Product specifications - Sealed fibre splice closures type 2, category G, for FTTH optical distribution networks

	EN
	50411
	-3
	-1
	
	Product specifications - Fibre management system, splice wall box, for category C & G

	EN
	50411
	-3
	-2
	
	Product specifications - Singlemode mechanical fibre splice

	EN
	50411
	-3
	-3
	
	Product specifications - Singlemode optical fibre fusion splice protectors

	EN
	50411
	-3
	-4
	
	Product specifications - Wall box for splice to patchcord connections, for category C and A

	EN
	50411
	-3
	-5
	
	Product specifications - Wall outlet

	EN
	50411
	-3
	-8
	
	Product specifications - Fibre management system, terminal equipment box type 1 for category C

	EN
	50411
	-4
	-1
	
	Product specifications - Passive optical street cabinet for category A

	EN
	50411
	-6
	-1
	
	Product specifications - Unprotected micro-duct for category S and A

	EN
	62134
	-1
	
	
	Fibre optic interconnecting devices and passive components - Fibre optic closures - Generic specification

	
	

	Connector Mechanical Interfaces

	EN IEC
	61754
	
	
	
	Fibre optic connector interfaces

	EN IEC
	61754
	-1
	
	
	Part 1: General and guidance

	EN IEC
	61754
	-2
	
	
	Part 2: Type BFOC/2,5 connector family

	EN IEC
	61754
	-3
	
	
	Part 3: Type LSA connector family

	EN IEC
	61754
	-4
	
	
	Part 4: Type SC connector family

	EN IEC
	61754
	-4
	-1
	
	Part 4-1: Type SC connector family - Simplified receptacle SC-PC connector interfaces

	EN IEC
	61754
	-5
	
	
	Part 5: Type MT connector family

	EN IEC
	61754
	-6
	
	
	Part 6: Type MU connector family

	EN IEC
	61754
	-6
	-1
	
	Part 6-1: Type MU connector family - Simplified receptacle MU-PC connector interfaces

	EN IEC
	61754
	-7
	
	
	Part 7: Type MPO connector family

	EN IEC
	61754
	-8
	
	
	Part 8: Type CF08 connector family

	EN IEC
	61754
	-9
	
	
	Part 9: Type DS connector family

	EN IEC
	61754
	-12
	
	
	Part 12: Type FS connector family

	EN IEC
	61754
	-13
	
	
	Part 13: Type FC-PC connector

	EN IEC
	61754
	-15
	
	
	Part 15: Type LSH connector family

	EN IEC
	61754
	-16
	
	
	Part 16: Type PN connector family

	EN IEC
	61754
	-18
	
	
	Part 18: Type MT-RJ connector family

	EN IEC
	61754
	-19
	
	
	Part 19: Type SG connector family

	EN IEC
	61754
	-20
	
	
	Part 20: Type LC connector family

	EN IEC
	61754
	-21
	
	
	Part 21: Type SMI connector family for plastic optical fibre

	EN IEC
	61754
	-23
	
	
	Part 22: Type F-SMA connector family

	EN IEC
	61754
	-23
	
	
	Part 23: Type LX.5 connector family

	EN IEC
	61754
	-24
	
	
	Part 24: Type SC-RJ connector family

	EN IEC
	61754
	-24
	-11
	
	Part 24-11: Type SC-RJ connectors with protective housings based on IEC 61076-3-117

	EN IEC
	61754
	-24
	-21
	
	Part 24-21: Type SC-RJ connectors with protective housings based on IEC 61076-3-106, variant 06

	EN IEC
	61754
	-25
	
	
	Part 25: Type RAO connector family

	
	

	Connector Optical Interfaces
	

	EN IEC
	61755
	
	
	
	Fibre optic connector optical interfaces

	EN IEC
	61755
	-1
	
	
	Part 1: Optical interfaces for single-mode non-dispersion shifted fibres - General and guidance

	EN IEC
	61755
	-2
	-1
	
	Part 2-1: Optical interface standard single-mode non-angled physically contacting fibres

	EN IEC
	61755
	-2
	-2
	
	Part 2-2: Optical interface standard single-mode angled physically contacting fibres

	EN IEC
	61755
	-3
	-1
	
	Part 3-1: Optical interface, 2,5 mm and 1,25 mm diameter cylindrical full zirconia PC ferrule, single-mode fibre

	EN IEC
	61755
	-3
	-2
	
	Part 3-2: Optical interface, 2,5 mm and 1,25 mm diameter cylindrical full zirconia ferrules for 8 degrees angled-PC single-mode fibres

	EN IEC
	61755
	-3
	-5
	
	Part 3-5: Optical Interface - 2,5 mm and 1,25 mm diameter cylindrical PC composite ferrule using Cu-Ni-alloy as fibre surrounding material, single-mode fibre

	EN IEC
	61755
	-3
	-6
	
	Part 3-6: Optical interface - 2,5 mm and 1,25 mm diameter cylindrical 8 degrees angled-PC composite ferrule using Cu-Ni-alloy as fibre surrounding material, single-mode fibre

	EN IEC
	61755
	-3
	-7
	
	Part 3-7: Optical interface, 2,5 mm and 1,25 mm diameter cylindrical PC composite ferrule using titanium as fibre surrounding material, single-mode fibre

	EN IEC
	61755
	-3
	-8
	
	Part 3-8: Optical interface, 2,5 mm and 1,25 mm diameter cylindrical 8 degrees angled-APC composite ferrule using titanium as fibre surrounding material, single-mode fibre

	
	

	FMS and Closure Interfaces
	

	EN IEC
	61756
	-1
	
	
	Fibre optic interconnecting devices and passive components - Interface standard for closures - Part 1: General and guidance

	EN IEC
	61758
	-1
	
	
	Fibre optic interconnecting devices and passive components - Interface standard for closures - Part 1: General and guidance

	
	
	
	
	
	

	Reliability
	

	EN IEC
	62005
	
	
	
	Reliability of fibre optic interconnecting devices and passive components

	EN IEC
	62005
	-1
	
	
	Part 1: Introductory guide and definitions

	EN IEC
	62005
	-2
	
	
	Part 2: Quantitative assessment of reliability based on accelerated ageing tests - Temperature and humidity; steady state

	EN IEC
	62005
	-3
	
	
	Part 3: Relevant tests for evaluating failure modes and failure mechanisms for passive components

	EN IEC
	62005
	-4
	
	
	Part 4: Product screening

	EN IEC
	62005
	-7
	
	
	Part 7: Life stress modelling

	

	Generic & Product Specification

	CLC/TR
	50378
	-2
	
	
	Passive components to be used in optical fibre communication systems - Product specifications

	CLC/TR
	50378
	-2
	-1
	
	Part 2-1: SC(SC2)-PC connector-type fixed optical attenuators using IEC 60793-2 Category B1.1 singlemode fibre

	CLC/TR
	50378
	-2
	-2
	
	Part 2-2: SC(SC2)-APC connector-type fixed optical  attenuators using IEC 60793-2 Category B1.1 singlemode fibre

	EN
	50378
	-3
	
	
	Passive components to be used in optical fibre communication systems - Product specifications

	EN
	50378
	-3
	-1
	
	Part 3-1: Type: 100/200 GHz DWDM module terminated on IEC 60793-2-50 category B1.1 and B1.3 single-mode fibre

	EN
	50378
	-3
	-2
	
	Part 3-2: Type 4 / 8 channel CWDM module terminated on IEC 60793-2-50 category B1.1 and B1.3 single-mode fibre

	EN IEC
	60875
	-1
	
	
	Fibre optic interconnecting devices and passive components - Non-wavelength-selective fibre optic branching devices - Part 1: Generic specification

	EN IEC
	60876
	-1
	
	
	Fibre optic spatial switches - Part 1: Generic specification

	EN IEC
	61073
	-1
	
	
	Fibre optic interconnecting devices and passive components - Mechanical splices and fusion splice protectors for optical fibres and cables - Part 1: Generic specification

	EN IEC
	61202
	-1
	
	
	Fibre optic interconnecting devices and passive components - Fibre optic isolators - Part 1: Generic specification

