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Abstract

This paper describes a typical example of low €3StH network
using new optical fibre cable solutions, i.e.:

- WSHEATH® ACCESS cables,

- pCables,

- blown uSHEATH module
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1. Introduction

Since it was first presented (IWCS, 1991), the uS8HE® cable
design has been developed from low to high fibreat® (up to
876 fibres) [1] [2] [3] [4] [5]. Recently, down-sideuSHEATH?

cables and uSHEATH blown module and a complementary

family of pCables have been implemented for accetwarks
and fibre-to-the- home networks.

INTERNET, triple play offers (including high defioh TV),

data, etc..., require higher and higher transmiss@pacity. For
that, it is well known that the only efficient ap@rennial solution

consists in new FTTH network deployments.

However, to reduce the civil works and cable idata&n costs,
while ensuring long term reliability of opticahk (for long term
investment amortisation), the cable designs mustfitbed to
environment and have the following main charadieds
depending on the application:

- fibre-count medium to low (the closer to the sulimr; the
lower the fibre-count) .

- metal free down-sized cables for installation inctduto
reduce the cost of civil works (sub-ducting of érig ducts
with mini and micro-ducts or new installation in aln
ducts),

low cost for jointing and fibre management (easprdi
identification, easy fibre entry - both at cabledesnd for
mid-span-, ...),

- high mechanical radial performance for buildingntrcor
unprotected indoor installation,
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protection against fire hazards for indoor instala
multi-purpose installation (mainly aerial drop aghl

long term reliability (no cable shrinkage induciogtical
fibore micro-bending during temperature variationad a
ageing).

no strain on fibres and no change of optical charatics
after cable manufacturing and installation or ierion.

2. Objectives

To meet all theses requirements, our challenge tavadevelop
various types of down-sized cables having the sgmeimilar)
advantages as the WPSHEATHstandard design and with
performances optimised for FTTH application.

Their main features, which will be detailed, are fbllowing :

small diameter and lightweight,
usable with all available fibre types (G651 / G8%2655),

mechanical performances adapted to new laying rdstho
(compromise stiffness/flexibility, tensile loadcet),

temperature performance and long term reliability,

quick, easy and low cost installation (laying innmir
micro-ducts by air or water floating - on buildifrgnt - on
skirting board - aerial - ...),

easy cable entry and fibre access, both at calileard for
mid-span,

fast and reliable jointing (both mass or individsplicing)
and management of units and fibres inside closursisg
existing techniques and devices.

3. Cables types required for FTTH

3.1 Typical FTTH network design (Pau Broadband

Country example)

