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Testing 100G Transport
Networks and Services

Peter Winterling, JDSU Germany
SSO Organization EMEA

< JDSU

Agenda

» Technology for 100 Gbps
Optical Modulation Formats
Coherent Receiver
Optical Measurement Line Side

» System Verification for 100G (SVT & Lab)
CFP & CFP2, CFP4 and QSFP28
Physical Layer evaluation
OTN acc. G.709

» Turn up Tests for 100G (Field applications)
J-Proof
RFC2544 | Y.1564
Tester overview
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Backbone upgrade to 100 Gb/s

| Client Side |

100 GE
CFP

F>= CFP

‘ Line Side ‘

Dense WDM
on 50 GHz ITU Grid

=

OTuU 4

%l

10 x 10 Gb/s NRZ signals
Coarse WDM at 1550 nm

JT 49 T / Toj GHj)

1523 1531 1539 1547 1555 1563 1571 1569 1587 1595 nm

MODULATION FORMATS

DP-QPSK (coherent Rx, long-haul)

4 x 25 Gh/s NRZ signals
Coarse WDM at 1300 nm

(h4.5 nm/ soT GHz
L1

1295.56 1300.05 1304.58 1309.14 nm

4 x 25 Gb/s NRZ / Duobinary
(direct detection, metro)

Interfaces:
Line Cards or 300-pin MSA Modules

Client
Side

< Jpsu
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Optical and Electric Tests on Client and Line Side

Optical Measurements

on Signal

* Power levels with
power meter

Electric Measurements
* BER testing through
standard interface

coefficient
e CD, PMD, and attenuation profile

Optical Signal Quality
e Spectral analysis with OSA:

Power levels and center frequencies
¢ In-band OSNR of individual signals

No BER Testing

Client Side | Line Side |
=y — =
S — ROADM OA = e
<=, CFP 100 GE 1 |
ad = = Elﬂ
@CFP @*m}’.—‘ =3 _El) BERT
Basic Fiber Basic Fiber Characterization
Characterization + Connector inspection Client
» Connector inspection » Optical insertion and return loss .
¢« OTDR: event loss, reflectance, loss Side

Jpsu
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Evolution of Line Side Transmission Formats (DWDM) £>JDSU

= Binary modulation formats: 1 bit/symbol

e OOK (On-Off Keying): 10 Gb/s (10 GBaud)

e BPSK (Binary Phase-Shift Keying): 40 Gb/s
(40 Gbaud)

= Quaternary formats: 2 bits/symbol

(Ol
* QPSK (Quaternary Phase-Shift Keying): '(><)'
40 Gb/s (20 Gbaud) 00 ~—— 10

— —
= Polarization-multiplexed QPSK: . " . .
(4 bits/symbol) ———+ + F
« PM-QPSK: 40 Gb/s (10 Gbaud) A A
100 Gb/s (25 Gbaud) ” Pol | Pol
\)JDSU I se Corporation | JDSU CONFIDENTIAL AND PROPRIETARY INFORMATION s

Principle of Polarization Multiplexing {>Jpsu

Polarization multiplexing or polarization-division multiplexing (PDM) doubles the
spectral efficiency of signal transmission by combining two orthogonally

polarized signals of the same bit rate into the same wavelength channel.

) ) Vertical ’

Using PDM enables the reduction of Polarization /\/V\/

the symbol rate by a factor of 2, | _
Horizont \

thus enabling the use of digital PO?ar:izzoar:ign ————

signal processing for PMD and CD Polarization W
compensation Multiplexing

PDM is widely used for long-haul 100 GB/s DWDM transmission
(usually in combination with coherent detection ).




