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PON basics

— Wavelengths

— Architecture
e Splitters

Fiber Optic Testing Compared: Data Center, Telco, PON
Guidelines for Certification

Troubleshooting
— OTDR
— Power Meter

Document Results
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‘basic’ PON architecture
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“Flavors” of Passive Optical Networks

= E-PON and G-PON — most common today
= 10G or XG-PON, NG-PON, NG-PON2

= TBD-PON

= FTTx

= PON-LAN

= We don’t care what you put on the road — we want
to make sure the road is in good shape to support
today’s applications

— Loss Budgets, Distances, Reflectance limits may be
tighter with future versions ey
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Basic PON LAN Layout

Fiber Concentration Point (FC/
FCP)

Fiber Distribution Terminal (FDT)

Fiber Distribution Hub (FDH)

DataCenter/MDF Single Administration
Point
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Multiple Wavelengths A One Fiber

&

WDM R ONT/
Coupler e ONU

o

OLT - Optical Line Terminal
ONU - Optical Network Unit (ONT — Optical Network Terminal)
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Multiple Wavelengths A One Fiber - Split

OLT \ / =&
N\ <

ONT/
ONU
L Ll BN 1490nm 1550 nm
OLT — Optical Line Terminal
ONU - Optical Network Unit (ONT — Optical Network Terminal)
AT TG
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Multiple Wavelengths A One Fiber — Redundancy

plitter . Splitter .
Splitter
OLT .

OLT — Optical Line Central Office
ONU - Optical Network Unit (ONT — Optical Network Terminal)
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As you increase the split, you attenuate the

light that is coming out of a splitter

P

Lad

J
= A1X2=3.5dBofloss K
= 1X4= 7dBofloss il

= 1X8=10.5dBof loss & A A A

pint pint pint pint pint pint pint pint
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Loss Budget per Split per TIA-568 Annex D

Maximum permitted loss 3.9
dB
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Test of PON Networks

A
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Fiber Testing Applications Compared

Data Center

= Multiple connections supporting
— “Zoned” Data Centers
— Spine — Leaf Architecture
— Ultra Low Loss components

= Short over all distance

= Very low loss budgets
— Even lower budget per segment ... often < 1dB / segment
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Fiber Testing Applications Compared

Data Center Testing

= Testing is typically performed per segment

— Testing Errors are often systematic and will accumulate for the final
channel

Best Practices:
= Basic/Tier-1 Testing with a LSPM

— 1 Jumper Reference
— EF Launch Conditions for Multi Mode
— Use of TRC (Test Reference Cords)

= Extended/Tier-2 Testing an OTDR is complimentary
— More detailed but less accurate
— Bi-Directional testing for evaluation of components is essential
— Use of Launch & Tail Fiber essential ——
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Fiber Testing compared

Data Center short Connections Segments % #* 1) *
e lon Fiber End To End o O o
(Long Haul) 8

PONs medium Splitter End To End (o n/a o

Note 1) Essential for Pass/Fail on component level
O...Not Essential  O...Beneficial O..Recommended #...Essential
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Guidance for Testing

Optical Fibre Testing - PON

Version: 1

= Manufacturers from

PON-Lan Systems

= Test Equipment

Manufacturers

IEC 61280-4-3
(Committee Draft)

Performance of PON Links
Using AS/NZS 14763.3 for us|

COMMSCOPE

[Testing a balanced PON Splitter with CertiFiber® PRO

The CertiFiber® Pro Optical Loss Test Set (OLTS) can be used to check that the loss of a
PON Splitter (often referred to in various standards as a non-wavelength-selective or
wavelength-selective branching device) to check that it is within the allowed defined limits.
The CertiFiber® Pro has an operational mode called “Loopback” that can be employed to
test optical splitters, no matter whether they are designed for outdoor, FTTX deployment, or
indoor, Passive Optical LAN (POL) use.

