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Abst ract

Thi s docunent defines an information nodel to support |npairnent-
Aware (1 A) Routing and Wavel ength Assignnent (RWA) function. This
operation mght be required in Wavel ength Switched Optical Networks
(WSON) that already support RWA and the information nodel defined
here goes in addition and it is fully conpatible with the already
defined informati on nodel for inpairment-free RM process in WSON

This information nmodel shall support all control plane architectural
options defined for WSON wi th inpairnment validation.

Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
Task Force (IETF). Note that other groups may also distribute
wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at http://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunents valid for a maxi num of six nonths
and nay be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress.”

This Internet-Draft will expire on August 16, 2014.
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1.

.1

I nt roducti on

In the context of Wavel ength Switched Optical Network (WSON),

[ RFC6163] describes the basic framework for a GWLS and PCE- based
Routi ng and Wavel engt h Assi gnnment (RWA) control plane. The
associ ated information nodel [I-D.ietf-ccanp-rwa-info] defines al
i nformati on/ parameters required by an RWA process.

There are cases of WSON where optical inpairments plays a significant
role and are considered as inportant constraints. The franmework
docunent [ RFC6566] defines probl em scope and related control plane
architectural options for the Inpairment Aware Routing and Wavel ength
Assi gnnent (1 A-RWA) operation. Options include different

combi nations of Inpairnent Validation (1V) and RM functions in term
of different conbination of control plane functions (i.e., PCE
Routing, Signaling).

Thi s docunent provides an information nodel for the inpairnment aware
case to allow the inpairnment validation function inplenented in the
control plane or enabled by control plane available information

This nodel goes in addition to [I-D.ietf-ccanp-rwa-info] and it shal
support any control plane architectural option described by the
framewor k docunent (see sections 4.2 and 4.3 of [RFC6566]) where a
set of control plane conbinations of control plane functions vs. |V
function is provided.

Definitions, Applicability and Properties

This section provides sone concepts to hel p understand concepts used
al ong the docunent and to nake a clear sepration about what coning
fromdata plane definitions (I TUT G recomandati ons) and are taken as
input for this Information Mddel. The first sub-section provides raw
definitions while the Applicability sections reuses the defined
concepts to scope this docunent.

Definitions
o Conputational Mdel / Optical Conputational Mbdel
Defined by |1 TU standard docunents. In this context we |ooks for
nodel s that are able to conpute optical inpairnents for a give
| i ght pat h.

o Information Mdel.
It is defined by IETF (this draft) and provide the set of
i nformati on required by the Conputational Mdel to be applied.

0 Level of Approximtion.
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2

2

This concept refer to the Conputational Mdel as it may conpute
optical inpairnent with a certain |level of uncertainty. This

I evel is generally not neasured but [ RFC6566] make a rough
classification about it.

0 Feasible Path.
It is the output of the CSPF with RM-1V capability. It’'s a path
that satisfies the constraints in particular the optica
i mpai rment contraints. The path, instantiated through wavel engt h,
may actually work or not work depending of the | evel of
appr oxi mat i on.

0 Existing Service Disruption
A known effect to optical network designers is the cross-
i nteracti on anong adj acent (specrunm) wavel engths, e,g,,a
wavel engt h nay exeperience sone increased BER due to the setting
up of an adjacent wavelength. Solving this problemis a typica
optical network design activity. Just as an exanple a sinple
met hod i s addi ng optical margings (e.g., additional OSNR), other
compl ex and detail ed nmethods exist.

Applicability

This docunment targets at Scenario C defined in [ RFC6566] section
4.1.1. as approximate inpairnent estimation. The Approximte
concept refer to the fact that this Informati on Mbdel cover
informati on mainly provided by the [ITU G680] Conputational Model

Conput ati onal nodel s having no approxi mation, referred as |V-Detailed
in the [ RFC6566], currently does not exist intermof ITUT
recomandation. They generally refer to non-Ilinear optical inpairnent
and they are usually vendor specific.

The current information nodel does not specul ate about mathematica

formula used to fill up infornmation nodel paraneters hence, it does
not preclude changing the conmputational nodel. At the sanme tine

aut hors does not belive this Information Mddel is exhaustive and if
necessary further documents will cover additional nodels as |ong as

they become avail abl e.

