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Abstract:

DICONET has been submitted to IETF.

This document surveys the current status of stalimigiron activities related to optical cont
plane at the following forums: the Internationallet®mmunications Union (ITU-T), th
Internet Engineering Task Force (IETF), and thei@ptnternetworking Forum (OIF). Th
document also provides an overview of the standaadtisity in optical monitoring, one @
focuses of DICONET project. The aim of the sun&ya provide inputs for the standards
be implemented or taken into consideration in #levant WPs of DICONET. In particulgr,
protocol extensions for physical information havee implemented based on IE
standards/drafts. A draft on protocol extensions ghysical impairments supported
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1. Introduction

Transparent optical networks are beneficiating frim 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 caleoapplied 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 increasinghptex 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
inputs for the standards to be implemented or tak&nconsideration in the relevant WPs of
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DICONET. In this document we made a survey of fhg-T standard body [44][45] and the
IEC86C standard.

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

The generic functional architecture of transportwaoeks is recommended by ITU-T [27]
independently of specific optical switching techogés. This ITU-T recommendation can be
referenced for several optical switching technasgby other ITU-T recommendation and
OIF specifications (see section 2.3) including, ¥IN6DH, 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]. Althoudhetrecommendations of the ASON
architecture rely on specific optical switching hrologies such as listed previously, the
ASON architecture is described from a high levelbstraction of the different functional
components and described the protocol interacbhehseen these components.

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

The ASON sub-network is specified as an arbitratyo$ network equipments or recursively
as sub-networks. An ASON network can consider eadirnetwork that it contains as a
virtual node from which each sub-network appears sisgle virtual node with external links.
This architectural concept usually presented asneiNvork opacity improves the scalability
of the control information (for the routing and saing 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 witli sub-network, especially when a set of
optical cross-connects (OXC) or reconfigurable agitadd/drop multiplexer (ROADM) do
not integrate recent development of GMPLS basettaibed functions [31].

Network >

Sub-Network C__ provider (P) Sub-Network B

s x P <z p Provider (P) > . .
B6 x A T&R-OADM
= ENN 25
—— 1 [=y=| x x 61 S
o B2
Edye system 1 : _.’:‘ . = I-NNI b P UNI &
— N . &« Provider x x
. . - - P B3 )
= N T&R-OADM Edge system/?/
: T&R-OADM " Link |
H— ~“Connection: L A
: 5 : Sub-Network I

Figure 1: ASON network: links, nodes, sub-networksgonnections and reference points

The sub-networks are actually built from well-edsdted legacy networks such as
SONET/SDH rings and the ASON architecture has lmreloped to integrate traditional
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transport network technologies with the new mesticap networks as described in [32]
where new end-to-end protection and full-mesh rasit;n configurations as analyzed in [33]
are needed to be supported across different nettomiddogies utilizing traffic engineering
from the client networks through the user-to-netwimterfaces (UNI) and/or between two
different sub-networks having or dynamic contrgbalailities 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 dynamicreboapabilities while the sub-network B
can be composed with Tunable & Reconfigurable - ®ABodes with GMPLS controller.
The routing and signaling functions enable dynapmvisioning 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 sf§séecording the QoS requirements such
as bandwidth and latency within the sub-netword’ Be wavelength connection provisioning
within sub-network B is performed independently haiw the wavelength connection is
established within sub-network C. The establishnwdrthe wavelength connections within
sub-network C is processed in such a way that due rC5 (entry point of sub-network C)
signals the right level of QoS parameters towanésniode B1. A possible scenario is that the
optical resource reservation is performed stayidhifough 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 architectisrthe 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 diehts, 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 tieéwork service management layer (SML)
and consequently it is not associated to the pimvisg or signaling of any network
equipments to carry the client data traffic.

The routing and provisioning/signaling of the optimetwork resources for th@nnection
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 nodl#N(-C) and the provider-edge node (UNI-N),
(i) across a sub-network, (iii) between sub-netgothrough E-NNI. Each connection is
established between UNI-capable nodes and/or Npiada nodes and realizes the services
expressed in the call.

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
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The IETF CCAMP working group is the design authofir all extensions to the GMPLS
family of protocols. CCAMP participants have idéetil cases where they believe it would be
helpful to consider optical impairments for the wohplane 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 scensfi]:

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 thersufBcient 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 (GMPLBY] 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 FRwtitch Capable (FSC). A functional
description of the extensions to connection sigmplneeded to support new classes of
interfaces and switching is provided in [14].

In MPLS, a label is an arbitrary tag for data packat 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
locally at each Label Switched Router (LSR) aseioample identifying the frequency values
of the wavelengths.

