Seminar — Complete FTTH
testing solutions
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Product Specialist
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EXFO : A STRATEGIC PARTNER IN FTTH,_"P
FTTH overview

Construction, acf;
phases

OTDR testing an
IOLM technology,
Additional FTTH cons
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A STRATEGI




EXFO : Telecommunications test equipment manufacturer

»Present in +80% of world’s major FTTH
deployments

»20 years of OTDR expertise, with the
most recognized line of OTDRs on the
market

»OTDR : >45% market share and >125 000
units sold worldwide

»6th generation of OTDR and iOLM is the
future of fiber characterization

portable fiber testing

N01

OTDR manufacturer
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PRESENCE IN MAJOR FTTX DEPLOYMENTS

Deploymentranking:

* 1-Major
2 — Important

3 - Medium scale ) =EXFO DEPLOYMENT



A FEW SUCCESS STORIES

» Verizon FiOS— USA
»One of the first partner to deploy FTTH
»Developed tools, process and products with them

> TM - Malaysia
»FTTH test procedures and best practices
»Optimized process with contractors

» Telmex FTTH — Mexico
»Close support with trials, loaners, test procedures, ATP
yimproved quality of their network, QoE

ETB — Colombia, Chorus — New Zeland, British Telecom — UK,
etc...






Source : Infonetics 2013



FTTH LATAM DEPLOYMENTS

Total FTTH/B Homes Passed

35 000 000
30 000 000
25 000 000
20 000 000
15 000 000
10 000 000

5000 000

2011 2012 2013 2014 2015 2016

Source : Infonetics 2011



FTTH netwo



Basic PON architecture

Video
1550 nm

\oice/Data

Downstream

Anchos de band

Upstream
1310 nm 1490 nm

\oice & Data Video

Analog TV




Typical topolgies:

Distribution Fiber Y0P Terminal

1-stage
splitter

2-stage
splitter

Optical
Video
Transmitter




Typical topology -- FTTH / MDU

Feeder Fiber

More information available on EXFQO’s Expertise Hub



New architecture trend: FTT-MDU

Fast deployment - pre-engineered and connectorized solutions
Fast ROI - accelerated construction schedule and take rate
Seamless installs - New bend insensitive fiber (G657)
Multi-fiber connections - MTP/MPO -

Interior components - Cabinets, Terminals, F
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| FTT-MDU - high-density reach
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High/Medium-Rise MDU

D

——

iy -
|y -
|y -
| iy -

|y b

|y

')

Y ~

FDT
FDT

FDH

Feeder Cable



PON Split ratio and typical loss
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Patch P.mcil e

Video HE

Transmitter Drop Termnal

Splitting Ratio | IL (dB) | i

1x2 = 0.3-0.5dB
1x4 Per connection

1x8

1x16
1x32

~0.35dB/km0.22dB/km
At 1310nm at 1550nm



FTTH PON—Active Equipment
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Special Connectors at Drops

Rugged cables for last portion from drop to ONT will require special
fiber optic adapters

EXFO FTTH FOA

OptiFit Advantage Cable Assembly Drop Cable (Single-Fiber) | Photo CCA190

Example: Corning Optifit®




New architecture trend: MDU’s

Indoor Fiber Dlstnbutlo
Hub, Connectors and
>/ Splitters

%

W

Hardened

® Drop Cables

In-Door
Drop Cables

itdoor Fiber
Distribution
Terminals,
Connectors
and Splitters

e Sherre S,




New architecture trend: MDU’s — High density !

High/Medium-Rise MDU

Feeder Cable







FTTH Next Gen PON




FTTH Next Gen PON

Two technologies stand out:

NG. [ NGPON2 |
WDM-PON

Mass
Deployments

2020




| FTTH Next Gen PON

Overlay new 10G/2.5

XG-PONT system

2.5G-Rx

=2 New MUX

10G-Tx

NG-PON
OLT

G-PON

it

-

NG-PON User

OLT

G

-TX
1G-Rx

DOWN Ex"/ting G-PON User
UPSTREAM SrEa —

1550 nm m
- 1490 nm :

