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Abstract:

The first part of this document surveys the curigatus of standardization activities related
to optical control plane at the following forumbketinternational Telecommunications Unipn
(ITU-T), the Internet Engineering Task Force (IET&)d the Optical Internetworking FOI‘JET]
(OIF). This part also provides an overview of tkensglards activity in optical monitoring, one
of focuses of DICONET project. The aim of the syni&to provide inputs for the standards
to be implemented or taken into consideration ie televant WPs of DICONET. In
particular, protocol extensions for physical infaton have been implemented based| on
IETF standards/drafts.
The second part of this document presents the patpsubmitted to ITU-T and IETF basged
on the DICONET results. In particular, three pradesubmitted to ITU-T on physical layer
modeling and optical performance monitoring and praposal submitted to IETF on OSHF-
TE protocol extensions to include physical impaintse In addition, one draft on protodol
extensions for physical impairments supported b @NET has also been submitted|to
IETF.

“The research leading to these results has receifugdiing from the European Community's Seventh
Framework Programme (FP7/2007-2013) under grant agment n° 216338”
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List of Acronyms

ASE = Amplified Spontaneous Emission

ASON = Automatic Switched Optical Networks
ASTN = Automatic Switched Transport Networks
BER = Bit Error Rate

CCAMP = Common Control and Measurement Plane
Cl = Characteristic Information

DCF = Dispersion Compensation Fiber

DGE = Dynamic Gain Equalizer

E-NNI = External network-to-network interface
FMEA = Failure Mode and Effect Analysis

FSC = Fiber or Port-Switch Capable

FWM = Four-Wave Mixing

GMPLS = Generalized Multi-Protbtabel Switching
IA-RWA = Impairment-Aware Routing and Wavelengtesignment
IEC = International Electrotechnical Commission
IETF = Internet Engineering Task Force

ITU-T = International Telecommunications Union
A% = Impairment Validation

L2SC = Layer-2 Switch Capable

LCD = Liquid Crystal Devices

LI = Linear Impairments

LMP = Link Management Protocol

LSC = Lambda Switch Capable

LSP = Label Switch Path

LSR = Label Switch Router

MEMS = Micro Electro Mechanical System

MPLS = Multi-Protocol Label Switching

NLI = Non-Linear Impairments

NMS = Network Management System

NNI = Network-to-Network Interfaces

OA = Optical Amplifier

OIF = Optical Internetworking Forum

QoS = Quality of Service

OSNR = Optical Signal-to-Noise Ratio

OSPF-TE = Open Shortest Path First with TE exterssio
OTN = Optical Transport Network

OoTS = Optical Transport System

OoxcC = Optical Cross-Connects

PCE = Path Computation Element

PCEP = Path Computation Element Protocol

PMD = Polarization Mode Dispersion

PMDC = Polarization Mode Dispersion Compensation
PSC = Packet Switching Capable

ROADM = Reconfigurable Optical Add/Drop Multiplexe
RSVP-TE = Resource reSerVation Protocol with TEEegions
RWA = Routing and Wavelength Assignment

SC = Switched Connection

SCN = Signaling Communications Network

SDH = Synchronous Digital Hierarchy

SML = Service management layer

SONET = Synchronous optical networking

SPC = Soft Permanent Connection

SPM = Self-Phase Modulation
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SRS = Stimulated Raman Scattering

ST™M = Synchronous Transport Module

TE = Traffic Engineering

TBT = Technical Barriers to Trade

TDM = Time-Division Multiplex

UNI = User to Network Interfaces

WA = Wavelength Assignment

WDM = Wavelength Division Multiplex

WSON = Wavelength Switched Optical Network
WTO = World Trade Organization

XPM = Cross-Phase Modulation
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1. Introduction

Transparent optical networks are beneficiating frdm increasing bit-rate transmission
capacity per wavelength with today with 40 Gbitsl @oon 100 Gbit/s and more, associated
with the increasing number of wavelengths per aptioterface and combined with new
advances in terms of control functions based one@dized Multi-Protocol Label Switching
(GMPLS) control plane architecture and Path Conmguilement functions extensions.

The first half of the document reports the netwodatrol and management contributions
related to Wavelength Switched Optical Network (W§Q@onsidering the advances at the
following forums: the International Telecommunicats Union (ITU-T), the Internet
Engineering Task Force (IETF), and the Optical rim¢working Forum (OIF). The
standardization contributions and the positionthefstandard bodies remain subtle especially
between these three standardization organizatibdsTl, IETF and OIF. The ITU-T usually
takes a top-down approach by listing the requirdmyemorking on the architecture
components and then sometimes developing on thefispons of the network protocols.
The IETF specification process is more centeretherspecifications of the protocol engines
and some of their related design while it is stferencing the requirements produced by
ITU-T. Finally OIF is much related to the ITU-T rdicements with the objectives to align the
different protocol design and producing implemdotat agreements and promoting
interoperability tests. The objective of the docuinés to provide a status on standard
contributions related or even impacting the redearctivities involved in the DICONET
project. The deliverable starts reporting the dedture recommendations delivered by ITU-T
on Automatic Switched Optical Networks (ASON) aredated optical connection services
then it continues on the contributions produced IBYF on the specifications of the
framework of WSON for PCE and GMPLS extensions. rAftdproposal submitted to the
IETF Common Control and Measurement Plane (CCAMBd)kimg group from DICONET
partners is also summarized here. Finally the QiRtrdutions are provided with a special
focus on the optical network references pointsr tes@etwork interfaces (UNI) and network-
to-network interfaces (NNI) in regards with wavegdnconnection service deliveries.

Traditional TDM single-channel communication syssemave been relayed on the electrical
layer to provide the required performance monigriPerformance parameters such as
errored-second and severely-errored-second have érebedded in the SDH overhead and
measure the network performance. While these metgve a reliable measure of the end-to-
end performance of an optical channel, they calweoapplied inside a transparent optical
domain where access to the electrical layer isavailable. Moreover, the analog nature of
the optical network, the increasing channel couhtsjonger distance traveled, and the higher
amplifier output power leads to an increasing iaflce of linear and non-linear distortions,
which makes system commissioning an increasingptex task. These challenges call for
employment of optical monitoring throughout thewmtk that monitors the most critical
optical parameters. The ability to improve the éme@nd monitoring with distributed optical
monitoring may have both reliability and cost béisefor configuration management and
fault/degradation management, since some defeetgradations and faults affecting the
quality of the optical layer are more easily detdcind isolated through optical monitoring.

The second half of the document provides overvidwhe standards activity in optical
monitoring, one of focuses of DICONET project. Tdim of this survey is to provide some
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inputs for the standards to be implemented or tak&nconsideration in the relevant WPs of
DICONET. In this document we made a survey of thg-T standard body[44] [45] and the
IEC86C standard.

During the last period of DICONET project, the réswf the project have been submitted to
different standardization bodies. More specificatlyo proposals on physical layer modeling
and one proposal on optical performance monitoniage been submitted to ITU-T Q6/15 in
May 2010; one proposal on OSPF-TE protocol exterssidor considering physical
impairments has been submitted to IETF CCAMP.

2. Control plane standardization
2.1 Control plane standardization in ITU-T (ASON)

The generic functional architecture of transportwaeks is recommended by ITU-T [27]
independently of specific optical switching techogés. This ITU-T recommendation can be
referenced for several optical switching technadegby other ITU-T recommendation and
OIF specifications (see section 2.3) including, FIMNSDH, G.709 or wavelength
technologies and their IETF label switching speaifions [18], [15] and [17] respectively.

The generic functional architecture G.805 was thsidto describe the requirements for
automatic switched transport networks (ASTN) [ZB)e ASTN requirements listed in G.807
were the basis for the developments of the ardiitecof automatically switched optical
network G.8080 (ASON architecture) [25]. Althoudtetrecommendations of the ASON
architecture rely on specific optical switching heologies such as listed previously, the
ASON architecture is described from a high levelbstraction of the different functional
components and described the protocol interactehseen these components.

The three basic architecture units within ASON ks are nodes, links and sub-networks.
The two formers are quite straightforward and mahbehphysical optical network entities and
are usually described in any network architectures.

The ASON sub-network is specified as an arbitratyos network equipments or recursively
as sub-networks. An ASON network can consider eadtrnetwork that it contains as a
virtual node from which each sub-network appears sisgle virtual node with external links.
This architectural concept usually presented asnetlvork opacity improves the scalability
of the control information (for the routing and s&ing information as presented in section
2.2) because the detailed connectivity topology tbé sub-networks is controlled
hierarchically at different levels. This simplifitan is generally used to mask the
interoperability issues due to legacy control witlai sub-network, especially when a set of
optical cross-connects (OXC) or reconfigurable agitiadd/drop multiplexer (ROADM) do
not integrate recent development of GMPLS basettaibed functions [31].
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The sub-networks are actually built from well-e§isdied legacy networks such as
SONET/SDH rings and the ASON architecture has mreloped to integrate traditional
transport network technologies with the new mesticap networks as described in [32]
where new end-to-end protection and full-mesh rastin configurations as analyzed in [33]
are needed to be supported across different netto@ddogies utilizing traffic engineering
from the client networks through the user-to-netwmterfaces (UNI) and/or between two
different sub-networks having or dynamic contrgbaailities through the external network-
to-network interface (E-NNI).

For example the optical node equipments withinghle-network C in the Figure 1 may be
legacy nodes that do not integrate any dynamicroboépabilities while the sub-network B
can be composed with Tunable & Reconfigurable - ®@ABodes with GMPLS controller.
The routing and signaling functions enable dynapm@visioning within the sub-network B.
By representing sub-network C (on the left) as lastract node, the node controllers of sub-
network B can provision dynamically a wavelengtmmection for serving the connection
services between the edge system 1 and edge s2stecording the QoS requirements such
as bandwidth and latency within the sub-network’Be wavelength connection provisioning
within sub-network B is performed independently haiw the wavelength connection is
established within sub-network C. The establishnwérthe wavelength connections within
sub-network C is processed in such a way that tue rC5 (entry point of sub-network C)
signals the right level of QoS parameters towahndsniode B1l. A possible scenario is that the
optical resource reservation is performed statidhaitfough the network management systems
(NSM) and the nodes B1 and C5 are responsibletifichsg the sessions associated of the
two wavelength connections signaled.

An important concept provided by ASON architectisréhe separation afall andconnection

in order to provision network services and its rtemance. Theall is an architecture entity
defining an end-to-end relationship between the di¢hts, this entity is specified in ASON
and the signaling extension defined in [20]c#l states the level of services required such as
bandwidth, QoS (latency, jitter) and availabilitydais characterized by a calling and called
party. The call entity allows applying defined po#s and security to ensure that the egress
node (i.e. the receiver) is satisfied with the wamgth connection services provided by the
optical networks. The call entity is exposed to mieéwork service management layer (SML)
and consequently it is not associated to the piamvisg or signaling of any network
equipments to carry the client data traffic.

The routing and provisioning/signaling of the optinetwork resources for thmnnection
entities as recommended by ASON within the trartspetwork are associated together to
transport data from one ingress client node to egeess client node. The ASON
recommendations put new requirements on the networkrol functions [30] that were
analyzed and assessed in [29] and [28] respectively

Each connection is established over a networkll@@strated on Figure 1) and is structured
with different parts: (i) between the client nod#\(-C) and the provider-edge node (UNI-N),
(i) across a sub-network, (iii) between sub-neksgothrough E-NNI. Each connection is
established between UNI-capable nodes and/or Npidada nodes and realizes the services
expressed in the call.

RICONET Page: 9 of 73
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2.2 Control plane standardization in IETF (GMPLS/PCE)

IETF is developing a standardized control planeuse in a Wavelength Switched Optical
Network (WSON). This section gives an overviewlw standardization protocol architecture
and components developed so far by the IETF for WSO

The IETF CCAMP working group is the design authofir all extensions to the GMPLS
family of protocols. CCAMP participants have idéetl cases where they believe it would be
helpful to consider optical impairments for the twoh plane operation of a WSON. The
purpose of this work is to determine suitable em@+id paths that meet the service objectives
in optical networks (i.e. to perform constrainedhpeomputation).

This gives rise to four distinct deployment scens(fi]:

1. No concern for impairments or lambda continuity daese there is sufficient margin in
all impairments. (Original GMPLS)

2. No concern for impairments (again because thersufcient margin), but lambda
continuity is important. (The RWA problem)

3. Networks in which it is necessary to consider impaints, but there is sufficient margin
such that approximate impairment estimation (usiegnple” computation of the
accumulation) could be used and still have a higlhgbility that the optical path would
be viable. Also adding or removing an optical slgmathe path will not render any of
the existing signals in the network non viable. Cinem of non-viability is the
occurrence of transients in existing links.

4. Networks in which in order to determine whether ahpis viable it is necessary to
perform a full computation of the accumulation wipairments including the impact on
existing paths.

2.2.1 Original GMPLS

Generalized Multi-Protocol Label Switching (GMPLR}Y] extends the MPLS architecture
specified in RFC3031 from supporting only packeteifaces and switching (Packet
Switching Capable - PSC) to also include suppartdar new classes of node interfaces and
switching as (i) Layer-2 Switch Capable (L2SC)) {iime-Division Multiplex (TDM), (iii)
Lambda Switch Capable (LSC) and (iv) Fiber or PRmtitch Capable (FSC). A functional
description of the extensions to connection sigmglhneeded to support new classes of
interfaces and switching is provided in [14].