	EN IEC
	61313
	-1
	
	
	Fibre optic passive components and cable assemblies - Part 1: Capability approval - Generic specification

	EN IEC
	61314
	-1
	
	
	Fibre optic interconnecting devices and passive components - Fibre optic fan-outs - Part 1: Generic specification

	EN IEC
	61314
	-1
	-1
	
	Fibre optic fan-outs - Part 1-1: Blank detail specification

	EN IEC
	62074
	-1
	
	
	Fibre optic interconnecting devices and passive components  - Fibre optic WDM devices - Part 1: Generic specification

	EN IEC
	62077
	
	
	
	Fibre optic interconnecting devices and passive components - Fibre optic circulators - Generic specification

	EN IEC
	62099
	
	
	
	Fibre optic wavelength switches - Generic specification

	EN IEC
	61977
	
	
	
	Fibre optic interconnecting devices and passive components - Fibre optic filters - Generic specification


	Basic test and measurement procedures for fibre optic interconnecting devices and passive components

	EN IEC
	61300
	
	
	
	Fibre optic interconnecting devices and passive components - Basic test and measurement procedures

	EN IEC
	61300
	-1
	
	
	Part 1: General and guidance

	EN IEC
	61300
	-2
	-1
	Part 2-1: Tests - Vibration (sinusoidal)

	EN IEC
	61300
	-2
	-2
	Part 2-2: Tests - Mating durability

	EN IEC
	61300
	-2
	-4
	Part 2-4: Tests - Fibre/cable retention

	EN IEC
	61300
	-2
	-5
	Part 2-5: Tests – Torsion

	EN IEC
	61300
	-2
	-6
	Part 2-6: Tests - Tensile strength of coupling mechanism

	EN IEC
	61300
	-2
	-7
	Part 2-7: Tests - Bending moment

	EN IEC
	61300
	-2
	-8
	Part 2-8: Tests – Bump

	EN IEC
	61300
	-2
	-9
	Part 2-9: Tests – Shock

	EN IEC
	61300
	-2
	-10
	Part 2-10: Tests - Crush resistance

	EN IEC
	61300
	-2
	-11
	Part 2-11: Tests - Axial compression

	EN IEC
	61300
	-2
	-12
	Part 2-12: Tests – Impact

	EN IEC
	61300
	-2
	-13
	Part 2-13: Tests – Acceleration

	EN IEC
	61300
	-2
	-14
	Part 2-14: Tests - Optical power handling and damage threshold characterization

	EN IEC
	61300
	-2
	-15
	Part 2-15: Tests - Torque strength of coupling mechanism

	EN IEC
	61300
	-2
	  -17
	Part 2-17: Tests – Cold

	EN IEC
	61300
	-2
	-18
	Part 2-18: Tests - Dry heat - High temperature endurance

	EN IEC
	61300
	-2
	-19
	Part 2-19: Tests - Damp heat (steady state)

	EN IEC
	61300
	-2
	-21
	Part 2-21: Tests - Composite temperature/humidity cyclic test

	EN IEC
	61300
	-2
	-22
	Part 2-22: Tests - Change of temperature

	EN IEC
	61300
	-2
	-23
	Part 2-23: Tests - Sealing for non-pressurized closures of fibre optic devices

	EN IEC
	61300
	-2
	-24
	Part 2-24: Tests - Screen testing of ceramic alignment split sleeve by stress application

	EN IEC
	61300
	-2
	-26
	Part 2-26: Tests - Salt mist

	EN IEC
	61300
	-2
	-27
	Part 2-27: Tests - Dust - Laminar flow

	EN IEC
	61300
	-2
	-28
	Part 2-28: Tests - Industrial atmosphere (sulphur dioxide)

	EN IEC
	61300
	-2
	-29
	Part 2-29: Tests - Low air pressure

	EN IEC
	61300
	-2
	-32
	Part 2-32: Tests - Water vapour permeation

	EN IEC
	61300
	-2
	-33
	Part 2-33: Tests - Assembly and disassembly of fibre optic closures

	EN IEC
	61300
	-2
	-34
	Part 2-34: Tests - Resistance to solvents and contaminating fluids of interconnecting components and closures

	EN IEC
	61300
	-2
	-35
	Part 2-35: Tests - Cable nutation

	EN IEC
	61300
	-2
	-36
	Part 2-36: Tests - Flammability (fire hazard)

	EN IEC
	61300
	-2
	-37
	Part 2-37: Tests - Cable bending for fibre optic closures

	EN IEC
	61300
	-2
	-38
	Part 2-38: Tests - Sealing for pressurized fibre optic closures

	EN IEC
	61300
	-2
	-40
	Part 2-40: Tests - Screen testing of attenuation of single-mode tuned angled optical connectors

	EN IEC
	61300
	-2
	-41
	Part 2-41: Tests - Screen testing of attenuation of single-mode tuned non-angled optical fibre connectors

	EN IEC
	61300
	-2
	-42
	Part 2-42: Tests - Static side load for connectors

	EN IEC
	61300
	-2
	-43
	Part 2-43: Tests - Screen testing of return loss of single-mode PC optical fibre connectors

	EN IEC
	61300
	-2
	-44
	Part 2-44: Tests - Flexing of the strain relief of fibre optic devices

	EN IEC
	61300
	-2
	-45
	Part 2-45: Tests - Durability test by water immersion

	EN IEC
	61300
	-2
	-46
	Part 2-46: Tests - Damp heat cyclic

	EN IEC
	61300
	-2
	-47
	Part 2-47: Tests - Thermal shocks

	EN IEC
	61300
	-2
	-48
	Part 2-48: Tests - Temperature-humidity cycling

	EN IEC
	61300
	-2
	-49
	Part 2-49: Tests - Connector installation test

	EN IEC
	61300
	-2
	-50
	Part 2-50: Tests - Fibre optic connector proof test with static load - Singlemode and multimode

	EN IEC
	61300
	-2
	-51
	Part 2-51: Tests - Fibre optic connector test for transmission with applied tensile load - Singlemode and multimode

	EN IEC
	61300
	-2
	-52
	Tests - Bending test for cords

	EN IEC
	61300
	-2
	-53
	Test - Degrees of protection provided by fibre optic enclosures (IP Codes 65 and 67)

	EN IEC
	61300
	-2
	-54
	Tests - Corrosive atmosphere (mixed gas

	EN IEC
	61300
	-2
	-55
	Tests - Strength of mounted adaptor

	EN IEC
	61300
	-2
	-56
	Tests – Wind resistance of mounted housing

	EN IEC
	61300
	-3
	-1
	Part 3-1: Examinations and measurements - Visual examination

	EN IEC
	61300
	-3
	-2
	Part 3-2: Examinations and measurements - Polarization dependent loss in a single-mode fibre optic device

	EN IEC
	61300
	-3
	-3
	Part 3-3: Examinations and measurements - Active monitoring of changes in attenuation and return loss

	EN IEC
	61300
	-3
	-4
	Part 3-4: Examinations and measurements - Attenuation

	EN IEC
	61300
	-3
	-5
	Part 3-5: Examinations and measurements - Wavelength dependence of attenuation

	EN IEC
	61300
	-3
	-6
	Part 3-6: Examinations and measurements - Return loss

	EN IEC
	61300
	-3
	-7
	Part 3-7: Examinations and measurements - Wavelength dependence of attenuation and return loss

	EN IEC
	61300
	-3
	-8
	Part 3-8: Examinations and measurements - Ambient light susceptibility

	EN IEC
	61300
	-3
	-9
	Part 3-9: Examinations and measurements - Far-end crosstalk

	EN IEC
	61300
	-3
	-10
	Part 3-10: Examinations and measurements - Gauge retention force

	EN IEC
	61300
	-3
	-11
	Part 3-11: Examinations and measurements - Engagement and separation forces

	EN IEC
	61300
	-3
	-13
	Part 3-13: Examinations and measurements - Control stability of a fibre optic switch

	EN IEC
	61300
	-3
	-14
	Part 3-14: Examinations and measurements - Accuracy and repeatability of the attenuation settings of a variable attenuator