Coherent Receiver with High-Speed Digital Signal Pro  ces&hpsu

Coherent Optical Mixer Digital Signal Processor (ASIC)

100 Gbls _
PM-QPSK 00/ _i—% ADC
>| PBS 90° c Wl S .
Mixer :i—[> ADC = 3 q =
: : N Bl || o
PD N0l NE

0°/

:i—b P O = O B &
EEET Mixer i—v ADC =

Electronic compensation of chromatic dispersion (CD )

* More than 50,000 ps/nm (~3000 km of uncompensated G.652 fiber)
Electronic compensation of polarization-mode disper sion (PMD)

* Atleast 25 ps mean DGD (>2.5 x the tolerance of 10 Gb/s NRZ signals)
Electronic polarization de-multiplexing and signal decoding

» Versatile decoder: adaptable to BPSK, QPSK and 16-QAM

Testing 40/100G with an OSA (line side)

IRl
> | > @ > . > @ » Mannor‘H ﬁ BEBT
LRl

][ ROADM Points

HHERER
kg < (>

L

No difference to legacy 10G testing

Final acceptance tests during 1&M and trouble shooting

Use system monitor points (Mon) at amplifiers
Measure power, wavelength and OSNR of each DWDM-channel

Challenges for spectral testing

New modulation formats create different optical spectra and require
new analysis for accurate measurements

Need for in-band OSNR testing in ROADM networks
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In-Band OSNR measurement at single Polarized Signals

=gl
1% N, 1310/2011
[ < Jpsu B
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{3 Ipsu

I-OSNR
values in the
tabler

10

JDSU’s On/Off-OSNR Method

Step 1: Reference measurement

Select ‘Ref. Acquisition " and perform OSA measurement (all channels ON)
All channels will be detected and the total channel power (=integrated ch-power)
of each channel will be shown / stored in the table = P_ch (Power [dBm])

OSNR and Noise will not yet be displayed

Acq: 1 S<->N: 00-OSNR 17 A->B j |7Ref_. Acq
I A:192.4010THz -26.79dBm  B: 193.3640THz -54.67dBm LiNaise Acq
7 A-B:-0.9630THz 27.88d8B
R N S R R
) " Zoom
o) f 0 & shift
P 1 | 1
I [ =
30— % e 1 ]
I \ | P Curser A
= ’i i / A \‘-‘ / | “ [T Cursor B
40— g : l \ =
ok i =)
45— i ‘\," rJ | ¥ Trace
50— 1 Y 3 ¥ Table
. /
1936 1935 1034 1933
Detect.: Permanent Splitter: No Nb: 000/000 Pcomp:
Channel  Freq.THz)  Spacing(THz) Power(dBm) p(%)
2.5493 @~ -=--- -17. 0.00 0.00 1.81
002 2.4998 0.0495 -22.12 0.00 0.00 0.61
003 2.4506 0.0492 -22.32 0.00 0.00 0.59 7 cursor X
004 2.4009 0.0497 -20.10 0.00 0.00 0.98 [ cursor ¥
005 2.3506 0.0503 -19.60 0.00 0.00 1.09
006 2.2996 0.0510 -16.95 0.00 0.00 2.02
007 2.2496 0.0500 -18.68 0.00 0.00 1.35 -
i
A 013 J0S Uniphase Corporation os IAL AND PROPRIETARY INFORMA 1
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JDSU’s On/Off-OSNR Method

Step 2: Noise / OSNR measurement
Select ‘Noise Acquisition '’

Switch-off the channel you TrefAcq
want to measure the OSNR | 0200E Eilolee acq
(one or multiple channels) Mgl 5<->N: 00-0
Start measurement _ [@ | A:192.4011THz -26.76dB! .3640TH2Z -54.47dBm &Zoom
f " A-B:-0.9629THz 27.70dB Cshift
. dBm- " -
— OSAwill perform a scanand | f A . —
. | [ il
automatically detect the e i o geo
channels switched-off o il L1 | 1“ H &
— Two traces will be displayed | I ‘\ o \\ forfsipoy ‘/ i ETI'TE
green = noise acquisitiont % ‘ T j Vet bovefine) pile
blue = ref. acquisition a5 fro / 1/ 1 B
. 50— ek Bl | o) y L: ;I i Rl
— Noise power measured at P —— Y. feewic’ SR B e Scale
the center frequency of the
channels switched-off T \ e nigtay. | | channel
Noiee power norml zed 002 1674008 008 T iy 703 ses _
0 0-1nm noise bandwidth 003 192.4506 5018 2782 _ 5.39
: 004 | 192.4009 i e T 8.97  Advanced
— OSNR will be calculated and ' g5 192 3506 002 3039 1006 v
displayed in the table based > 3]