In MPLS, a label is an arbitrary tag for data padkat is used as an index to look-up into a
Label Forwarding Information Base for determinimg thext hop for the labeled data. The
Label Forwarding Information Base contains a magpoh an interface associated to an
incoming label to another interface associated rtooatgoing label. In MPLS controlled
network labels are not directly coupled with a rtwresource (e.g. a router interface).

In GMPLS controlled networks, the physical resosraee identified by GMPLS labels (e.g.
TDM, Lambda or Fiber labels) and are exactly thetcdhable quantities. For example in
optical networks, wavelength can be switched ahe@XC. The GMPLS label control
functions bring new challenges and constraints #rat not existing in packet switched
networks. GMPLS label values may need to have aasBmend-to-end rather than just
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locally at each Label Switched Router (LSR) aseioample identifying the frequency values
of the wavelengths.

In GMPLS the significance of a label is privatevibe¢n two adjacent LSRs, and the two
LSRs have to control the label in a coordinated.v&pecification developments on labeling

G.709 optical data units are encoded with spevdices [15] such that G.709 frames can be
deduced from its label values. In the same appréo@i¥ labels are given a special encoding

so that the signaled optical timeslot can be autimadly deduced [18].

Recent works at CCAMP are addressing specificationthe use of GMPLS with a new

generation of Lambda Switch Capable (LSC) equipmEathnologies such as ROADM and
OXC switch at the wavelength level. Consequentg, wavelength frequency is an important
information that is necessary to set up a wavelebgsed LSP appropriately. But for fiber
switching the meaning of the label is left as acawn of the network operator for configuring

its value or discovery and negotiation through limk management protocol (LMP) as

specified in [35].

2.2.2 Routing and Wavelength Assignment

The RWA problem means path computation and wavébeagsignment in WSON when
there are limited cross-connection capabilitiesyited wavelength availability or limited
wavelength conversion capabilities. These limitetbrimation are clarified in [31] which
focuses on the unique properties of links, switcdmes path selection constraints that occur in
WSONSs and provides a framework for applying GMPIo8 ¢he Path Computation Element
(PCE) architecture to the control of WSONSs. Intigafar [31] provides control plane models
for key wavelength switched optical network subsyst and processes. The subsystems
include wavelength division multiplexed links, tinha laser transmitters, ROADM and
wavelength converters.

The alternative approach for RWA is to distribute tvavelength related limited information
throughout the network. To do this there must beesanechanism [31] to distribute the
information. The approach under consideration byARI® is to provide extensions to the
Traffic Engineering routing protocols (OSPF-TE) E8}d signaling protocol (RSVP-TE) [4].
The approach under consideration by PCE is to defie procedures necessary and protocol
extensions for PCE and Path Computation Elementraamcation Protocol (PCEP) [5][16].

In order to make these potential approaches warks necessary for the nodes or path
computation element to have a common understandfnghapping between labels and
wavelength. Unlike the traditional label which offigis meaning in the context of the link on
which it is used. CCAMP defined a new label forf@tthat has meaning in a global context.
The wavelength label format is consistent with IT\$-definition of wavelength gird.

In order to make the above RWA potential approasheadk, another problem that must be
resolved is to derive a consistent encoding of ittiermation distributed by the routing
protocol or other potential protocol. CCAMP in [@halyzed what information needs to be
distributed and how to provide a protocol-indepertidencodings [8] for distribution of
related limited information.

CCAMP in [4] provides extensions to Generalized tidBrotocol Label Switching (GMPLS)
signaling for control of WSON. In particular, exggons are given to characterize optical
signal types via traffic parameters, permit sinngtaus bi-directional wavelength assignment,

RICONET Page: 11 of 73
FP7 — ICT—- GA 216338



QOO ANNEX 1to D7.4
Final Report On DICONET Exploitation And
B Dissemination Plans Including Contribution to Stamls

and control the distributed wavelength assignmenmicgss. These extensions build on
previous work for the control of G.709 based neksor

[3] from CCAMP partners describes OSPF routing guols extensions to support WSON
under the control of GMPLS. [5] from PCE Workingd@p partners provides application-
specific requirements for the PCEP for the suppbWSON.

2.2.3 Impairment Aware Routing and Wavelength Assignment

Long haul optical transmissions pose new requirésnen GMPLS for handling possible
physical impairments. Fundamentally, the opticgetais lowest in the transport hierarchy
and hence is strongly impacted by the physical ggaty of the network. Consequently some
IETF contributions such as [19] analyze the aspetitgptical networks that impact routing
and identify possible GMPLS based control functi@sponse for constraints such as
wavelength continuity in a single domain, compii@as arising in more complex networks
incorporating both all-optical and opaque archiees, and the impacts of diversity
constraints.

To route connections in an all-optical networkjsitusually assumed that all routes have
adequate signal quality. This may be ensured byifighall-optical networks to sub-networks
of restricted size that are optically isolated frasther parts of the optical layer by
transponders. This approach is practical and bas bpplied to date, e.g., when determining
the maximum length of an Optical Transport Syste®T$). Network operational
considerations like fault isolation also make lingt the size of domains of transparency
interesting.

There are criteria for constraints domains of fpamency in which not all wavelength routes
have adequate signal quality. Bandwidth demands ftbent networks and maximum bit
rates have rapidly increased to 10 Gb/s (e.g. STNDGE-192) and 40 Gb/s (STM-192/0C-
768) and soon 100 Gb/s. As bit rates increasg ftecessary to increase power, it makes
impairments and nonlinearities more troublesomeomFnetwork provider interests, optical
technology is advancing very rapidly, making eagér transparency domains possible. Itis
generally assumed that these observations will leadhe deployment of domains of
transparency too important to ensure that all g@kroutes have adequate signal quality for
all circuits [19]. Itis capital to analyze theparcts of the various types of impairments in this
environment.

As initially proposed [34], the non-linear effedise Self-Phase Modulation (SPM), Cross-
Phase Modulation (XPM), Four-Wave Mixing (FWM) aselivas Stimulated Raman
Scattering (SRS) and Brillouin scattering couldcheeebe examined in order to evaluate their
impacts on the transmission quality. These opticglairments accumulate along the path
(without 3R regeneration) traversed by the sigiky are influenced by the type of fiber
used, the types and placement of various opticaicde and the presence of other optical
signals that may share a fiber segment along tiveaks path. The degradation of the optical
signals due to impairments can result in unaccéptaiberror rates or even a complete failure
to demodulate and/or detect the received signagréfbre, path selection in any WSON
requires consideration of optical impairments sat the signal will be propagated from the
network ingress point to the egress point with @eptable signal quality.

There is a thing need to be noted is that optroglirment is not an IETF's area but ITU-T's
area of study. To work better on path computato®WiSON with consideration of optical
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impairment, a joint meeting between Q.6/15 and nmesbf IETF's CCAMP working group
clarified the deployment scenarios which is desatibt the beginning of section 2.2. For the
scenario 3, G.680 might help to calculate pathilitgbFor scenario 4, there was agreement
between members of IETF's CCAMP WG and Q.6/15 thatent state of the art technology
does not provide a model to calculate viable pathhbis scenario. A technical break-through
would be required to achieve this [1].

So in the current IETF area of study, only scenari@, and 3 are involved. Based on the
existing ITU-T standards covering optical charast@s (impairments) and the knowledge of
how the impact of impairments may be estimated glarpath, [9]from CCAMP partners
provides a framework for impairment aware path cotagon and establishment utilizing
GMPLS protocols and the PCE architecture. As initifgairment free case covered in [31], a
number of different control plane architecturaliops are described.

In impairment aware routing and wavelength assigririd-RWA), [9] defined three general
classes of processes to be considered: Routing WR)elength Assignment (WA), and
Impairment Validation (estimation) (V). This leatts several possible architectural models
as follows:

A. Combined R, WA, and IV

From the point of view of optimality, the "be$R-RWA solutions can be achieved if the
path computation entity (PCE) can conceptuallyfalgmically combine the processes of
routing, wavelength assignment and impairment a#ilich. Such a combination can take
place if the PCE is given: (a) the impairment-Y@8ON network information as discussed in
[31] and (b) impairment information to validate gotial paths.

B. Separated Routing, WA, or IV

Separating the processes of R, WA and/or IVrednce the need for sharing of different
types of information used in path computation. lddiion, since some impairment
information may not be shared and this may leatthé¢oneed of separating IV from RWA. If
IV needs to be done at a high level of precisioméy be advantageous to offload this
computation to a specialized server.

The following conceptual architectures belong ie general category:
« R+WA+IV — Separated R, WA, and IV.

« R+ (WA&IV)-Ris separated from a combined WAdalV process. Note that IV is
typically wavelength dependent hence combining WAhwV can lead to high
efficiency.

* (RWA)+IV - Combined RWA with a separated IV process

Note that the IV process may come before or afterRWA processes. If RWA comes first
then IV is just rendering a yes/no decision ondbkected path and wavelength. If IV comes
first it would need to furnish a list of possiblalid with respect to impairments) routes and
wavelengths to the RWA processes.

C. Distributed WA and/or IV

This approach allows distributed computation of ainment effects and avoids the need of
distributing impairment characteristics of netwalkements and links via route protocols or
by other means. An example of such approach isngivg10] and utilizes enhancements to
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RSVP signaling to carry accumulated impairment teelainformation. A distributed
impairment validation for a prescribed network peghuires that the effects of impairments
can be calculated by approximate models with cutivelajuality measures such as those in
G.680. If distributed WA is being done at the same as distributed IV then we may need
to accumulate impairment related information fdrvedvelengths that could be used. This is
somewhat winnowed down as potential wavelengthsliamvered to be in use, but could be
a significant burden for lightly loaded high chahoeunt networks.

In the non-impairment RWA situation it was showrattra consistent encoding of the
information needed to be defined for distributionthe routing protocol or other potential
protocol. Similarly, [11] analyzed what informatiamreeds to be distributed and how to
provide a protocol-independent encodings [12] fistrdbution of related optical impairment
information.

To deal with various impairments encountered byicaptpaths, various impairment
compensation technologies have been developedeXamnple, chromatic dispersion may be
compensated by dispersion compensation fiber (D©F) an electronic or optical
compensation device at the transmitter or the vecaif the signal. Insertion of 3R repeaters
or an optical amplifier at an optical path's trensinode may also be regarded as a
compensation effort. Although some compensatiornelogies offer fixed or limited
compensation ranges against impairments, compensa#@chnologies with wide and
dynamically tunable compensation ranges have beevelabing. Such compensation
technologies are especially suited for a dynamjcastablished optical path because
impairment compensation by them can be automatiealjusted as adequate corresponding
to a requested path's impairments. Based upon tbbservations, [13] discusses how
compensation control for tunable compensation telcgies is handled within the WSON
framework and requirements of impairment compeasatontrol to the Control Plane.

2.2.4 Protocol extensions for physical information basedn IETF

In order to design and implement the protocol esitam approaches which both RSVP-TE
and OSPF-TE are extended to carry physical laygaiments and wavelength availability
information, respectively, we have gone throughesavrelevant IETF drafts. The following

are the main IETF drafts that we have followed lideo for the proposed design solution and
extensions to be more close to the activitiesamdardization bodies. Following IETF drafts
are very critical, as our designed solution neetddacompliant or almost close to the real-
world scenarios. We have extended RSVP-TE path agessto carry physical layer

information following the drafts [36][37][15][38][§89][40][41]. RESV message is extended
following the draft [9]. The problem of messagegfrentation is solved using the drafts
[40][41]. For the development of new mechanisms datension of RSV-TE behavior to

include Q-Check protocol, we have referred drajtsfor the extension of OSPF-TE with

wavelength availability information we referred tdeaft [42]. The main contributions after

following the drafts as mentioned above are a®vat

Standard RSVP-TE signalling messages are exteodsatty information required to compute
Q-factor and evaluate optical feasibility. The daling information is required in theATH
messagel) requested service/traffic parameters) service type such as encoding type,
payload type, etc., b) service QoS such as bandwielic., c) extended service optical
parameters such as transponder type, et2) signalled path parameters:d) path
parameters/QoS such as hop number, minimum lateetty, e) extended path optical
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parameters (e.g., OSNR, power, CD, PMD, PMD, amsztalk).3) path resources and
status:f) label-set, g) path sections description sucliites type, length, input power, input
CD, etc., h) path sections active lightpaths sushaative LSPIDs, transponder type,
wavelength, bit-rate, etc.

The standard GENERALIZED LABEL REQUEST[36] and TSPEC/FLOW_SPEC
[36][37][15] objects support encoding of (a) and. (Btandard one pass with advertising
(OPWA) information is carried in theDSPECobject [37] encodes (d). StandardBEL_SET
object [36] withGENERALIZED_LABElencodes (f). The encoding of (c), (e), (g), and (h
requires extensions to the standarBATH message and are encoded in
LSP_REQUIRED_ATTRIBUTEShject [38][9][39]. Note thaPATH message size increases
due to the addition of path section information affécted channel information at each hop.
The PATH message size can easily exceed the maximum tramst§MTU) and may lead to
message fragmentation. Large MTU values[40] or joritmes [41] may also be exceeded in
worst case scenarios. A possible solutiomissage fragmentatiaa described in [9], which
splitsPATHmessage into multiple messages.