	EN IEC
	61300
	-3
	-15
	Part 3-15: Examinations and measurements - Dome eccentricity of a convex polished ferrule endface

	EN IEC
	61300
	-3
	-16
	Part 3-16: Examinations and measurements - Endface radius of spherically polished ferrules

	EN IEC
	61300
	-3
	-17
	Part 3-17: Examinations and measurements - Endface angle of angle-polished ferrules

	EN IEC
	61300
	-3
	-18
	Part 3-18: Examinations and measurements - Keying accuracy of an angled endface connector

	EN IEC
	61300
	-3
	-19
	Part 3-19: Examinations and measurements - Polarization dependence of return loss of a single-mode fibre optic component

	EN IEC
	61300
	-3
	-20
	Part 3-20: Examinations and measurements - Directivity of fibre optic branching devices

	EN IEC
	61300
	-3
	-21
	Part 3-21: Examinations and measurements - Switching time and bounce time

	EN IEC
	61300
	-3
	-22
	 Part 3-22: Examinations and measurements - Ferrule compression force

	EN IEC
	61300
	-3
	-23
	Part 3-23: Examination and measurements - Fibre position relative to ferrule endface

	EN IEC
	61300
	-3
	-24
	Part 3-24: Examinations and measurements - Keying accuracy of optical connectors for polarization maintaining fibre

	EN IEC
	61300
	-3
	-25
	Part 3-25: Examinations and measurements - Concentricity of the ferrules and ferrules with fibre installed

	EN IEC
	61300
	-3
	-26
	Part 3-26: Examinations and measurements - Measurement of the angular misalignment between fibre and ferrule axes

	EN IEC
	61300
	-3
	-27
	Part 3-27: Examinations and measurements - Measurement method for the hole location of a multiway connector plug

	EN IEC
	61300
	-3
	-28
	Part 3-28: Examinations and measurements - Transient loss

	EN IEC
	61300
	-3
	-29
	Part 3-29: Examinations and measurements - Measurement techniques for characterizing the amplitude of the spectral transfer function of DWDM components

	EN IEC
	61300
	-3
	-30
	Part 3-30: Examinations and measurements - Polish angle and fibre position on single ferrule multifibre connectors

	EN IEC
	61300
	-3
	-31
	Part 3-31: Examinations and measurements - Coupled power ratio measurement for fibre optic sources

	EN IEC
	61300
	-3
	-32
	Part 3-32: Examinations and measurements - Polarization mode dispersion measurement for passive optical components

	EN IEC
	61300
	-3
	-33
	Part 3-33: Examinations and measurements - Ferrule withdrawal force

	EN IEC
	61300
	-3
	-34
	Part 3-34: Examinations and measurements - Attenuation of random mated connectors

	EN IEC
	61300
	-3
	-35
	Part 3-35: Examinations and measurements - Fibre optic connector endface visual and automated inspection

	EN IEC
	61300
	-3
	-36
	Part 3-36: Examinations and measurements - Measurement methods for the inside and outside diameters of fibre optic connector ferrules

	EN IEC
	61300
	-3
	-37
	Part 3-37: Examinations and measurements - Endface angle of angle-polished optical fibres

	EN IEC
	61300
	-3
	-39
	Part 3-39: Examinations and measurements - PC optical connector reference plug selection

	EN IEC
	61300
	-3
	-40
	Part 3-40: Examinations and measurements - Extinction ratio of a polarization maintaining (pm) fibre pigtailed connector

	EN IEC
	61300
	-3
	-42
	Part 3-42: Examinations and measurements - Attenuation of single-mode alignment sleeves and or adaptors with resilient alignment sleeves

	EN IEC
	61300
	-3
	-43
	Part 3-43: Examinations and measurements - Mode transfer function measurement for fibre optic sources

	EN IEC
	61300
	-3
	-45
	Part 3-45: Examinations and measurements - Attenuation of random mated multi-fibre connectors

	EN IEC
	61300
	-3
	-46
	Part 3-46: Measurement - Bore diameter for guide pin in MT ferrules

	EN IEC
	61300
	-3
	-47
	Examinations and measurements – Endface geometry of
PC/APC spherically polished ferrules using interferometry

	EN IEC
	61300
	-3
	-48
	Examinations and measurements - Spring compression force of the coupling sleeve for rectangular ferrule multi-fibre connectors

	EN IEC
	61300
	-3
	-49
	Examinations and measurements - Guide pin retention force for rectangular ferrule multi-fibre connectors

	EN IEC
	61300
	-3
	-50
	Examinations and measurements - Crosstalk for optical spatial switches

	EN IEC
	61300
	-3
	-51
	Examinations and measurements - Pin gauge withdrawal force for rectangular ferrule multi-fibre connectors

	EN IEC
	61300
	-3
	-52
	Examinations and measurements - Guide hole and alignment pin deformation constant, CD for 8 degree angled PC rectangular ferrule, single mode fibres

	EN IEC
	61300
	-3
	-53
	Examinations and measurements - Encircled angular flux (EAF) measurement method based on two-dimensional far field data from step index multimode waveguide (including fibre)

	EN IEC
	61300
	-3
	-54
	Examinations and measurements - Angular misalignment between ferrule bore axis and ferrule axis for cylindrical ferrules

	EN IEC
	61300
	-3
	-55
	Examinations and measurements – Polarisation extinction ratio and keying accuracy of polarisation maintaining, passive, optical components

	
	
	
	
	

	
	
	
	
	


2.1 

 :  Examples of fibre optic cables – designs vs. application

B.1. Direct buried fibre optic cables
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	Figure B.1  - 
Central Loose Tube Fibre Optic Cable - Dry Core - 
Armored - Double Sheath
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	Figure B.2  - 
Loose Tube Fibre Optic Cable - Armoured - Dry Core - 
Double Sheath
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	Figure B.3  - 
Micromodule Optic Cable - Armoured (dielectric)- Dry Core - 
Double Sheath
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	Figure B.4  - 
Micromodule Optic Cable - Armoured (metallic)- Dry Core - 
Double Sheath
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	Figure B.5  - 
Loose Tube Fibre Optic Cable - Armoured - Dry Core - Double Sheath



B.2. Fibre optic duct cables
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	Figure B.6  - 
Loose Tube Fibre Optic Cable - Non Armoured - Dielectric - Dry Core


	
[image: image69]
	Figure B.7a  - 
Micro-module structure - dielectric reinforcement - watertight dry core - single sheath
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	Figure B.7b  - 
Micro-module structure - dielectric reinforcement - watertight dry core - single sheath
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	Figure B8 - Micro-module structure - dry core - stainless steel tape armour - peripheral metallic wires - single sheath
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	Figure B.9 – 
Slotted Core Fibre Optic Ribbon Cable - Non Armoured - Dielectric - Dry Core – Single Sheath
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B.3. Fibre optic microcables
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B.4. All Dielectric Self Supporting aerial fibre optic cables
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	Figure B.13a  - 
Micro-module structure - watertight dry core - dielectric reinforcement - single sheath
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	Figure B.13b  - Micro-module structure - watertight dry core - dielectric reinforcement - single sheath
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	Figure B.14 - 
Micro-module structure - watertight dry core - dielectric reinforcement - double sheath
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	Figure B.15 - 
Loose tube structure - watertight dry core - dielectric reinforcement - double sheath
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	Figure B.16  - Loose tube structure - watertight dry core - dielectric reinforcement - double sheath
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	Figure B.17 - 
Unitube structure - dielectric reinforcement - single sheath
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B.5. Aerial fibre optic figure-8 cables
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	Figure B.18 - 
Micro-module structure - non-dielectric reinforcement - single sheath – Figure 8
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	Figure B.19 - 
Loose tube structure - non-dielectric reinforcement - single sheath – Figure 8
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	Figure B.20 - 
Unitube structure - dielectric reinforcement - single sheath – Figure 8
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B.6. OPGW aerial fibre optic cables
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B.7. Indoor extractable/pull back cable
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B.8. Indoor cables
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	    Figure B.27 – Indoor multi-fibre tube cable (micro distribution cable)