The result of RMA-IV process inplenenting this Information Model will
result in a path (a wavelength in the data plane) that have better
chance to be feasible than if it was conmputed wi thout any IV
function. The Existing Service Disruption, as per the definition
above, would still be a problemleft to network designers: this node
does not replace by any neans the optical network design phase. The
I nformation Model targets, the GWLS context with the rel eated

rel ati onshi p between data pl ane(s) and control plane.
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2. 3.

Properties

An information nodel may have several attributes or properties that
need to be defined for each optical paraneter nade available to the
control plane. The properties will help to deterni ne how the contro
pl ane can deal with a specific inpairnment paraneter, depending on
architectural options chosen within the overall inpairnent framework
[ RFC6566]. In sone case, properties value will help to identify the
| evel of approximation supported by the IV process.

(0]

Ti me Dependency

This identifies how an inpairnent paranmeter may vary with tine.
There could be cases where there is no tine dependency, while in
other cases there may be need of re-evaluation after a certain

time. In this category, variations in inpairnments due to
environnental factors such as those discussed in [G sup47] are
considered. |n sone cases, an inpairnment paraneter that has tine
dependency may be considered as a constant for approxinmation. In

this informati on nodel, we do neglect this property.

Wavel engt h Dependency

This property identifies if an inpairnent paraneter can be

consi dered as constant over all the wavel ength spectrum of
interest or not. Also in this case a detailed inpairnent

eval uation mght lead to consider the exact value while an
approxi mation IV nmight take a constant value for all wavel engths.
In this informati on nodel, we consider both case: dependency / no
dependency on a specific wavel ength. This property appears
directly in the information nodel definitions and rel ated

encodi ng.

Li nearity

As inmpairments are representation of physical effects, there are
sone that have a linear behavior while other are non-linear

Li near approxinmation is in scope of Scenario C of [RFC6566].
During the inpairnment validation process, this property inplies
that the optical effect (or quantity) satisfies the superposition
principle, thus a final result can be cal cul ated by the sum of
each conmponent. The linearity inplies the additivity of optica
quantities considered during an inpairnent validation process.
The non-linear effects in general does not satisfy this property.
The informati on nodel presented in this document however, easily
al l ow i ntroduction of non-linear optical effects with a linear
approxi mated contribution to the |inear ones.

Mul ti - Channel
There are cases where a channel’s inpairnents take different
val ues dependi ng on the asi de wavel engths already in place, this
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is nostly due to non-linear inpairments. The result would be a
dependency anong different LSPs sharing the same path. This
i nformati on nodel do not cosider this kind of property.

The followi ng tabl e sunmmari ze the above considerations where in the
first colum reports the list of properties to be considered for each
optical paraneter, while the second colum states if this property is
taken into account or not by this information nodel

o e e e e e e e e ao oo Fom e e e e oo +
| Property | I'nfo Model Awareness

N T Femmmmeeaeaeieaaaas +
| Ti me Dependency | no |
| Wavel engt h Dependency | yes |
| Li nearity | yes |
[ Mul ti - channel [ no [
S O +

Table 1: Optical Inpairment Properties
3. ITUT List of Optical Paraneters

[ EDI TOR NOTE: To better integrate material conming fromI|TU WD06- 31
Cct ober 2013 and future |iasons]

As stated by Section 2.2 this Informati on Mbdel does not intend to be
exaustive and targets an approxi mate conputati onal nodel although not
precluding future evolutions towards nore detailed inpairnents
estination met hods.

On the sane line, I TU SGL5/ @ provides a list of optitical paraneters
with foll ow ng observations:

(a) the problemof calculating the non-linear inpairnents in a
mul ti-vendor environnent is not solved. The transfer functions
works only for the so called [ITU G680] "Situation 1".

(b) The generated list of paraneters is not definitive or exaustive.
In particular, [ITU G680] contains nmany paraneters that woul d be
required to estimate linear inpairments and [| TU. G697] contains

i nformati on on which paraneters can be nonitored in an optica

net wor k.