A typical FTTH network is described in figure 1.
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Fig. 1 : Typical FTTH network Table 2 : Cable designs
o Down-sized pSHEATH ® design
urang with rigid FRP without FRP
Subscriber access point P
(residential gateway + FTP copper cable) 4 1
2 b4
Individual home 3
5
Outdoor access and 6
distribution cable
(upto 12 O.F.) 7
Indoor distribution cable . " . "
(2 upt0120F) 1. coloured optical fibres 1. coloured optical fibres
Backbone : - 2. filling compound 2. filling compound
e e s cable) 3. coloured micro-sheath 3. coloured micro-sheath
Typical fibre-count : 144/72/48 O.F. 4. 12 O.F. module 4. 12 O.F. module
5. swellable elements for | 5. swellable elements for
watertightness watertightness
Local loop :
Access cable for mini-duct 6. synthetic tape 6. synthetic tape
Typical fibre-count : 48 O.F. 7 2x2 (SAGEM patented) rigid FRP | 7.  Down-sized HDPE or low-shrinkage
down-sized strength members thermoplastic outer sheath
8. Down-sized HDPE outer sheath
3.2 Optical cables required: Down-sized Central Tube design
- : with rigid FRP without FRP
- backbone duct cables from 48 up to 288 opticakgbr g
- access duct cables from 12 up to 48 optical fibres
- distribution and subscriber cables from 2 up tocdpZical
fibres for all outdoor (ducts, building front, e and
indoor (ducts, skirting boards, ...) applications.
4. Cable designs and performance
1. coloured optical fibres 1. coloured optical fibres
4.1 How to make the good choice for the cable desig n? 2. filling compound 2. filing compound
3. central tube 3. central tube
4.1.1 How to down-size cables? 4. 2 opposite rigid FRP strength | 4. aramid or glass yarns (optional)
members 5. Down-sized HDPE or low-shrinkage
Table 2 shows 5 main options of down-sized cabbeset on 3 5. Down-sized HDPE outer sheath thermoplastic_outer sheath
current designs, ie : pSHEATHCentral Tube and stranded loose Loose tube design
tubes. down-sized tubes with central rigid FRP
If we compare these different designs versus tetlliation and
jointing requirements, it seems that the best @wiare the
Central Tube (specially for low fiber counts) and {ISHEATH
designs (see table 1).
Table 1
. ® . . Loose tube
Family HUSHEATH™ design Central Tube design design
Down-sized design Down-sized design Down-
with rigid without with rigid without sized tubes
Design FRP rigid FRP FRP rigid FRP with rigid
strength strength strength strength central FRP . § X i .
members members members members 1. coloured optical fibres 5 filler replacing empty tubes (optional)
Compact- . . . . Medium to 2. filling compound 6 tape
Very high Ultra-high High Ultra high .
ness ey g rahig 9 ranig high 3. down-sized loose tube 7. aramid or glass yarns (optional)
. Flb_r_e e o 4. central rigid FRP strength member 8 Down-sized HDPE outer sheath
identifica- Very easy Very easy Difficult (*) Difficult (*) Very easy
tion
id- Designs without rigid FRP strength members leadh® lhest
Mid-span Very easy Very easy Easy Easy Difficult .
access compactness, but what are their performance veesuperature
Fibre change and ageing ?
manage- Veryeasy | Veryeasy | Difficult(*) | Difficult (*) Easy
ment in
closures

(*) For fibre-counts > 12
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4.1.2. What is the best choice for long term reliab ility ?
We have performed temperature cycling tests onesatiéscribed
above (see table 3). All these tests have beeredasut between
-30 and +60 °C with cables free on retractile druftest
conditions more severe than test between —40 a@@ $C on
delivery drums).

Table 3: Temperature cycling tests with differentc  able

designs

3.a: 144 OF Down-sized PSHEATH ® Cable with FRP
inside outer sheath
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Table 3 (end): Temperature cycling tests with diffe
cable designs

rent

3.d: 48 O.F. Central tube Cable without FRP
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reversible at 20T --> shrinkage of outer sheath -- > strain on fibres
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Very good results at -30C (Da @ 1550 nm < 0.03 dB/km), even after 10
cycles between +60 and -30C) : no significant chan ge of attenuation

3.b: 144 OF Down-sized ySHEATH ® Cable without FRP
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After 2 cycles (+60/-30C) : change of attenuation @ 1550 nm is not
reversible at 20T --> shrinkage of outer sheath -- > strain on fibres

3.c: 48 O.F. Central tube Cable with FRP
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Very good results at -30C (Da @ 1550 nm < 0.04 dB/km), even after 10
cycles between +60 and —30C) : no significant chan ge of attenuation
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Down-sized loose tube cables give poor results gestribed in
this paper) after several cycles between -30 arg@D+C with

significant attenuation change at 1550 nm, mainty lawv

temperatures, probably because this design indoptsal fibre

macro and micro-bending when the inner diametaheftubes is
too small.

Down-sized pSHEATf and Central Tube cables with rigid FRP
strength members give good results (no significaténuation
change in a large temperature range, even afteraleuycling
tests — see tables 3.a and 3. c).