This article describes the correct method for testing a balanced PON splitter for port loss
using the CertiFiber® Pro, there will be a further article to address unbalanced PON spliters.
This method refers to the requirements of ANSI/TIA
recommended splitter losses and connector losses.
critical component to successful measurements. Wi
damaging the installed connectors. The CertiFiber f
inspection of end face connectors. Users are encou

2018 3

80-4-3/CD1 @ |

Additionally, the CertiFiber® Pro with the USB came 76 INTERNATIONAL ELECTROTECHNICAL COMMISSION
end face to IEC 61300-3-35 Ed 2, in around one sec
SC APC and SC UPC. ”
7
Equipment that will be required to carry out this proc 70 FIBRE-OPTIC COMMUNICATION SUBSYSTEM TEST PROCEDURES
®
8 Part 3: Installed passive optical networks —
" 8 Attenuation and optical return loss measurements
CL) a
oL, :
= o
) B FOREWORD
} 87 1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
o
o
9 inadditonto otnor actviies, IEC publishes Intornafional Standards, Tecnical Specifications, Technical Reports.
o Publicly Available Specications (PAS) and Guldies. (hereafer referted to a5 "IEC Publicaion(s)). Their
9 praparation s niusted o achnical commitnes: any IEC Natlonal Commitias narastad s the subjact caaltwith
= 9 mayparicipatonhis amationa,
94 wilh the IEC alza pariicnate in hi preparation. IEC collaborates closely wih the International Organization for
oo gL 95 Standardization 150) in accordance wiih condions dstermined by agreement betwesn the o organizations.
9 2) The formal dacisions or agreemants of IEC on technical mters express, as naarly as possible, an inemational
67 conssnsus.af opinion on the relevant subjects sinca each techmical commitise has representation from al
% imoresied IEC Nationsl Commitioss
9 3) IEC Publcations have the form of racommendations for international use and ar acceptad by IEC National
100 Commitiess In hai sanse. Whie all reasanable afforts are mad 1o snsura tha ths techmical canteni of [EC
0 Publications s accurata. IEC cannl ba hald rasponsicls for the way im which they are used o for any
102 misintorpratation by any snd user
18340 I odor topromle nenaanal oy, 1EC Naoral Comitass undorse o aply £C Pubfsions
» 108 varspeentylo e e st possbi b e icatians.
Rooxr  pnssoscaree 105 TG Pubicaion and s corespending ratondl o rogona pulcston Shllvo leary mdicatea n tno lattor.
106 5) IEC iself doss not provid any atestation of conformity. Independent certication boies provice conformity
Before proceeding 1o test, ensure you have the corrt 100 L0T e R dapandant coraton poder. iy 8 5
CertiFiber Pro®. In this example, we shall use @ CUl 105 ) allusers shouid ensure that they have the latet eition of his publcation
using vendor specific limits, the test methodology de 110 7) No liability shall atiach to IEC or its diractors, employass, servants or agents including individual experts and
acceptable connector and spifter loss values may vi 117 memiers o 15 ol comifeesand IEC sl Caites o el iy propary damage
Giner darmage of any nafura whatsosver, whelher direct or Indiect, o (b1 costs (RGluEng g3
for the testing of the splitter could result in negative | 113 xpanses rting out o 1 publicaton:ued 1 of reancs dpen. s IEC Pablcaton orany ohet IEC Pubations.

114 8) Atntion is drawn to the Normative referances ci

d in this publication. Usa of tha referancad publications is
tion,

115 indispensable for the correct application of this pul
116 9) Atantion is drawn to the possibilt that some of tha alemants of this IEC Publication may ba the subjact of patant
17 fights. IEC shall ot be held respuns\b\e mmaenmymg any o all such patent rights
118 9) Atentionis drawn may be the subjoct o patent
119 i LG <hall oy b el responcins o daniying any o 1l such patet ghe

120 International Standard IEC 61280-4-3 has been prepared by subcommittee SC86C: Fibre optic
121 systems and active devices, of IEC technical committee 86: Fibre optics.

