TECHNICAL REPORT CLC/TR 50510
RAPPORT TECHNIQUE
TECHNISCHER BERICHT November 2012

ICS 33.180.99 Supersedes CLC/TR 50510:2007

English version

Fibre optic access to end-user -
A guideline to building of FTTX fibre optic network

Acceés a I'utilisateur par fibres optiques - Lichtwellenleiterzugang zum Endkunden -
Lignes directrices relatives a la Leitfaden fur die Erstellung von FTTx-
construction d’un réseau en fibres Lichtwellenleiternetzen

optiques de type FttX

This Technical Report was approved by CENELEC on 2012-10-15.

CENELEC members are the national electrotechnical committees of Austria, Belgium, Bulgaria, Croatia, Cyprus,
the Czech Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France, Germany,
Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, the Netherlands, Norway, Poland,
Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United Kingdom.

CENELEC

European Committee for Electrotechnical Standardization
Comité Européen de Normalisation Electrotechnique
Europaisches Komitee fir Elektrotechnische Normung

Management Centre: Avenue Marnix 17, B - 1000 Brussels

© 2012 CENELEC -  All rights of exploitation in any form and by any means reserved worldwide for CENELEC members.

Ref. No. CLC/TR 50510:2012 E



CLC/TR 50510:2012 -2-

Contents

EXECULIVE SUMIMAIY ..c.ooiiiiiiccieeiireniissssssssrer s ssssssssssmsse e s sssassssmns s e s s assassssnns e e e s saasssssmnnnneeesansssnmenensnesanssnnnnenssnnssnnnns 6
1  Introduction to Broadband ...............iccsss s nnnnnn 8
2  Network Structure and NOAES....... ..ot s se s s me e e e e e e e nan 9
2 B € 1= 1= | OO PP 9
D = o = = SRR 9
227 OVEIVIBW ..o 9

2.2.2  PRYSICal FOULING.....ccc e 10

2.2.3 Passive transmission Media ..........coooiiiiiiiiiii e 10

2.2.4  Transmission-, IP- and application [ayer.............oo i 10

2.2.5 Ownership, operating and MainteNaNCE ............cooiiiiiiiiiie e 10

PZ8C TN \\[=14\V7o T4 1q0 o] oo [ e )V Y o 01 Vo] o o |2 10
2.3.1  Overview on INfrastrUCIUre.............oeiiiii i 10

2.3.2 National network ..., 11

2.3.3  REGIONAI NEIWOIK ...coiiiiiiiieiii ettt e ae e e s nneeens 11

2.3.4 Municipality connecting NetWOrK ..........coooiiiiiii i 12

2.3.5 Metropolitan or urban NEIWOIK ..o 12

2.3.6  ACCESS NEIWOIK ..., 13

2.4 Nodes — Topology and TermiNOIOGY .. .....coiuiiiiiiiiiee i e e e et e e e e e e neeas 13
D T O 1Y o1 PSR 13

2.4.2 National NOde.........ooo i, 14

243  REGIONAI NOUE........eiiiiiiiiii ettt ettt st e ettt e e snb e e e anneee s 14

244 MaINNOAE ..o 14

245  ACCESS NOUE ..o, 14

2.5 Examples of FTTX tOPOIOGIES. ... ... it e e e e e e e e e e e e nnenes 15
2.6 FTTXIiNthe access NEWOIK ........ccoooiiiiiiii 18
2.6.T  OVEIVIBW ..o 18

2.6.2 FTTXIN ACCESS NEIWOIKS .....ccoee i 18

3 FTTx passive network products and system implementations..............ccoooiiiiiiiiiiiicccccceeeeee, 19
K TR I € 1= s 1= - ST TPRR 19
I O o [or=1 I {1 0] £=T- T SO PR OO 19
3.2.1  Triple play and general about new fibres...........ooeeeiii e 19