The information is required IRESV message is: selected channel information such as,
channel identifier, and link physical propertieseaio evaluate all LIs and NLIs (e.g., CD, Q-
factor, etc. We encoded this informationliBP_REQUIRED_ ATTRIBUTES&hject [38][9]
[39]. The standard RSVP-TE behavior has also be#ended to triggeQ_CHK_REQto
check if the set of new light disrupts any actighipaths in the network.

To manage the Q-factor of affected lightpaths weeh#efined a new protocol with following
three messages: @ CHK_REQs defined to check if Q-factor of affected lightp and new
lightpath (in case of changes in network statustidation nodes. It contains affected and
affecting LSPIDs, etc., 2)Q_CHK_RESPis defined to get response from the affected
lightpaths destination node and it only containgtukrQ_CHK_REQs successful or not. 3)
Q_CHK_RELis defined to update the Q-factor of affected cieds destination node and it
contains same information § CHK_REQsFor the implementation this protocol we have
explored several possible options such as COPS,PSAML RPC, etc. Finally, we have
selected the two best possible options [42][43].

2.3 Control plane standardization in OIF

The Optical Internetworking Forum (OIF) specifidge tcontent and the operations of the
ASON reference points namely User-to-Network irgeels (UNI), and the Network-to-
Network Interfaces (NNI) and specifically on thet&mwal-NNI (E-NNI) as illustrated on
Figure 1 and with a focus on the signaling messaganges as the exchanges of routing
information is subject to administrative policiesthe case of multiple network operators.

The first implementation agreement on the signalmgssages to be exchanged between a
client node controller and a server node controNlas OIF UNI 1.0 published on October
2001 [21] then a second release was produced OlF1WUNelease 2 two year later and the a
second version was published through OIF UNI 2/0cfarrier grade Ethernet connections
[22].

UNI 1.0 scope is to define the set of connectiorvises, the signaling protocols used to
invoke these services, the control channels usé@msport signaling messages and the auto-
discovery procedures that aid signaling, all arpl@mented by client network at UNI-C node
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and by the transport network at the UNI-N node.e @ocument [21] is based on RSVP-TE
protocol as an early implementation based on rguskisting signaling protocols and auto-
discovery mechanisms. Only signaling for connecservice request invocation is within the
scope of UNI 1.0. Routing, reach-ability and addressolution protocols are outside the
scope. Also, the UNI 1.0 specification focuses @Mrlconnection services as SONET/SDH.

The UNI 2.0 [22] extends the previous version bysidering Optical Transport Networks
(i.e., G.709 and [15]), and carrier grade Ethecoginection services.

The specification of E-NNI signaling abstract meges attributes, and flows to establish end-
to-end dynamic connections across multiple contimhains is provided in [23] and it is
based on the RSVP-TE protocols. This specificaipplies to SDH/SONET, G.709 (OTN
ODUK), and Ethernet connection services in suppbf22]. E-NNI 2.0 describes the support
of Soft Permanent Connection (SPC) and Switchecth€adion (SC) services over the E-NNI,
associated ASON architecture.

The ASON architecture supports both single- andirfayler networks. Multi-layer scenarios
include network elements that support more thaingleslayer, a layer network that supports
virtual concatenation and its server layers, trartsgervices that exist where the client layer
has no resources in the sub-network except atigess etc.

For example, at the edge of a multi-layer transpetwork, a network element may support
client layer networks that are not directly suppdrin the core of a multilayer transport
network. The client ClI (Characteristic Informatioj@;.805]) could be adapted, possibly
multiple times, onto server layer connections. Mayer support refers to the ability to handle
the adaptation of one ClI into another CI.

E-NNI 2.0 [23] is limited to operations on a sindgger network at a time and there is no
support for Ethernet Switching at the E-NNI 2.@nfi.ces.

Routing, reach-ability, and address resolutiongaols are not described [23] outside as well
as specifications related to signaling communicetinetwork (SCN) design, auto-discovery,
and policy as recommended in [26].

The first discussions on the routing functions eNEI 2.0 have started through an initial
contribution [24]. The initial considerations aclised on extending OSPF-TE with multi-
domain capabilities.

3. Optical monitoring standardization

3.1 Optical monitoring standardization in ITU-T

3.1.1 Classification of monitoring methods

The ITU-T distinguishes between several approafdresptical monitoring:
* Signal monitoring
* Equipment monitoring
* Embedded monitoring
e External monitoring devices.
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3.1.1.1 Signal monitoring

Signal monitoring are non-intrusive measuremengt #illow in-service monitoring of the
optical signal quality. A distinction between fremey- and time-domain measurement
methods is made:

A. Time domain methods

The time domain monitoring methods analyses theWeh of the optical signal in the time
domain. These methods are close to full BER measmeand are sensitive to both noise and
distortion effects. Sampling oscilloscopes and Qelameters are representative of the time
domain methods. The drawbacks of these methodshatethey generally need optical
demultiplexing, optical to electrical conversiondann the case of sampling methods,
synchronization to the bit rate.

B. Frequency (or wavelength) domain methods

Frequency/wavelength domain methods analyses teetrap characteristics of the optical

signal. These spectral methods have in common ttiegt do not sample the signal or

synchronize to it, thereby eliminating the entieéerence receiver. Typically, they employ a
spectrum analyzer device. The simplest form of acspl analysis is simple power

monitoring of each channel. This can be done wih,example, a diffraction grating and

detector array to sense all of the channel powemslgneously. At the expense of an

increase in the complexity and resolution, thishodtcan also be extended to look at the
precise shape of the signal spectrum. The drawbbdtike spectral methods is that they are
averaging methods; Thus, by definition, do not eghg pulse distortion and are insensitive
to all of the effects due to distortions.

3.1.1.2 Equipment monitoring (indirect methods)

Indirect methods make use of an empirical corretabietween equipment failures and signal
quality. Equipment failures such as power suppilufes, laser temperature etc., may be
detected by built-in self-test functions. Theseigatbrs are likely to be very system- and
implementation- dependent.

Indirect methods mainly indicate that the systempsrating, and one assumes that the signal
quality is also degraded, when an equipment paemist outside the specified range.
However, a correct equipment parameter is no gteeasf signal integrity since there may be
other impairments that affect the signal quality.

3.1.1.3 Embedded monitoring equipment

In this approach the monitoring equipment is aregral part of the system and its
measurement results are reported directly to thevark management (NMS). For cost
reasons, embedded monitoring is usually limitetheomost basic parameters such as optical
power.

3.1.1.4 External monitoring equipment

External monitoring approach is based on test eneiy that is temporarily employed to
measure additional, more sophisticated performaa@ameters. This approach is usually
employed during the network installation and/ocase of a failure or repair.
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3.1.2 Optical monitoring parameters

The list of the optical parameters that can be omealsusing current technology in optical
transmission systems is given below.

— Channel power;

— Total power;

— Optical Signal-to-Noise Ratio (OSNR);

— Channel wavelength;

— Q-factor.

3.1.3 Optical impairments

The main systems impairments at the optical lagat timit the capacity of the system to
transport information:

» Attenuation

» Optical channel power changes due to gain varigtion

* Frequency (or wavelength) deviation from nominal

» Polarization Mode Dispersion (PMD) (1st and higbeters)

* Four-Wave Mixing (FWM)

* Amplified Spontaneous Emission (ASE) noise in OA

* Chromatic dispersion

e Chromatic dispersion slope

* Reflections

* Laser noise

* Inter-channel crosstalk

* Interferometric crosstalk

* Cross-Phase Modulation (XPM)

» Self-Phase Modulation (SPM)

e Stimulated Brillouin Scattering (SBS

e Stimulated Raman Scattering (SRS)

3.2 Optical monitoring standardization in IEC

3.2.1 Background about IEC

3.2.1.1 IEC Mission

The International Electrotechnical Commission (IEE€}he leading global organization that
prepares and publishes international standardsaforelectrical, electronic and related
technologies. These serve as a basis for natideatardization and as references when
drafting international tenders and contracts. Tglouts members, the IEC promotes
international cooperation on all questions of et#echnical standardization and related
matters, such as the assessment of conformity awdatds, in the fields of electricity,
electronics and related technologies. The IEC ehaembraces all electrotechnologies
including electronics, magnetics and electromagsegtielectroacoustics, multimedia,
telecommunication, and energy production and @istion, as well as associated general
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disciplines such as terminology and symbols, ebactignetic compatibility, measurement
and performance, dependability, design and devetopnsafety and the environment.

3.2.1.2 IEC Objectives

The Commission's objectives are to:
= meet the requirements of the global market effityen
= ensure primacy and maximum world-wide use of itsndards and conformity
assessment systems
= assess and improve the quality of products andcssreovered by its standards
= establish the conditions for the interoperabilityromplex systems
= increase the efficiency of industrial processes
= contribute to the improvement of human health afdty
= contribute to the protection of the environment.

3.2.1.3 IEC Standards

IEC's international standards facilitate world &day removing technical barriers to trade,
leading to new markets and economic growth. Putplsima component or system
manufactured to IEC standards and manufacturedoumtcy A can be sold and used in
countries B through to Z.

IEC's standards are vital since they also reprabentore of the World Trade Organization's
Agreement on Technical Barriers to Trade (TBT), sddl00-plus central government
members explicitly recognize that internationalngt&ds play a critical role in improving

industrial efficiency and developing world traddeTnumber of standardization bodies which
have accepted the Code of Good Practice for thpalPagon, Adoption and Application of

Standards presented in Annex 3 to the WTO's TBTefgrent underlines the global

importance and reach of this accord.

IEC standards provide industry and users with thméwork for economies of design, greater
product and service quality, more inter-operahilignd better production and delivery
efficiency. At the same time, IEC's standards @&soourage an improved quality of life by
contributing to safety, human health and the ptaie®f the environment.

For more information please refer to http://wvweg.ch/
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3.2.2 Review aspects of IEC86C

TC86 Family

TC86
FIBRE OPTICS|

SC86A SC86B SCa6C
Fibres and Cables Interconnecting Devices Fibre Optic Systems
& Passive Components & Active Devices

WG1T — Terminology _ _ WG4 — Test & Meas. WG1 — Optical Commun.

& Symbology e Methods Systems & Subsysfems
WG4 — Test Equipment _ | o WG3 — Optical

Calibration WG3 — Optical Cables | WG5S — Reliability Amplifiers
JWGES (W TCIT) — JWGET (w TCT) — Opticall 5
Optical functionality for Cables along Electrical WGE — Intercannecting WG4 — Active Devices
electronic assemblies Frzs AT Devices
CG — Reliability WGT — Passive WG 5 — Dynamic

Components Modules

JTG — Terminated

EE= g a Cable Assemblies

CG — Multimode
Launch Conditions

Fig. 2 IEC86C family
Fig.2 shows the IEC86C family. As we can see, IBEC86als with 4 WPs:

WP1 about optical communication systems and subssst
WP2 about optical amplifier

WP4 — about optical active devices

WP5 — about Dynamic modules

This section provides a brief summary the IEC rememdations for technical specifications
or guidelines for optical issues as well as momtpand its features. Several drafts deal with
dynamic optical modules and are covered in 86C.fohewed documents list covers several
issues dealing with the standardization activitgptical dynamic module.

62343 Dynamic Modules Standards — General anddaoe

62342-1 Dynamic Modules — Performance Standards

62343-1-2 Performance Standards — Dynamic Chreniaispersion Compensator with
Pigtails for Use in Controlled Environments (Catgg0)

62343-1-3 Performance Standards — Dynamic GatrEfGjlializer with Pigtails for Use in
Controlled Environments (Category C)
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62343-1-4 Performance Standards — PolarizationeMbispersion Compensator with
Pigtails for Use in Controlled Environments (Catgg0)

62343-2 Dynamic Modules — Reliability Qualificatio

62343-3 Dynamic Modules — Performance Specificatiemplates
62343-3-1 Dynamic Channel Equalizers

62343-4 Dynamic Modules — Software and Hardwaterface Standards
62343-4-1 Dynamic Modules Standard — HardwareSoftlvare Interfaces
62343-5 Dynamic Modules — Test Methods

62343-5-1 Dynamic Gain Equalizer — Response Tinaddrement

62343-5-2 Dynamic Modules — Phase Ripple MeasunéMethod

62343-5-3 Dynamic Modules — Monitoring test of im&cical shock and vibration

62343-6-6  Dynamic Modules - Failure Mode Effé&nalysis for Optical Units of
Dynamic Modules

Not all of these documents deal with monitoringojtical modules, thus, we had focused
below only on the relevant documents with actigitieat can contribute to DICONET.