In GMPLS the significance of a label is privatevbe¢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].
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Recent works at CCAMP are addressing specificattonthe use of GMPLS with a new

generation of Lambda Switch Capable (LSC) equipmBathnologies 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 capabilitiemited wavelength availability or limited
wavelength conversion capabilities. These limitetbrimation are clarified in [31] which
focuses on the unique properties of links, switcras 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 subsys 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 bmesanechanism [31] to distribute the
information. The approach under consideration byARI® is to provide extensions to the
Traffic Engineering routing protocols (OSPF-TE) E8jd signaling protocol (RSVP-TE) [4].
The approach under consideration by PCE is to édfie 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 offigs 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\d-definition of wavelength gird.

In order to make the above RWA potential approashedk, another problem that must be
resolved is to derive a consistent encoding of itfermation 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 tiiBrotocol Label Switching (GMPLS)
signaling for control of WSON. In particular, exgéons are given to characterize optical
signal types via traffic parameters, permit sinndtaus bi-directional wavelength assignment,
and control the distributed wavelength assignmemicgss. 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 requiresnen GMPLS for handling possible
physical impairments. Fundamentally, the opticgertais lowest in the transport hierarchy
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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, compiigas arising in more complex networks

incorporating both all-optical and opaque archiiees, 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 byitighall-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 hpplied to date, e.g., when determining
the maximum length of an Optical Transport Syste®TS). Network operational
considerations like fault isolation also make limgt 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 fcbent networks and maximum bit
rates have rapidly increased to 10 Gb/s (e.g. SAMD6-192) and 40 Gb/s (STM-192/0C-
768) and soon 100 Gb/s. As bit rates increasg itecessary to increase power, it makes
impairments and nonlinearities more troublesomeomFnetwork provider interests, optical
technology is advancing very rapidly, making exagér transparency domains possible. Itis
generally assumed that these observations will leadhe deployment of domains of
transparency too important to ensure that all g@teroutes 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 coulddhe®be examined in order to evaluate their
impacts on the transmission quality. These opiicgdairments accumulate along the path
(without 3R regeneration) traversed by the sigmaky 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 tireaks 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 signagréfibre, 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 ereptable signal quality.

There is a thing need to be noted is that optroglairment is not an IETF's area but ITU-T's
area of study. To work better on path computato®WiSON with consideration of optical
impairment, a joint meeting between Q.6/15 and nme¥sbf 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 pathhkis 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 cotaon and establishment utilizing
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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 conceptuallyfalmically 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. lddion, 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 netwalements and links via route protocols or
by other means. An example of such approach isngivg10] and utilizes enhancements to
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 wavelengthslismvered to be in use, but could be
a significant burden for lightly loaded high chahoeunt networks.

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



QOO ANNEX 1 to D7.2
Midterm Report On DICONET Exploitation And
B Dissemination Plans Including Contribution To Stams

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 DICONET IETF draft

The key innovation of DICONET is the developmentaotlynamic network planning tool
residing in the core network nodes that incorparaéal-time measurements of optical layer
performance into IA-RWA algorithms and is integdateto a unified control plane. So based
on this project objective, we focus on Impairmemiake WSON area in IETF.

A draft supported by DICONET project has been stienhito IETF CCAMP [9]. This draft
discusses how the definition and characterizatioopdical fiber, devices, subsystems, and
network elements contained in various ITU-T recomdaions can be combined with
GMPLS control plane protocols and mechanisms t@eugmpairment Aware Routing and
Wavelength Assignment (IA-RWA) in optical networks.

2.2.5 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 activities andardization bodies. Following IETF drafts
are very critical, as our designed solution neetddaccompliant 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 messagegirentation is solved using the drafts
[40][41]. For the development of new mechanisms dgtension of RSV-TE behavior to

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

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

following the drafts as mentioned above are asvait

Standard RSVP-TE signalling messages are exteondsaty 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 bandwiekic., c) extended service optical
parameters such as transponder type, et2) signalled path parametersid) path
parameters/QoS such as hop number, minimum latestcy, e) extended path optical
parameters (e.g., OSNR, power, CD, PMD, PMD, armsztalk).3) path resources and
status:f) label-set, g) path sections description sucliites type, length, input power, input
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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 jorintmes [41] may also be exceeded in
worst case scenarios. A possible solutiomiEssage 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 propertieseao evaluate all LIs and NLIs (e.g., CD, Q-
factor, etc. We encoded this informationLiBP_REQUIRED ATTRIBUTEShject [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 actightpaths 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,PSGML 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@mgport signaling messages and the auto-
discovery procedures that aid signaling, all arpl@mented by client network at UNI-C node
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
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scope of UNI 1.0. Routing, reach-ability and addressolution protocols are outside the
scope. Also, the UNI 1.0 specification focuses @MTIconnection 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 Ethecoeinection services.

