IEC TR 62343-6-7:2015-02(en)

IEC TR 62343-6-7

Edition 1.0 2015-02

TECHNICAL
REPORT

Dynamic modulesiTeh STANDARD PREVIEW
Part 6-7: Design guide — O éi glﬁ:&%ﬁgals.l I‘él o.rai

IEC TR 62343-6-72015
https/standards.iteh.av/catalog/standards/sist/73dcd667-61e9-4b7a-8bbb-
4a0afb520943/iec-tr-62343-6-7-2015




THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2015 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20

Switzerland www.iec.ch

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11
Fax: +41 22 919 03 00
info@iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the
latest edition, a corrigenda or an amendment might have been published.

IEC Catalogue - webstore.iec.ch/catalogue

The stand-alone application for consulting the entire
bibliographical information on IEC International Standards,
Technical Specifications, Technical Reports and other
documents. Available for PC, Mac OS, Android Tablets and
iPad.

IEC publications search - www.iec.ch/searchpub

The advanced search enables-to, find IEC, publications by a
variety of criteria (reference (number) text, |technical
committee,...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published
details all new publications released. Available online-and
also once a month by email.

Electropedia - www.electropedia.org

The world's leading online dictionary of electronic and
electrical terms containing more than 30 000 terms and
definitions in English and French, with equivalent terms in 15
additional languages. Also known as the International
Electrotechnical Vocabulary (IEV) online.

IEC Glossary - std.iec.ch/glossary

More than.-60.-000, electrotechnical terminology entries in
English and‘French’extracted from the Terms and Definitions
clause of IEC publications issued since 2002. Some entries
have'been collected from earlier publications of IEC TC 37,
77,86 and CISPR.

IEC Customer Service Centre - webstore.iec.ch/csc
If*you-wish to give us your feedback on this publication or
need further(assistance;!please ¢ontact the Customer Service
Centre: csc@iec.ch.



IEC TR 62343-6-7

Edition 1.0 2015-02

TECHNICAL
REPORT

Dynamic modulesi—
Part 6-7: Design guide — Optical channel monijtor.

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 33.180.20; 33.180.99 ISBN 978-2-8322-2269-0

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission



-2- IEC TR 62343-6-7:2015 © IEC 2015

CONTENTS

FOREWORD ...ttt ettt et et et ettt et et e et e et e et e et e e et e e e enns 4
S oo o 1 S 6
NOIMAtIVE FEIEIENCES ...oeiii e 6
Terms, definitions and abbreviations ... 6
3.1 Terms and definifioNS .. ..o 6
3.2 A DI EVIAtIONS .. 6
EXIStiNg StaNAards .....o.ooniiii s 7
The role of optical channel monitors in dynamic optical networks ...............ccoooiinn. 7
5.1 LCT =Y o LY - | PSPPSR 7
5.2 Signal performance monitoring and fault isolation ..o 8
5.3 Channel inventory and routing management ... 8
54 Dynamic channel power self-management ... 8
Review of optical channel monitor technologies ...........ccoiiiiiiiiiiiii e, 9
6.1 =Y a1 =Y PP 9
6.2 Spatial wavelength dispersion and focal plane array detection.............................. 10
6.2.1 GBNEIAl e 10
6.2.2 Spatial, wavelength dispersion technologies ......cvvieierireeeeeeieiieeieeeeiieieenn, 10
6.2.3 One-dimensional’focal'plane arrays.... ... L L 10
6.2.4 Signal processingcapabilifies« il c.. ot cnm e 10
6.3 Dedicated photodiode per demultiplexed wavelength ..., 11
6.3.1 (CT=T a1 Y R e e L B B PP 11
6.3.2 Demultiplexertechnologies:tandards/sist//3dedo6 76160 A0To-8hbhe oo, 11
6.3.3 Photodetector technologies o020 2 o 11
6.3.4 Signal processing capabilities........ccviiiiiii i 11
6.4 Tuneable filter and single photodiode element ... 11
6.4.1 GBNEIAL .t 11
6.4.2 Tuneable filter technNOlOgies . ... covniiii 11
6.4.3 Photodetector teChNOIOQY ........iiuiiii 12
6.4.4 Signal processing capabilities.......cccviiiiii i 12
MONITOIING PArAMETEIS .. et 12
7.1 LT a1 =Y PP 12
7.2 Channel identification ... 12
7.3 102 1= T oY= I oo 11 7Y S 13
7.4 Total power (COMPOSItE POWET) ....enieee e 13
7.5 Channel frEQUENCY . et e 13
7.6 Optical signal to noise ratio (OSNR)... ..o 13

Practical considerations in preparation for standardizing optical channel monitor
SPECIT I CAtIONS ... e 14
8.1 (=Y o 1= - | PPN 14
8.2 All-inclusive vs. break-out approaches to the specification......................cocoil. 14
8.2.1 GBNEIAL .t 14
8.2.2 All-inclusive approach to the optical channel monitor specification................. 14
8.2.3 Break-out approach to the optical channel monitor specification .................... 14
8.3 Integration bandwidth diSCUSSION ... 15
8.3.1 GBNEIAL .. 15

8.3.2 Performing measurements referenced to the OSA ... 15



IEC TR 62343-6-7:2015 © IEC 2015 -3-

8.3.3 Fundamental filter bandwidth limitation....................
8.3.4 Integration bandwidth selection as a function of bit rate and modulation

FOIMIaAt . .

