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Abstract

The original content of this internet draft was to propose sone
extentions to OSPF encoding in the context of Wavel ength Sw tched
Optical Networks, especially for internal constraints of optical
network el ements. Ceneral description can be found in the franmework
docunent .

This update of the docunent still ainms at specifying the detailled
structure of OSPF LSAs for WBONs. Neverthel ess, the proposed LSA

| ayout slightly differs fromthe current content of the information
nodel and encodings drafts. As a result, the follow ng sections
hilglight the differences between both approaches and sumrari ze why
the authors think these CCAMP s drafts would benefit from an update
according to the proposed description.
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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 Engi neering
Task Force (I1ETF). Note that other groups may al so distribute
wor ki ng docunents 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 may be updated, replaced, or obsoleted 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 Decenber 12, 2011
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1

1

I nt roducti on

The original content of this internet draft was to propose sone
extentions to OSPF encoding in the context of Wavel ength Sw t ched
Optical Networks, especially for internal constraints of optical
network el ements. GCeneral description can be found in the franmework
docunent [ RFC6163].

This update of the docunent still ains at specifying the detailled
structure of OSPF LSAs for WBONs. Neverthel ess, the proposed LSA

| ayout slightly differs fromthe current content of the information
nodel [I-D.ietf-ccanp-rwa-info] and encodi ngs
[1-D.ietf-ccanp-rwa-wson-encode] drafts. As a result, the follow ng
sections highlight the differences between both approaches and
summari ze why the authors think these CCAMP s drafts woul d benefit
froman update according to the proposed description.

More specifically, the sections below follow the scope of current
docunents, nanely information nodel, encodings and OSPF-TE
extensions. Building the latter allowed to identify sone

i mprovenents which are described in the two fornmer parts. 1In both,
the line has been drawn between the optical information that can be
specified by using generic protocol extensions and the one requiring
some WSON-specific objects, as agreed by the working group.

1. Requirenents Language

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMVENDED', "MAY", and "OPTIONAL" in this
docunment are to be interpreted as described in [ RFC2119].

I nformati on Model

This section provides a nodel of information needed by the routing
and wavel engt h assi gnnent (RWA) process in wavel ength sw tched
optical networks (WSONs). The purpose of the information descri bed
inthis nodel is to facilitate constrai ned optical path conputation
in WBONs. This nodel takes into account conpatibility constraints
bet ween WSON signal attributes and network el ements but does not

i ncl ude constraints due to optical inpairnents.

It reports every WSON i nformation nodel nodification conpared to
[I-D.ietf-ccamp-rwa-info]. Alike this docunent, this section is
organi zed in order to describe RWA specificities related to nodes and
related to links. The nodes specificities can once again be splitted
bet ween generic and WSON speci fic needs of description, while the
links specificities can all fit inside the generic needs.

Pel oso, et al. Expi res Decenber 12, 2011 [ Page 4]



| nt er net - Draf t OSPF- TE ext ensi ons for WSON June 2011

In the follow ng, the reduced Backus-Naur form (RBNF) syntax of
[ RFC5511] is used to aid in defining the RM informati on nodel.

2.1. Node Information (General)

The node informati on described here contains the relatively static
information related to a Wo0ON node. This includes connectivity
constraints anongst ports and wavel engt hs since WSON swi tches can
exhibit asymetric switching properties. These connectivity matrices
are included with the node information while the switched and fi xed
port wavel ength constraints are included with the link information.
Formal | y,

<Node_I nformati on> ::= <Node_I D> [<ConnectivityMatrix>...]
[ <Port Label Restrictions>...][<SharedRi skNodeG oup>]

Where the Node I D woul d be an appropriate identifier for the node
within the WGON RWMA context. In order to describe conpl ex node
structures, nultiple connectivity matrices may be used to describe
all the constraints.

2.1.1. Connectivity Mtrix

The connectivity matrix (ConnectivityMatrix) represents either the
potential connectivity matrix for asymetric switches (e.g. ROADMs
and such) or fixed connectivity for an asymmetric device such as a
mul tiplexer. Note that this matrix does not represent any particul ar
i nt ernal bl ocking behavior but indicates which ingress ports and
wavel engt hs coul d possi bly be connected to a particul ar output port.

The connectivity matrix is a conceptual Mby N matrix representing
the potential switched or fixed connectivity, where Mrepresents the
nunber of ingress ports and N the nunber of egress ports. This is a
"“conceptual ™ matrix since the matrix tends to exhibit structure that
allows for very conpact representations that are useful for both
transm ssi on and path conputati on.