3.2.2  Choice of optical fIDre tYPe ....cooeeiiiiiiie e 19

3.2.3  Number of optical fibres provided to each end-User...........ccccceeii i 21

3.3 Cables @nNd AUCLES..........uuviiiiee it e e e e e e e e e et e e e e e e e e — e r e e e e e e aaarraneeas 21
G TRy B O o Y SRRSO SPSRRN 21

3.3.2  HYDBFIA CADIES ...t e e aareee e 22

K G 20 T O 11 (o oo U UPP PSRRI 23

G TR 2 S 1o o oo ) S 23

3.3.5  BlOWN fibre UNItS.... ..o aaaannnaaaas 23

3.3.6  Microduct optical fibre cables for bIOWING ..........cooiiiiiiiiiiii e 24

3.3.7  Cables fOr DPIOWING ........oeeiiiiiiiiie et e e e e e e e e e e e e e e s aaareeae s 24

3.3.8 Dimensions for microducts and multi duct bundles ..............ooviviiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeees 24

3.4 CONNECHIVILY PrOAUCES .....coiiiiiiiiiitiie ettt e bt e e et e e e e e e e e e nnes 26
3.4.1  Connectors in the FTTX-NEIWOTK ........cooceiiiiiiie et e e e 26

K 3B O o [or= | I 0] (=YK= o] o7 o To [ RSOSSN 28

3.4.3  Pre-conneCtoriSEA fIDrE..........e it e e e e e aaaas 29



-3- CLC/TR 50510:2012

BT T O o) [or=1 ] o] 111 (=Y OO E RSP 29
T Tt N = o = S 29
3.5.2 Fused biconic taper teChNOIOGY ........ccooiuiiiiiiiee e 29
3.5.3  Planar splitter t&ChNOIOQY .........uuuuuieii e eenrereenenenrnrnres 29
3.6 Fibre organisers and CIOSUIES........cooo ittt e e e e e e e e e e e e e e e eneeeeeeaeens 30
0 G 0t I O o =T 1 ] =Y S 30
3.6.2  Optical Distribution Frame (ODF) ........coociiiiiiiiie e 31
3.6.3  Connectivity Products for INndoor FTTX NetWOrKS ..........cccouviiiiiiiiiiiiiiiicee e 32
3.7 ACCESS NOGE ...ttt e oottt e e e e e e e e aee e e e e e e e e e neeeeeeeeeeaaannreeeeaeeeeaaannnneeeaan 32
3.7.1  Design of the POP housing (a room for an access N0de) ...........cccceeeiriieiiiniieeeeniiee e 32
3.7.2 Power feeding @n aCCESS NOUE.........cccuuiiiiieie e iccciee e e e e e e s e e e e e s e s e e e e e e e s esnnarneeaaeeeanans 35
3.7.3  Earthing in @n @CCeSS NOUE .........uuuuuuuuiiiiiiiiii et aaeaeeaeeeesaensnnnnnsnsnsnsnnnnnnnnnns 35
G TS T V£ (=1 o o [ T o SRR 36
3.8.1  LinK diMENSIONING ......eeiiiiiiiiie ittt ettt e e st e e e sbe e e e sbeeeeesnbeeeeens 36