Some draft provides inputs about PMD (Polarizattode Dispersion) DGE (dynamic Gain
Equalizer) and tunable module. PMD is a becomirgné for today/future networks. The
PMD is a phenomenon in which for polarized lighwotmodes are propagated through a
single-mode fiber and become separated as theygatg. The separation at the output of the
fiber is the DGD, resulting in a system impairm#érdt varies also with state of polarization
Monitoring PMD is extremely important for high biite networks. The document “PMD-
DICONET.doc” discuses PMDC issue and was examineW/P3.2. This document deals
with measurement techniques of various PMDC prapdsethe equipment manufacturers.
(The documents can be found also in D 3.2). Thewlya gains tilt equalization control has a
great impact on networks functionality, reliabilésd optimization in both performance and
economy aspects. A dynamic gain equalizer (DGEeaonfigurable next generation WDM
systems must have the capability of flattening apiycal profile with irregular power levels.
The DGE module has the ability to control the attgion profile and thus plays an important
role in monitoring spectral response over wide dyicaange of desired band.

We have followed the IEC-86¢ standard which death winable modules. Although the
main contribution of this document is to analyzel gmopose measuring and investigating
dynamic gain tilt equalizer Response time, these¢haus could be served for dynamic
networks behavioral forecast (See 86¢-62343-5-1).

The Document 62348-6 “Dynamic Modules - Failure Mode Effect Analysis fOptical
Units of Dynamic Modules” can serves as an inpubt®4.4 about “failure localization
algorithm”. The following summary provides shoreoview about document 623435.

3.2.2.1 Consideration of types of dynamic modules

There are many types of dynamic modules; dynaminigll equalizer, tunable optical
chromatic dispersion compensator, dynamic gairetjltalizer, wavelength selective switch,
wavelength blocker, optical performance monitorticgd switch, and so on. Main feature of
dynamic modules is to control their performancesnduoperation. In order to achieve their
features, many kinds of control methods are usedyioamic modules; MEMS (micro electro
mechanical system), stepping motor, electromaghetmo optics, magnet optics, electro
optics, LCD (liquid crystal devices), and so on.
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3.2.2.2 Typical failure points

A typical optical unit for dynamic module consisisdifferent parts: optical element, outer
packages, fibre pigtails, optical semiconductopshand joint points of these elements. These
elements have their own failure mode, for examipieak for pigtails, displacement for joint
points, and so on. Moreover, these elements mag tieir acceleration factor of degradation;
for example joint points fixed by adhesive are galhg weak against high humidity, and so
on. These failure mode analysis can be referreBM&A for passive optical components
(refer 62005-3).

There are special considerations for dynamic moddére are some examples; When the
hermetic sealing structure is used, it may be @ochittamp heat test because it can generally
prevent to enter humidity. When using MEMS, ope@gtishock and vibration test are
necessary because MEMS is sensitive against meethashock and vibration. When
temperature control is used, temperature cyclisg ie recommended because temperature
control functions generally produce thermal stiegssemperature distribution of modules and
temperature cycling test can accelerate thermegstr

3.2.2.3 Failure modes and known failure mechanisms

For some dynamic modules, failure mode and effeatyais (FMEA) was carried out. Table

2 (In Appendix V) shows known failure mechanisnaluire effects, failure modes, relevant
tests and IEC test document number for dynamic mesdiRelevant tests are listed with the
failure effect and the dominant known failure meukm. As other relevant tests or methods
of failure mode excitation become known, these khalso be added in a supplementary
table and published.
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4. Proposals to ITU-T Q6/15
4.1 On Physical Layer modeling

In DICONET project, Task3.3 is to develop and eatduthe key DICONET output, the
network planning and operation tool (NPOT). One¢ha&f important modules of NPOT is the
Q-tool, the physical layer performance evaluatdre ©Q-tool was developed to cover the need
for an efficient module that would evaluate the aoipof the physical layer impairments on
the signal quality. In the framework of the devetamt of the tool effort was made to identify
the dominant impairments, implement the physicgedlamodels and integrate them into a
single figure of merit, the Q-factor.

Based on the output of the physical layer modeltagy proposals have been submitted to
ITU-T Q6/15[47][48] meeting held in Geneva, 31yHL June. 2010.

1. One [47]is “Proposal on considerations of intecag of PMD and filtering effects with
nonlinear effects in optical transmissions in G6&@hich discusses the interaction of
linear impairments (PMD and Filtering effects) witbnlinear effects (SPM/XPM) in optical
transmissions. Full text of this proposal can hentbin Appendix I.

This proposal is highly recognized by the Q6 plgmaeeting, according to the meeting
minutes [46], C 1047 contained a proposal to consider the inteoas of PMD and
filtering effects with nonlinear effects for opticagnal quality evaluation in G.680. The
meeting agreed that it would be very useful to #ud topic to G.680. The meeting
further agreed that before adding a heading in G,g&oposals with specific text would
be required.

2. The other one [48] is “Proposal of suggestions ppocedures to build physical
impairments models for signal quality evaluation @680”, which suggests the
procedures of building physical layer models bgtfipuilding the physical layer models for
nonlinear effects (e.g. SPM/XPM), and then calibrdahe models based on the linear
impairments like CD, PMD and filtering effects dte the interactions between linear and
nonlinear impairments. Full text of this proposahde found in Appendix II.

This proposal is also highly recognized by the Q#hary meeting, according to the
meeting minutes [46],C 1050 contained a proposal with suggestions ormcqutares to
build physical impairment models for signal qualtyaluation in G.680. The meeting
agreed that the proposals in C 1050 were a usefulit for the discussion on modeling
linear and non-linear impairment. The meeting disib that more specific proposals for
modeling these effects were required.

With respect to the general need for a break-througethodology to assess the
impairments in both the amplitude and phase domaiong any point in the
transmission fibre, the meeting agreed that it widog useful to start investigating the
possibility of defining a set of criteria to lirmbn-linearities in such a way that it would
be possible to define an appropriate model for ed@cating multiple line-segments in
G.680. In any case extensive simulations on nasfireffects would be necessary to
assess these criteria. As soon as the resultsisfwihl be available, then it will be
possible to assess the usefulness of possible nhkelimis to operators.
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4.2 On Optical performance monitoring

In DICONET project, Task3.1 is for efficient optidayer impairment monitoring. Based on
the output of this task, one proposal has been albmitted to ITU-T Q6/15 [49] meeting
held in Geneva, 31 May-11 June. 2010.

This proposal entitled “Propose to add the momtptime requirement based on application
scenarios in G.697”, which suggests adding somedexhe monitoring time requirement

based on application scenarios to be included @9% Full text of this proposal can be found in

Appendix IlI.

However, this proposal is considered as out ofsttagpe of G.697 according to the meeting
minute [46], ‘C 1049 contained a proposal to add some text on mimmitoring time
requirement based on application scenarios in G.6%ie meeting felt that including
requirements on monitoring time in G.697 would batsmle the scope of this
Recommendation and it would seem to be more innlittethe work of Q.14/15.

5. Proposals to IETF CCAMP

In the framework of DICONET project, standard cohglane protocols must be extend to
make them aware of physical impairments. In WP5hexe mainly studied two approaches:
one is based on centralized Path Calculation ElefeDE) architecture, and the other one is
based on distributed hybrid architecture. In theEP&Zchitecture, OSPF-TE protocols are
extended to carry the physical layer informatiohjlerstandard RSVP-TE protocols are used
for signaling. Based on the output of WP5, one psap entitled “OSPF Extensions in

Support of Impairment Aware Routing and Wavelengsisignment in Wavelength Switched

Optical Networks (WSONSs)” has been submitted toREJommon Control and Measurement
Plane (CCAMP) [50]. This proposal suggests théndafn of extensions for OSPF to support
Generalized Multi-Protocol Label Switching (GMPL&)d Path Computation Element (PCE)
control of Impairment Aware Routing and Wavelenggsignment in Wavelength Switched

Optical Networks (WSONSs). Full text of this draftrcbe found in Appendix IV.

Another draft partially supported by DICONET prdjewas also submitted to IETF
CCAMP [8]. This draft discusses how the definitiand characterization of optical fiber,
devices, subsystems, and network elements contaneatious ITU-T recommendations can
be combined with GMPLS control plane protocols amechanisms to support Impairment
Aware Routing and Wavelength Assignment (IA-RWApistical networks.

6. Conclusions

This deliverable first surveys the current statdisoptical control plane standardization
activities at ITU-T, IETF, and OIF, and then theeoxiew of the optical performance
monitoring standards activity in ITU-T and IEC. Then of the survey is to provide inputs
for the standards to be implemented or taken intwicleration in DICONET. Based on the
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DICONET results, several proposals have been stdunito ITU-T and IETF. More
specifically, two proposals submitted to ITU-T omypical layer modeling, which are highly
recognized; and one proposal submitted to ITU-Tophical performance monitoring. One
proposal submitted to IETF on OSPF-TE protocol esitens to include physical impairments.
Another draft partially supported by DICONET on idgfon and characterization of optical
elements in GMPLS control plane protocols to suppeRWA in optical networks was also
submitted to IETF. This proposal is now a workimgup (WG) dratft.
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1. Introduction

The current G.680 has discussed the impacts of oga impairments, such as chromatic dispersion
(CD), polarization mode dispersion (PMD), etc. ba bptical signal quality. However, the impacts of

nonlinear impairments, such as self-phase modulg&PM), cross-phase modulation (XPM), four

wave mixing (FWM), as well as the interaction betwehe linear and nonlinear impairments are not
defined yet.

According to the report of the Q.6/15 in ITU-T megtheld in Beijing in March 2009.

“With respect to the challenge to define a breakdgh model for G.680 Scenario 2 to assess the
impairments in both the amplitude and phase doraking any point in the transmission fibre, the

meeting felt it to be useful to reconfirm the féudldly of this plan at the June 2010 SG15 meeting.

Participants were invited to continue this debatedrrespondence.”

This contribution discusses the interaction of dinénpairments (PMD and Filtering effects) with
nonlinear effects (SPM/XPM) in optical transmission

2. Discussion

PMD is due to the non-perfect cylindrical symmetryhe fiber, which leads to birefringence because
of different mode indices associated with the agtvally polarized components of the fundamental
fiber mode. If the input pulse excites both polafian components, it becomes broader as the two
components disperse along the fiber because of difeérent group velocities. This is referred ® a
PMD-induced pulse broadening, which will degrade stgnal quality.
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The effects of nonlinear impairments (SPM/XPM/FWalifer for different polarizations. Usually, if
one channel keeps its polarization state (e.gatipelarization), then it incurs the largest SPféetf
For WDM transmission, if all the channels have saene linear polarization states, then the multi-
channel nonlinear effects XPM and FWM will also aatie largest impact. However, in a real fiber,
the polarization states of the optical signals geamndomly due to PMD, therefore the strengttnef t
nonlinear effects is reduced and then the signgdadies less, as proved by simulation results irlFig
Therefore it is suggested that PMD should be cenedialso for nonlinear impairment evaluation in
the system.

—=— DGD=0ps
13.5 —e— DGD=3ps
—4&— DGD=7ps
—v— DGD=15ps

13.0

12.5

ROSNR @ BER 1e-3 (dB)

Launch Power (dBm)

Fig. 1 Launch Power vs. ROSNR @ BER 1e-3 for 40GIRZPSK, 50GHz system with 20spans
(80km SSMF each span and fully compensated, -20&mMFSpre-compensation and optimized post-
compensation )

In a WDM network, usually signals need to pass uplo multiple filters, for example the
MUX/DMUX filters and interleavers at the beginniagd the end of a optical signal, WSS filters at
ROADM for wavelength add/drop or switching. As st $tated in G.680, the concatenation of these
filters can produce a serious effect on the tratisthichannel since the total transmission window
becomes narrower. On the other hand, the nonliefects SPM/XPM can broaden the optical
spectrum of the transmitted signal, therefore filierihg effects have larger impact on the signal
quality for nonlinear transmission. Fig.2 shows @f@NR penalty vs. the number of Spans (each span
with one WSS) for 40G RZ-DQPSK, 50GHz system. A=t be seen from Fig.2 that the total OSNR
Penalty for WSS with nonlinear transmission is mudafger than the sum of individual OSNR
penalties from nonlinear transmission without W88 knear transmission with WSS.
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3. Proposal

It is proposed to consider the interactions of Plsiil Filtering effects with nonlinear effects for
optical signal quality evaluation. Though PMD céieet the signal quality by broadening the pulse, i
can mitigate the impact of nonlinear effects. Fittg effects have larger impact under nonlinear
transmission since the nonlinear effects can brodge signal optical spectrum and more part will be
filtered out.
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1. Introduction

G. 680 has defined some linear impairments neebdet@onsidered for signal quality evaluation.
However, to correctly evaluate the quality of atieg signal, not only nonlinear impairments must b
included, but also the interactions between noalimad linear impairments should be considered.

This contribution discusses the procedures to Iphigsical impairments models in case of nonlinear
transmissions.

2. Discussion

In general, the optical impairments affecting tigmal quality can be separated into two categories,
l.e. linear impairments and nonlinear impairmen@hromatic dispersion (CD), insertion loss,
amplified spontaneous emulation (ASE) noise, catisstpolarization mode dispersion (PMD),
polarization dependent loss (PDL), etc. belonght first category, while the self-phase modulation
(SPM), cross-phase modulation (XPM), four-wave mox{FWM), Stimulated Brillouin Scattering
(SBS), and Stimulated Raman Scattering (SRS) bettfye second one.