Down-sized pSHEATA and Central Tube cables without rigid
FRP strength members give poor results (signifigatgnuation
change at low temperatures, after only one or tytes — see
tables 3.b and 3.d), even if a “low shrinkage” sheis used
instead of polyethylene. This means that cablese htav be
designed to avoid shrinkage of all plastic matsridliring cable
manufacturing and laying, as well as in operatitemperature
variations and ageing), so as to ensure long teliability

A cable with attenuation change at 1550 nm duremgperature
cycling, shows generally attenuation change at 18R5even at
ambiant temperature. So, we have also performezhugtion
measurements at 1625 nm on cables described abibee a
manufacturing and laying, and then compared thelteesvith
measures made on bare singlemode fibres used dee ttables.
For instance, results obtained on a 48 singlemode @own-
sized uSHEATH cable (with rigid FRP members) are given in
the table 4. The conclusion is always the samélesahave to be
designed to avoid shrinkage and need to contaiid f€gRP
strength members if one want to make sure thaetlseno strain
on fibres and to ensure the best long time religbil

Consequently most of cable designs developed by 3AGH

FTTH networks and described hereunder, containd rigRP
strength members. Our choices are : no strain lmrdiand long
term reliability, even if it is possible to obtaia higher
compactness when suppressing FRP strength members.
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Table 4: Comparizon of OTDR measure @ 1550 nm
and 1625 nm
Bare fibres After cable man_ufacturing
and laying
1550 nm, 1625 nm, 1550 nm, 1625 nm,
dB/km dB/km dB/km dB/km
Average 0,189 0,205 0,190 0,206
Max 0,220 0,250 0,220 0,250
Min 0,170 0,180 0,170 0,180
Standard 0,012 0,013 0,012 0,013
deviation

With air blowing or water floating laying technicgjeit is not
necessary to have a very high tensile resistanzeth® strength
member diameter can be reduced. The FRP strengttbensrare
located inside or under the outer sheath and thisnpiossible to
decrease the outer sheath thickness. In consequtdreeaable
diameter is smaller and the stiffness is reduced.

The good balance of this parameter is very importéom

installation in mini-ducts. If the cable is tooffstthe installation
length is reduced because the cable rubs agaiesiubt in the
curves and the laying speed decreases. If the abde flexible,
the pushing force may result in the cable kinkinghe duct and
then blocking or breaking.

However, the FRP diameter mustn’'t be too small bseahese
elements allow to have a low thermal expansion funefit for

the cable to ensure good temperature and ageirfgrp@nce.
They also limit the shrinkage of all plastic maa¢si(for instance:
outer sheath) during cable manufacturing (extrusibrsheath)
and after (storage, installation, operation).

The multiple temperature variations, in particutemperature
increase (up to +50 or to +70°C) and return to ambie
temperature will induce outer sheath shrinkagein®age will
quickly generate micro-bending on the optical fihrehen
attenuation will increase and, on the medium tehm, fibres may
break.

In summary all SAGEM cables for FTTH networks déseml
hereunder, contain FRP strength members (except th
USHEATH® blown module) and have been designed to satisfy th
following requirements :

tensile resistance and stiffness adapted to air \@ater
floating laying techniques,

reduced outer diameter,
very low sheath shrinkage and very low thermal e

coefficient giving good performance versus tempegat
change and long term ageing,

no strain on optical fibres and no change of optica
characteristics (even when OTDR measurements alised

at 1625 nm on singlemode fibres),

compatibility with every type of fibres (multimod&652 A,

B, C or D, G655).

4.2 Backbone cables

For backbone optical cables, different types ofailtstion can be
used (duct, buried, aerial, ...) and optical fibables can have all
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types of designs (loose tubes, ribbon, uSHEATH especially if
the network is old. In general, for backbone nelydhe fibre-
count is typically between 48 and 288.

In case of the construction of a new network, ifsérg ducts
with large inner diameter, are available, it careffecient to sub-
duct with several mini-ducts. At the beginning,yoahe cable can
be installed, the others being laid in the futunerequest. Cables
can be laid by air blowing (floating) or water ftoey. These
laying methods are now well known and masterednisyallation
specialists. They allow low cost and very quickleateployment.

A few examples of sub-ducting are given in table 5.

Table 5: Examples of sub-ducting
Mlgngfu(rﬂjgzger Type of mini-ducts
40 mm 7 mini-ducts @ 8/10 mm + PE sheath (@ 34
mm)
48 mm 5 ducts @12/15mm without PE sheath
54 mm 5 ducts @12/15mm + PE sheath (& 46 mm)

For this specific application (installation in midiict on medium
distances), we have defined a new range of uSHEAT&bles:
the pSHEATH ACCESS cables with FRP strength members
embedded in the outer sheath. This new desigrréstti derived
from uSHEATH? standard duct cable range. See below figure 2.