3.8.2  Calculation of an optical power budget...........c.coiiiiiiiiiiiie 36
3.9  Cabling IMPIEemMENTAtION... ... e e e e e e e e e e e 37
3.9.1  Optical fibre Cabling ..........cueiiiii e 37
3.9.2  Pulling, burying @nd DIOWING .......cccoiiuiiiiiiiiiii et e e 38
3.9.3  Right of Way (ROW) SOIUTION .....cciiiiiiiiiiiiiiiee et e ettt e e e e e e e e e e e s snnnranee e e e e e e 39
3.9.4  Access and jointing ChambErsS .........ooo e 43
LAV 4T o Qe == ' o 44
g N O Y=Y oo USSP 44
4.2  Areas with block(s) of Multi-Dwelling Units (MDUS)........ccccciuiiiiiiiiieeiiiieeeeiiee e e 44
4.3  Areas with detached NOUSES ..........eeiiiiiiie e e e 45
N U= 1= T == T RS 47
4.5 General considerations when designing @ NEtWOrK ............cooiiiiiiiiiie i 48
e 1010 T ' 49
LTt B €= o 1= | PP ESRSOPRR 49
0 I B O 10 1 [ L= o] F=1 4T o 1T Vo OO U PR OU PP 49
5.1.2 Development of OUtliNg PIANS .........ooo i e 49
5.1.3  Detailed Planning .........coo oo s e ee e 51
5.2 Installation — GENEral @dVICE........cciiiiiiiiiiiiie et e e e e e s e e e e e e s e snnreaeeaaeeas 51
L3011 oo s PSRRI 51
LI N 1 0] 1 - i SRS 51
5.2.3 MeSSages 10 reSIdENTS ... ueiiiiiiiee e 51
5.2.4 Insurance and compensation for damage ...........ccceeveiiiiiiiiiii e 51
LIV T O () To- | (= SRRSO 51
5.3 Installation in NOAE @rEas ............eoiiiiiiiie ettt e e e e e e e e s e e e e e e e e eeeeaeeas 51
TR Tt B Voot YT o o o [ SRR 51
5.3.2 Area for splice cabinet — Optical fibre concentration point ...........ccccociiii e, 52
5.3.3 In aflat, a house or similar area (user node — subscriber node) ...........cccccccovvineeiiieneenee, 53
T3 7= 1] = 14T o U 54
6.1 UNAErgroUNd WOTK..... ... s 54
6.1.1  Material for ducts, cables and microduct optical fibre cables..............ccccceeeiiiiiiiiiniani, 54
6.1.2  Ploughing for installation of dUCts (Cables) ..........ccoiuiiiiiiiiiii e 55
6.1.3  Digging and milling for installations of ducts (cable).............ccceveeiiiiiiiiiii e 56
6.1.4  Warning tape OF MDDON ........e e sensnsnnnnnsnrnnnrnnnnns 56
6.1.5  InStallation iN AUCES .......ooiii e e a e e 57