1577 nm EXFO



FTTH Next Gen PON

Upstream speed

Downstream speed
Loss budget

Wavelengths

Split ratio

Fiber distance

EPON
|IEEE 802.3av

° 1. Gbit/s (asymetric)
10 Gbit's (symmetric)

10 Gbit/s

20dB to 29dB

Down:

10 Gbit/s ransmission using 1575 101580
nm

Up:

1 Gbit/s band spreads from 1260 to 1280
nm

GPON
ITU G.987

2.5 Gbit's XG-PON1
*10 Gbit's XG-PON2 is for future
study

10 Gbit/s

W

29 dB to 31 dB (Nominal class)

Down:

+10 Gbit/s fransmission using
1575101580 nm

Up:

+2.5 Gbit's band spreads from
126010 1280 nm

[Up fo 1:32

][1:32/1:64(1:128) ]

20 km

20 km



| FTTH Next Gen PON

WDM-PON

AWG




| FTTH Next Gen PON

Upstream speed Virtually no limits
E.g., 1 Gbit/s per user

Downstream speed Virtually no limits
E.g., 1 Gbit/s per user
Loss budget TB.C
Wavelengths TB.C
E.g., DWDM in C-Band
Split ratio TB.C
Eg., 1x32
Fiber distance TB.C.
E.g., 50km

Standard Possibly 1to 2 years from now




| FTTH Next Gen PON

OLT

Use of the same optical
distribution networks (ODN)

to keep the investment

safe.

i

i ONT
3 ¢ |mm)

|

|

|

: ONT
10G- | S
GPON | G
I
D | 4 10G-GPON
: ONT
GPON SWslVaY G
I
OLT ; ODN
! ONT
10G- | S
EPON | G
I
D | 10G-EPON
: ONT
EPON SWslViN G
I







|
LrTmm|

W v .
- Bs | ves
~ £
I ¢

(ills5rithy

LT st

T

31

© 2013 EXFO Inc. All rightsreserved.


http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=2hJnbaiFlnaCjM&tbnid=j_Q116KEiTiQnM:&ved=0CAYQjRw&url=http://www.hdwpapers.com/lima_peru_city___modern_building_skyline_2-wallpapers.html&ei=5xorU6S5L5SskAfOzoCIDQ&bvm=bv.62922401,d.eW0&psig=AFQjCNEqF_w9ckxS0iEdQQc09fkzrXC7Fw&ust=1395420241238683
http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=2hJnbaiFlnaCjM&tbnid=j_Q116KEiTiQnM:&ved=0CAYQjRw&url=http://www.hdwpapers.com/lima_peru_city___modern_building_skyline_2-wallpapers.html&ei=5xorU6S5L5SskAfOzoCIDQ&bvm=bv.62922401,d.eW0&psig=AFQjCNEqF_w9ckxS0iEdQQc09fkzrXC7Fw&ust=1395420241238683

Your challeng



\ TESTING CHALLENGES

Copper to fiber
migration
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TESTING OBIJECTIVES

Efficient

Successful
Turn-Ups

High-

Performance Simple

Full fiber
characterization

Be . Reduce
Future-proof truck-rolls



Avoid the pitfalls!

> “It’s plug’n play !”
> NSPs are told there is no need to te

> “We had No problems in trials !*

> controlled environment, know
technicians, field trials with a
clients/employees

» “We don’t know what’s next !”

> Invest today in deploying
healthy networks and be
future-proof



3 phases




What needs to be tested?

» optical power budget (enc

> Optical power levels at C
> Connectors cleanliness

> ORL and reflectance
> Macrobends



Why testing in construction ?

» To qualify the outside plant sec
document for future refere

> To make sure it meets transmi
system requirements (standarc

> To avoid delays and costly re
when the system is turned-t



Why testing in service activation?