The specification of E-NNI signaling abstract meggs 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
ODUKk), and Ethernet connection services in suppbf22]. E-NNI 2.0 describes the support
of Soft Permanent Connection (SPC) and Switcheth€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 thaimgleslayer, a layer network that supports
virtual concatenation and its server layers, transpervices that exist where the client layer
has no resources in the sub-network except atiges 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 CI (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 CI into another CI.

E-NNI 2.0 [23] is limited to operations on a sind#ger network at a time and there is no
support for Ethernet Switching at the E-NNI 2.@nféces.

Routing, reach-ability, and address resolutionquols 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 amcfised 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 approatdresptical monitoring:
» Signal monitoring
* Equipment monitoring
* Embedded monitoring
e External monitoring devices.

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:
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A. Time domain methods

The time domain monitoring methods analyses theWieh 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 Qeameters 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 tbetrap 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 powemlgneously. At the expense of an

increase in the complexity and resolution, thishmdtcan also be extended to look at the
precise shape of the signal spectrum. The drawbathke spectral methods is that they are
averaging methods; Thus, by definition, do not sethg 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 corr@abetween equipment failures and signal
quality. Equipment failures such as power suppliiufes, 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 gtegast 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 eqgeiyt that is temporarily employed to
measure additional, more sophisticated performaaameters. This approach is usually
employed during the network installation and/oca&se of a failure or repair.

3.1.2 Optical monitoring parameters

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

— Channel power;

— Total power;
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— 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

» 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 standardsafiorelectrical, electronic and related

technologies. These serve as a basis for natidaatardization and as references when
drafting international tenders and contracts. Tghouts members, the IEC promotes
international cooperation on all questions of et#echnical standardization and related
matters, such as the assessment of conformity aiwdatds, 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 tistion, as well as associated general
disciplines such as terminology and symbols, ebactignetic compatibility, measurement
and performance, dependability, design and devetopnsafety and the environment.

3.2.1.2 IEC Obijectives

The Commission's objectives are to:
= meet the requirements of the global market effityen
= ensure primacy and maximum world-wide use of itgngards and conformity
assessment systems
= assess and improve the quality of products andcasreovered by its standards
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= 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 @asoourage an improved quality of life by
contributing to safety, human health and the ptaie®f the environment.

For more information please refer tottp://www.iec.ch/

3.2.2 Review aspects of IEC86C

TC86 Family

TC86
FIBRE OPTICS|
SCH6A SC86B SCa6C
Fibres and Cables Interconnecting Devices Fibre Optic Systems
& Passive Components & Active Devices
WG1 — Terminclogy WG4 — Test & Meas. WG1 — Optical Commun,

WG1 — Optical Fibres

& Symbaology Methods Systems & Subsystems

WG4 — Test Equipment
Calibration

WG3 — Optical

WGE3 — Optical Cables | WG5S — Reliability e

JWGS (wTCo1) — JWGT (w/ TC7) — Opticall )
Optical functionality for Cables along Blectrical SE Y= Sl ST

T ¥ ices WG4 — Active Dewvices
electronic assembilies FPower Lines Dewvi

CGE — Raliability WGT — Passive WGES — Dynamic
Components Modules

JTGE — Terminated

CG — Categorization Cable Assemblies

CGE — Multimode
Launch Conditions
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Fig. 2 IEC86C family
Fig.2 shows the IEC86C family. As we can see, IEC86als 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 anddaae

62342-1 Dynamic Modules — Performance Standards

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

62343-1-3 Performance Standards — Dynamic GatrEGlializer with Pigtails for Use in
Controlled Environments (Category C)

62343-1-4 Performance Standards — PolarizationeMbispersion Compensator with
Pigtails for Use in Controlled Environments (CatggG)

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 — HardwareSuoftlvare Interfaces
62343-5 Dynamic Modules — Test Methods

62343-5-1 Dynamic Gain Equalizer — Response Tineaddrement

62343-5-2 Dynamic Modules — Phase Ripple MeasuneiMethod

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

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

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

Some draft provides inputs about PMD (Polarizatwede 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 lightotmodes 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 impairmérdt 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). Thaohya gains tilt equalization control has a
great impact on networks functionality, reliabiléynd optimization in both performance and
economy aspects. A dynamic gain equalizer (DGEgaonfigurable next generation WDM
systems must have the capability of flattening apigcal profile with irregular power levels.