B.1.8  SUD-AUCTS .....eiiiiiiii ettt ettt e e e ea bt e e e sab e e e e e anbe e e e sanbeeeeeaneeeeean 57



CLC/TR 50510:2012 —_4—

6.1.7  Various techniques to install cables iNto dUCES .............uuvviiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeee s 58

6.1.8 Installation of cable into ducts with compressed air or floating with water ....................... 58

6.1.9 Installation with PUliNg FOPE..........uviiiiie e 59

6.1.10 Preventive protection of ducts and cables in manholes ............ccccccceeeviiiiiiiiie e, 61

6.2 Aerial INSTAllAtion ...... ... e e e e e e eeaaas 61
L0t B € 1Y o= - | PR 61

6.2.2  Self-supported cables/MICrodUCES............ocuiiiiiiiii e 61

6.2.3  Installation of cables with lashing and wWrapping..........cccccoeeeciiiiiii i 61

L0 T Vo o o T g 0 TS3 =1 1= 4o o SO 62

6.4 Commission and acceptance of completed NetWOrks.............oooiiiiiiiiii e 62

6.5 Safety, risks and risk €limination...............uuuiiiii i ———————— 62

7 Measurements, documentation and operation ..........ccccceei i ————— 65
A% B |V 1= T U= .41 o P 65

A 2 -1 o T=Y ES= g o 0 =T T T SRS 65
A% TR € 1= 4 =Y - | SRR SUSPRRRIN 65

47 \\[] - (o o WSS 66

7.2.3 Format of dOCUMENTAtION ..........eiiiiiiiee e 67

7.2.4  Purpose of dOCUMENTALION ...........eiiiiiiiiiiiiiie e e e e e e 69

7.3  Operation and MaINtENANCE..........cciciiiiiiiiiiie et e e e e e e e e e e e et ee e e e e e e e eeanrraneeeaeas 69

N 11T 111 70
Lo T €1 o == 7
Annex A List of Standards ... s 72
Annex B Examples of fibre optic cables — designs vs. application ...........c.ooiiiiccciiiieeee, 81
Annex C Examples of ducts and mMiCroducts ..........cccccciriiicciimiiiinissc s s ssssr e ssnn e e e e s sanmneees 89
Annex D Example of multi-dwelling premises...........ccooooiiiiiiiiicccrr e 91
Annex E Example of areas with private detached or terraced houses.........cccccciirirccciscrrnincccccceceeennn, 99

7] o] 1o o - ] 1 )/ 105



-5- CLC/TR 50510:2012

Foreword

This document (CLC/TR 50510:2012) has been prepared by CLC/TC 86A, "Optical fibres and optical fibre
cables".

This document supersedes CLC/TR 50510:2007.

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.
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Executive summary

The abbreviation FTTx refers to grids using fibres in the terminal area, meaning beyond the last exchange
Central Office. “x” thereby denotes different penetration levels, for instance:

+ 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.

Most FTTx networks are designed without any active equipment in the external network and are therefore
classified as passive optical networks. The only active equipment is at the central office and the customer
premises. FTTH - PON networks can be designed around different architectures.

The purpose of this Technical Report is to be a first guideline for those considering to install a high
bandwidth (high bit-rate) FTTx-network. After studying the Technical Report operators, communities, energy
companies, installers and others will understand the necessary steps to take to plan and install
FTTx-networks with high quality and cost effectiveness, and to secure a uniform structure and a high quality
level on such networks.

The main part of this Technical Report describes the FTTx-networks, but Clause 2 also contains more
general information to give an understanding as to how these networks fit into the planning of other network
infrastructures.

FTTx has for many years been regarded as the most future-proof technique for transmission of broadband
multi-media applications. The building of FTTx-networks has previously been prevented by high costs. New
investigations show, however, that the cost to install a new fibre based network (100 Mbit/s) is a little less
than to install a new copper network. The FTTx-network is also the only structure, which with certainty can
offer both the present and the future needs, which broadband access services require. At the same time the
technique allows efficient operating maintenance and cost savings.

The networks to be presented are usually called FTTx, but with the strategy described here fibre networks
can reach any point in the network. The end-user can be separate homes, houses, office environments,
optoelectrical transitions in equipment for alarms, surveillance, monitoring devices etc.

The Technical Report also describes recommendations and gives basic requirements to be fulfilled by an
optical fibre installation in an FTTx-network to satisfy present and future requirements on capacity,
transmission distance and network quality. As a target, the minimum capacity is set to 1 Gbit/s (1 000 Mbit/s)
up to 10 km distance. Relevant types of single-mode optical fibres are specified in EN 60793-2-50. However,
in the industry single-mode optical fibre is typically described by the relevant ITU-T recommendations. The
physical network should have an expected lifetime of at least 25 years.

The recommendations are written for a general audience, but in particular for people involved in private and
public enterprises, people responsible for broadband decisions, planning, training and installations.

The Technical Report is divided into eight clauses:
e Clause 1 introduces the term “broadband” and its background.

e Clause 2 introduces the telecommunications infrastructures and provides an overview of the basic
structure for the FTTx network.

e Clause 3 describes system implementations for FTTx including requirements on products and
installation techniques.

e Clause 4 provides guidance on how to create a network and gives an overview of applicable network
topologies.

e Clause 5 provides basic information in relation to various installation practises and the planning
relevant to those practises.
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e Clause 6 addresses installation of the FTTx network.
e Clause 7 addresses the testing, documentation and maintenance of the installed network.
e Clause 8 addresses the overall quality.