> Power Level Assessment

» Service Activation Repc

> Ensure Quality of Exg
and successful turn-



Why testing ORL ?

v

Strong fluctuations in laser output power

v

Potential permanent damage to the

v

Higher bit-per-error rate (BER) in digi

v

Distortions in analog video signals

Important:

Measure ORL in the same direction as the
transmission of the 1550 nm video signal.
ORL is direction dependant



Testing at 1490nm in FTTx

1490 increases CAPEX and OPEX without ROI

Very low added-value with 1310/1550 results (CAPEX ++)

1625 nm measurement in construction is a added-value
when used in template mode for troubleshooting

1490nm has lower dynamic range and requires more
averaging time (OPEX ++ )

Management of three wavelengths test data (OPEX ++)



Troubleshooting a live network

> When 1 customer is connected to FTTH, all outputs are
active with signals

> OTDR SM Live port using 1625nm or 1650nm (out-of-band)
> Filtered port to block the incoming sig |

> Does not interfere with the other ¢
network

©2010 EXFO Inc. All rightsreserved. | 42



Troubleshooting a live network

FiberFinder TM

" Noneed to change heads, self-adjusts the | & pL =Y
bending radius; No risk of creating B
excessive loss and cut signal

B Guaranteed IL below 1dB; Safe to use on
PON or high speed network

= Self adjustment to fiber size and type (G652
& G657A)

©2010 EXFO Inc. All rightsreserved. | 43



l Here is why testing is required!

A real case study from a FTTH service provider in China
In one month, 600 000 home passed in a dense city area




Here is why testing is required!

A real case study from a FTTH service provider in China
In one month, 600 000 home passed in a dense city area

.\

54% | FAILURES ON SPLICES roperly
VI AND CONNECTORES y uction

T34l FAILURES FROM B importance of testing
Sl SPLITTERS through the splitter




Connector inspection



cause of network
fallures Is contaminated
connectors

- NTT-Advanced Technology Research, 2010

80% of network problems are
due to connectors!

rved. | 47



'Connector inspection

» Connector inspection requires a great amount of judgment
» Should | change/clean this connector or not?

PLUGAND PRAY

©2012 EXFO Inc. All rightsreserved. | 48



Connector Issues

Dust/dirt residues transfer:
" |f not cleaned properly:

Did you know ?

Residues will transfer and may create permanent damage when mating

. Cannector A+

Before mating:

Connector B

~-Connector A’

” »
' . " - . X -
‘»
. - -
,
PR
> .
“» -
. -
» . =9
e 2 &
. = ~
- -
» . - £ .
E »
» . .
- ’
- " .
» . »
» "'
- -

After mating:

»] e

Patch Panel

Connector B
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Connector Cleaning

Two cleaning techniques are mainly followed in the field
1. Dry Method
2. Wet/Dry method

’ = Dirty ferrule Cleanferrule

EXFO Inc. All rightsreserved.
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Connector Cleaning

Dry method
" An efficient technique for removing light contaminants

= (Often considered the technique of choice in a controlled manufacturing
environment where speed and ease of use are important factors

Convenience of readily available tools Can possibly create electrostatic charges

Fast and easy Not effective in removing all contaminant types

Example of dry cleaning supplies:
" Specialized lint free wipes and swabs

© 2010 EXFO Inc. All rightsreserved. | 51



Connector Cleaning

Combination method (hybrid)
® Combination cleaning is a mix of the wet and dry cleaning methods

" The first step in hybrid cleaning is to clean the connector end-face with
a solvent and to dry any remaining residue with either a wipe or a swab

Cleans all soil types

Reduces potential static field soil accumulation
Requires multiple

Automatically dries moisture and solvent used in the cleaning process
products

Captures soil in wiping material as an integrated aspect of cleaning procedure

Not expensive

Example of combination cleaning supplies:
" Specialized wipes and solvents

© 2010 EXFO Inc. All rightsreserved. | 52



Do you know for sure if your connector Is clean ?

« Subjectivity in the field is unreliable

 Interpretation errors can cause big problems in the
future *

« Cleaning standards developed




Connect@rMax | g \\iNATE GUESSWORK

ANALYSIS SOFTWARE

Guarantee a uniform level of acceptance:

= Between users within an organization

= Between suppliers and customers

= Between contractors and network owners
" Facilitate decision process by removing subjectivit

©2010 EXFO Inc. All rightsreserved. | 54



ConnectirMax

ANALYSIS SOFTWARE

EC

o

CERTIFY YOUR WORK

Automatically certify connectors
against standards

> Reporting capabilities for record

Keeping

» Proof of compliance to IEC or IPC
standards

» Detailed defect analysis

Il rightsreserved. | 55



"NEXT GENERATION INSPECTION

~ THERE WAS BEFORE... AND THEREIS NOW.
~» Manual process - Automated ”
~ = Subjective « Accurate