For linear transmission, i.e. the launch powerhaf optical signal is low enough that none of the
nonlinear impairments in optical fibers is takinffeet, the impact of the linear impairments on the
signal quality is relatively easy to be modeledr Ewample, the impact of CD can be modeled by
considering the total residual CD at the end oftthasmission link; the impact of PMD can also be
modeled by considering the total accumulated PMibaend of the transmission link.

However, in case of the nonlinear transmission,the launch power of the optical signal is high
enough that some of the nonlinear impairments baginave effect on the signal quality, since the
interactions of linear and nonlinear impairments itather difficult to build simple models for sig
quality evaluation.
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In the following, we focus our discussion for 10&t@onlinear transmission in G.652 fiber systems.
Since G.652 fibre has large chromatic dispersiahedfective area, the FWM impairment can

be neglected. According to Recommendation G. G@&3effects of SBS and SRS are also not
considered. Therefore, only SPM/XPM nonlinear impants need to be considered.

Due to the interaction of the nonlinear impairmenith linear impairments, it is suggested to
first build models for nonlinear impairments, etilke OSNR penalty caused by SPM/XPM,
and then evaluate the influence of introducinglithear impairments by either directly adding
the OSNR penalties caused by the linear impairmemtsmodifying the models for
SPM/XPM. Here are the proposed steps:

1) Build SPM/XPM models for a targeted (ideal) dispamsmap by assuming optimized
post-compensation at the receiver side.

2) Build models forCD:

a. The total residual CD at the end of the transmms$ik. Its effect also depends on the
accumulated nonlinear effects along the transmisliid. In general, the CD tolerance
after transmission is smaller than the one of ladiack.

b.  The deviation of the CD, which can be represeniethb difference between the actual
CD and the targeted (ideal) CD of each span. Dubeanterplay of CD and nonlinear
effects along the transmission link, their effedt vary.

3) Build models for PMD:
a. Linear effect: PMD causes the pulse broadeningrohatces signal penalty;

b. Interaction with nonlinear effects: The effects 9IPM/XPM differ for different
polarizations. Usually, if one channel keeps itdappation state (e.g. linear
polarization), then it incurs the largest SPM efféor WDM transmission, if all the
channels have the same linear polarization st#tes, the multi-channel nonlinear
effects XPM will also have the largest impact. Hoeme in a real fiber, the
polarization states of the optical signals charagelomly due to PMD, therefore the
strength of the nonlinear effects is reduced ard the signal degrades less.

4) Build models for filtering effects:

a. Filtering effects for linear transmission: the catemation of the filters in the network
results in the narrower transmission window andrefoge causes transmission
penalty.

b. Filtering effects for nonlinear transmission: thenhnear effects SPM/XPM can

broaden the optical spectrum of the transmitteshadjgthe transmission penalty is
enlarged because more part of the optical spedgdittered out.

3. Proposal

Due to the interactions between linear and nonltim@pairments, in order to correctly evaluate the
signal quality, it is proposed to first build théwysical layer models for nonlinear effects (e.g.
SPM/XPM), and then calibrate the models based enlittear impairments like CD, PMD and

filtering effects.
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1. Introduction
This contribution proposes to add some text on rioaitoring time requirement based on
application scenariok be included in G.697.

2. Proposal

In Appendix Ill of G.697, some optical monitoringeniormances are recommended for
different monitoring parameters with different apation scenarios. Those performances
include accuracy, repeatability, and measuremergeraHowever, the monitoring time is not
involved. In the conventional transmission netwaskth electrical monitoring, the
monitoring time is quite short since each channas lits own electrical monitoring
mechanism. However, due to the high cost of optieanitoring, a great number of channels
and fibers normally share a common optical momgprequipment. It may induce a much
longer monitoring time for each channel under nwmyg. For keeping the proper network
operation, the monitoring time is important. Consagly, it is proposed to add a
recommendation for the monitoring time of each ruimg parameter. The required
monitoring time can be discussed based on theagigih scenarios, such as protection, fault
localization, degradation detection, impairmentigaition, provision and restoration. In the
following part, we give an example of the tentatneguired monitoring time for OSNR
monitoring. Note that it's just an example for ditating how to define a reasonable
requirement. The specification can be further dised.

3. Example - required monitoring time for OSNR montoring
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If the monitored OSNR is used as a trigger for gebon and restoration, the monitoring
acquisition time of each channel should be sma#flan 10 ms and every channel should be
monitored simultaneously. It is not cost-efficieriloreover, although OSNR is an accurate
signal quality estimator, it cannot wok as an oNedggital signal transmission quality
indicator as bit-error-rate (BER) and Q-factor. Téignal may suffer from other optical
impairment such as chromatic dispersion (CD), ddion mode dispersion (PMD) and fiber
nonlinearities. Therefore, the in-band OSNR is retommended using as a trigger for
protection and restoration. However, if the acgjois time could be smaller than 10 ms with
cost-effective solution, the OSNR monitoring canebeployed as a trigger for protection and
restoration together with CD/PMD and power monitgriat some important monitoring
positions.

We usually consider that the network element mamage system have to update the
displayed performance information every 15 minutesneans that the monitoring process
should not take more than about 900 seconds ingjutiie data processing. Hence we should
have

Nc-Np-Tc <900
where Nc, Np and Tc represent channel numbers nponbers and channel monitoring time.
With Nc=80 and Np=8, it implies that Tc <900 / (8®) = 1.4 s. This upper limit indicates
an order of magnitude for the measurement of ehahrel.
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Network Working Group Fernando Agraz
Internet Draft UPC
Category: Informational Yabin Ye
Huawei
Expires: January 4, 2011 July 5, 2010
OSPF Extensions in Support of Impairment Aware Rout ing and
Wavelength Assignment in Wavelength Switched Optica | Networks
(WSONSs)
draft-agraz-ccamp-wson-impairment-ospf-00. txt

Status of this Memo

This Internet-Draft is submitted to IETF in full co nformance

with the provisions of BCP 78 and BCP 79.

Internet-Drafts are working documents of the Intern et
Engineering  Task Force (IETF), its areas, and its working
groups. Note that other groups may also distribu te working
documents as Internet- Drafts.

Internet-Drafts are draft documents valid for a max imum of six
months and may be updated, replaced, or obsoleted by other
documents at any time. It is inappropriate to us e Internet-
Drafts as reference material or to cite them othe r than as

"work in progress."

The list of current Internet-Drafts can be accessed at
http://lwww.ietf.org/ietf/1lid-abstracts.txt.

The list of Internet-Draft Shadow Directories can b e accessed
at http://www.ietf.org/shadow.html.

This Internet-Draft will expire on January 4, 2011.

Abstract

This document provides OSPF extensions to support G eneralized
Multi-Protocol Label Switching (GMPLS) and Path Com putation
Element (PCE) control of Impairment Aware Routing a nd
Wavelength Assignment in Wavelength Switched Optica | Networks
(WSONS).
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1. Introduction

[Imp-Frame] provides a framework for applying GMPLS and the
Path Computation Element architecture to the contro | of WSONSs
to address the Impairment Aware RWA problem. This d ocument
defines extensions to the OSPF routing protocol to distribute
physical layer impairments (PLI) information which will be

used in the path computation process for GMPLS or P CE control
case.

The protocol extensions is implemented and emulated in the
“Dynamic Impairment Constraint Networking for Trans parent Mesh
Optical Networks” (DICONET) project which is funded by
European Commission through the 7 ™ Framework programme. The
intent of this document is to show the result of DI CONET
project and provide an input related to OSPF extens ions for
CCAMP in IETF.

2. OSPF-TE Extensions

Two top-TLVs are defined to describe PLI, the Link PLI TLV and
the Node PLI TLV, each of which is composed of seve ral sub-
TLVs. Note that each PLI LSA instance can only cont ain one
top-TLV.

2.1 The Link PLI TLV

The Link PLI TLV describes the physical layer impai rments
related to the link. Each link in the network may h ave its own
Link PLI TLV and it will be flooded into the networ k. Itis
stored in the database of each node as a compositio n of the

PLI LSA. The Link PLI TLV is composed of Link ID su b-TLV,
Local Interface IP sub-TLV, Remote Interface IP sub -TLV and

Component Impairment sub-TLV, as shown in Figure 1.
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Link ID Sub-TLV must appear exactly once in the Top
must be the first Sub-TLV in the Top-TLV. Local int
address Sub-TLV must appear exactly once in the Top
must be the second Sub-TLV in the Top-TLV. Remote i
address Sub-TLV must appear exactly once in the Top
must be the third Sub-TLV in the Top-TLV. If the li
through more than one component, there would be mor
Component Sub-TLV, which is ordered.

-TLV and
erface IP
-TLV and
nterface IP
-TLV and
nk passes
e than one

Y
+

+

|PLI LSA Hearder
+ +

Y

TOP TLV (Link PLI TLV, type = 2)
+ +

|Link ID sub-TL |
+

|Local interface IP sub-TL

+

+

|[Remote interface IP sub-TL |

+

Componet Impairment sub-TLV

+

|Component ID

+

|Parameter sub-sub-sub-TL

+ot

ther Parameter sub-sub-sub-TLV | |

Wavelength unrelated Impairment sub-sub- TLV| | | |

<777 7——<

+

| +

| [Wavelength #
+

| |Parameter sub-sub-sub-TL
+

| +

| +

Wavelength related Impairment sub-sub-TL vV | |]]
+

| |Other Parameter sub-sub-sub-TLV |
+

Y
Y
I

| +

| [Wavelength #
+

| +

| +

| [Parameter sub-sub-sub-TL
+

—_

Wavelength related Impairment sub-sub-T LV | |||
+

| |Other Parameter sub-sub-sub-TLV |
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| + +

+

+ +

<

Figure 1. The composition of Link PLI TLV

2.2 The Node PLI TLV

The Node PLI TLV describes the physical layer impai
related to the node. Each node in the network may h
Node PLI TLV and it will be flooded into the networ

also stored in the database of each node as a compo
the PLI LSA. The Node PLI TLV is composed of Node |
and Component Impairment sub-TLV, as shown in Figur

Y

+ +

|PLI LSA Hearder |
+ +

Y

TOP TLV (Node PLI TLV, type = 1)
+ +

[Node IP sub-TLV |
+ +

Componet Impairment sub-TLV
+ +
|Component ID |

+ +

+ +
|Parameter sub-sub-sub-TLV |

+ +

|Other Parameter sub-sub-sub-TLV |
+ +

Y

| Wavelength unrelated Impairment sub-sub-
I

I

I

I

I

Y
Y

Wavelength related Impairment sub-sub-TL
+ +

|Wavelength # |
+

I
I
|
| [Parameter sub-sub-sub-TLV |
I
I
I

+

+ +

|Other Parameter sub-sub-sub-TLV |
+ +

|
|
|
|
|Y
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

rments
ave its own
k. Itis
sition of

P sub-TLV
e 2.
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[|]Y

1] Y ,

1] | Wavelength related Impairment sub-sub-T
]|+ +

1] | [Wavelength # |

]|+ +

||| | |[Parameter sub-sub-sub-TLV |
]|+ +

||| | |Other Parameter sub-sub-sub-TLV |
]|+ +

[|]Y

1]+ ,

||| |OtherWavelength_related Impairment sub-su
||| +

| |Y

| | + +

|| |Other Component sub-TLV

| | + +

|Y

Y

Figure 2. The composition of Node PLI TLV

Node IP Sub-TLV must appear exactly once in the Top
must be the first Sub-TLV in the Top-TLV. Currently
only one Component impairment sub-TLV (describing t
impairment information of a Physical node) will be

2.3 The sub-TLVs
There are five kinds of sub-TLVs:

2.3.1 Link ID sub-TLV
The Link ID sub-TLV is the composition of the Link
as shown in Figure 3.

0 1 2
0123456789012345678901234
T S N NI N I S S S S S
|Sub-TLV Type (link ID sub TLV) | Sub TLV
T S N NI N I S S S S S
| Link Id
T S N NI N I S S S S S

Figure 3. Link ID sub-TLV Format

The link ID is the same format as defined in RFC363
Sub-TLV type =2
Sub-TLV length = 4
Link ID = remote router (node) IP address
2.3.2 Local Interface IP sub-TLV
The Local Interface IP sub-TLV is the composition 0

PLI TLV, as shown in Figure 4.
0 1 2

-TLV and
there is
he
included.

PLI TLV,

3
5678901
ottt ottt
length |
ottt ottt

e

0, where:

f the Link
3
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0123456789012345678901234
e S
| Sub-TLV Type | Sub TLV
e s e S
| Local interface IP address
e s e S

Figure 4. Local Interface IP sub-TLV Format

The Local interface IP sub-TLV is the same format a
in RFC3630, where:

Sub-TLV type =3

Sub-TLV length = 4

Local interface IP address = the IP address of loca
of the link

2.3.3 Remote Interface IP sub-TLV

The Remote Interface IP sub-TLV is the composition
PLI TLV, as shown in Figure 5

0 1 2
0123456789012345678901234
e e S
| Sub-TLV Type | Sub TLV
e S
| Remote interface IP address
e e S

5678901
ottt ottt
length |
ottt ottt

e

s defined

| interface

of the Link

3
5678901
ottt ottt
length |
ottt ottt

R

Figure 5. Remote Interface IP sub-TLV Format

The Remote interface IP sub-TLV is the same format
in RFC3630, where:

Sub-TLV type =4

Sub-TLV length = 4

Remote interface IP address = the IP address of rem ote

as defined

interface of the link. If the remote interface IP i S unknown,
this field will fill with O
2.34 Component Impairment sub-TLV

The Component impairments sub-TLV is the compositio n of both
the Link PLI TLV and the Node PLI TLV, as shown in Figure 6.