B.9. Indoor/outdoor drop cables
	
[image: image90]
	    Figure B.28 – Indoor/outdoor drop cable – mono-sheath structure

	
[image: image91]
	    Figure B.29 _ Indoor/outdoor drop cable –double sheath strippable structure


3.1 : Examples of ducts and micro-ducts


Table C.1 – Examples of bundled micro-ducts

	Name of multi duct
	Diameter appr. [mm]
	Nom sheath thickness [mm]
	Application

	12x 5/3.5
	25.0
	1.7
	To be installed in protective HDPE duct

	24x 5/3.5
	34.5
	1.7
	To be installed in protective HDPE duct

	12x 5/3.5
	28.5
	3.5
	Direct buried

	24x 5/3.5
	37.5
	3.5
	Direct buried

	3x 7/4
	18
	0.6
	Direct buried

	4x 7/4
	23
	0.6
	Direct buried

	7x 7/4
	25
	0.6
	Direct buried

	12x 7/4
	32
	0.6
	Direct buried

	24x 7/4
	46
	0.6
	Direct buried

	7x 10/6
	32
	0.6
	Direct buried

	12x 10/6
	44
	0.6
	Direct buried

	7x 10/8
	33
	1.0
	To be installed in protective HDPE duct

	3x 12/8
	28
	0.6
	Direct buried

	7x 12/8
	40
	0.6
	Direct buried

	4x12/10
	27 x 27
	1.5
	To be installed in protective HDPE duct

	2x 14/10
	30 x 16
	0.6
	Direct buried

	7x 14/10
	46
	0.6
	Direct buried

	3x 16/12
	38
	0.6
	Direct buried

	7x 16/12
	52
	0.6
	Direct buried

	4x 20/15
	58
	0.6
	Direct buried

	
	
	
	


Table C.2 – Examples of micro-ducts in combination with HDPE main ducts 

	Micro duct name
	Nr of micro-ducts
	HDPE nominal OD/ID diameter

	7/5.5
	7 - 10
	40/33

	7/5.5
	3 - 5
	32/26

	10/8
	4 - 5
	40/33

	10/8
	3
	32/26

	12/10
	4
	40/33


Table C.3 – Examples of micro- and mini-ducts

	Name of micro-duct
	Diameter [mm]
	Nom thickness [mm]
	Application

	4/3
	4.0
	0.5
	To be protected by robust sheath or installed in protective HDPE duct

	5/3.5
	5.0
	0.75
	

	7/5.5
	7.0
	0.75
	

	8/6
	8.0
	1.0
	

	10/8
	10.0
	1.0
	

	12/10
	12.0
	1.0
	

	14/11
	14.0
	1.5
	

	16/13
	16.0
	1.5
	

	20/17
	20.0
	1.5
	

	7/3.5
	7.0
	1.75
	Direct buried

	7/4
	7.0
	1.5
	

	10/6
	10.0
	2.0
	

	12/8
	12.0
	2.0
	

	14/10
	14.0
	2.0
	

	16/12
	16.0
	2.0
	

	20/15
	20.0
	2.5
	

	
	
	
	

	Most of above dimensions are also available as LFH versions (made of material which is flame retardant and low smoke production) 


4.1 : Example of GPON access network in multi dwelling units (MDU) with pre-connectorised solution 
A challenging task in cities is building enough apartments for the fast growing population. As growth of the city area is slow, the number of high riser apartment buildings, called multi dwelling units, increases instead. The subscriber rate of GPON services inside these apartment blocks is quite high, since the data rate of shared media, like mobile services, is consumed by too many neighbors. The solution described here is 

· targeting short reach areas with less than 5 km distance to the central office,

· a quick installation using pre-connectorised connectivity inside the MDU with no splice architecture,
· a splitter infrastructure for GPON with 1:64 splitting ratio,

· keeping the installed over-length inside the box and

· a real life scenario used in many cities.
The GPON optical line terminal (OLT) is installed in the central office (CO) sending encrypted downstream traffic to the 64 shared infrastructure end points terminated each with an optical network terminal (ONT). Only the targeted ONT is capable to decrypt the data correctly. This shared infrastructure has the potential to reach downstream data rates up to 1 Gb/s.

Figure F.1 shows a few roads and eight high riser buildings per block. The fibre distribution cable (yellow highlighted in Figure F.1 and F.2) from the central office has an exit point in each block, the so called street distribution box (SDB). Per SDB up to 768 homes can be connected (8 MDUs x 12 floors x 8 apartments). Typically, a 6 x 12-fibre micro tube cable (yellow) from central office accesses up to 6 blocks with a potential of 5608 subscribers. Besides the reduction of the numbers of fibres along the street installation, the necessary power splitters reduce the signal strength by approx. 21 dB leaving little space for additional attenuation, e.g. insertion loss of fibre cables and connectors. 

In Figure F.1, optical fibre cables (red) connect the SDB to each high riser building. 

[image: image92.png]= From CO





Figure D.1 – Top view of roads and high riser buildings

The following pre-connectorised components are necessary: 
(a) Floor distribution box (FDB; blue highlighted in Figure F.2), which is a box containing 30 m of 1-fibre CPR-rated indoor cable on a reel, pre-connectorised with SC/APC on the far end and a 1:8 splitter on the end in the box. 

(b) Basement distribution box (BDB; red highlighted in Figure F.2), with 15 m of 12 fibre cable on a reel pre-connectorised on the box end.

(c) Pre-connectorised 1-fibre cord (green highlighted in Figure F.2)
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Figure D.2 - Example of a high riser optical infrastructure

The following description explains the installation steps necessary to build the optical infrastructure as shown in Figure F.2. Each step can be done by different installation teams.

(1) From GPON OLT at the central office, a 6 x 12-fibre multi tube outdoor fibre cable (yellow) runs along different blocks of buildings. At each block the SDB, mounted on a pole or street light, is installed to access each of the buildings. Therefore, about 2.5 m of the central office cable is dismantled and one of the fibre tubes is cut while the other tubes stay uncut. The uncut tubes and the cut tube are mounted into the SDB.

(2) Each of the 12 fibres is spliced to a first stage 1:8 planar lightwave circuits (PLC) splitter. All fibres are stored in a bend radius protected area of the SDB, typically in splice/splitter cassettes.

(3) The BDB (red) is installed in the basement and its pre-mounted cable (red) rolled off till the necessary length and terminated inside the SDB to the splitter output ports.

(4) FDBs (blue) are installed on each floor and its pre-mounted 1-fibre cable (orange) is rolled down to the length necessary to reach the basement. There, it is plugged into the corresponding BDB adapter port.

(5) The customer connection box (CCB) of each subscriber/apartment is now connected with a pre-connectorised 1-fibre cord to one unused port of the second stage 1:8 splitter inside the FDB.

(6) The subscriber connects the customer premises equipment (ONT) to the CCB with a standard SC/APC patch cord.
5.1 : Installation
5.1 Introduction

The following paragraphs  describe in detail the most common installation practices. Further references can be found in IEC TR 62691 (Guide about cable installation, [10]), IEC TR 62901 (Guide about the selection of drop cables, [11]), ITU-T L.155 (Recommendation on Micro trenching technology, [12]) as well as in EN 50174-1 [13] to -3 which describes cable installation in buildings [14] and outside buildings [15].

5.2 Underground work

5.2 Material for ducts, cables and micro-duct optical fibre cables

Cable installation ducts and other types of installations will be in place for many years.  This implies special requirements on the materials and installation. Duct materials should be chosen such that:

· The design of the duct makes it possible to install and change blown optical fibre units or micro-duct optical fibre cables.

· The duct, the joints and branches as well as further individual elements are able to withstand the air pressure by the blowing of optical fibre units and cables.

· Duct colours avoid those used exclusively by other services e.g. power, gas, water. Local providers regulations should be taken into account;

· All ducts have closed ends to prevent water, dirt and gas ingress;

It is necessary to be able to do splicing in the future in the ground without bringing up the cable. Therefore, plan for future splices/branches by having the cable looped. The cable should stand an installation temperature within the range +5 °C to +40 °C (subject to local circumstances. No generally applied installation temperature range exists across Europe).
The following is valid (local regulations may apply):

· ducts in green areas and pavements should be buried at least 0,5 m depth;

· for ducts in roads, the depth should be at least 0,6 m.