S T 1014 10 0 F= T Y/ TP

710 1o = o 4 17/

Figure 1 — Fraction of the optical power in the multi-wavelength transmission line

tapped and fed to the input of an optical channel monitor for spectral analysis .................
Figure 2 — Optical channel monitors — Three broad architecture categories.......................

Table 1 — High level comparison of optical channel monitor and optical performance

(00T0] TN (o g (=F= 10 | A=Y



1)

2)

3)

4)

5)

6)

7)

8)

9)

-4 - IEC TR 62343-6-7:2015 © IEC 2015

INTERNATIONAL ELECTROTECHNICAL COMMISSION

DYNAMIC MODULES -
Part 6-7: Design guide — Optical channel monitor

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate,IEC cannot 'be held responsible fon thepway /in jwhich /they are used or for any
misinterpretation by any end-user.

In order to promote international uniformity, - IEC National¢Committees undertake to apply IEC Publications
transparently to the maximum extent-possible“in their “national *and jregional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

IEC itself does notiprovide any attestation. of conformity.;Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. |[EC is not responsible for any
services carried out by independent certification"bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC 62343-6-7, which is a technical report, has been prepared by subcommittee 86C: Fibre
optic systems and active devices, of IEC technical committee 86: Fibre optics.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
86C/1252/DTR 86C/1274B/RVC

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts of IEC 62343 series, published under the general title Dynamic modules, can
be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch” in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued at a later date.
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DYNAMIC MODULES -

Part 6-7: Design guide — Optical channel monitor

1 Scope

This part of IEC 62343, which is a technical report, describes optical channel monitor
modules, one of several important classes of dynamic modules that are used in dynamic
optical networks. This report includes a description of the necessity of optical channel
monitors, specifically in the context of dynamic optical networks, and how this is driving
feature and performance requirements. This technical report surveys the different categories
of optical channel monitor technologies that are being used and highlights some of their
unique characteristics. Also described are different possible approaches for characterizing
and specifying the performance of optical channel monitor modules.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, «rthe  latest~ edition, ofy;the referencedy;ydecument (including any
amendments) applies.

IEC 62343, Dynamic modules — General and guidance

ITU-T Recommendations G697, (Optical monitoringifor dense wavelengthidivision multiplexing
systems t

3 Terms, definitions and abbreviations

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 62343 apply.

3.2 Abbreviations

Abbreviation Term

ASE amplified spontaneous emission

DWDM dense wavelength division multiplexing
InGaAs indium gallium arsenide

LOS loss of signal

NIR near infrared

OSNR optical signal-to-noise ratio

PDL polarization dependent loss

ROADM reconfigurable optical add/drop multiplexers
SOP state of polarization




IEC TR 62343-6-7:2015 © IEC 2015 -7-

4 Existing standards

ITU-T Recommendation G.697 was initially approved in June 2004 by ITU-T Study Group 15
(2001-2004). This recommendation and its subsequent revisions cover a broad scope of
optical monitoring methods, including time domain methods, frequency domain methods,
indirect methods, embedded methods and external methods. The recommendation reviews
the full scope of optical impairments in DWDM transmission systems, and it prioritizes these
impairments by relative probability of occurrence, thus prioritizing the monitoring features for
the channel monitor. The recommendation describes the optical impairments of high relative
frequency of occurrence to be:

e attenuation of transmission paths;

e optical channel power changes due to gain variations;

o frequency (or wavelength) deviation from nominal.

ITU-T Recommendation G.697 also proposes, but does not require, specifications relating
specifically to embedded optical monitoring, including:

o performance of embedded optical monitoring at the DWDM receiver input;

e performance of embedded optical monitoring without OSNR;

e performance of embedded optical monitoring with OSNR.

ITU-T Recommendation G.697 also dedicates a significant section to interpolated OSNR
measurements and the difficulty. of such!interpalated OSNR-measurements in certain network

architectures. ITU-T Recommendation G.697 refers to IEC 61280-2-9[1]1 as a useful
reference for additional information onrfOSNR measurements:

It may be useful to point out that ITU-T -Recommendation G.697 was drafted in 2004 in the
context of point-to-point DWDM transmission, networks, -just before general adoption of
reconfigurable optical add/drop, multiplexers (ROADM) in, the network around 2005. The
ROADM has since become the core element of a new generation of optical systems that have
been characterized as dynamic and for which dynamic modules are required. These dynamic
optical systems embody the limitations in OSNR measurements that were already anticipated
in ITU-T Recommendation G.697. Recently, dynamic optical networks have expanded the role
and requirements for optical channel monitor modules due to the nature of their dynamic
capabilities.