0 1 2 3
0123456789012345678901234 5678901

FTE T O S T T I T I T T S +-t-t-t-t-t-+-+
[1]1]1|0|Rvd |S| Component Type| Sub-TLV | ength |

FTE T O S T T I T I T T S +-t-t-t-t-t-+-+

| Component ID |

FTE T O S T T I T I T T S +-t-t-t-t-t-+-+

| Values |

FTE T O S T T I T I T T S +-t-t-t-t-t-+-+
Figure 6. Component impairments sub-TLV Format
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The Component Sub-TLV is used to describe all the i
parameters of one component located on the link ide
Link ID and Local/Remote interface IP address in th
TLV or describe all the impairment parameters of on
located in the node identified by Node IP address i

PLI TLV. For the Link PLI TLV, if the link passes t
than one component, there will be more than one Com
TLV. For the Node PLI TLV, there is only one compon
(Physical node) currently. But for the extensibilit
protocol, more than one component sub-TLV is allowe

Rvd = Reserved

S = the status of the component:
0 = unavailable

1 = available

Component Type:

For the Link PLI TLV:

0 = Transmitter

1 = Fiber

2 =DCM

3 = Attenuator
4 = Receiver
5 = Amplifier

For the Node PLI TLV:

8 = Physical node
Sub-TLV length = the total length of the Component
and Value field in Byte (variable)
The first line (first 4 Bytes) after the header is
Component ID
Values: [Wavelength_unrelated Impairment Sub-sub-TL

Wavelength_related Impairment Sub-sub-TLV, Waveleng

Impairment Sub-sub-TLV, ...]

1. Wavelength_unrelated Impairment Sub-sub-TLV:

All the common impairment parameters unrelated to w
will be put here. If no common impairment parameter
Sub-sub-TLV is not needed.

The Wavelength_unrelated Impairment Sub-sub-TLV is
shown in Figure 7:

0 1 2
0123456789012345678901234
e e

|Wavelength unrelated Sub-sub-TLV | Sub-T
s S g e ot s o
| Values

e e

Figure 7. Wavelength_unrelated Impairment Sub-sub-

Format
The Wavelength_unrelated Sub-sub-TLV (=1):
(1)Sub-sub-TLV type = 1

mpairment
ntified by

e Link PLI

e component
n the Node
hrough more
ponent Sub-
ent

y of the

d:

ID filed
the

Vv,
th_related

avelength
s, this

defined as

3
5678901
ottt ottt
LV length |
s
+-+-+-+-l-+-+-+
TLV
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(2)Sub-sub-TLV length = the total length of the Val ue field in
Byte (variable)
(3)Value :: Parameter Sub-sub-sub-TLV [, Parameter Sub-sub-
sub-TLV, ...]

2. Wavelength_related Impairment Sub-sub-TLV:

Typically, if there are N wavelengths in the link o r node,
then N Wavelength_related Impairment Sub-sub-TLVs s hould be
contained. It's recommended to order the N Waveleng th_related
Impairment Sub-sub-TLVs by the wavelength (from low to high).
If no wavelength_related impairment parameters, thi S Sub-sub-
TLV is not needed. The Wavelength_related Impairmen t Sub-sub-
TLV is defined as shown in Figure 8:
0 1 2 3
0123456789012345678901234 5678901
FTE T O S T T I T I T T S +-t-t-t-t-t-+-+
|Wavelength related Sub-sub-TLV | Sub-TLV | ength |
FTE T O S T T I T I T T S +-t-t-t-t-t-+-+
| Values |
FTE T O S T T I T I T T S +-t-t-t-t-t-+-+
Figure 8. Wavelength_related Impairment Sub-sub-TL V Format

The Wavelength_related Sub-sub-TLV (=2):

(1) impairment sub-sub-TLV type =2

(2) Sub-sub-TLV length = the total length of the Va lue field

in Byte (variable)

(3) Value :: Wavelength, Parameter Sub-sub-sub-TLV [,
Parameter Sub-sub-sub-TLV, ...]

The first line (4 Bytes) of the Value field represe nts a
Wavelength with the format that is consistent with [WSON-
Label]. One or more Parameter Sub-sub-sub-TLVs are presented
below the Wavelength. Each Parameter Sub-sub-sub-TL V describes
a special impairment parameter of the component per wavelength

2.35 The Impairment Parameters

As mentioned in both the Wavelength_unrelated Sub-s ub-TLV
and the Wavelength_related Sub-sub-TLV appears Impa irment
Parameter Sub-sub-sub-TLV, s shown in Figure 9:

0 1 2 3

0123456789012345678901234 5678901

FTE T O S T T I T I T T S +-t-t-t-t-t-+-+

[1]1]|0|1|Rvd |Parameter Type | Sub-sub-T LV length |

FTE T O S T T I T I T T S +-t-t-t-t-t-+-+

| Parameter Values |

FTE T O S T T I T I T T S +-t-t-t-t-t-+-+

Figure 9. Impairment Parameter Sub-sub-sub-TLV For mat
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For the Link PLI TLV, the Parameter Types are defin
shown in Table I:

Table I. Table of Parameter Types for the Link PLI

+ + +---
|[Component Type | Parameter Type

I+ + +---

| | 1=BitRate | R

| + +---

| | 2=Power | R

| + +---

| | 3=Center wavelength | R

| | (for each channel) |

| 1=Transmitter + +---
| | 4=RefWavelength | U

| + +---

| | 5=Extinction ratio | R

| + +---

| | 6=Modulation format | R

| + +---

| | 7=Type of FEC | R

+ + +---

| | 21=fiber type | U

| + +---

| | 22=fiber length | U

| + +---

| | 23=Dispersion parameter | U
| 1 =Fiber + T

| or | 24=Dispersion slope | U

| 2=DCM + +---

| | 25=Linear attenuation | U

| + +---

| | 26=Nonlinear parameter | U
| + +---

| | 27=Effective core area | U

| + +---

| | 28=PMD | U

| + +---

| | 29=Insertion Loss | U

+ + +---

| 3=Attenuator | 61=Attenuation | R
+ + +---

| | 81=Responsivity | R

| + +---

| | 82=Absolute threshold level | R
| + +---

| | 83=Thermal noise density | U
| + +---

| | 84=power | R

| + +---

| | 85=inner filter type | U

| + +---

| | 86=inner filter order | U

| W

ed as

avelength |
Related? |

nrelated |
nrelated |
nrelated |
nrelated |
nrelated |
nrelated |
nrelated |

nrelated |

nrelated |

nrelated |

nrelated |

TLV
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| + +--- - +

| | 87=inner filter Noise | U nrelated |

| |equivalent bandwidth factor | |

| + +--- - +

| 4=Receiver | 88=inner filter 3-dB | R elated |

| | bandwidth | |

| + +--- - +

| | 89=inner filter center | R elated |

| |wavelength for each channel | |

| + +--- - +

| | 90=PMD | U nrelated |

| + +--- - +

| | 91=residualCD | U nrelated |

| + +--- - +

| | 92=Q value for each channel | R elated |

| + +--- - +

| | 93=ver for each channel | R elated |

| + +--- - +

| | 94=Insertion Loss | U nrelated |

+ + - s +

| |101=Spontaneous emission | U nrelated |

| | factor | |

| + +--- - +

| |2102=Amplifier Gain | U nrelated |

| + +--- - +

| 5=Amplifier |103=Insertion Loss | U nrelated |

| + +--- - +

| |104=in_power | U nrelated |

| + +--- - +

| |105=0ut_power | U nrelated |

+ + - s +
For the Node PLI TLV, the Parameter Types are defin ed as
shown in Table II:
Table Il. Table of Parameter Types for the Node PLI TLV

+ + +-—- s +

|[Component Type | Parameter Type | Wavelength |

| Related? |

+ + +-—- s +

| | 161 = inner filter type | Unrelated |

| + +-- s +

| | 162 = inner filter order | Unrelated |

| + +-- s +

| | 163 = Noise equivalent | Unrelated |

| | bandwidth factor | |

|8=Physical node+ - e +

| | 164 = 3-dB bandwidth | Related |

| + +-- s +

| | 165 = center wavelength | Related |

| | for each channel | |

+ + +-—- s +
Note that table | and table Il can be updated based on ITU-
T definition related to physical impairments. The T LV
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format does not need to be changed when the physica I
impairments definition updated.

3. Security Considerations

The use of control plane protocols for signaling, r outing,
and path computation opens an OTN to security threa ts
through attacks on those protocols. The data plane

technology for an OTN does not introduce any specif ic
vulnerabilities, and so the control plane may be se cured
using the mechanisms defined for the protocols disc ussed.
For further details of the specific security measur es refer
to the documents that define the protocols ([RFC347 3],
[RFC4203], [RFC4205], [RFC4204], and [RFC5440]). [G MPLS-
SEC] provides an overview of security vulnerabiliti es and

protection mechanisms for the GMPLS control plane.
4. |ANA Considerations

This document makes not requests for IANA action.
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Appendix V

Failure Mode Effect Analysis
for Optical Units of Dynamic Modules

1. Scope

This technical report describes failure mode effaoalysis for optical units of dynamic
modules. FMEA is one of the effective and usefuhlgeis methods in order to determine the
reliability evaluation test items and conditionsiath are defined in reliability qualification
document; 62343-2. In order to estimate the lifetifar a module, there is a typical procedure.
First step: identify the dominant failure modescm®d step: determine the acceleration tests
according to these failure modes, third step: casty the test, fourth step: estimate the
acceleration factors, fifth step: calculate theetiiine of the dynamic module. IEC 61300-2
documents series defines environment and mechamesas. This technical report describes
the dominant failure mode for dynamic modules amlévant tests from IEC 61300-2 series.

2. Normative references

The following references documents are indisperesdbi the application of this document.
For dated references, only the edition cited applieor undated references, the latest edition
of the referenced document (including any amendsjesmpplies.

IEC 61300, series: Fibre optic interconnecting desgi and passive optical components- Basic
tests and messurement procedures.

IEC 62005-3: Reliability of fibre optic interconnéwg devices and passive optical
components- Part 3: Relevant tests for evaluatiilgire modes and failure mechanisms for
passive components.

IEC 62343-2: Dynamic modules- Part-2: Relialibiligualification.
IEC 61291-5-2: Reliability qualification for optitéibre amplifiers.

3. Consideration of types of dynamic modules

There are many types of dynamic modules; dynamianakel equalizer, tunable optical
chromatic dispersion compensator, dynamic gainditalizer, wavelength selective switch,
wavelength blocker, optical performance monitorficgl switch, and so on. Main feature of
dynamic modules is to control their performancesirty operation. In order to achieve their
features, many kinds of control methods are usedifmamic modules; MEMS (micro electro
mechanical system), stepping motor, electromagttedrmo optics, magnet optics, electro
optics, LCD (liquid crystal devices), and so on.

Table 1 shows the first guidance of categorizatddndynamic modules to consider how to

evaluate. For dynamic modules without electricalcgit board, they can be considered

similar approach as passive optical componentsrderoto evaluate. On the other hand, for
dynamic modules with control circuit board, it igaessary to consider special notice. And
there are mainly two types of internal design fgnamic modules; the first one is that it is

easy to divide the constituting parts to consider teliability, and the second one is not easy
to divide. It is necessary to consider how to easduaccording to these structures.
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Note: This document describes FMEA only for optiaalits for dynamic modules. It is
necessary to evaluate whole dynamic modules inoldontrol circuit boards and firmware if
used.

4. Typical failure points

Besides control circuit board and control or movipayts, a typical optical unit for dynamic

module consists of different parts: optical elementiter packages, fibre pigtails, optical
semiconductor chips, and joint points of these &ets. These elements have their own
failure mode, for example; break for pigtails, degement for joint points, and so on.

Moreover, these elements may have their accelerdtotor of degradation; for example joint
points fixed by adhesive are generally weak agalrigh humidity, and so on. These failure
mode analysis can be referred to FMEA for passptcal components (refer 62005-3).

There are special considerations for dynamic madtlere are some examples; When the
hermetic sealing structure is used, it may be arditiamp heat test because it can generally
prevent to enter humidity. When using MEMS, opeargtishock and vibration test are
necessary because MEMS is sensitive against mecdlarshock and vibration. When
temperature control is used, temperature cyclirgf te8 recommended because temperature
control functions generally produce thermal stregsemperature distribution of modules and
temperature cycling test can accelerate thermakstr

5. Failure modes and known failure mechanisms

For some dynamic modules, failure mode and effeafysis (FMEA) was carried out. Table 3
shows known failure mechanisms, failure effectsluf@ modes, relevant tests and IEC test
document number for dynamic modules. If new tecbggland new dynamic modules become
commercially available, they should be added tol&@gh Relevant tests are listed with the
failure effect and the dominant known failure mewgisan. As other relevant tests or methods
of failure mode excitation become known, these $thalso be added in a supplementary
table and published.