QOO ANNEX 1 to D7.2
Midterm Report On DICONET Exploitation And
B Dissemination Plans Including Contribution To Stams

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 623486 “Dynamic Modules - Failure Mode Effect Analysis fOptical
Units of Dynamic Modules” can serves as an inpubi®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 gairettalizer, wavelength selective switch,
wavelength blocker, optical performance monitorticg switch, and so on. Main feature of
dynamic modules is to control their performancesrduoperation. In order to achieve their
features, many kinds of control methods are usedyoamic modules; MEMS (micro electro
mechanical system), stepping motor, electromaghetmo optics, magnet optics, electro
optics, LCD (liquid crystal devices), and so on.

3.2.2.2 Typical failure points

A typical optical unit for dynamic module consistsdifferent parts: optical element, outer
packages, fibre pigtails, optical semiconductopshand joint points of these elements. These
elements have their own failure mode, for exampteak for pigtails, displacement for joint
points, and so on. Moreover, these elements mag their acceleration factor of degradation;
for example joint points fixed by adhesive are galhe weak against high humidity, and so
on. These failure mode analysis can be referreBEM&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 @chittamp 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) shows known failure mechanismslufai 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 metdkm. 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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Appendix

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 conditions iath 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.

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.
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4. Typical failure points

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

module consists of different parts: optical elemeotiter 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 passiptical 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, opergtishock and vibration test are
necessary because MEMS is sensitive against mecdlarshock and vibration. When
temperature control is used, temperature cyclirgf t&8 recommended because temperature
control functions generally produce thermal streggemperature distribution of modules and
temperature cycling test can accelerate thermakstr

5. Failure modes and known failure mechanisms

For some dynamic modules, failure mode and effeetysis (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 electricalindividually, 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 electricgldynamic 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).

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 optica| 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
Freezing of LCD Uncontrollable Low temperature Cold 61300-2-17
Collimator Same as MEMS type
Pigtail Same as MEMS type
BICONET Page: 27 of 44
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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
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
Collimator Same as MEMS type
Pigtail Same as MEMS type
BICONET Page: 28 of 44
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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
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

DICONET Page: 30 of 44

FP7 — ICT—- GA 216338




000

The Futare Core Network

Table 2 — Failure mode and known failure mechanisms

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

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
DICONET Page: 31 of 44
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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 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
DICONET Page: 32 of 44
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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
Tunable MEMS MEMS Stacking the moving part | Uncontrollable Same as VOA MEMS type
filters etalon type i i
(electrical Distortion of hinge/mirror | Insertion loss increase Same as VOA MEMS type
control) Centre-wavelength change
Return loss decrease
PDL increase
FWHM increase
Tunable wavelength range
decrease
Reflectance of etalon Insertion loss increase Same as VOA MEMS type
mirror changing Centre-wavelength change
Return loss decrease
PDL increase
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
PZT etalon | PZT PZT degradation Driving voltage increase High humidity Damp heat 61300-2-19
type Thermal stress Change of temperature 61300-2-22
o Maximum absolute rating Understudy
Excess driving test
On/off driving test Understudy
Etalon mirror Reflectance of etalon Insertion loss increase Same as VOA MEMS type
mirror changing Centre-wavelength change
Return loss decrease
PDL increase
FWHM increase
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 hermetic sealed and using Damp heat 61300-2-19
Tunable wavelength range decrease adhesive) Shock (storage) 61300-2-9
) 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
DICONET Page: 34 of 44
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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 _ 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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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
Diffractive grating’ Dislocation of f|x|ng Insertion loss increase AttenuatiprSame as DCE MEMS type
lens, prism and points of optical parts change
Collimator Return loss decrease
Dynamic range of attenuation decregse
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)
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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 decred
PDL increase

WDL increase

Same as VOA MEMS type

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 decred
PDL increase

WDL increase

mSame 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

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
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Table 2 — Failure mode and known failure mechanisms

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

for optical units of dynamic devices (continued)

Dynamic devices

Constitution
parts

Known failure
mechanisms

Failure modes

Degradation acceleration
factors

Relevant tests

IEC
references

Wavelengt
h
selectable
switches

MEMS &
diffractive

grating type

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

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 decres
PDL increase
WDL increase

mSame as DCE MEMS type

se

Pigtail

Same as VOA MEMS type
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Table 2 — Failure mode and known failure mechanisms

Midterm Report On DICONET Exploitation And Disseraiion Plans Including Contribution To Standards

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
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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Table 2 — Failure mode and known failure mechanisms

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

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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Table 2 — Failure mode and known failure mechanisms

Midterm Report On DICONET Exploitation And Disseraiion Plans Including Contribution To Standards

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
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
Pigtail Same as VOA MEMS type
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Table 2 — Failure mode and known failure mechanisms

Midterm Report On DICONET Exploitation And Dissemtion Plans Including Contribution To Standards

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
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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