Permission to work on community and private land should be applied for well in advance, since the processing time is normally quite long. Ownership should be clarified. 

Depending on the type of ground (soil) different installation methods may be used, e.g. horizontal directional drilling, ploughing, milling or a cable trench.

Tube dimensions are chosen from the cable/duct dimensions and number of cables/micro-ducts to be installed: 

· Inside diameter should be approx. 1,5 times the cable diameter. Recommended is at least 30 mm, 40 mm is typical. 

· The ducts are normally of HDPE-plastics.

· Where existing larger ducts can be used, these should be equipped with subducts to allow more cables to be installed. 

For installation of micro-duct optical fibre cables a number of micro-ducts are installed in standard ducts as above.

When the mapping of the land cable/duct is decided and all land rights are clear the planning and construction departments can start the detailed planning. The total mapping should be investigated on site, before any work can start.  Bridges, culverts, buried power cables, gas and water pipes as well as other cables should be marked on maps, in particular where optical cable crosses any of these. 

Electronic marking and mapping of network assets, particularly underground ducts, cables or closures, can be a useful tool. Using an advanced Network Software Module for the registration of the passive network, as readily available today, is essential to significantly simplify, and reduce the costs of the network operation.
Splice boxes and points are decided and marked. Before any ploughing or digging starts, samples of the ground are taken to provide information on the right equipment to be used.  Cable protection reinforcements or any explosive work should be decided and performed. The samples are also used for later work and refilling of the cable route.

It is also recommended to plan for splices/branches by laying cable loops. The need for loops is reduced with micro-duct optical fibre cable systems (blowing).

When the cable is ordered, extra length for loops at splice points should be included. Furthermore the cable should have the extra length required for splicing above ground. The cable minimum bending radius should always be greater than 15 times the cable radius (or according to the cable specification). Too small a radius can create attenuation problems in the optical fibre or other reliability issues. 

For multi fibre cables/ducts it should be possible to repair splices without bringing the splice up to the surface. 

5.2 Ploughing for installation of ducts (cables)

Direct burying of ducts or cables is the fastest and most economical technique for longer distances. In certain areas with muddy waters, ditches or lots of stones it may be necessary to dig for the duct. See Figure 43 as an example. During installations with ploughing, special attention should be paid to: 

· that pre-ploughing is performed,

· avoid obstacles,

· the required volume of ducts is transported,

· the feeding of cable/duct is done without bursts, 

· the plough is kept at same depth,

· the right depth is maintained,

· the plough is not put on the side,

· the allowed bend radius is maintained,

· no tension is built into the cable or duct.
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Figure E1 – Duct preparation through ploughing

If the plough has to be removed, the place should be uncovered by digging. The plough is lowered and raised gradually in the excavation to avoid sharp bends. If the plough has to be reversed, this can only be done if the plough and ducts are uncovered. This makes it possible to reverse the plough without damaging the ducts. Experience from all types of ducts shows that damage can easily happen, if cable and plough are not uncovered.

At any restart from standing still it is necessary to observe the ducts, to see they are not sliding and exposed to strain. The ducts should be uncovered and investigated for damage, sharp turns or level changes during the installation. The same is valid if the plough is further exposed to external forces, like large stones or similar, which may change the direction of the plough.

Ploughing is very fast. Up to 6 km of ducts can be installed over two days; one day for pre-ploughing and one for ploughing with ducts. Several ducts can be installed at the same time.

Vibrating ploughs cut the ground easier and refill more efficiently than a static plough. Therefore vibrating ploughs are recommended.

Ducts and micro-ducts for direct burying normally use a stronger sheath material such as HDPE.

5.2 Digging and milling for installations of ducts (cable)

In cities, where cables and wires already have been installed, ploughing is not recommended. In these areas it is required to dig or mill. The bottom of a trench is covered with 5 cm of sand to make the bottom smoother. The trench should be straight between splice and branching points in order to avoid sharp turns. The duct is then covered with (5 – 10) cm fine sand. The duct is normally installed directly from the drum into the trench. Wide ditches can have tens of standard ducts, while narrow ditches can have one or two ducts. See Figure 44 as an example.
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Figure E2 – Duct installation with ploughing, milling and mini or micro milling

Microtrenching is a technique used to mill a small trench 25 mm wide by 30-46 cm  in the asphalt. This method is used when as little damage as possible is required. It is a compromise between damage and costs on one hand and secure optical fibre installation on the other.

Other trenching techniques (e.g. Nano-Trenching) which are based on narrow trenches of width of only 10 to 30 mm and a minimum depth of approx. 100 to 150mm are also available on the market. A further advancement on nano-trenching is near-surface trenching techniques that use trenches just enough to accommodate a low diameter micro-cable or duct with a typical diameter of 4 to 8 mm. These very shallow trenching techniques are far less disruptive to the top layer (asphalt) of the road, but yet help to protect the cable from every day road traffic.  Minimizing material removal also helps to maintain the integrity of the road surface and alleviates concerns and costly errors made in locating other utilities in the road. Ducts installed in cultivated areas should be placed so deep that further cultivation does not jeopardize the optical installation.

5.2 Warning tape or ribbon

A warning tape of aluminium or plastics and a text is placed (10 – 20) cm above the duct. This is to minimize damage from later digging by other parties. If a plastic ribbon is used, it is easier to track the duct if the ribbon has a metallic wire.

5.2 Installation in ducts

Although there are new improved techniques to install micro-ducts and cables, it is of value to also describe a standard duct installation, since these techniques are still in use. 

During installations within cities/communities/places it is most practical to use already existing ducts in the shape of tubes or tunnels.

Accurate planning and preparation is required before installation of longer cable routes. Detailed directions are made from “on site” inspection along the whole route.

In the instructions it is necessary to include information about required work before the installation starts. Information is also required about manholes needing to be repaired, installing cable ladders, cleaning and repairing of ducts and general tidying up along the cable route.

To minimize the risk of damage on the cable/micro-duct during installation, the duct system, other cables in the ducts and the actual duct should be investigated. Unnecessary changes and change of duct position should be avoided, if possible.  Normally the cable/micro-duct is installed in its own sub-duct. If this is not possible it can be installed with another cable (optical or power) in a larger duct. 

By using PE- or PVC-ducts as sub-ducts the capacity for a larger duct can be increased. The system with sub-ducts allows easier expansion later and existing cables are not disturbed. See the sub-duct section.

5.2 Sub-ducts

[image: image139.wmf]Using sub-ducts increases the capacity of earlier installed larger ducts.  Four ducts with diameter 30 mm – 33 mm can be inserted into a 100 mm duct. See Figure E3 as an example. This is an advantage if e.g. a cable/micro-duct repair is required, is to be removed or if more cables need to be installed later. These sub-ducts can be used for installing the micro-ducts in which micro-duct optical fibre cables are installed.

[image: image140.wmf] Figure E3 – Installation of sub-ducts

When sub-ducts are used in a larger duct all of them should be installed at the same time and be anchored at both ends.

Figure E4 shows ducts with sub-ducts. Omitting to anchor the sub-ducts could mean a problem at later cable installation, because the sub-ducts will be moving within the larger duct. Sub-ducting should mean that that cables/micro cables can be installed without damage or influence from other ducts in the duct.
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Figure E4 – Sub-ducts in 100 mm ducts

5.2 Various techniques to install cables into ducts

The following methods are proposed for installation of cables into ducts:

· traditional installation with pulling ropes,

· blowing with compressed air,

· floating with water,

· pushing,

· pre-installed optical fibre products: optical fibre, optical fibre unit and (mini) cable.

These techniques are used for installation of cables both within premises and between premises. 

Some of the following advice is also applicable for installation of micro-ducts for cables or blown optical fibre units.

It is important to make the installation correct regardless of method. This means that a minimum of bending should be used. All duct splices should be made without sharp corners. Maximum installation distance during pulling, blowing or floating is always a function of how the ducts have been installed. Dirt, too many bends, wavy ducts and sharp edges reduce the installation distance. A distance from 2 km to 6 km is feasible to reach at blowing and floating. This saves installation time.