« Timeconsuming * Quick and Easy

Manual Automated
CONNECT CONNECT
CENTER CENTER

7 FOCUS FOCUS

CAPTURE CAPTURE
ANALY SE ANALY SE

1007

AUTOMATED

© 2013 EXFO Inc, Alkrightsresérved: | - 56



Compact integrated
dependable solution

Optical Plug ‘n Play Options >
(VFL, Power meter)

Rubber
bumpers

Rugged focus
mechanism

» Two USB ports

and

Integrated GUI with power
meter, VFL & inspection

11h Rechargeable battery
Wi-Fi & Bluetooth
2GB built-in storage

Only 42mm in
thickness

© 2013 EXFO Inc, Allrightsreserveds | 57



THE ONLY 100% AUTOMATED PROBE

SPEED-UP YOUR INSPECTION TEST
SEQUENCE BY MINIMUM

50%

Show timel!



http://www.exfo.com/solutions/fttx-access-networks/ftth-networks/keepthefocus




Simplified OTDR

» The OTDR launches a pulse of
LASER light into the optical fiber.

» Reflections return to the OTDR from
connectors, splices and other irregularities
within the fiber.

© 2010 EXFO Inc. All rightsreserved. 60



Reflectometry Theory

Distance (km) Time (s)
Auto Auto
26q R '1 3 . 10 ns Custom .
160. 28 gy . .30ns Real.
S, Yo o5 “100 ns
A0E Y | 120 90
PuLse DIRECTIONAL
SIGNAL PROCESSING AND GENERATOR COUPLER
TRACE ANALYSIS - -
p— ———
- I0R 6 OTDR PorT
= Pulse width
= Acquisition time
= Wavelength

= Distance range
- Helix factor

AMPLIFIER

Wb
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OTDR Trace Terminology

Splice tray/ Splice tray
C.O.

—

OLT
Inactive!

End of Fiber
Fresnel

Relative
Power

© 2010 EXFO Inc. All rightsreserved. 62



OTDR -- Basic parameters

»OTDRs deal with multiple parameters that all interact with each other

»OTDRs are a matter of trade-offs : gain this, loose that.

»There are multiple recipies to get a good OTDR trace, as well as a bad
one!

© 2010 EXFO Inc. All rightsreserved. 63



OTDR -- Basic parameter: Average Time

Connector End-Face

» By the time the primary pulse reaches the end of a relatively long optical
fiber, most of its energy has been dissipated.

»The OTDR records the results of the first pulse then launches another

and then another. It ‘averages’ the results of multiple pulse launches to
give the operator a clean trace

»The more averaging time, the more dynamic range

© 2010 EXFO Inc. All rightsreserved. 64



OTDR -- Basic parameter: Pulse Width

»Pulse width is the parameter that has the greatest impact on OTDR
performance. In fact, adjusting PW willimpact both dynamic range and
resolution in very predictable ways.

»Put simply, the longer the LASER stays on the more energy is injected
Into the fiber and the greater the effective range.

»Counter side is the resolution of the pulse is reduced and increases the
dead zones

© 2010 EXFO Inc. All rightsreserved. 65



OTDR -- Basic parameter: Pulse Width

Short pulses will give a better resolution but less dynamic range:

Connectors
are
measured
for distance
and marked
as separate
events

510

Two connectors 3
meters apart

End of link (patch

K

panel)

Bls

5ns pulse

3

5

10 15 krn

Long pulses will give a better dynamic range but less resolution:

Connectors
are
« merged »
and
identified as
one event

500

30ns pulse

1;3 1I5 e

© 2010 EXFO Inc. All rightsreserved.
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OTDR -- Basic parameter: Pulse Width

Eventdead zone

» The event represents the minimum distance between the
beginning of a reflective event and the point where a consecutive
reflective event should clearly be recognized.