on P_ch from ref. acquisition
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Summary {>Jpsu

Polarization nulling technique does not work on pol-m ux
signals used in 40G and 100G systems

Operators and NEMs NEED [-OSNR results

JDSU’s On-Off OSNR method (OO-OSNR)
e Auto-method to support I-OSNR measurements in pol-mux signals
» Fast and easy 2 step method, guides the user through the test
« Applicable only for systems out-of service
» Verified by NEMs

* SW application which can be used in any JDSU OSA
(OSA-110M/H/R/180/500/500RS) using a
MTS-8000V2 or an MTS-6000A platform

™




< JDSU

Client Side Interfaces

A wide range of 100G optics exist {>Jpsu
I

| | |
SR10 MMF LR4 SMF 10A (SMF) Line Side
CXP CFP CFP OIF MSA

%” 100GE _4#100GE
& Data Centrai & OTU4 OIF5x7

Enterprise ’ — NG module
No further developments
EOL - 2014

4 Lineside
Analog o ’ '
— CFP
ASIC inside
CRP2-SR10 0 ;:(;:;2 R4 cFP2to replace CFP over time
- Same photonic interface (LR4)
- 4 CFP4/QSFP28 - Electrical bus moves from 10G to 25G

wy” [ SR4(needsFEC). -/ CFP4/QSFP28
» 2015+ : :
highest density & lower cost

11/18/2014
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CFP MSA 100G Form Factor Roadmap {>Jpsu

° 4x CFP

System OEMs have expressed reservations
about jitter budget, reach, and thermal 8x CFP2
limitations of the 25G QSFP+ module
CFP MSA will study CFP4 as alternative to 16x CFP4|
QSFP+

32x CFP4|

DD

< Jpsu

100G SMF Evolution {3 Ipsu

First Gen CFP is bulky, expensive and power hungry — based
on 10G electric interface

Next Gen CFP2/4 is fully based on 25G technology

« smaller for higher density to support Terabit line card

e Y - Y power consumption comparing to CFP

¢ Scalability from CFP (gearbox, MDIO)

* lower cost overall Challenge is integration &

Challenge is 25G power density
1/0
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CFP2, CFP4 & QSFP28 {>Jpsu

All of these represent ‘next generation’ 100G
They all offer increased density (and lower power & cost) than CFP

All have a part to play in the future 100G ecosystem

CFP => very flexible slot that can support 40G (parallel & serial),
100G (10x10 & 4x25) and line side applications

CFP2 => native support for 10x10 and 4x25G, good thermal
density

CFP4/QSFP28 => ultra high density — ideal for datacenter
applications

CFP2, CFP4 & QSFP28 all require a stable 25G 1/0 to work

< Jpsu

< JDSU

System Verification / Lab
Test and Measurement for 100G

11/18/2014
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The ONT 603 with 100G CFP2

The only completely integrated 2
generation 100G CFP2 test solution

Delivers in all the critical areas of
100G development, validation and
test

Shares the ONT 100G CFP pedigree

Unique accessories and applications
to accelerate product development
and validation

Less than half the cost (and x3
quicker test time) than anything else!