Fig. 2: USHEATH ® ACCESS cables design

Colored optical fibers
Filling compound - 12 O.F. unit (module)
Colored microsheath

Swellable elements for watertightness

Tape

Dielectric strength members

Black HDPE sheath

Design of a 60 O.F. cable

—  o.~ B

Example of a 48 O.F. cable - F =6.0 mm

e

HDPE outer sheath is the best compromise in tefmsechanical
characteristics / low value of friction coefficiehtow cost / easy
processing.

Table 6 below describes the 4 structures of uSHEARBCESS
cables with, for each cable diameter, typical itetian length
and inner diameter of duct. This installation léngan increase or
decreasalepending on duct type and size, on cable routtoan
cable blowing/floating device used for laying.

Main characteristics of these cables are given ablet 7
(singlemode fibres / attenuation @ 1550 nm).

The cable performance is suitable for the appbcatinstallation
in duct by air blowing or water floating). The résu of
temperature cycling test, with cable free on reil@cdrum,
demonstrate that fibres are not strained (ho ntenoding) inside
the cable in a large temperature range. This allmmgerify that
there is no irreversible shrinkage of the cableicdtre versus
temperature variations and ensures the long teliabildy of the
optical link.
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Table 6 : YSHEATH ® ACCESS cable range
Cable Minimum
@ cable, "
Fibre-count mm weight, | Inner & of Installation

kg/km duct , mm length
) ~1500 m (air) /
Up to 24 fibres 4 11 55 2000 m (water)
) ~1500 m (air) /
24 to 48 fibres 6 25 8 2000 m (water)
) ~2000 m (air) /
60/ 72 fibres 7.8 42 12 3000 m (water)
9610 144 fibres | 9.5 63 12 |~ 2000m (water)

16 ~2000m (air)

For jointing, these cables bring the same advasttgn standard
USHEATH® cables :

- easy cable entry and fibre access, both at calleand for
mid-span,

- easy fibre identification (coloured modules / cokxlifibres)

- fibres protected with flexible modules in cassettes

- fast and reliable jointing (both mass or individsalicing)
and management of units and fibres inside closursisg
existing techniques and devices. For mass splieirgpecific
device is used to obtain a flat arrangement ofitires.

Table 7 : .SSHEATH ® ACCESS cable performance
Test |
Mechanical performances

reference Results

Tmax>1xW, DI/l O.F. <0.33
% (W = cable weigh/km)
Tensile IEC 60794-1-2- | 24 fibres : 12 daN (1.1 x W)
El 48 fibres : 30 daN (1.2 x W)
72 fibres : 60 daN (1.4 x W)
144 fibres : 85 daN (1.3 x W)
5 daN/cm (24 O.F.)10 daN/cm
Crush IEC 60794-1-2- (> 24 O.F.), 15 min, Da
E3 reversible
5N.m, 3 impacts with R=300
Impact |IEC 60794-1-2- mm - Da reversible
E4
. : IEC 60794-1-2- ]
Static bending E11 10 x @ cable, Da reversible
o IEC 60794-1-2- ]
kinking E10 5 x @ cable, Dareversible
Environmental performances
Temperature Da < 0.1 dB/km , -30C/+60C
cycling IEC 60794-1-2-F1 Cable free on retractile drum
Water penetration | IEC 60794-1-2-F5 3m/24h

4.3 Local loop cables

For local loop, the cost of infrastructure is highainly in cities.
To reduce the cost of civil works, sub-ducting noetifin existing
ducts having a large inner diameter) or new irstialh in small
duct will be used. The fibre-count is lower tham fzackbone
networks : 48 fibres cable are generally laid iasal standard
mini-duct with 8/10 mm inner/outer diameter.