[ TU. G571] contains sonme additional paraneters defintions required by
here above reconmandati on
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The list of optical paraneters starts from[ITU G5680] Section 9 which
provi des the optical conputational nodels for the follow ng:

P1 OSNR  Section 9.1

P2 Optical Power. As per Section 9.1, required by Optical
Conput ati on Mbdel for OSNR cal cul ati on.

P3 Chromatic Dispersion (CD). Section 9.2
P4 Pol arization Mode Dispersion (PMD). Section 9.3
P5 Pol arization Dependent Loss (PDL). Section 9.3

In addition to the above, the following |ist of paraneters has been
menti oned by | TU SGL5/ (6.

P6 Channel Frequency Range [ TU G671].
P7 Ripple

P8 Channel Signal-Spontaneous noise figure. This is considered
wi t hi n OSNR conput ati onal nodel above.

P9 Differential Goup Delay [ITU G571]. Required for PMD above.
P10 Refl ect ance.

P11 Isol ation.

P12 Channel extintion.

P13 Non-Li near Coefficient (for a fibre segnment). Needed for non-
| i near inpairnent

4. Background from WSON- RMA | nf or mati on Mbdel

In this section we report terns already defined for the WS0ON- RWA
(inpairnent free) as in [I-D.ietf-ccanp-rwa-info] and
[I-D.ietf-ccanp-general -constraint-encode]. The purpose is to

provi de essential infornmation that will be reused or extended for the
i mpai rment case.

In particular [I-D.ietf-ccanp-rwa-info] defines the connectivity
matrix as the foll ow ng:
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ConnectivityMatrix ::= <Matri x|l D> <ConnType> <Matri x>

According to [I-D.ietf-ccanp-general -constraint-encode], this
definition is further detail ed as:

ConnectivityMatrix ::=
<Mat ri xI D> <ConnType> ((<Li nkSet> <LinkSet>) ...)

Thi s second fornula highlights how the connectivity matrix is built
by pairs of LinkSet objects identifying the internal connectivity
capability due to internal optical node constraint(s). |It’s
essentially binary information and tell if a wavel ength or a set of
wavel engths can go froman input port to an output port.

As an additional note, connectivity matrix belongs to node
information and is purely static. Dynanmic information related to the
actual usage of the connections is available through specific
extension to link information

Furthernmore [I-D.ietf-ccanp-rwa-info] define the resource bl ock as
foll ow

Resour ceBl ockl nfo ::= <ResourceBl ockSet > [ <l nput Const r ai nt s>]
[ <Processi ngCapabi l i ti es>] [<Qutput Constraints>]

Which is an efficient way to nodel constrains of a WSON node.
5. Optical Inpairment |Information Mde

The idea behind this information nodel is to categorize the

i mpai rment paraneters into three types and extend the information
nmodel al ready defined for inpairnment-free WSONs. The three
categories are:

0 Node Information. The concept of connectivity matrix is reused
and extended to introduce an inpairnent matrix, which represents
the inpairments suffered on the internal path between two ports.
In addition, the concept of Resource Block is also reused and
extended to provide an efficient nodelization of per-port
i mpai r ment .

o Link Information representing inpairnent information related to a
specific link or hop.
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o Path Information representing the inpairnent infornmation related
to the whol e path.

Al'l the above three categories will nake use of a generic container,
the Inpairnment Vector, to transport optical inpairnent information.

This information nodel however wll allow however to add additiona
paraneters beyond the one defined by [ITU G580] in order to support
addi tional conputational nodels. This mechanismcould eventually
applicable to both linear and non-linear paraneters.

This informati on nodel nekes the assunption that the each optica

node in the network is able to provide the control plane protocols
with its own parameter val ues however, no assunption is made on how
the optical node gets those value information (e.g. internally
conput ed, provisioned by a network managenent system etc.). To this
extent, the information nodel intentionally ignores all interna
detail ed paraneters that are used by the formulas of the Optical
Conput ati onal Mbdel (i.e., "transfer function") and sinply provides
the object containers to carry results of the formul as.

5.1. The Optical |npairnment Vector

Optical Inpairnent Vector (OV) is defined as a |list of optica
paraneters to be associated to a WSON node or a WSON link. It is
defined as:

<O V> ::= ([<Label Set>] <OPTI CAL_PARAM>)

The optional Label Set object enabl es wavel ength dependency property
as per Table 1. Label Set has its definition in
[I-D.ietf-ccanp-general -constraint-encode].