122 The text of this standard is based on the following documents:

"o Reporonvoing |
DTS oo |

124 Full information on the voting for the approval of this standard can be found in the report on
125 voting indicated in the above table.

126 This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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Guidance for Testing will come from

IEC 61280-4-3

= Title:
FIBRE-OPTIC COMMUNICATION SUBSYSTEM TEST

PROCEDURES —
Part 3: Installed passive optical networks — Attenuation

and optical return loss measurements

= Status:
First Committee Draft
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IEC 61280-4-3 Testing Methods

RTM
R T
Four Methods Defined Method
1. LSPM —One Cord Method
2. OTDR —In Band (...Out Of Service)
3. OTDR - Out Of Band (... In Service)
4. Equipment Source & PON PM ) ATM :

e
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IEC 61280-4-3
Testing Method

(1) LSPM - One Cord Method



Single fiber testing —

arejerence

Connect the MAIN and SOURCE units together
— One Jumper Reference
— Must have input port that is the same as the connector to be tested

SET REFERENCE

. Connect the other end of the

¥ TRC to the input port. There
is now 1 jumper from the
output to the input.

SCIAPC SCIUPC
) =

BACK TRC LENGTH



Single fiber testing — setting a reference

After the reference is set, verify the condition of the other Test Reference cord
Save this in your test results!

SET REFERENCE

SCIAPC l
¢ } To verify the loss of the

¥ TRCs, connect them
together with high-quality
adapters.

SC/UPC
p
| | [




Single fiber testing — setting a reference

Connect to the link you wish to test

CCCCCC

CCCCCC

CCCCCC

SET REFERENCE

. The referencing wizard is

¥ now complete. Prepare for
testing by connecting the
TRCs to the fiber under test.

BACK VIEW REFERENCE




Sample Test Results

Bicsi v

Cable ID: HGI ROOM 204 Test Summary: PASS
Date / Time: 12/29/2017 09:28:09 AM n=1.4670 (1310 nm) Backscatter Coefficient: -79.5dB (1310 nm)
Cable Type: OS2 Singlemode n =1.4680 (1550 nm) Backscatter Coefficient: -82.0dB (1550 nm)
1310 nm 1550 nm Connector Type: LC

Loss (R->M) Result PASS PASS| Patch Length1 (m): 2.0

PASS Loss (dB) 18.34 17.47 | Reference Date: 12/29/2017 09:08:10 AM

Date / Time: 12/29/2017 09:28:09 AM Limit (dB) 20.50 20.50 1 Jumper

Test Limit: *4 PORT & 8 PORT* Margin (dB) 2.16 3.03

Operator: Jim

certifiber pro (17455007 v5.3 build 20171229 | Reference (dBm) -2.66 273

Module: CFP-QUAD(2427616)

A
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IEC 61280-4-3
Testing Method

(2) OTDR (In-Band
... Out Of Service)



Upstream OTDR Testing

OTDR

Loss

UPC

L

Length \
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Upstream OTDR Testing

OTDR

APC

Loss

0 200 400 600 800 1000 1200 1400 1600
Meters (m)

Length
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OTDR

APC

Loss

Upstream OTDR Testing

4 \__________\

st \ 8 Port
S0l H Splltter
L

sl 4 Port
ol Splitter

0 260 460 660 860 1050 12%00 14=00 16:00

Meters (m)
Length
’ B, O
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Downstream Testing

OTDR

APC g j\\\\

Length
UPC /\\-’l\'\\.,\\_'\
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APC

Loss

Downstream Testing

OTDR

dB

104

151

201

500

1000

1500

Meters (m)

2000

2500

3000

3500

Length
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Downstream Testing

UPC

Loss

OTDR

15 T T T

10+

5 - \

0

= \

51 \ ]
101 ]
151

580 10=00 15{00 20:00 25:00 30:00 3500
Meters (m)
Length
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Downstream Testing:
Is it feasible ?