The 48 uSHEATI ACCESS cable described above (paragraph
4.2) is fitted for this application. For specifiorfigurations, it
can be necessary to have a cable for both outdedrirsdoor
applications. For example, the same cable can &g insduct and
for building access without junction.
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For this specific configuration, an indoor/outdo@rsion of the

48 OF uSHEATH ACCESS cable has been developed. HDPE
sheath has been replaced by LSOH material for indoo
application. This sheath allows a good fire behavi&ee results

in the table 8

This cable for indoor/outdoor application is waight and its
mechanical characteristics are equivalent to thafsthe HDPE
sheathed outdoor cable.

Table 8 : Fire performance
Test reference Results
Flame retardant IEC 60332-1 Compliant
Fire retardant IEC 60332-3-D Compliant
Smoke opacity IEC 61034 Compliant

In general, with LSOH outer sheath, friction cogfnt is
significantly higher if compared to HDPE outer deaThe
special LSOH material used for pSHEATHACCESS outer
sheath offers a relatively low friction coefficiemalue (slightly
higher than HDPE).

So, a distance of 700 m has been reached withcétike, by air
blowing in 8/10 mm mini-duct, that is to say hatfetdistance
reached with HDPE uSHEATHACCESS cable in the same size
of duct.

This good laying performance allows to use only cable for
local loop, on building front and for indoor indtdlon without
intermediary junction between an outdoor and andnaable.

4.4 Distribution and subscriber cables .

For this type of application, the fibre-count igywéow, typically
between 2 and 12 fibres and the length of each iknkhort
(generally_< 500 m). Depending on environment argdailation
conditions, various cables can be used.

4.41 PSHEATH® blown module (1 to 12 O.F.) for
installation in duct

The design of this cable is described in figure 3.

This cable has a very small diameter (2 mm) andténded to be
laid in micro-duct. The most current dimension leé tmicro-duct
is 3.5/5 mm inner/outer diameter. For very shotalation
length, 3 /4 mm micro-duct can also be used.

Blown module can be installed outdoor (waterprodblernand
indoor (halogen free cable). This structure alloeasy fibre
access and easy fibre identification (12 differeiburs).

Main characteristics of blown module are given &blé 9
(singlemode fibres / attenuation @ 1550 nm).
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Fig. 3 : yYSHEATH ® blown module design

1. Colour coded optical fibre of any type,
singlemode (G652, G655, ..), or
multimode (50/125, 62.5/125)

2. Uncoloured strength members
replacing missing optical fibres if fibre-
count < 12
Filling compound
Thermoplastic inner jacket — Colour
upon request

5. Low friction transparent outer jacket

USHEATH® blown module inside & micro-duct

The typical installation lengths , by air blowingethod are : 300
m in 3 mm inner diameter duct and 600 to 1000 n3.B» mm
inner diameter duct

Table 9 : uSSHEATH ® blown module performance
Test | reference | Results
Mechanical performances
. Tmax =1 x W (4 daN), DI/l FO <
Tensile IEC 6057194'1'2' 0.33 % (W = cable weight/km)
Crush IEC 60794-1-2- | 2 daN/cm, 15 min, Da reversible
E3
5N.m, 3 impacts with R=300
Impact IEC 60794-1-2- mm - Da reversible
E4
. i IEC 60794-1-2-
Static bending E11 R= 30 mm, Da reversible
o IEC 60794-1-2- .
kinking E10 R= 30 mm, Da reversible
Environmental performances
Temperature Da < 0.1 dB/km, -10C/+45C
cycling IEC 60794-1-2-F1 Cable free on retractile drum
Water penetration | IEC 60794-1-2-F5 3m/24h

4.4.2 ACCESS pCable (1 to 12 O.F.)

For particular configurations, it can be necessarjpave a cable
with mechanical performances higher than thosdafito module
and keeping pSHEATRcable advantages.

A specific design has been developed called pC#lkea central
tube cable with outer sheath including 2 oppositaigs of FRP
strength members (SAGEM patented) as for uSHEATables.

The design of this cable is described in figure 4.

Fig. 4 : 12 O.F. duct pCable design

Colour-coded optical fibres, of any type, G651 /
G652 / G655

Filling compound.