» Dead zone concerns only reflective events

dB

. . -2.00 /\ I 1.5dB
It is the distance between: [
The beginning ofthe events 100
the -1.5 dB point on the falling edge

-10.00

Event Dead Zone| |«

100.00 110.00 120.00 130.00 140.00 150.00 160.00 Metre
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OTDR -- Basic parameter: Pulse Width

Attenuation dead zone

» The minimum distance between two consecutive reflective or
non-reflective event in order for the OTDR to perform loss

measurement.

It is the distance between:
The beginning of the events the point on
the falling edge where the receiver sees
a value around £0.5dB from the normal
backscatter trace

-2.00

-4.00

-6.00

-8.00

-10.00

daB

A

-\

A

¢ 0.5dB

ttenuation Dead Zone

100.00 110.00 120.00 130.00 140.00 150.00 160.00 Metre
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PON Testing with an OTDR

Standard OTDR;

50,004

SD.DD-&

40,004

R

20,004

20,004

Al | wl /]

2 4 5 o km

PON-optimized OTDR:

40,00

35.004

=0, ol
25,00 i C%

20,004

15.00
10,00 +
S.00- 3

a.oo0

= = (] = 10 km
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OTDR - A tool of choice, WHY?

40.00

35.00 :

30,00

25,00 |‘
3

20,00

o) GE— = L
=)

15.00+ 3

10.00+ u}\‘v‘{
5.00+
T T T T

0.00

It reveals: It 1S use for:

Characterize the link

Total Loss components

Highlight a potential

Optical return Loss problem

Fiber Length Locate a fault

.. | 70



PON-Optimized OTDR characteristics




Procedimiento Recomendado con OTDR

= Comenzar con un pulso corto (5 a 10 ns) para calificar la primera parte
del enlace, probablemente hasta el splitter unicamente para asegurar
que el primer conector y los primeros eventos (en caso que existan) se
encuentran dentro de especificaciones

Events Measure Trace Info.

Mumber Loc. Loss F.efl. Curmul.

1 0.2a0 -07.7 0.2a0
(D.0384 km) 0.00a 0.100a 0.266

0.0584 6.432

"0.0799 k) 0.017 0.z



Procedimiento Recomendado con OTDR

" Realizar una segunda adquisicion con un pulso un poco mas largo
(aprox 30 a 100 ns) para calificar la grafica en el primer splitter. De ser
posible se debe realizar la medicion a 2 longitudes de onda 1310/1550
nm para comparar ambas graficas y si hay mayor perdida a 1550 nm
quiere decir que hay un macrodoblez cerca del splitter

40.00
35.00

20.00

20.00
15.00
10.00

5.00

ﬂﬂﬂl

1000




Procedimiento Recomendado con OTDR

" Realizar una tercera adquisicion con un pulso mas largo (aprox 275 ns)
para calificar la porcion después del primer splitter y antes del segundo
splitter. Un técnico especializado tendra hasta este momento todas las
armas para caracterizar el link hasta el segundo splitter

:]

t

(0.0385 k)

(0.0738% \m]




OTDR Testing

Getting Repeating
wrong the same
OTDR job three
traces | times

A

THE PAINS 4

Countless Complex
trace instrument

analyses for training/
managers . support







Can you read this?

+OTDR Advanced - fiberZOTN.trc (1550 nm)

Grh | Resut |

1.2710 0.030

FO ready | Locd 12092011  09:08 8

Traditional OTDR




And can you read this?

Power Meter BRRIRIE

Open Save Config.

w Menu | Test B
iOLM 1625 nm Power Meter Global pass/fail status : Coety
Link loss: 1.361 dB 1490 nm: D cail Back Home
Link ORL: 20.98 dB Q al

Select...
Manage...

Position (m) Type Wavelength (nm) Loss (dB) Reflectance (dB)
1668.5 Connector | v | 1625

» The connector or bulkhead is damaged, dirty or not well connected.
Inspect and clean as needed,

Intelligent OTDR



QUESTIONS | FOR FTTH DEPLOYMENTS

WOULD YOU LIKE AN OTDR THAT ALL FIELD
TECHS COULD OPERATE?

WOULD YOU LIKE A SIMPLIFIED TEST —
PROCEDURE, INA ONE BUTTON OPERATION?