5.2 Installation of cable into ducts with compressed air or floating with water

Blowing

Blowing of optical cables/micro-ducts is a very useful technique with handling and quality advantages. 

Blown cables/micro-ducts are less exposed to pulling tensions, which implies that simpler designs can be used such as micro-duct optical fibre cables. There are certain requirements on the cables/micro-ducts. One example is that the cable cannot be too stiff. The cable should be uniform in diameter, since leakage can occur at the blowing dies in the equipment. The inner diameter of the duct, of low friction type, should be at least 1,5 – 2 times the diameter of the cable/micro-duct to be blown. 

Blowing techniques can vary slightly depending on manufacturer, but one common feature is that ducts and splices are able to handle air pressures up to 16 bar. Present ducts are often manufactured from HD-polythene with diameters in the range (10 – 50) mm. Blowing lengths are typically up to 1 000 m. With a tandem technique longer lengths can be achieved.

The fast flowing air carries the cable/micro-duct through the duct. The first part of the duct is bridged over by a feeder device, which pushes the cable. Thereafter the compressed air carries the cable through the duct.  

It is worth noting that the distance, which can be reached, is very much dependant on available flow of air and how well the duct is installed – the straighter the better – and what is installed.

Floating with flowing water in the duct

Instead of compressed air, water can sometimes be used in certain situations. For installation by cable floating the ability of flowing water to transport the cable is used.

The method may be an alternative if longer cable distances are needed to be installed between stations, e.g. ducts along roads, underground stations and railways or in long sewage tunnels with existing ducts.

The method permits cables up to 3 km – 4 km length to be installed in one run. After the installation the water is disposed of through draining or with compressed air. The method is very useful when the system has many bends and curves. 

The method requires enough space for the water to be able to transport the cable. One rule of thumb is that the difference between the cable diameter and the duct inner diameter is at least 20 mm. The method also puts certain requirements on the cable, among other things the cable density should be close to that of water and the cable should not be too stiff.

Height differences should be taken into consideration. The duct is completely filled with water before the floating starts, since air gaps may make the installation more difficult. 

The equipment used is very similar to blowing equipment. Since the cable density is close to that of water, the cable is floating with the water through the duct and in this way almost no friction is created at all. 

It bears to be repeated that the duct installation quality is a decisive factor for how long a distance can be installed for each section. 

5.2 Installation with pulling rope

If the cable installation contains many sharp corners and bends, the drum with the cable should be placed as close as possible to these. This will reduce the required pulling force for installing the cable.

[image: image141.wmf][image: image142.wmf]
[image: image143.png]


 Figure E5 – Installation with pulling rope

At a duct installation, see Figure E5, the cable is normally directed from the drum to the duct via a plastic or steel tube at the opening of the manhole. This tube is also used to apply grease to minimize friction between the cable sheath and the duct. 

During the installation simple pulleys and cable bobbins can be used e.g. at bends and to bridge height differences between incoming and outgoing ducts in the manhole.

The cable is pulled through the duct with a non flexible rope. A swivel is used to fasten the rope to the cable. In this way torsion is avoided on the cable.

Pulling socks or specially made pulling loops fastened to the strength member of the cable should be used when the rope is attached to the cable.

Cables longer than 1 000 m should be installed by placing the cable in the middle of the section, after which one part of the section up to the splice point is installed. Thereafter the remaining of the cable is unwound and installed to the other splice point. To use this method it is necessary to have enough space to be able to unwind the cable. Special care should be taken to avoid the cable being exposed to any external pressure, too small bends or twist, see Figure E6.

 Figure E6 – Installation with pulling rope 

If the method according to Figure E6 cannot be used, motor driven cable feeders can be used (see Figure E7). They are specially built pulling devices anchored to the ground. With motor driven belts against the cable sheath, the cable is pulled through the duct. Cable feeders should be placed at maximum 300 m distance from each other. By synchronizing several feeders distances up to 2 km – 3 km can be installed.

Cable feeders with a powerful electrical motor can be used everywhere in the field. Small gasoline driven power stations are also part of the equipment.  


Figure E7 – Installation with motor driven cable feeder.

The pulling force in the cable should be controlled during the installation to avoid too high axial forces. Specially made winches for optical cable installations are available. These normally use an electrical motor with continuous speed control from 0 m/min – 30 m/min. 

A computer on the winch supervises the pulling force. Parameters are chosen to keep the values below allowed force and speed. Sometimes a protocol can be written directly from a built-in printer.

This method is complicated and is only recommended for experienced cable installers. 

5.2 Preventive protection of ducts and cables in manholes

At a manhole it is important to leave a short excess of micro-duct and/or cable to allow for thermal expansion/contraction.  If the micro-duct or cable is liable to be damaged by treading on it, it should be protected. It is normally not necessary to have extra protection for the cable or the duct in the manholes between the splice points. However, it is expected that if a large amount of work is to be performed in the manholes the cable or duct may be protected with a split tube of PE or PVC, which is threaded over the cable. It is recommended to protect micro-duct cables, which are smaller and less strong than standard duct cables. The tube is fixed in cable ladders or other devices with straps.

The duct or cable is marked with self-adhesive warning tape, which distinctly indicates that an optical device is installed and special care should be observed.

5.3 Aerial installation

5.3 General

There are several methods to install aerial optical cables or micro-ducts. See Annex B for cable constructions. One method implies that the cable is reinforced at manufacturing in such a way that the axial forces do not influence the optical fibre properties - a self-supported cable. Another method uses an existing cable or wire by letting the optical cable be wrapped around it or lashed with a wire span around both the existing cable and the one to be installed. A third method is to integrate the optical fibre into the power cable. It is advantageous to integrate with the earth wire, since it has zero potential, which simplifies the installation and termination.

5.3 Self-supported cables/micro-ducts

Allowed pulling force (N) during installation, maximum span length and recommended sag are found in the manufacturer's instructions. All modern equipment is computer controlled, which prevents too high forces being used. To equalize the axial loads, distances between the straps should be the same. The cable is tightened at each pole. Different devices for suspension and fastening spirals exist in the market. They are often customised for a certain cable/micro-duct and cable manufacturer. 

Shorter distances in the air may be applicable for micro-ducts between houses. Other fastening devices are the same as for conventional cables.  

It is necessary to consider the effect of “pistonning” for incoming and outcoming cables at any enclosures. The nature of the “pistonning” effect depends of the cable construction. In any case, if no precautions are taken, it can result in splices or even fibres breaking.

Blocking coils are the most efficient solution to avoid this issue. Generally, 4 coils at cable the minimum bending radius is efficient enough. Ideally these loops should be made as close as possible to the anchor clamp. Nevertheless, for aesthetic or practical reasons, it is possible to realize the blocking loves at an ad hoc point located between the anchor point and the closing input/output, or even behind the closure. The drawback is then the risk of undulating of the cable between the coils and the anchor clamp. Anyway, these loves are not intended to be used to lower the closure and must not be dislodged during the life of the network. Interventions must therefore be made at height using appropriate means: nacelle or fixed platform.
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Figure E8 – Blocking coils at the immediate vicinity of the anchor clamps.
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Figure E9 - Blocking coils at the immediate vicinity of the anchor clamps.

It is advisable to fix the cable, using suitable clamps, along the pole. There are a variety of suitable clamps depending on their strength, cable diameter, mounting mode and spacing. The recommended spacing between the appropriate clamps/cradles is 30 cm to 40 cm. This must be modulated according to the nature of the support and the characteristics of the cable used (weight, diameter, flexibility, etc.). In general, it is necessary to avoid unwanted friction of the cable. This point is even more important if the surface of the support is rough; in this case, a solution can be chosen that allows the cable to be moved away from the support.

It is of course also necessary to consider the rules edited for the infrastructure used.
5.3 Installation of cables with lashing and wrapping

This method may be applicable for installation of FTTX in sparsely populated areas.  