PBT loose tube

Dielectric strength members

1
2
3
4
5

Outer jacket (HDPE)

Diameter :3.8 mm - Weight : 13 kg/km
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As for uSHEATH’ ACCESS cables, embedded FRP strength
members give tensile resistance but also reducer alieath
shrinkage, ensure a low thermal expansion coeffi@ad provide

a stiffness convenient for installation in mini-tic

Main characteristics of the pCable are given inletathO
(singlemode fibres / attenuation @ 1550 nm).

This type of cable can be installed by air floating5.5/7 mm
inner/outer diameter duct, up to 1000 m. This distais generally
exceeding the needs for subscriber distributionaaruess.

The cable stiffness allows to install it by manpakhing in case
of short length cable route. This method is vemye and avoids
to use a pilot wire in the duct.

Thus, it is possible to pull or push this cablestort lengths in
ducts already occupied by another cable (powempeophone or
CATV coaxial cables, for example).

Table 10 : Duct uCable performance
Test | reference | Results
Mechanical performances
Tmax =1x W, DI/l FO <0.33 %
Tensile IEC 60794-1-2- (W = cable weightkm)
El
20 daN/cm, 15 min, Da
Crush IEC 60794-1-2- reversible
E3
5N.m, 3 impacts with R=300
Impact |IEC 60794-1-2- mm
E4 Da reversible
. ) IEC 60794-1-2- 10 x @ cable (38 mm), Da
Static bending E11 reversible
kinking IEC 60794-1-2- 5 x @ cable (19 mm), Da
E10 reversible
Environmental performances
Temperature Da< 0.1 dB/km , -40C/+70C
cycling IEC 60794-1-2-F1 Cable free on retractile drum
Water penetration | IEC 60794-1-2-F5 3m/24h

For jointing, this cable gives the same advantzagaepSHEATl—@
cable :

- easy cable entry and fibre access, both at catlileard for
mid-span,

- easy fibre identification (coloured fibres),
- fast and reliable jointing.

4.4.3 pCable for indoor/outdoor application
(up to 12 OF)

A pCable with LSOH outer sheath has been develomed f
indoor/outdoor application. This cable has simparformance to
HDPE outer sheath pCable.

The cable is compliant to IEC 60332-1 (flame retatdzable).
The outer sheath doesn’t emit toxic fumes.

The installation inside mini-ducts is possible aslvor buildings
(owing to a flame retardant halogen free sheathfoa®utdoor
(owing to longitudinal watertightness).

Installation performance:

This type of cable can be installed by air floating5.5/7 mm
inner/outer diameter duct, up to 500 m.
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For short length cable route, the cable stiffndlesva to install it
by manual pushing

Due to its good mechanical behaviour, this cablelma installed
on building front (in case of old buildings withot¢chnical
gallery). The colour of the sheath can be custothteematch the
background (e.g ivory) .The sheath is also U.Vstasit.

4.4.4 Multi-purpose pCable (aerial installation, ma  inly)

It is not always possible to lay cable in ducts fubscriber
distribution. So, aerial installation may be a ol The typical
span is about 15 up to 60 m.

For aerial application (drop cable), it is necegstr have a
relatively high tensile performance. We have thewetbped a
central tube cable with flat FRP strength membevarad the tube
and a HDPE outer sheath (see figure 5). This deprgrides
small cable size but also good tensile performance

Figure 5: Multi-purpose pCable design

Colour-coded optical fibres, of any type G651 / G652 / G655

Filling compound
PBT loose tube
Flat FRP
Swellable powder
ripcord

Outer sheath (HDPE)

Diameter : 5 mm - Weight :25 kg/km

However, this drop cable is not only dedicated teric
application. It is a multi-purpose cable (i.e. dudtuilding front
applications, ...).