Table 1 — Categorization based on the structure how to evaluate

Electrical circuits How to evaluate Examples
Without N.A. As optical component VOA, 1x2/2x2  optigal
electrical switch, DGTE
circuits
With Easy to dividg As optical and electrical units | VOA, VOA-MUX, DCDC,
electrical optical and electricglindividually, and as integrated | DCE, Matrix switch, Channel
circuit unit dynamic module monitor, performance
monitor
Hard to divide| To evaluate as integrated | Wavelength blocker,
optical and electricaldynamic module wavelength selectable
unit switch

Note 1. Constituting optical active and passive components shall comply reliability
qualification requirement defined in 62572 series for active components and 62009-9 series
for passive optical components, respectively.

In case to be hard to divide optical and electrical units, integrated module shall be tested
(refer 62343-2).
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Note 2. Electrical circuit board shall comply TC91 standard.

Note 3. Integrated dynamic module shall be tested 3 pieces for each test if constituting
components are qualified (refer 62343-2).
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Table 2 — Failure mode and known failure mechanisms for optical units of dynamic devices

Dynamic devices Constitution Known failure Failure modes Degradation acceleration Relevant tests IEC
parts mechanisms factors references
Variable MEMS type | MEMS Stacking the moving part | Uncontrollable Mechanical stress Shock (storage) 61300-2-9
optical Vibration (storage) 61300-2-1
attenuators Excess driving power Maximum absolute rating Understudy
test (electrical)
On/off driving test Understudy
Distortion of hinge/mirror | Insertion loss increase Mechanical stress Shock (storage) 61300-2-9
Attenuation change Vibration (storage) 61300-2-1
Return loss decrease Thermal stress Shock and vibration Understudy
Dynamic range of attenuation decredse (operating)
PDL increase Change of temperature 61300-2-22
WDL increase Excess driving power Maximum absolute rating Understudy
test
On/off driving test Understudy
Reflectance of mirror Insertion loss increase High humidity (non- Damp heat 61300-2-19
changing Attenuation change hermetic sealed)

Return loss decrease
PDL increase
WDL increase

Collimator Dislocation of fixing Insertion loss increase AttenuatigriThermal stress Change of temperature 61300-2-22
points of 0ptica| parts Change H|gh temperature 61300-2-18
Dynamic range of attenuation decregskligh humidity (non- Damp heat 61300-2-19
PDL increase hermetic sealed and using
WDL increase adhesive)
Mechanical stress Shock (storage) 61300-2-9
Vibration (storage) 61300-2-1
Pigtail Fibre broken, micro- Insertion loss increase Mechanical stress for Fibre cable retention 61300-2-4
bending No operation pigtail Opti . .
ptical fibre cable flexing 61300-2-44
Liquid LCD Degradation of LCD Insertion loss increase Thermal stress Change of temperature 61300-2-22
crystal type Attenuation change High temperature 61300-2-18
Return loss decrease High humidity (non- Damp heat 61300-2-19
Dynamic range of attenuation decregshermetic sealed)
PDL increase Mechanical stress Shock (storage) 61300-2-9
WDL increase Vibration (storage) 61300-2-1
Electrical polarization of Uncontrollable Excess driving power Maximum absolute rating Understudy
LCD test
On/off driving test Understudy
DICONET Page: 52 of 73

FP7 — ICT- GA 216338




099 ANNEX 1 to D7.2
Midterm Report On DICONET Exploitation And Disseraiion Plans Including Contribution To Standards

The Futare Core Network

Freezing of LCD | Uncontrollable | Low temperature | Cold | 61300-2-17
Collimator Same as MEMS type
Pigtail Same as MEMS type
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ANNEX 1to D7.2

for optical units of dynamic devices (continued)

Dynamic devices Constitution Known failure Failure modes Degradation acceleration Relevant tests IEC
parts mechanisms factors references
Variable Magnet Magnet optic part | Dislocation of magnet, Insertion loss increase AttenuationThermal stress Change of temperature 61300-2-22
optical optic type Faraday rotator and change High humidity (non- High temperature 61300-2-18
attenuators birefringent Crystai Return .IOSS decrease ] hermetic sealed and using Damp heat 61300-2-19
Dynamic range of attenuation decred sgdhesive)
PDL increase )
WDL increase Mechanical stress Shock (storage) 61300-2-9
Vibration (storage) 61300-2-1
Collimator
Pigtail Same as MEMS type
Mechanical Moving part Stacking the moving part Uncontrollable Mechanical stress Shock (Storage) 61300-2-9
type Vibration (storage) 61300-2-1
High humidity (non- Damp heat 61300-2-19
hermetic) Understudy
Excess driving power Maximum absolute rating
test (electrical) Understudy
On/off driving test
Degradation of moving Driving power increase Mechanical stress Shock (storage) 61300-2-9
part Vibration (storage) 61300-2-1
Shock and vibration Understudy
Thermal stress (operating)
Excess driving power Change of temperature 61300-2-22
Maximum absolute rating Understudy
High humidity (non- test . Understudy
hermetic sealed) On/off driving test
Damp heat 61300-2-19
Distortion of mirror Insertion loss increase Mechanical stress Shock (storage) 61300-2-9
Return loss decrease Vibration (storage) 61300-2-1
Crosstalk increase Thermal stress Change of temperature 61300-2-22
PDL increase Maximum absolute rating Understudy
Excess driving power test
On/off driving test Understudy
Reflectance of mirror Insertion loss increase High humidity (non- Damp heat 61300-2-19
changing Attenuation change hermetic sealed)
Return loss decrease
PDL increase
WDL increase
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Collimator Same as MEMS type

Pigtail Same as MEMS type
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ANNEX 1to D7.2

for optical units of dynamic devices (continued)

Dynamic devices Constitution Known failure Failure modes Degradation acceleration Relevant tests IEC

parts mechanisms factors references
Variable Planar Waveguide Refractive index changing | Insertion loss increase Attenuationthermal stress Change of temperature 61300-2-22
optical waveguide change High humidity (non- High temperature 61300-2-18
attenuators | type Return loss decrease _ hermetic sealed and using Damp heat 61300-2-19

(thermal Dynamic range of attenuation decreg sgdhesive) Shock (storage) 61300-2-9

i PDL increase Vibration (storage 61300-2-1

optic effect) Mechanical stress ( ge)

Electrode degradation Dynamic range of attenuation decregdskligh humidity (non- Damp heat 61300-2-19
herme_tlc sealed and using Maximum absolute rating Understudy
adhesive) test
Excess driving power Diving test Understudy

Fixing point Dislocation by the Insertion loss increase Thermal stress Change of temperature 61300-2-22
between degradation of adhesive High humidity (non- Damp heat 61300-2-19
waveguide and hermetic sealed and using
fibres adhesive)
Pigtail Same as MEMS type
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for optical units of dynamic devices (continued)

Dynamic devices Constitution Known failure Failure modes Degradation acceleration Relevant tests IEC
parts mechanisms factors references
Optical Mechanical | Moving part Stacking the moving part | Uncontrollable Same as VOA mechanical type
switches type Degradation of moving Driving power increase Same as VOA mechanical type
part Switching time increase
Distortion of mirror Insertion loss increase Same as VOA mechanical type
Return loss decrease
Crosstalk increase
PDL increase
Reflectance of mirror Insertion loss increase Same as VOA mechanical type
changing Return loss decrease
PDL increase
WDL increase
Collimator Same as VOA MEMS Insertion loss increase Same as VOA mechanical type
type Crosstalk increase
PDL increase
WDL increase
Pigtail Same as VOA MEMS type
Planar Waveguide Refractive index Insertion loss increase CrosstgliSame as VOA PLC TO type
waveguide changing Increase
type Return loss decrease
(thermal PDL increase
optic effect) Electrode degradation Crosstalk increase Same as VOA PLC TO type
Fixing point Dislocation by the Insertion loss increase Same as VOA PLC TO type
between degradation of adhesive
waveguide and
fibres
Pigtail Same as VOA MEMS type
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ANNEX 1to D7.2

for optical units of dynamic devices (continued)

Dynamic devices Constitution Known failure Failure modes Degradation acceleration Relevant tests IEC
parts mechanisms factors references
Optical MEMS type | MEMS Stacking the moving part | Uncontrollable Same as VOA MEMS type
switches Distortion of hinge/mirror | Insertion loss increase Same as VOA MEMS type
Crosstalk increase
Return loss decrease
PDL increase
WDL increase
Reflectance of mirror Insertion loss increase Same as VOA MEMS type
changing Crosstalk increase
Return loss decrease
PDL increase
WDL increase
Collimator Same as VOA MEMS Same as VOA MEMS type Same as VOA MEMS type
type except;
Crosstalk  increase  instead pf
Attenuation change
Pigtail Same as VOA MEMS type
Electrical Waveguide Refractive index Insertion loss increase Crosstglkrhermal stress Change of temperature 61300-2-22
optics type Changing |nC.r?aSe ) . H|gh temperature 61300-2-18
(LN) Driving voltage changing Mechamcgl 'stress Damp heat 61300-2-19
Excess driving power Shock (storage) 61300-2-9
Vibration (storage) 61300-2-1
Maximum absolute rating Understudy
test
Diving test Understudy
Electrode degradation Crosstalk increase Same as switch PLC TO (VOA PLC TO) type
Fixing point Dislocation by the Insertion loss increase Same as switch PLC TO (VOA PLC TO) type
between degradation of adhesive
waveguide and
fibres
Pigtail Same as VOA MEMS type
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ANNEX 1to D7.2

for optical units of dynamic devices (continued)

Dynamic devices

Constitution
parts

Known failure
mechanisms

Failure modes

Degradation acceleration
factors

Relevant tests

IEC
references

Tunable
filters
(electrical
control)

MEMS
etalon type

MEMS

Stacking the moving part

Uncontrollable

Same as VOA MEMS type

Distortion of hinge/mirror

Insertion loss increase
Centre-wavelength change
Return loss decrease

PDL increase

FWHM increase

Tunable wavelength range
decrease

Same as VOA MEMS type

Reflectance of etalon
mirror changing

Insertion loss increase
Centre-wavelength change
Return loss decrease

PDL increase

FWHM increase

Same as VOA MEMS type

Collimator

Same as VOA MEMS
type

Insertion loss increase
Centre-wavelength change

Return loss decrease

PDL increase

FWHM increase

Tunable wavelength range decrease|

Same as VOA MEMS type

Pigtail

Same as VOA MEMS type

PZT etalon
type

PZT

PZT degradation

Driving voltage increase

High humidity
Thermal stress
Excess driving

Damp heat

Change of temperature
Maximum absolute rating
test

On/off driving test

61300-2-19
61300-2-22
Understudy

Understudy

Etalon mirror

Reflectance of etalon
mirror changing

Insertion loss increase
Centre-wavelength change
Return loss decrease

PDL increase

FWHM increase

Same as VOA MEMS type
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Optical part and Dislocation of fixing Insertion loss increase Thermal stress Change of temperature 61300-2-22
collimator points of optical parts Centre-wavelength change High humidity (non- High temperature 61300-2-18
FWHM increase ] : Damp heat 61300-2-19
hermetic sealed and using
Tunable wavelength range decrease : Shock (storage) 61300-2-9
adhesive) . )
) Vibration (storage) 61300-2-1
Mechanical stress
Pigtail Same as VOA MEMS type
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for optical units of dynamic devices (continued)

Dynamic devices Constitution Known failure Failure modes Degradation acceleration Relevant tests IEC
parts mechanisms factors references
Tunable Thin film Moving part Stacking the moving part | Uncontrollable Same as VOA mechanical type
filters filter
(electrical mechanical Degradation of moving Driving power increase Same as VOA mechanical type
control) control type part
Thin film filter Insertion loss increase High humidity (non- Damp heat 61300-2-19
degradation Centre-wavelength change hermetic sealed)
FWHM increase
Collimator Same as VOA MEMS Insertion loss increase Same as VOA MEMS type
type Centre-wavelength change
Return loss decrease
PDL increase
FWHM increase
Tunable wavelength range decrease|
Pigtail Same as VOA MEMS type
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ANNEX 1to D7.2

for optical units of dynamic devices (continued)