Note that the connectivity matrix information el enment can be useful
in any technol ogy context where asymetric switches are utilized.

<ConnectivityMatrix> ::= <Matri x|l D> <Connect Type> <Matri x>
VWher e
MatrixID is a unique identifier for the matrix.
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Connect Type can be either 0 or 1 dependi ng upon whet her the
connectivity is either fixed or potentially sw tched.

Mat ri x represents the fixed or switched connectivity in that
Matrix(i, j) = 0 or 1 depending on whether ingress port i
can connect to egress port j for one or nore wavel engths.
More explicitly inplenented as,
<Matrix> ::= (<IngressLinkSet> <EgressLi nkSet>). ..
which is a list of pairs of sets of links identifiers,
where the purpose of each pair is to define an association
bet ween ingress |inks and egress |links, and for the sake
of conpactness, this is done with sets of |inks.

Hence, the RBNF can al so be descri bed as:

<ConnectivityMatri x> ::= <Matri x|l D> <Connect Type>
(<l ngressLi nkSet > <Egr essLi nkSet >). .

DELTA:
No technical change, explicit detail of the content of <Matrix>

2.1. 2. Port Label Restrictions

The port label restriction (PortlLabel Restriction) represents the
| abel restrictions associated either to links or to connectivity
matrices. They can either nodel:

1. The restrictions comng fromvarious equi pnments conposing the
internal structure of a node (such as nmux and denmuxes). These
restrictions tell us which | abel nay or may not be used between
ports,

2. The restrictions comng fromthe internal structure of the |ink
(such as anplifier which may have a limted anplification
spectrum,

and as such are relatively static.

This plays an inportant role in fully characterizing a bl ocking
switching device (e.g. a bl ocking WSON ROXC or ROADM, hence the port
| abel restrictions are directly associated to a a given connectivity
matri x.

<Port Label Restriction> ::= <Matri xl D> <RestrictionType>
[ <RestrictionParanet er s>]
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2.

2.

1

2.

DELTA:
No change.

3. Shared Ri sk Node G oup

SRNG (Shared risk group for nodes) is defined after the concept of a
shared risk link group ([ RFC4202]) transposed to the grouping of
nodes. A set of nodes may constitute a 'shared ri sk node group’
(SRNG if they share a resource whose failure nmay affect all nodes in
the set. (This is explained in [G 7715]. Typical risk groupings for
nodes can include those nodes in the sane building, within the sane
city, or geographic region).

A node may belong to nmultiple SRNGs. Thus the SRNG I nformation
describes a list of SRNGs that the node belongs to. An SRNGis
identified by a 32 bit nunber that is unique within an | GP domai n.
The SRNG Information is an unordered list of SRNGs that the node
bel ongs to.

If an LSRis required to have nmultiple diversely routed LSPs to

anot her LSR, the path conputation should attenpt to route the paths
so that they do not have any |inks nor any nodes in comon, and such
that the path SRNGs and SRLGs are disjoint.

The SRNG Information may start with a configured value, in which case
it does not change over tinme, unless reconfigured.

The SRNG Information is optional and if a Link State Adverti senent
doesn’t carry the SRNG Information, then it neans that SRNG of that
nodes i s unknown.

DELTA:
No techni cal change.

Node I nformati on (WSON specific)

As presented in [RFC6163] a WBON node may contain el ectro-optical
subsystens such as regenerators, wavel ength converters or entire

swi tching subsystens. The nodel present here can be used in
characterizing the accessibility and availability of limted
resources such as regenerators or wavel ength converters as well as
WBON signal attribute constraints of electro-optical subsystens. As
such this information elenent is fairly specific to WSON

t echnol ogi es.
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2.2.1. Label Restrictions

This section is a preanble presenting the Label Restriction entity,
which is refered nmany tines later in this docunent.

Wavel ength constraint are used in different part of the information
nodel , either as static constraints (in the resource pool as

RPW/I Constraints, and the resource bl ock |Ingress\WaveConstrai nt and

Egr essWaveConstraint) or representing dynam c properties of a given
el enent (SharedAccessWIls in resource pool). |In the GWLS cont ext

Wavel engths are represented by Label s.

The wavel ength constraints used in this docunment, although having
different semantic, refer to the same notion of |ist of wavel ength.
Those constraints apply in addition to either the incomng part of a
device (or group of device), the outgoing part or both if the
constraint is the same, which is for instance not unusual for static
wavel ength constraint.