Main characteristics of the multi-purpose pCable gineen in
table 11 (singlemode fibres / attenuation @ 1550 nm

Table 11 : Multi-purpose puCable performance
Test |
Mechanical performances

reference | Results

Tmax = 100 daN
Tensile IEC 60794-1-2-
E1l DI/IFO<0.33%
20 daN/cm, 15 min, Da
Crush IEC 60794-1-2- reversible
E3
5N.m, 3 impacts with R=300
Impact IEC 60794-1-2- mm
E4 Da reversible
IEC 60794-1-2- R =40mm, Da reversible
Static bending E11
kinking IEC 60794-1-2- R=30 mm, Da reversible
E10
Environmental performances
Temperature Da < 0.1 dB/km , -30C/+70C
cycling IEC 60794-1-2-F1 | Cable free on retractile drum
Water penetration | IEC 60794-1-2-F5 3m/24h
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For jointing; this cable presents the same advastag the other
pCables :

- easy cable entry and fibre access,
- easy fibre identification (coloured fibres),
- fast and reliable jointing

4.4.5 Indoor distribution cable (from distribution box to

media converter)

Indoor optical distribution in residential buildisdgs a new issue.
Generally, except for new construction, no easyesatoutes are
available. And each building is a particular cdsés then very
important to have different solutions fitted forchaconfiguration.
The indoor cables range described above and thdasth indoor
USHEATH® family offer different implementation possibiliie
The choice depends on network and / or buildingfigamation.

For an optical ETHERNET network, one need to digteb2

dedicated O.F. per subscriber from the access lswsiet at the
building entrance (for example in the basementher ground-
floor), to each flat. In this case, several confaions are
described below :

- a standard pSHEATH indoor cable containing the fibres
required for all the subscribers of the buildinguised in
vertical cabling. Floor distributors allow the dibution to
each subscriber, using several splicing technigMég-span
access on the vertical multi-fibres cable is usedet the
fibres dedicated to upper floors go through withsplicing.
The fibres for the subscribers of the floor areicgul to
USHEATH® blown modules (with 2 O.F.) laid in micro-
tubes or to indoor pCables (with 2 O.F.) clamped on
plinths...

- the distribution to each subscriber is ensuredctirdy mid-
span access on a standard pSHERTHhdoor cable
containing several modules of 2 fibres, withoueimediary
splicing. Each derived module is then protecteddinsa
small tube.

for small buildings, the building backbone cable ¢ an
indoor uCable or a pSHEATHblown module containing up
to 12 fibres for 6 subscribers, spliced to uSHEATBown
modules (with 2 fibres) laid in a micro-tube or itdoor
pnCables (with 2 fibres).

- the connection between each subscriber and thetswst
directly ensured by uSHEATHblown modules containing 2
fibres laid in micro-tubes or indoor pCables contain2
fibres (laid or not in micro-ducts), in a star dagldesign.

Various splicing methods can be used in the flostridutor :
fusion, mechanical splicing, connectors, ...

A few meters of FTP LAN cable & 6 or 7 category) can then be
used , from the media converter towards the retimegateway
(in apartment). And the distribution from the resitlal gateway
to each room of the flat can be ensured by varicaisling
solutions : copper residential cabling system (grad 2 or 3),
WIFI (possibly with radiating cable), PLT ...
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5. Application to Pau Broadband Country
FTTH network (~ 45 000 subscribers)

The general configuration of the network is desaiin figure 6.

Figure 6 : PBC general configuration
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It is based on a full Ethernet technology on sifgtede optical
fibre and offers a data rate of 10 to 100 Mbit/s faebscriber.

The different cables used for this network areetistin the
following table 12.

Table 12 : Cables used for PBC

Application Cable type Fibre-count
Standard PSHEATH®  duct

Backbone | e Y| 96, 144,192 and 288
SHEATH® ACCESS duct

Local loop gables ue 48
Standard ind SHEATH®
poviiahiianaalils 24 and 48

Distribution and

subscribers Indoor puCable 2
Indoor / outdoor USHEATH®
blown module 2
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The general principle for building cabling used BBC is
described in figure 7.

Figure 7 : PBC building cabling
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The average total cost (including all passive aamtive
components and installation) is estimated to lbas tL000 Euros
per subscriber (10 up to 100 Mbit/s) for tripleypkervices.

6. Conclusion

The pPSHEATH ACCESS cables, pCables and pSHEATH
blown module are fitted to FTTH network technolodyey can
fit each network (PON, Ethernet, ...) and installatio
configuration. They allow a low cost, easy and gudeployment
and ensure long term reliability of the network.

At the present time, these cable solutions are essfally
deployed by SAGEM for the 100 Mbit/'s FFTH PAU
BROADBAND COUNTRY network.
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