Product Overview {3 Ipsu

2 Independent Ports
*Each port (1 & 2) can be configured to be either 40G or 100G.
*Each port can independently run basic physical layer through Ethernet & OTN
at either 40G or 100G.
*Perfect for the needs of mainstream 40G & 100G in SVT & Production

Q°®
@ @

FAOCHHE 18000 QIR - LI

i ol 1T

©
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Testing 100G Systems - Unique Bit Capture

|/ BitCapture

prvs — —
confg. R InticateBitEmors ) Czomin Ji L Conter )
status "
i [P T T gy 0 W gy A O T
& RxErors/
0 1 g O
Alarms Lane #1 T i T i 1
il tene#2 LU Tl UL e [ 1]

i tanes MU P IAA AT LA e nnt mupy [ 1

Errors

TxErrors! § il
pamll (-0 ; 5
= Tiager ¢ i : ; :

e L 0 32

e
varii i @
i

Rcai K | < B B H

Capture 282040 o 261088
ReEror | TriggerEnables Search Capture Gontrol
Nurmher of Shats
ARSI [8 EBitErorLane#0 [ Lane#o 4 BitEror D
= Force Trigger () [ 1
e {8 BitErorLane #1 & Lane#t i
Test g e [ Trigger hode:
— [8 BitErrorLane#2 8 Lane#2 @ s
_ [1o0000000000006¢ single 5
Halp /8 BitErarlane#3 8 Lane#s 0I0NCHaTHnN0e =
File Name:
I Edenial Trigger 162 Y werie [ @ save RER R
A Laser € Elapsad: |00 00h 00m 00s | of |Continuous T sat

Trigger on wide range of events
Reconcile & correlate errors with cause
Rich interconnect trigger options with external equipment

Testing 100G Systems - Unique Dynamic Skew

> ONT-603 BA-005 10.49.74.49 - Slot 1-2.1 40/100G CFP2 Module PR-004 - New-Application o] B |
Fio. Applcatins Besuts Tods _fab o
/" Skew Variation
PHIS —
Config.
Status
oveniew | | [ Enable = htaimng L Sl Solectlane  Delay caus
2 Reermors/
-~ - w
RiBER = T
Estmaton
TxErors!
arms. N
Txtane | Motk [Trangle O = =
TxFreq Latest Skew Peak [1000 mul
Variation
. - n
RxBil Earliest Skew Peak [-1000 mul 4 — ="
Capture
= e D > moirs
Analysis
su — =8
o | S e =
Help Skew
(@ elcted a0y
Payload
Et <y
= nserion || \Laser) ) Elapsed: 004 00h 00m 00s | of [Continuous ¥ Sty

Self contained — no external clock source required
Large range (+/-512 Ul)
Skew rate range from 10 mUl/sec => 10 Ul/sec

11/18/2014
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CFP is the Past — CFP2 is now! {>1DSu

» According IEEE next CFP generation already
deployed in serial production now.

» How to protect your Invest?

[k = B

¥ nnEn
* » P
ki anunan)

munne

ekl

CFP-CFP2
adapter

» CFP-CFP2 adapter for SR10 (10x10G) is avialable now

» CFP-CFP2 LR4 (4x25G) adapter avialable now

- Have been working on active LR4 CFP-CFP2 adapter for some time
» Important facts to note:

— CFP and CFP2 support the same 100G optical interfaces

27

Adapting next Generation: CFP2 to QSFP28 adapter {>Jpsu

sampling

This is the adapter for CFP2 to QSFP28 and can supp ort LR4, SR4 & potential
future PMDs like PSM4 & CWDM4

The adapter takes care of all the | 2C to MDIO and allows all the deep applications
like OTN, PTP and Ethernet to run over QSFP28

11/18/2014
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Testing Core/Edge Router {3 Ipsu
» Port Density
> Route Speed
» Cross Talk
Core Router / Switch board 1960!
v Josu .

Why The ONT 100G is successful? {>Jpsu

» Physical |

» Compre .