5 The role of optical channel monitors in dynamic optical networks

5.1 General

Dynamic optical networks exhibit the following characteristics:

e The capability to express optical signals of a given wavelength through optical networking
nodes in the optical domain, thus bypassing the conversion to the electrical domain;

e The capability to switch optical signals of a given wavelength between a set of ingress and
egress optical ports;

e The capability to manage the optical channel attributes, including channel power, as the
channels are configured to traverse particular paths through the network;

e The capability to support a large number of interconnected optical rings or a multi-
wavelength mesh topology.

The optical channel monitor function assists with each of these capabilities as described
below.

1 Numbers in square brackets refer to the Bibliography.
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5.2 Signal performance monitoring and fault isolation

The capability to express optical signals of a given wavelength through nodes in the optical
domain allows optical signals to bypass the conversion to the electrical domain. When
suitable for the application, this provides a savings in cost. However, any signal performance
monitoring and fault isolation capabilities that reside in the electrical domain are no longer
available to the network management system. This is mitigated by monitoring the signal
performance in the optical domain. The optical channel monitor performs that function. In a
broader sense, devices that are categorized as optical performance monitors also perform
that function using more sophisticated measurements. Table 1 compares the general features
of the optical channel monitor and the optical performance monitor.

Table 1 — High level comparison of optical channel monitor
and optical performance monitor features

Features Optical channel monitor Optical performance monitor
Channel identification Required Required
Channel power Required Required
Channel frequency Optional Optional
Optical signal-to-noise ratio Optional Required
Chromatic dispersion Not applicable Optional
Polarization mode dispersion Not applicable Optional

Table 1 indicates that the optical¢performance _monitor distinguishes itself from the optical
channel monitor with advanced 'features. This 'typically “requires a device architecture that
does not fall within any of the three broad optical channel monitor architectures shown in
Figure 2. As a result, the optical performance‘monitoris beyond the scope of this technical
report. Referenceslitos opticalperformance“monitoritechnologies-and-imeasurement methods
can be found in the bibliographyjaincludingclEC’61280-2295and IEC 61280-2-11 [2]. For a
comprehensive treatment of advanced optical performance monitor techniques, please refer
to the text by Calvin C.K. Chan (Academic Press) [3] which includes the following topics:
e optical performance monitoring

— based on optical sampling;

— based on pilot tones;

— based on electronic digital signal processing;

— based on nonlinear optical techniques;

— of optical phase modulated signals;

— for coherent optical systems;

— chromatic dispersion monitoring;

— polarization mode dispersion monitoring.
5.3 Channel inventory and routing management

This is the capability to switch optical signals of a given wavelength between a set of ingress
and egress optical ports. It drives the simple requirement for independent verification so that
wavelengths are properly routed to the intended ports. The optical channel monitor performs
that function.

5.4 Dynamic channel power self-management

The capability to support a large number of interconnected optical rings or a multi-wavelength
mesh topology drives the requirement for self-managed optical networks. A common attribute
of this architecture is the need for optical nodes to return to a known state at the egress
optical port. In practice, this requirement is often met by equalizing the DWDM channels
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around a desired per-channel optical launch power. The actuators that vary the attenuation of
each individual DWDM channel are found in dynamic gain equalizers or within wavelength
selective switches. Optical channel monitor modules are used to close the control loop.

6 Review of optical channel monitor technologies

6.1 General
A common feature of all optical channel monitor modules is that they operate off of a fraction

of the optical transmission signal. To achieve this, they are typically connected to a 1 % to
5 % passive optical tap coupler as shown in Figure 1.

Multi-wavelength fibre-optic transmission line

—

Optical tap coupler

Optical channel
Input monitor

IEC

Figure 1 — Fraction of'the optical power.inithe multi-wavelength/transmission line
tapped and fed to the input of an optical channel monitor for spectral analysis

There are many technologies that can be used to construct an optical channel monitor that
reports the optical power and wavelength: of ‘each7optical channel. Each technology can be
categorized within three.-broad.categories that.could:bedescribed as:

e spatial wavelength dispersion and focal plane array detection,

e dedicated photodiode per demultiplexed wavelength,

e tuneable filter and single photodiode element.

Each of these technology categories are determined by their commonality in the optics
function as well as the photo-detection architectures, as shown in Figure 2. These three
technology categories are described below in more detail. For each of these technology
categories, the optics and the photo-detection architectures are discussed separately.

A1
_—— Wl
A1
”/v \ATE A1.n / [PD
= A m

Dispersive Focal plane T .
+ uneable Single
element Array Demux + Arrayofn filter photodiode
IEC photodiode \EC
IEC
a) — Spatial wavelength b) — Dedicated photo- diode c) — Tuneable filter and single
dispersion and focal plane per demultiplexed photodiode element
array detection wavelength

Figure 2 — Optical channel monitors — Three broad architecture categories
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