WOULD YOU LIKE A TOOL THAT PROVIDES m
UNDOUBTFUL PASS/FAIL RESULTS?

WOULD YOU LIKE TO REPLACE THE
TRACE ANALYSIS WITH COLORED
ICONS INSTEAD?

WOULD YOU LIKE AN OTDR THAT CAN
REDUCE TESTING TIME BY 85%?




iOLM e

INTELLIGENT OPTICAL LINK MAPPER

Advanced algorithms with automated
multiple pulse widths and wavelengths to
display the link with clear icons




Arevolution | HOW DOES IT WORK

[ Dynamic multipulse acquistions ]

2

[ Intelligent trace analysis ]

2 2

Combine all results Display clear pass/fail with
comprehensive diagnosis




How it works?

0 LM ‘ intelligent Optical
I Link Mapper

wWhhiauses!
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| IOLM test results

Complete fiber characterization
OPTICAL TIME-DOMAIN REFLECT OMETER (OTDR) TESTING

‘w
Termmal
] \.

Patch Panel 1 x4

Splitter
{Spli
Distri bunon Fiber Sphce : ‘

FDH

iy
e owt 2 Drop
Termmal

Using a multi-pulse approach, all sections are accurately
characterized.

No trace analysis, icons recall the network plans with split
ratio associated



DON’T CHANGE WHAT YOU DO

> OTDR-based
> PON/FTTH or P2P

» iOLM file results
and report

> OTDR file in .SOR
format

RN

© 2010 EXFO Inc. All rightsreserved.
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Service activation testing



Pruebas de activacion de servicio

Pruebas de red en funcionamiento con el Medidores de
Potencia “inline”
= Se requiere comunicacion entre la OLT & ONT para medir la potencia
de upstream (1310nm)
= PPM-350B permite pruebas « pass through »
= Se requieren lecturas simultaneas de upstream y downstream

Optical
Video
Transmitter




Activacion de servicio

« Pass-through » testing with the PPM-350B

= Se requiere comunicacion entre la OLT & ONT para medir la potencia

de upstream (1310nm)
= PPM-350B permite pruebas « pass through »
= Se requieren lecturas simultaneas de upstream y downstream

1310 nm l | dSm Warning

Pass

Splitter

OLT

=13

q Patch Panel
Optical g
Video

Transmitter Termﬁml




APPLICATIONS — IP TESTING

IP (DATA TESTING)

TEST TOOLS

> Connectivity test
> Throughput measurement
> Response time, download and upload times

ez VoIP  (voICE TESTING)

TEST TOOLS

> Livecalls
> Measure VolP metrics: MOS, RTP, Latency

m IPTV (VIDEO TESTING)

TEST TOOLS
Emulate set top box

View video streams
Measure video and audio metrics

Ethernet

© 2010 EXFO Inc. All rightsreserved. | 88



Pruebas en FTTH: Conclusion

*Probar desde la instalacion disminuye quejas
clientes. _

roblemas de parte de

Los OTDRs ayudan a prevenir, |
la activacion de servicio.

* Un power meter PON y un OTDR
para realizar pruebas en unared en

., Podemos soportar tener una r
sucios?



T
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Post-processing and reporting

_ Today Iwill et NUNAreds EDIT
of field measurements ...

DOCUMENT




Post-processing and reporting

FastReporter 2

Post-processing optical measurements
software (OTDR, CD, PMD, iOLM,
ConnectorMax, etc)

Report in various format: PDF, Excel and
HTML

Simplify bi-directional iIOLM analysis

Compatible Bellcore v1 et v2

And more ...

© 2010 EXFO Inc. All rightsreserved. | 92



Data Post-Processing FastReporter 2

FR2 on > Close job on the spot and get paid faster
FTB-1 > Flexible reporting (XLS, PDF, custom)

A
l}\/
4&,
, A
[
B
B
W
B
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EXFO C#nnect

Make your data mean business.

’ ' .('.' oy .

..........

b f'-’»_/;/,‘f’{/');u',,/,.,
" o A

I A

7
, 5
4 \

~ 27 0
Bl | > Better Met 41/d Procedures

» Better Asset Control
f » Better “Business Intelligence”

e © 2013 EXFO Inc. All rightsreserved. = 94
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