I 01/25/2018 11:48:19 pm
1 | 1

|
| |
EXP-14-1111 | 11 1 FAIL
I TABLE |

EventMap

1 1 L) 1 L 3025.0 )
500 1000 1500 2000 2500 3500 (m)

End

- @ Events @ 1310 nm

SETUP ./\.m
BICS/



Downstream Testing: Testing Splitter (1)
Is it feasible ?

EXP-14-1111

EventMap




Downstream Testing: Testing Splitter (2)
Is it feasible ?

W ==

EXP-14-0111

EventMap

B © events ) 1310 nm Y iy
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Downstream Testing: Testing Splitter (3)
Is it feasible ?

EXP-14-1111

EventMap

1 ) L} 1 L} 4 1
500 1000 1500 2000 2500 3500 (m)

n
2 @ Events 1310 nm




Downstream Testing: Testing Splitter
Is it feasible ?

O 5~ I : 01/25/2918 11:48:19 pm
1

EXP-14-1111 | ' ' FAIL

I
EventMap !




OTDRs: Can help with the interpretation

= P 01/29/2019 7:41:00 am
€3 DMO-ART-DWO FAIL

EventMap TABELLE VERLAUF
i Glasfaserldnge: 2236 m
i Gesamtverlust: k.A.

2
247 m

Verlust

994 m bei 995 m
€ Verlust: 0.62 dB

995 m

159 m

. 1 -’ Glasfasertyp: 0S2 Singlemode
Testgrenzwert: General PON RL = 40 dB

ERNEUTTEST
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IEC 61280-4-3
Testing Method

(3) OTDR (In-Band
... Out Of Service)



Troubleshooting a live network with an

OTDR
Auto OTDR End 1 1t
Error re
Immediately disconnect the fiber from the on Live Fiber!
tester. - .
The tester has been attached to an active
it il smitting on the fiber?

OK

om OTDR transmitted pulse

— Unplug from OLT (and run)

e
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— Unused wavelength — 1625 nm or 1650 nm
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Filtered test configuration for a PO-LAN

| —  »  1625nmtestsignal | | \ | | \
nm test signa Desktop ONT L U 1\ e
T — —ms \ — \ S —
4+— A Reflected 1625nm signal = Q\\‘ \\ — oLT
1
1625nm ONT Feeds E SBlitter 1:n | Splitter Feeds Floor Feeds Patching from ONT
' —_— —
. =3 1550
) Live X —|E— _— Patch Patch =
Fiber Filter Drop Cable to ONT Panel Panel 1490nm
1310, 1490 & 1550 nm blocked
l OTDR Launch Cord

=  When troubleshooting a connectivity issue you need to be able to connect into a
OTDR live system with an OTDR to troubleshoot without disturbing the system and
without the POLAN signals interfering with the OTDRs measurements.

— A 1625nm Live Fiber Filter allows the OTDR to use an out of
band 1625nm test wavelength to meet this purpose.

* 1625nm will not interfere with the active POLAN signals

* The filter blocks the 1310nm, 1490nm and 1550nm wavelengths from

entering the OTDR port, preventing them from interfering with the
measurement

- B O
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IEC 61280-4-3
Testing Method

(4) Equipment Source & PON PM



Example of PON to the desk
- :

gle fiber

- N
x.
’x?

switch —in
ple —to
opper

vity to phone,
P, local WAP,
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In Conclusion

= PO-LAN is a valid alternative to pure copper

nhetworks

= Many niche markets are appearing
— Hospitals
— Hotels
— Government

= Follow best practices for loss testing
— One Jumper reference, accurate loss budget

= OTDRs can be used for Troubleshooting
— Clean the fibers before you connect them!
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Thank You for Your Attention !

Questions ?

END
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