Dynamic devices Constitution Known failure Failure modes Degradation acceleration Relevant tests IEC
parts mechanisms factors references
Dynamic VIPA type Moving part Degradation of stepping Uncontrollable Thermal stress Shock (storage) 61300-2-9
chromatic motor Dynamic range of CD decrease | Mechanical stress Vibration (storage) 61300-2-1
dispersion o Shock and vibration Understudy
Excess driving ;
compensat ’ o (operating)
ors High humidity (non- Change of temperature 61300-2-22
hermetic) Maximum absolute rating Understudy
test
On/off driving test Understudy
Damp heat 61300-2-19
VIPA mirror Distortion of VIPA mirror | Centre-wavelength change Thermal stress ghangﬁ of temperature giggggig
: ; : - ) amp heat -2-
Insert.|on loss increase Eé?gwgt?gldlty (non High temperature 61300-2-18
GDR increase X Shock (storage) 61300-2-9
Mechanical stress Vibration (storage) 61300-2-1
Temperature Centre-wavelength change Thermal stress (D:hangﬁ of temperature giggggig
uncontrollable i i i idi B amp heat -2-
Insertion loss increase Eé?;;lijg)ndlty (non High temperature 61300-2-18
) Shock (storage) 61300-2-9
Mechanical stress Vibration (storage) 61300-2-1
Optical parts and | Dislocation of fixing Insertion loss increase Thermal stress Change of temperature 61300-2-22
collimator points of optical parts Centre-wavelength change High humidity (non- Damp heat 61300-2-19
(3D mirror distortion) Dynar_mc range of DC decrease hermetic sealed and using High temperature 61300-2-18
GDR increase adhesive) Shock (storage) 61300-2-9
. Vibration (storage) 61300-2-1
Mechanical stress
Pigtail Same as VOA MEMS type
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Table 2 — Failure mode and known failure

mechanisms

ANNEX 1to D7.2

for optical units of dynamic devices (continued)

Dynamic devices Constitution Known failure Failure modes Degradation acceleration Relevant tests IEC
parts mechanisms factors references
Dynamic FBG Thermal control TEC/heater degradation | Insertion loss increase Thermal stress Change of temperature 61300-2-22
chromatic thermal part Wavelength range change High humidity (non- Damp heat 61300-2-19
dispersion | control type Dynamic range of CD decrease | hermetic) High temperature 61300-2-18
Compensat Mech . st S'hOCk. (Storage) 61300-2-9
ors echanical stress Vibration (storage) 61300-2-1
Excess driving Maximum absolute rating Understudy
test
On/off driving test Understudy
Fixing point Fibre bending Insertion loss increase Thermal stress Change of temperature 61300-2-22
between EBG and Wavelength range change High humidity (non- Damp heat 61300-2-19
temperature CD changing hermetic) Shock (storage) 61300-2-9
GDR increase i i -2-
control Mechanical stress Vibration (storage) 61300-2-1
FBG Refractive index CD changing High temperature High temperature 61300-2-18
changing
Pigtail Same as VOA MEMS type
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for optical units of dynamic devices (continued)

Dynamic devices Constitution Known failure Failure modes Degradation acceleration Relevant tests IEC
parts mechanisms factors references
Dynamic Magnet Magnet optic part | Dislocation of magnet, Insertion loss increase Same as VOA MO type
gain tilt optic type Faraday rotator and Tilt change
equalizers birefringent crystal Return loss decrease
PDL increase
WDL increase
Collimator Same as VOA MEMS Insertion loss increase Tilt change | same as VOA MEMS type
type Return loss decrease
PDL increase
WDL increase
Pigtail Same as VOA MEMS type
Planar Waveguide Refractive index Insertion loss increase Same as VOA PLC TO type
waveguide changing Tilt change
type Return loss decrease
PDL increase
WDL increase
Electrode degradation Dynamic range of tilt change Same as VOA PLC TO type
Fixing point Dislocation by the Insertion loss increase Same as VOA PLC TO type
between degradation of adhesive
waveguide and
fibres
Pigtail Same as VOA MEMS type
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for optical units of dynamic devices (continued)

Dynamic devices Constitution Known failure Failure modes Degradation acceleration Relevant tests IEC
parts mechanisms factors references
Dynamic MEMS & MEMS Stacking the moving part | Uncontrollable Same as VOA MEMS type
channel diffractive - - - - ; ;
: ; Distortion of hinge/mirror | Insertion loss increase Same as VOA MEMS type
equalizers | grating type 9 Attenuation change yp
Return loss decrease
Dynamic range of attenuation decredse
PDL increase
WDL increase
Reflectance of mirror Insertion loss increase Same as VOA MEMS type
changing Attenuation change
Return loss decrease
PDL increase
WDL increase
Diffractive grating, | Dislocation of fixing Insertion loss increase AttenuatigpriThermal stress Change of temperature 61300-2-22
|ens’ prism and points of 0ptica| parts Change H|gh hum|d|ty (non- H|gh temperature 61300-2-18
Collimator Return loss decrease hermetic sealed and using Damp heat 61300-2-19
Dynamic range of attenuation decregsadhesive) Shock (storage) 61300-2-9
PDL increase Mechanical stress Vibration (storage) 61300-2-1
WDL increase
Pigtail Same as VOA MEMS type
Liquid LCD Degradation of LCD Insertion loss increase Same as VOA LCD type
crystal & Attenuation change
diffractive Return loss decrease
grating type Dynamic range of attenuation decregse
PDL increase
WDL increase
Electrical polarization of Uncontrollable Same as VOA LCD type
LCD
Freezing of LCD Uncontrollable Same as VOA LCD type
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Diffractive grating,
lens, prism and

Dislocation of fixing
points of optical parts

Insertion loss increase Attenuati
change
Return loss decrease

mSame as DCE MEMS type

Collimator _ .
Dynamic range of attenuation decredse
PDL increase
WDL increase

Pigtail Same as VOA MEMS type

Table 2 — Failure mode and known failure mechanisms

for optical units of dynamic devices (continued)

Dynamic devices

Constitution
parts

Known failure
mechanisms

Failure modes

Degradation acceleration
factors

Relevant tests

IEC
references

MEMS &
diffractive

grating type

Wavelengt
h blockers

MEMS

Stacking the moving part

Uncontrollable

Same as VOA MEMS type

Distortion of hinge/mirror

Insertion loss increase
Attenuation change
Return loss decrease
Dynamic range of attenuation decreg
PDL increase

WDL increase

Same as VOA MEMS type

se

Reflectance of mirror
changing

Insertion loss increase
Attenuation change
Return loss decrease
PDL increase

WDL increase

Same as VOA MEMS type

Diffractive grating,
lens, prism and
Collimator

Dislocation of fixing
points of optical parts

Insertion loss increase Attenuati
change

Return loss decrease

Dynamic range of attenuation decreg
PDL increase
WDL increase

nmSame as DCE MEMS type

se

Pigtail

Same as VOA MEMS type

Liquid
crystal &
diffractive

grating type

LCD

Degradation of LCD

Insertion loss increase
Attenuation change
Return loss decrease
Dynamic range of attenuation decres
PDL increase
WDL increase

Same as VOA LCD type

se
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Electrical polarization of Uncontrollable Same as VOA LCD type
LCD
Freezing of LCD Uncontrollable Same as VOA LCD type
Diffractive grating, | Dislocation of fixing Insertion loss increase AttenuatiprSame as DCE MEMS type
lens, prism and points of optical parts change
Collimator Return loss decrease
Dynamic range of attenuation decredse
PDL increase
WDL increase

Pigtail Same as VOA MEMS type
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for optical units of dynamic devices (continued)

Dynamic devices

Constitution
parts

Known failure
mechanisms

Failure modes

Degradation acceleration
factors

Relevant tests

IEC
references

Wavelengt | MEMS &

h diffractive
selectable grating type
switches

MEMS

Stacking the moving part

Uncontrollable

Same as VOA MEMS type

Distortion of hinge/mirror

Insertion loss increase

Attenuation change

Return loss decrease

Dynamic range of attenuation decreg
PDL increase

WDL increase

Same as VOA MEMS type

se

Reflectance of mirror
changing

Insertion loss increase
Attenuation change
Return loss decrease
PDL increase

WDL increase

Same as VOA MEMS type

Diffractive grating,
lens, prism and
Collimator

Dislocation of fixing
points of optical parts

Insertion loss increase Attenuati
change

Return loss decrease

Dynamic range of attenuation decreg
PDL increase
WDL increase

nmSame as DCE MEMS type

se

Pigtail

Same as VOA MEMS type

Liquid
crystal &
diffractive

grating type

LCD

Degradation of LCD

Insertion loss increase
Attenuation change
Return loss decrease
Dynamic range of attenuation decreg
PDL increase
WDL increase

Same as VOA LCD type

se

Electrical polarization of
LCD

Uncontrollable

Same as VOA LCD type

Freezing of LCD

Uncontrollable

Same as VOA LCD type
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Diffractive grating,
lens, prism and

Dislocation of fixing
points of optical parts

Insertion loss increase Attenuati
change
Return loss decrease

mSame as DCE MEMS type

Collimator _ .
Dynamic range of attenuation decredse
PDL increase
WDL increase

Pigtail Same as VOA MEMS type

Table 2 — Failure mode and known failure mechanisms

for optical units of dynamic devices (continued)

Dynamic devices Constitution Known failure Failure modes Degradation acceleration Relevant tests IEC
parts mechanisms factors references
Wave|engt Planar Waveguide Refractive index Insertion loss increase CrosstdllSame as VOA PLC TO type
h waveguide changing Increase
selectable | type Return loss decrease
switches (thermal PDL increase
optic effect) Electrode degradation Crosstalk increase Same as VOA PLC TO type
Fixing point Dislocation by the Insertion loss increase Same as VOA PLC TO type
between degradation of adhesive

waveguide and
fibres

Pigtail

Same as VOA MEMS type
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for optical units of dynamic devices (continued)

Dynamic devices Constitution Known failure Failure modes Degradation acceleration Relevant tests IEC
parts mechanisms factors references
Wavelengt | Planar MEMS Stacking the moving part | Uncontrollable Same as VOA MEMS type
h waveguide
z\illﬁgﬁlaezle tg;/I')VIeEMS Distortion of hinge/mirror |nsert.|0n loss increase Same as VOA MEMS type
Isolation decrease
Return loss decrease
PDL increase
WDL increase
Reflectance of mirror Insertion loss increase Same as VOA MEMS type
changing Isolation decrease
Return loss decrease
PDL increase
WDL increase
Waveguide Refractive index Insertion loss increase Same as VOA PLC TO type
changing Attenuation change
Isolation decrease
Return loss decrease
PDL increase
WDL increase
Fixing point Dislocation by the Insertion loss increase Same as VOA PLC TO type
between degradation of adhesive
waveguide and
fibres
Fixing point of Dislocation of fixing Insertion loss increase AttenuatigriThermal stress Change of temperature 61300-2-22
MEMS, lens and points of optica| parts Change H|gh hum|d|ty (non- H|gh temperature 61300-2-18
mirror Isolation decrease hermetic sealed and using Damp heat 61300-2-19
Return loss decrease adhesive) Shock (storage) 61300-2-9
Dynamic range of attenuation decregsbklechanical stress Vibration (storage) 61300-2-1
PDL increase
WDL increase
Pigtail Same as VOA MEMS type
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for optical units of dynamic devices (continued)

Dynamic devices Constitution Known failure Failure modes Degradation acceleration Relevant tests IEC
parts mechanisms factors references
Channel MEMS MEMS Stacking the moving part | Uncontrollable Same as VOA MEMS type
monitors tunable
(Performan filters & PD
ce type
monitors) Distortion of hinge/mirror | Wavelength deviation Same as VOA MEMS type
Wavelength dynamic range change
Reflectance of mirror PD current decrease Same as VOA MEMS type
changing (Error increase)
PD PD degradation PD dark current increase Electrical surge ESD ?
High temperature High temperature 61300-2-28
Excess driving Maximum absolute rating Understudy
test
Collimator Dislocation of fixing PD current decrease Same as VOA MEMS type
points of optical parts (Error increase)
Return loss decrease
Pigtail Same as VOA MEMS type
Thermal Thermal tunable FEilter refractive index Wavelength deviation High temperature High temperature 61300-2-18
tunable filter change Wavelength dynamic range Excess driving Maximum absolute rating Understudy
filter & PD change test.
type Driving test Understudy
Electrode degradation Wavelength dynamic range Electrical surge ESD Understudy
change High temperature High temperature 61300-2-28
Excess driving Maximum absolute rating Understudy
test
Transmittance of tunable | PD current decrease (Error High temperature High temperature ' 61300-2-18
filter decreasing (loss increase) Excess driving Maximum absolute rating Understudy
increasing) test.
Driving test Understudy
PD PD degradation PD dark current increase Same as channel monitor MEMS type
Collimator Dislocation of fixing PD current decrease Same as VOA MEMS type
points of optical parts (Error increase)
Return loss decrease
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‘ | Pigtail | Same as VOA MEMS type
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for optical units of dynamic devices (continued)

Dynamic devices Constitution Known failure Failure modes Degradation acceleration Relevant tests IEC
parts mechanisms factors references
Channel Planar Waveguide Refractive index Insertion loss increase Same as VOA PLC TO type
monitors waveguide changing Tilt change
(Performan | & PD array Return loss decrease
ce type PDL increase
monitors) WDL increase
Fixing point Dislocation by the Insertion loss increase Same as VOA PLC TO type
between degradation of adhesive
waveguide and
fibres
PD array PD degradation PD dark current increase (Erprgjectrical surge ESD Understudy
increase) High temperature High temperature 61300-2-28
Excess driving Maximum absolute rating Understudy
test
PD fixing point Dislocation of fixing PD current decrease Thermal stress Change of temperature 61300-2-22
points of PD array (Error increase) High humidity (non- High temperature 61300-2-18
hermetic sealed and using Damp heat 61300-2-19
adhesive) Shock (storage) 61300-2-9
Mechanical stress Vibration (storage) 61300-2-1
Pigtail Same as VOA MEMS type
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