To support this we define in this section a LABEL _RESTRI CTI ONS
encoding that carry a |l abel set information and for which direction
this label restriction is valid. The directions considered is
upstream downstream or both. The |abel set information is the one
defined in [I-D.ietf-ccanp-rwa-info] as Avail abl eLabel .

This encoding is reused in different TLV or sub-TLV for different
semantic but do not require to define a TLV per direction.

- Define a generic information for |abel restrictions
- Reuse generic | abel set and provide a conpact representation

2.2.2. Resource Pools, Resource Blocks and Resource Description
Cont ai ners

A WBON node may include regenerators or wavel ength converters
arranged in shared pools. As presented in [RFC6163] this can include
OEO based WDM switches as well. There are a nunber of different
approaches used in the design of WDM swi t ches cont ai ni ng regenerator
or converter pools. However, fromthe point of view of path
conputation the followi ng need to be known:
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1. The nodes that support regeneration or wavel ength conversion.

2. The accessibility and availability of any CEO device / wavel ength
converter to convert froma given ingress wavel ength on a
particular ingress port to a desired egress wavel ength on a
particul ar egress port.

3. Limtations on the types of signals that can be converted and the
conversions that can be perforned.

For nodeling purposes and encoding efficiency identical processing
resources such as regenerators or wavel ength converters with
identical limtations, and processing and accessibility constraints
are grouped into "blocks". Such blocks can consist of a single
resource, though grouping resources into blocks |eads to nore

ef ficient encodings. Then, these resource bl ocks are gathered once
nmore into resource pool, for which the bl ocks share the sane
accessibility constraints.

Definitions:

- Resource Bl ock: A group of resources sharing both the sane
processing properties and the sane accessibility constraints.
Each Resource Bl ock can contain a different nunber of ressources,
but all the resources constituting the block are identical
devi ces.

- Resource Pool: A group of resources sharing the sane
accessibility constraints, hence for the sake of efficient
encodi ng a Resource Pool becones a group of Resource Bl ocks
sharing the sanme accessibility constraints. Each Resource Pool
can contain a different nunber of bl ocks, each of different size,
but all the devices in the pool are subject to the sane
accessibility constraints regarding the way these are linked to
i ngress and egress |inks of the WS0ON node contai ning the pool.
One of the inherent reason for that being their being nmultipl exed
on a given piece of equipnent (like an Optical Anplifier, a
splitter, a Wavelength Selective Switch port, a length of
fiber...), which has sone inherent inplication on the rel ated
i nformati on nodel .

The follow ng picture represents the nodel of WSON nodes with the
hel p of Resource Bl ocks and Resource Pools entities.
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Figure 1

This figure shows a Resource Ingress Connectivity Matrix and anot her
one of the egress, the nodel from[I|-D.ietf-ccanp-rwa-info] gathers
both these connectivity matri x inside a Resource Pool Accessibility
item which would |lead to the following definition of a Resource
Pool .

<Resour cePool > :: = <ResourcePool | D> [ <ResourceDescription>]. ..
[ <Resour cePool Accessi bility>] [<ResourcePool WI Constraints>]...
[ <Shar edAccessWl s>] ... [<ResourceBl ockState>]...

- ResourcePool ID is used to identify the pool,

- Resour ceDescriptions are used to define the features of each type
of resources held inside the pool,

- Resour cePool Accessibility is neant to define the spati al
connectivity constraints between the pool and the incom ng and
outgoing links of the node,

- Resour cePool W/l Constrai nts may be used to define the structural
(static) spectral constraints of accessibility of the pool,
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- Shar edAccessW/l s shoul d be used to provide the dynam c spectral
avai lability comng fromthe usage of wavel engths by acti vated
resources inside the pool,

- Resour ceBl ockStates are used to provide the dynamc availability
of resources inside the pool.

Actually as stated in Section 2.2.3, it is nore efficient to use the
node’s own connectivity matrix to enbed this kind of information with
the one of the incom ng and outgoing |links of the nodes, hence the
nodel sinplifies itself into:

<Resour cePool > :: = <Resour cePool | D> [ <Resour ceDescription>]...
[ <Resour cePool W Constrai nts>]... [<SharedAccessWls>]...
[ <Resour ceBl ockSt at e>] . .