* Unique " SSl¥’ y

« Dynamic SSessS
Y! _—

» Ethernet

» Service §
conditior

» OTN —
. ODUOS 7y
. ODUflex}§
e Multi-ch:
» SONET

e SDH/SQ
FR opticy

< Jpsu

11/18/2014
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< JpSu

New OTN acc. ITU-T G.709

Simple Structure on ONT

» Simple Menu structure helps ‘peel the
onion’ without tears!

Applications help the critical photonics

First get the physical layer up and running.
integration phase

111.810 Ghis

P PCS layer or OTL layer with alarms, errors ]

and new issues like VL skew

OTU4

obuz2
ODUO0 and ODUflex

OTN layer with double stage multiplexing supporting ’
oput

DUl

Client application MAC & IP or SDH/SONET. Everythin g from simple

L connectivity tests through to complex QoS over 256 f lows!

A
2
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Our Pedigree {>Jpsu

October 2009

» JDSU releases world'’s first 100GE & OTU4
test set.

» Unique (patented) features include Lambda
mapping, dynamic skew & MDIO debug.

» Product now includes comprehensive OTN
mapping from ODUflex upwards.

December 2011

» JDSU releases most compact and
comprehensive 100G field solution, includes
native support for CFP & QSFP+

Our Pedigree {>Jpsu

February 2013.

Comprehensive validation test for CFP2

» integrated solution for full CFP2 coverage

» from unframed BERT through Ethernet & OTN

» Member of “Industry Reference ONT 100G family”
» Intelligent applications focused on end needs

March 2014

» JDSU released smallest 100G Analyser with CFP2,
QSFP+ and SFP
» Same feature set as 100G analyser (CFP)

2013 JDS Uniphase Corporation DSU CONFIDENTIAL AND PROPRIETARY INFORMATION
35
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< JDSU

Test and Measurement for
100G / Field

100G Installation and Trouble Shooting

Service Activation testing

» J-QuickCheck Perform quick end-to-end
connectivity and config test

* RFC 2544: Throughput, Latency, Packet
jitter, Frame Loss, Bursting

* Y.1564 SAMComplete
» Easy far-end loop up/down operation
* BERT burn-in tests

< Jpsu

16



J-QuickCheck

Issues The Soluion

® Perform quick end-to-end connectivity and

® Takes too long to get right test set-up to
config test

start
® Users mis-configure settings: loopback ; ® Verifies test settings (like auto-neg) and
auto-neg connectivity to far end with loopback

® It's a waste of time to run the full test if ® Quickly verifies end-to-end throughput

throughput is way off from expected

[ P12 1GigE Layer 2 Traffe EWM

[/d-GuiskCheck | oy | symmetry | 8 -connest | sewp |
Hardware

(4 | 1
El: g ! Ective
L & \—\,.j Permanent

Local Port: Basic Load Test
UP (1000 / FD)

Up or D @ Remote Loop: (Hardware,

(Up or Down) © P: e Complete

O Cive] Frame Size: 1518 (bytes)

Auto Negotiation: [ on ] [ Active Loop ]| Expected Throughput

Run RFC 2544 Test

7/

Exit Exit J-QuickCheck

SUCONFIDENTIAL AND PROPRIETARY INFORMATION
38

i
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< Jpsu

Time-Saving Activation Procedures

F1: 1070011000 Exn Layer 2 earr... [CTETITES

‘]-QUiCkCheCk Integration 1 GuickCheck | cmgs} Symmetry | 5P Connect | Setup | Summary }ngmss}

- . Test Complete

Tlme_sa\”ng pre-teSt CheCker Throughput | Letency (RTD) | Packet Jiter | Frame Loss Rate | Backro Back |
» Loopback Detect .
«  Summary throughput test .E»"ff Sl