OPTI CAL_PARAM  Thi s object represents an optical parameter. The

| mpai rment vector can contain a set of paraneters as identified by
[1 TU. G697] since those paraneters match the ternms of the |inear

i mpai rments conputati onal nodels provided by [ITU G580]. This

i nformati on nodel does not specul ate about the set of paraneters
(since defined el sewhere, e.g. ITUT), however it does not preclude
extentions by addi ng new paraneters.

5. 2. Node | nformati on
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5.2.1. Inpairnent Mtrix

I mpai rment matrix describes a list of the optical paraneters that
applies to a network el enent as a whole or ingress/egress port pairs
of a network el enment. Wavel ength dependency property of optical
paranters is al so considered.

I mpai rment Matrix ::= <Matrixl D> <ConnType>
((<LinkSet> <LinkSet> <A V>) ...)

Wher e:
MatrixID. This IDis a unique identifier for the matrix. It
shal | be unique in scope anong connectivity matrices defined in
[I-D.ietf-ccanmp-rwa-info] and inpairnent nmatrices defined here.
ConnType. This nunmber identifies the type of matrix and it shall
be unique in scope with other values defined by inpairnent-free
WSON document s.
Li nkSet. Sane object definition and usage as
[I-D.ietf-ccanp-general -constraint-encode]. The pairs of LinkSet
identify one or nore internal node constrain.

A V. The Optical Inpairment Vector defined above.

The nodel can be represented as a nultidinensional matrix shown in
the follow ng picture
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/ / / / / /]
/ / / / / /|
/ / / / / I
/ / / / / A
/ / / / / Il
/ / / / / I 1]
/ / / / / N A .
/ / / / / A
/ / / / / I 1]
/ / / / / ]/
/ / / / / A A
R e U I S I T R R i S T e e S S I S I | / PDL
<Li nkSet #1> | - | | | | | 71 | 7/
SRR it S T i S P S i et i R T T S I AN B
<li nkSet #2> | | - [ | | | /| | / PND
R i T i i R i S i i e S S e N A
<l i nkSet #3> | I - I L7
Fob- bbb bbb bbb -+ +-+-+ | [ Chr.Disp
<l i nkSet #4> | | | | - | | 71/
R ko S R B R R S N R N R i i S
<l i nkSet #5> | | [ | | - | / OSNR

T i T S i T S
<LS#H1> <LS#H2> <LSH#H3> <LSH4> <LSH5>

The connectivity matrix from

[I-D.ietf-ccanp-general -constraint-encode] is only a two di nensi onal
matri x, containing only binary information, through the LinkSet

pairs. In this nodel, a third dinmension is added by generalizing the
bi nary information through the Optical Inpairnment Vector associated
with each LinkSet pair. Optical paraneters in the picture are
reported just as exanples while details go into specific encoding
draft [I-D.martinelli-ccanp-wson-iv-encode].

This representati on shows the nost general case however, the total
anount of information transported by control plane protocols can be
greatly reduced by proper encodi ng when the same set of values apply
to all LinkSet pairs.

[EDI TOR NODE: first run of the information nodel does |ooks for

generality not for optimzing the quantity of information. We'll|
deal with optim zation in a further step.]
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5.

5.

5.4.

2

3.

2. Inpariment Resource Block Information

This informati on nodel reuse the definition of Resource Bl ock
I nformation addi ng the associ ated i npairnment vector

Resour ceBl ockl nfo ::= <ResourceBl ockSet > [ <l nput Const r ai nt s>]
[ <Processi ngCapabilities>] [<QutputConstraints>] [<O V>]

The obj ect ResourceBl ocklinfo is than used as specified within
[I-D.ietf-ccanp-rwa-info].

Li nk I nformati on

For the list of optical paraneters associated to the link, the sane
approach used for the node-specific inpairment infornmation can be
applied. The link-specific inpairnment information is extended from
[I-D.ietf-ccamp-rwa-info] as the follow ng:

<Dynam cLi nkl nfo> ::= <Linkl D> <Avai | abl eLabel s>
[ <Shar edBackuplLabel s>] [ <O V>]

Dynami cLi nkinfo is already defined in [I-D.ietf-ccanp-rwa-info] while
AOVis the Optical Inpairnent Vector is defined in the previous
section.