The simplest way of installing a cable by hanging is to use an existing cable or wire, e.g. railroad power wires, power cables, telecom cables or a special support wire. A galvanized steel wire spun around the other cable or support wire lashes the optical cable or micro-duct. The technique is relatively simple and fast. The procedure is identical with the one used for conventional cables for more than a hundred years. The distance between the lashing points should be at least 50 cm – 60 cm. If the installation is made on existing high power cables dielectric wires should be used. 

If the optical cable is heavy, galvanized metal clips or UV-durable plastics may be used.

Wrapping an optical cable around the earth wire during a high power installation means that the relatively thin optical cable (around 8 mm in diameter) is spun around the earth wire with the help of a spinning machine. This relatively new technique has become very popular, since power companies have found a new way of using their power networks to include optical solutions. Many of these companies have long experience in building, running and administering complex networks. To plan, build and run an optical fibre network offers many similarities. Through optical fibre installations many power companies around the world have become big communication network owners. 

Planning and preparing are relatively simple compared with installation of buried optical cables. The spinning machine can carry one or two small bobbins each of 2 km cable. When the spinning machine travels along the power wire the bobbins are turned around the wire and the optical cable is wrapped around it. Since the power line carries the optical cable, only minor external forces influence the optical cable. The spans have equal lengths as the high power installation. If two bobbins are used, more than 100 optical fibres can be installed per earth wire or phase wire. More efficient installation is achieved if it starts in the middle of the section. The installation is then made in one direction to the splice point. The spinning machine is then moved back to the middle and the installation is performed in the other direction. In this way one splice point is eliminated. It is possible to make a complete installation of 2 km – 3 km cable during one day. 

5.4 Indoor installation

Large multiple storied houses contain a large number of cables, both for power, telephony, TV and data. These cables are normally installed on cable ladders or in ducts for each storey. Between the storeys and down to the cellar/basement these cables are installed in special riser shafts. 

It is important to protect optical cables from heavy copper cables in ladders or ducts. Otherwise the optical cable can be exposed to too high pressure and the fibre will lose part of its signal. If the optical cable has to be installed below a copper cable it can be protected with a special tube. An optical cable should always be installed in such a way that it will not be mechanically damaged.

Optical cables in riser shafts are exposed to longitudinal forces due to their own weight, which can be considerable in high buildings. They should therefore be anchored every metre with straps or similar. The straps should not be tightened too hard, since they can also damage the cable and create loss of signal. 

5.5 Commission and acceptance of completed networks

When the installation is finished and measuring protocols are handed over from the contractor to the owner a visual inspection should be performed. A protocol should be written and mistakes should be corrected before final invoicing of performed work is done.

5.6 Safety, risks and risk elimination

Protection of the structure of the FTTX network is important. Equipment can be protected to some extent using locks and alarms. The choice of cable routes is also important. Optical devices are by their nature difficult  to wiretap, since no detectable electromagnetic energy is radiated from them. The optical fibre is immune to electrical discharges, including lightning, which gives extra safety. These safety issues are important when insurance questions are discussed. 
The following risks can be identified:

· intentional or unintentional damage,

· theft,

· fire,

· heat damage,

· damage from frost,

· damage from water,

· over-voltage and power interruption,

· electromagnetic radiation, including optical,

· biological damage.

The above risks can be minimized through a well-planned project. The following paragraphs give some general advice and directions.

Cable routes should be chosen in such a way that the cables are exposed as little as possible. Equipment areas should be as discrete as possible with good doors and locks. In those cases when the cables pass general areas they should be protected with tubes or in special ducts. 

During the installation it is important to check the cables so they are not exposed to pressure or tension. The dimensions of the ladders for future needs should ensure that future cable installations do not damage existing ones. Power cables and telecom-/data cables should follow different routes on the ladder.

Table E1: Safety aspects

	FIRE
	It is difficult to protect against fire, but by choosing cables, duct materials and other equipment according to approved standards the risks are minimized, including those of dangerous smoke gases. Cable ladders should be chosen to avoid areas where combustible material is stored or collected. Where cables pass through walls and pipes that are designated a fire barriers, reinstatement techniques should maintain the performance of the fire barrier. Fire detectors, alarms and fire extinguishers should be installed in equipment areas. For further information see 3.3.4.

	HEAT
	Damage from heat can occur in an electronic device, if it has been installed in an area with excessive heat. This can happen if heat-generating equipment is placed in a too tight an area with insufficient ventilation. The damage can give disturbances of the optical transmission and cause permanent damage or fire. It is therefore important to give temperature sensitive equipment good ventilation. In certain node areas it is necessary to connect ventilation or air conditioning to guarantee proper temperature.

	FROST 
	Damage from frost can occur during wintertime when equipment is placed in areas with insufficient heating. Both optical connectors and certain cables can be sensitive to cold.

	WATER 
	Water damage can originate from overflow or through negligence. Water and humidity can create insulation problems with the electrical equipment and damage its function. Almost all cables are sensitive to humidity. An optical fibre can get attenuation problems when it is exposed to too much humidity. A fibre concentration point should be enclosed according to standard (IP-class). When a cable is expected to pass areas (culvert) with humidity or water an outdoor solution should be chosen.

Problems from over-voltage can be controlled with fuses and systems for voltage equalizing and power stabilisation. At longer interruptions installing UPS can maintain the function during a limited time - tentatively 0,5 h – 2 h.

	RADIATION 
	Radiation is mostly electromagnetic, which includes optical radiation. The electromagnetic radiation can arise close to electric installations, fan motors, lifts and so on. In particular bad earthing can create radiation (from rogue currents). 

Optical radiation is more of a problem for those handling connectors and other devices. Do not look straight into a fibre end. The invisible laser light can damage your eyes.  Therefore labels with warning information should be used close to any fibre end. Laser safety is described in EN 60825-2, Safety of optical fibre communication systems.

Radioactive radiation may damage the fibre transmission properties. This is in particular a problem for nuclear power plants, particle accelerators (research centres) and for certain military applications.

	INDUCED ELECTRICAL VOLTAGES AND CURRENTS
	Proper connection of any metallic members of fibre cables is required to prevent electromagnetic influences or hazards.

	BIOLOGICAL DAMAGE
	Biological damage basically refers to damage made by rodents or insects. There are specially designed cables with rodent protection. Filter devices at ventilation entrances can minimize insect attacks. 

Underground cables are generally protected in ducts, installed at an adequate depth and documented on a network map. Duct systems should be sealed at entrances as protection against rodents, but also against mud and sand, which could prevent future installations.

	DUST
	Dust and other dirt may damage active equipment in the node areas. Connectors, particularly in dirty environments, should never be connected without visual inspection of the end faces and if necessary cleaning of the end faces. Node areas in cellars should be cleaned to avoid problems from dust and dirt.

Dust can also create heat problems, since dust particles can degrade on the performance of fan systems and cause overheating (see also heat damage).


6.1 : Measurements, documentation and operation
6.1 Measurements

Measurements of the optical signal from the user node to the access node or in the other direction are generally performed with a suitably stabilized light source and a power meter or an OTDR. The optical attenuation is given in dB. The measurement should be performed at the same wavelength as the one used by the system. If the wavelength is unknown, the measurement should be performed at 1 310 nm and 1 550 nm or 1 625 nm (single-mode). The 1 310 nm measurement gives important information on connectivity between fibres, while measurement at longer wavelengths may provide information related to any excessive bending of the optical fibres. Therefore it could make sense to measure the FTTX network at the smallest wavelength and at the highest wavelength used that will be used on the network; keeping in mind that the new PON systems will the highest wavelengths range of the transmission window, up to 1650 nm for OTDR monitoring (see Part 3).

In any case bi-directional measurements shall be carried out. One direction measurement does not permit to have a real assessment of the splicing because of some measurement artefact leading to artificial loss or gain, and mainly due to the difference of mode field diameter between the two spliced fibres.
The results should be noted in a test record. If the measured result deviates strongly from an expected value, an OTDR-measurement should be performed to further analyse the results. With an OTDR it is possible to locate loss events such as poor connections or optical fibres subjected to excessive bending.  A guideline to OTDR-measurements is given in IEC/TR 62316, see Biography.