The quickest RFC test oy ———————— = ¢
 Run throughput, latency & packet g:% Il |] Im “] Im "ﬂ I]I] o

jitter simultaneously E II l

+ Integrate high-accuracy latency T i
* Will integrate CBS test

Run RFC 2544 Test

Y.1564 at 40GE/100GE New

CBS Test

Only 100G solution with Y.1564
* SAMComplete available for multi-
stream test
» Integration of high-accuracy latency
& CBS test

2013 JDS Uniphase Corporation JDSU CONFIDENTIAL AND PROPRIETARY INFORMATION
39

v Josu
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High-Accuracy Latency

» Importance of highly accurate latency: ¢ i
« Financial sector (HFT) tough e N

requirements at nsec level
* Wireless (4G)

» High precision ATPv3 supports
distances up to 37,000km (18,500km
RTD)

* 100 nsec accuracy

» Stockholm to Lisbon is 4000 km one
way - can always measured with
high precision!

v JDsu .

JDSU CONFIDENTIAL AND PROPRIETARY INFORMATION
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Anatomy of Optics Self-Test

Straightforward workflow script with report generation
|£: | base-8000e-245:0 IEI@

Discannect | Options | Clipboard | Send Cir-altDel | Refresh |

B 97%&es $  10:35pm 09/17/2013

% Applications 97%

gpiin:s Test P1: GTL3.4 43.02G Layer 1 Optics Test

-*nc: Optics Test

| Hot Running
Error Log T =
Connect a short patch cable connecting the Tx and Rx terminals of the connector you desire to test,

y Test CFP Test QASFP+
i ¥ Optics ) Optics v—
Test duration - CFP or

calculated based =« ; e E—— ;
) . Test Duration |Recommended % | Signal Presence Test: None
on BER objective I
The reci ed time for this
R Current BER:

configuration is 2 minute(s). Onptical Signal Level Test:
Clock offset
with range
* Repor
eneration ’

BER Threshold [ 110712 : Excessive Skew Test:

o o
Enable PP Line Offset At PPM Ofiset:

PP e Off: 1
e [ BER threshold

or stop on error

42
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Deploy the Right Solution for the Application

MTS-8000v2 MTS-6000Av2 MTS-5800
Modular and Expandable Compact and Modular Integrated and Handheld

10M-10G Ethernet
SONET/SDH, PDH,
OTN, FC, CPRI, & OBSAI

New: CSAM ——— )
40/100G Module  40/100G Ethernet

{
®
40/100G Ethernet OTUS&OTU4 l\ggﬁ‘zﬁtﬁ Stratasync
OTU3 & OTU4 . ; - ermet
OC-768 & STM-256 (- "o o e
OC-768 & STM-256 TN, SONET/SDH,  Empower your assets
PDH, FC, CPRI, & OBSA!

CSAM: 100G Services Application Module

Enabling Versatile 100G Testing

» Test 100G with the ultra portable
MTS-6000A

» Enable 2 port 100G testing or T1 to
100G with the MTS-8000

> Key Features:

* Supported Optics: CFP2, QSFP+, and
SFP+ with field optimized optics self test

¢ OTN: OTU4 & OTU3 with ODU muxing
(ODU1, ODUO, & ODU2/2e) including GCC
transparency and G.709 latency testing

¢ Ethernet: 100GE & 40GE with advanced test
features such as Y.1564, J-Proof L2CP
transparency & high-accuracy latency

+ Advanced Connectivity : wifi, Bluetooth,
StrataSync, SSH

N,

11/18/2014
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Technology for 100 Gbps and towards 400 Gbps {3 Jpsu

Questions?

< JDSU

Peter Winterling JDSU Deutschland GmbH
Miihleweg 5
Senior Technology and Application Specialist  D.72800 Eningen u.A.
Optical Transport EMEA
Tel +49(0)7121-86-2024

Mobil  +49(0)172-6091690
FAX  +49(0)7121-86-1888

Communications Test Email  peterwintering@jdsu.com
and Measurement www jdsu.com/de
N,
A~/ JDSU

JDSU enables new ways

20