Pat h | nf ormati on

There are cases where the optical inparinents can only be descri bed
as a contrains on the overall end to end path. In such case, the
optical inparinent and/or paraneter, cannot be derived (using a
simple function) fromthe set of node / link contributions.

An equi val ent case is the option reported by [ RFC6566] on | V-

Candi dat e paths where, the control plane knows a list of optically
feasi ble paths so a new path setup can be sel ected anong that |ist.

I ndependent fromthe protocols and functions conbination (i.e. RM
vs. Routing vs. PCE), the IV-Candidates inply a path property stating
that a path is optically feasible.

<Pathlnfo> ::= <A V>
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[ EDI TOR NOTE: section to be conpleted, especially to eval uate
protocol inplications. Likely resenble to RSVP ADSPEC] .

6. Encodi ng Consi derations

Detail s about encoding will be defined in a separate docunent
[I-D.martinelli-ccanp-wson-iv-encode] however worth renmenbering that,
within [ITU G97] Appending V, |ITU already provides a guideline for
encodi ng sone optical paraneters

In particular [ITU G697] indicates that each paraneter shall be
represented by a 32 bit floating point nunber.

Val ues for optical paraneters are provided by optical node and it
could provide by direct nmeasurenment or from sonme internal conputation
starting fromindirect neasurenent. In such cases could be useful to
un understand the variance associated with the value of the optica
par mat er hence, the encoding shall provide the possibility to include
a variance as well.

This kind of information will enable | A-RWM process to nake sone
addi tional considerations on wavel ength feasibility. [RFC6566]
Section 4.1.3 reports sone considerations regardi ng this degree of
confidence during the inpairment validation process.

7. Control Plane Architectures

This section briefly describes how the defintions contained in this
informati on nodel will nmatch the architectural options described by
[ RFC6566] .

The first assunption is that the WSON GWLS extentions are avail abl e
and operational. To such extent, the WSON-RWA wi Il provide the
following information through its path conputation (and RWA process):

0 The wavel engths connectivity, considering also the connectivity
constraints limted by reconfigurable optics, and wavel engt hs
availability.

o The interface conpatibility at the physical |evel

0 The Optical-Elettro-Optical (OEOQ availability within the network
(and rel ated physical interface conpatibility). As already stated
by the framework this information it’s very inportant for
i mpai rment val i dati on

A If the IV functions fail (path optically infeasible), the path
computation function nmay use an avail able CEO point to find a
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feasible path. In normally operated networks OEO are mainly
uses to support optically unfeasible path than nmere wavel ength
conver si on.

B. The OEO points reset the optical inpairnment information since
a new light is generated.

7. 1. IV-Centralized

Centralized IV process is perforned by a single entity (e.g., a PCE)
G ven sufficient inpairnent information, it can either be used to
provide a list of paths between two nodes, which are valid in terns
of optical inmpairments. Alternatively, it can help validate whether
a particular selected path and wavel ength is feasiable or not. This
requires distribution of inpairment information to the entity
performng the 1V process.

[ EDI TOR NOTE: to be conpl et ed]
7.2. |1V-Distributed

For the distributed |V process, conmobn conputational nodels are
needed together with the information nodel defined in this docunent.
Conput ati onal nodels for the optical inpairments are defined by I TU
standard body. The currently avail able conputation nodels are
reported in [ITU G680] and only cover the linear inpairnment case.
This does not require the distribution of inpairment information
since they can be collected hop-by-hop using a control plane

si gnal i ng protocol

[ EDI TOR NOTE: to be conpl et ed]
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10.

11.

12.

12.

12.

| ANA Consi derati ons
Thi s docunment does not contain any | ANA requirenent.

Security Considerations
Thi s docunment defines an information nodel for inpairnments in optica
networks. |If such a nmodel is put into use within a network it wll
by its nature contain details of the physical characteristics of an
optical network. Such information would need to be protected from
intentional or unintentional disclosure.
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