A number of annexes are included to give deeper knowledge in certain areas. They are broad examples and
can be used to give a better view on the principles for installation of FTTx-networks with cables, microduct
optical fibre cables, microducts and blown fibre units. To some extent these annexes are company specific,
which the reader should be aware of. Annex A (reference [1]) gives a comprehensive list of standards.
References [2], [3], [5] and [6] give a good overview of the present status in ITU-T, IEC and the general
CENELEC view.

Some of the requirements put forward in this Technical Report are unique for an FTTx-network and should
not be used in a general sense for optical networks.



CLC/TR 50510:2012 -8-

1 Introduction to Broadband

Communication today is digital and therefore sound, pictures, voice, data carried by networks are data
expressed in terms of bit, bytes and their multiples (kilo (k), mega (M), giga (G), tera (T)). A bit (binary digit)
is the smallest digital unit and has only two values: 0 or 1. A byte includes 8 bits and defines the size of a
data file. Transmission capacity of networks and terminals is not expressed by using bytes, but using bit per
second (Bit/s). When a data file is transferred in a network two supplementary bits are necessary. It means
that 10 bits are required for 1 byte.

A subscriber who wants to download or upload a large file must wait for data transfer to be accomplished.
This time depends on the file size; say 100 MB, and transmission speed. In most networks, like VDSL or
cable, transmission speeds are asymmetrical, with download (data transfer towards the user) being faster
than upload (data transfer from the user), e.g. 100 Mbit/s and 4 Mbit/s, respectively commonly offered using
DOCSIS 3.0 technology. At these speeds, it takes just 8 s to download a 100 MB file, but as much as 200 s
(3 min 20 s) to upload it. In ADSL networks, typical download and upload speeds are 15 Mbit/s and 1 Mbit/s,
corresponding file transfer times being 53 s and 800 s (13 min 20 s) respectively.

Actual transmission speed in many networks is lower than advertised and vary with traffic load due to
oversubscription of shared system capacity. This problem does not exist in point-to-point (P2P) fibre
networks without capacity sharing, where 1 Gbit/s symmetrical transmission speed is currently possible.

While users of passively split FTTx network do share common capacity, it is large, for example 2,5 Gbit/s in a
GPON system, so fast and reasonably symmetrical service can be offered, like 100/50 Mbit/s or 100/25
Mbit/s.

The following table gives examples of transmission times for downloading a 6,25 GB file with high quality
DVD movie.

Transmission speed Download time Access technology
0,128 Mbit/s 5days, 8 h Dial-up
10 Mbit/s 8h VDSL
100 Mbit/s 48 min DOCSIS 3.0,GPON, EPON
1 000 Mbit/s 50s P2P fibre access

We do not know all future applications, however existing technologies of today, such as video on demand
and the exchange of medical data e.g. for Ambient Assisted Living (AAL), offer an outlook on the future
usage of broadband networks.

For the purpose of this document the following classifications will be used:

— low bit rate transmission: up to 1 Mbit/s

— medium bit rate transmission: 1 up to 10 Mbit/s

— high bit rate transmission: 10 up to 100 Mbit/s

— Very high bit rate transmission: 1 Gbit/s and more.
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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 in this Technical Report.

2.2 Network Layers

2.21 Overview

For a level-designed view on the components in the build-up of the infrastructure, see Figure 1.

A A T
AT AT AV A

Figure 1 — Network layers

From the bottom up, Figure 1 shows the following network layers:

. Physical routing: Duct for cables, for microduct optical fibre cables, and for microduct fibre unit cables
(blown fibre products) and for structures for antennas

. Passive transmission and interconnecting media: optical fibre cable, connectors, antennas, boxes,
closures and their physical interconnections

. Active transmission systems: Logical connections over a physical connection

. IP: The internet operator network service to the user

. Application: Equipment, program and data bases of the user

Designing the infrastructure in layers makes it possible for different ownership of individual layers. This

creates possibilities for open networks and competition, but also presents risks regarding responsibilities and
long-term interaction.