An approximation of a typical loss in a link can be calculated by the method given in Clause 4. 

The OTDR is more expensive but, in addition to loss event location mentioned above, it can be used to measure the attenuation of loss events along a link, including each splice or similar. The instrument can also be used to measure return loss (RL) in connectors. The measured optical attenuation of each connection should be noted in a test record.

More details are given in EN 61280-4-2 (single-mode fibre), cable installations. Basic methods are given in EN 60793-1-1, see Appendix A].
6.2 Labels and marking

6.2 General
Documentation for FTTX-construction comprises:

· network layout,  

· layout of cable routes,

· splice layouts in boxes or cabinets,

· connection tables for cabinets, subscriber’s dwelling number and ODF-number,

· media converters,

· optical switch ports,

· test reports.

The principle is that each wall outlet in each distribution point gets a unique designation, which is created from the place, where the socket is in the distribution. The outlet in the subscribers dwelling and access node gets the same designation as the corresponding outlet in the dwelling distribution point. This means that the access node gets the same designation at both ends of a connection, while a higher order network gets different designations on the outlet at both ends.  The connectors should be kept clean and all connections should be labelled to avoid poor and mis-connections respectively.
There is no generally applied marking system for optical fibre installations in all EU countries.  The following example is a specific solution from Sweden, containing all elements needed for a comprehensive marking system.
The marking may consist of 8 characters as illustrated in Figure 50:

	Outlet


 Panel


Rack


Distribution point
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Figure F1 – Example of marking of fibre installation

When the designation for a DISTRIBUTION POINT is decided, the first letter can be based upon the house, the staircase or similar. The second letter designates the distribution starting from the buildings lowest level.

RACK is numbered from 01 and onwards within each distribution point

PANEL is numbered from 01 in rows, Simplex optical fibre outlets are numbered sequentially. Duplex optical fibre outlets are numbered sequentially but for every second optical fibre starting from the upper left corner in the stand. Active equipment assembled in the frame is also regarded as a panel.

OUTLET is numbered at first hand after the manufacturer, secondly, row wise starting from the upper left corner in the panel. Simplex optical fibre outlets are numbered sequentially. Duplex optical fibre outlets are numbered sequentially but for every second optical fibre..Final documentation

6.2 Notation
A unique identifier should be assigned to each network node (from the backbone to the subscriber’s termination) each duct structure and each cable. In the network nodes, the incoming and outgoing ducts and cables, the cabinet numbers, the rack locations, the patch fields and the splices should be documented. Furthermore, the used components, manufacturers, accommodation units inside a building, addresses, owners, cable, duct, or house connection type respectively, cluster and sub-cluster should be documented.
Ducts:

Records should contain the following information:

· Number of duct structure

· Colour/number of tube in duct structure
· ‚From’ network node

· ‚To’ network node

· ‚From’ location/address

· ‚To’ location/address

In addition, the installation company should, as a minimum, record the following items for each duct:
· installation company
· duct manufacturer
· series number 
· duct dimensions (‚from’ and ‚to’)
· installation date
If the ducts are installed inside a protective casing (e. g. at street crossings), the installation company should record which ducts are routed inside each protective casing.
Table F1: Examples of duct identification
	Duct type
	Duct identifier

	PP DN 100
	Duct  03

	
	Duct 05

	
	Duct 01

	PP DN 150
	Duct 13

	
	Duct 02

	
	Duct 04

	PE DN 40
	Duct 09


Cables:

Records should contain the following information:

· Cable identifier
· Number of duct structure

· Colour/number of tube in duct structure
· From’ network node

· ‚To’ network node

· ‚From’ location/address

· ‚To’ location/address

In addition, the installation company should, as a minimum, record the following items for each duct:
· installation company
· duct manufacturer
· series number
· duct dimensions (‚from’ and ‚to’)
· installation date
· cable type
Furthermore, the assignment of a cable to a duct must be carried out according to the requirements given in the cable installation list.
6.2 Format of documentation
After the installation drawings should be updated to record the as-built implementation. These documents should be easy to read and should identify all installed cabling components together with their exact positions (both internal and external to buildings). Examples are given in Figures 53 to 55.

Documents are generally provided in an electronic format (e.g. dxf, dwg, hpgl).  If required, paper format may be supplied ( A0-A1 scale 1:1 000 or 1:500).
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Figure F2 – Example of documentation for an FTTX-installation with a principle sketch of wiring
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Figure F3 – Example of an installation with physical lines
(micro-ducts inserted into existing VP-20-ducts to power central)
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Figure F4 – Example of final documentation for a property

6.2 Purpose of documentation
All data should be stored by documentation software. Since all splices are recorded, the software is able to find free or connected routes between two network nodes over several nodes. Furthermore, the data may be used for financial accounting of optical fibres that are rented or leased.
In case of faults, the stored data may be used to determine liability addressing either the manufacturer or installer. Moreover, the documentation forms the basis of the asset management.
6.3 Operation and maintenance 

Optical fibres are reliable and free from interference from electromagnetic external sources. The most sensitive points in a network are ODF boxes and patch cables. An OTDR measurement during normal operation can detect local errors, such as a fibre break or too high pressure in a certain part of the link. It can also detect degradations and drifts of the attenuation, which may have a temporal impact on the transmission performance of the network. Link loss monitoring during normal operation will increase the network availability and enables predictive maintenance tasks before network services are affected. Link monitoring and event detection may use reflecting devices working outside the operating wavelength (e.g. 1625 nm) and will help to fulfil applicable service level agreements. The following should also be noted:

· A maintenance agreement should be signed for each separate construction. 

· Cutting cables by faulty digging will occur. Therefore it is important to keep the installation well documented and correctly installed.

· If a cable is dug up it is useful to have emergency repair equipment close by such as fusion or mechanical splicing, spare cable and closures. This is to avoid too long a waiting time for the error to be corrected. Correct marking facilitates trouble-shooting. Electronic marking of significant joints or points in the network will help with cable location.

Allowed repair time in the access network is normally 24 h – 48 h.
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Figure B9 - Micro-module structure - watertight dry core - dielectric reinforcement - double sheath
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Figure B.10 - 	Loose buffer tube structure - central dielectric reinforcement - single sheath
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Figure B.11  - 	Loose buffer tube structure - double sheath
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Figure B.12 - 	Unitube structure - central dielectric reinforcement - single sheath





Figure B.15 - 	Loose tube structure - watertight dry core - dielectric reinforcement - double sheath

















Figure B.21 – Aluminium tube/pipe OPGW





Figure B.22 – Strainless steel buffer tube OPGW





Figure B.23a - Riser extractable/pull back cable





Figure B.23b – Window cut and fibre unit extraction





Figure B.24 – Indoor cable with buffered fibre (simplex)





Figure B.25 – 	Indoor cable with buffered fibres (duplex)





Figure B.26 – Indoor buffered fibre cable
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� potentially reinforced flexible thermoplastic tubes that accommodates the fibres”


� See also Annex A for a comprehensive list of standards.
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�To review in conjunction with the”Executive summary”.


�Laurent with Christophe


�Done


�Propose to add this remark for indoor micro-ducts (Fire Safety)


�Added by me


�Added by me


�See remarks above


�Proposed change instead of existing examples


�Laurent


�Christophe


�JWG TC86BXA/TC86A


�I propose this table with calculated splice loss based ion MFD mismatch


�Refer to 86BXA standards / products


�Premise planning and installation must make reference to EN 50174 series.


�Must refer to standards and recommendations in each part of this chapter.


�Hans-Detlef to propose a text


�Not yet received on May 18th. If no information is provided this part will be scrapped.


�Premise planning and installation must make reference to EN 50174 series.


�Make a note: that it should be referred as well to local regulation


�Include Ladji’s glossary


�Added, used for POP’s and Streetcabinets


�Added, this is abbreviation used in EN 50589 series


�Added because this term is often used for flame retardant ducts


�I propose to add this reference to general test methods


�Added in relation with CPR in Europe


�Proposed to delete (very old documents propably in Europe replaced by EN 50377 series)


�


�Laurent to review this list





�


�To be updated by Henk
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