As this docunent neans to have one ResourcePool entity per physical
pool of resources inside the node, it can be observed that when a
node contains nultiple pools of resources, these ones are likely to
share type of resources, hence their nodel ed respresentations are
hol di ng the sane ResourceDescription entities. |In order to avoid
unnecessary information flooding, this docunment offers the
opportunity to extract fromthe ResourcePool all these

Resour ceDescriptions and gather theminside a dedicated entity, that
i s naned Resource Description Container.

whi ch provides the alternative nodel of ResourcePool (which is
consistent with the previous one, as the ResourceDescriptions were
al ready optional:

<Resour cePool > :: = <Resour cePool | D> [ <Shar edAccessW/l s>] ...
[ <Resour cePool Wi Constrai nts>]... [<ResourceBl ockState>]...

and Resource Description Container, which is a |list of Resource
Descri ptions:

<Resour ceDescri ptionCont ai ner> ::= <ResourceDescription>..

- I ntroduced definition of Resource Pool.

- I ntroduced definition of Resource Pool |D
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- I ntroduced definition of Resource Description Container.

- Changed accordingly Figure 1 and 2 from
[I-D.ietf-ccanp-rwa-info].

- Changed the RBNF from[I-D.ietf-ccanp-rwa-info].

- Changed the Resource Block Info into Resource Description (snal
semanti ¢ change, due to mnor internal changes.

- Adapt ed sone pieces of nodels which were related to Resource
Bl ock, to the Resource Pool level, nanely: RPWI Constraints

2.2.3. Resource Pool Accessibility

Every device inside a Resource Pool shares the same accessibility
constraints, hence the accessibility is a property related to the
pool. In order to depict the accessibility of a given pool, two
pi eces of information needs to be descri bed:

- Wi ch ingress links of the node can be connected to the entry of
t he Resource Pool,

- Wi ch egress |inks of the node can be connected to the exit of
t he Resource Pool .

Fol | owi ng remarks can be made concerning these accessibility
i nformati on:

- These informati on share the sanme nature as the one of the
Connectivity Matrix (see Section 2.1.1),

- These information are relatively static, changing only when the
switching fabric of the node is changing (either failure or
upgr ade) ,

- When a given node contains nmultiple Resource Pools, it is not
unlikely that sone of themshare |ist of either ingress or egress
I inks of the nodes to which they can be connected; hence it can
be nore efficient to gather the accessibility information rel ated
to every Resource Pool inside a single entity, instead of having
a specific entity for each pool.

Hence, the accessibility information of every Resource Pool are
enbedded t ogether inside the node owmn’s Connectivity Matrix. The
solution used to do that consists in using both Local Link
Identifiers and Resource Pool ldentifiers inside the Link Sets of the
Connectivity Matrix. To keep unchanged the definition of the Link
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Set, 32 bits unnunbered I Ds for the Resource Pool are needed (see
Section 2.2.4). Thanks to this in the context of a node, the
Connectivity Matrix is then providing associ ati ons between:

- On one side a set conposed of a mx of: (1) ingress link(s) and
(2) exit(s) of resource pool(s),

- On the other side a set conposed of a mx of: (1) egress link(s)
and (2) entry(ies) of resource pool (s).

Then the RBNF for the Connectivity Matrix (see Section 2.1.1)
becones,

<ConnectivityMatri x> ::= <Matri x|l D> <Connect Type>
(<I ngressSet O M xedLi nk&Pool > <EgressSet O M xedLi nk&Pool Set >) . .

The Resource Pool Accessibility information are optional, if not
defined, Resource Pool is nmeant to have no accessibility constraints:
fromevery node ingress port it’'s possible to reach the pool and the
pool egress can reach every egress port of the node.

DELTA:
This section could be conpared to the Resource Bl ock Accessibility
constraint, and this is a major change that is proposed here.

2.2. 4. Resource Pool |ID

Al'i ke a GWLS unnunbered link benefits fromthe definition of Link
Local and Link Renpote Identifiers defined in [RFC4202] a resource
pool benefits froma Resource Pool ID. For each Resource Pool, WSON
node assigns one identifier to each side of the pool. This
identifier is a non-zero 32-bit nunber that is unique within the
scope of the WSON node that assigns it, hence the Resource Pool IDis
conposed by a coupl e of unique nunbers.

Consi der a (resource) pool inside WSON node A. WSON node A chooses
two distincts identifiers for the pool (one for the ingress side and
one for the egress side). Considering these identifiers being unique
i nside the scope of the WSON node A, inplies that: no other
(resource) pool inside WS0ON node A may be assigned the val ue
corresponding to any of these two identifiers, neither any
(unnunbered) |ink between WSON node A and any ot her node may be
assigned a link local identifier (fromthe WSON node A perspective)
val ue corresponding to any of these two identifiers.

Support for resource pools in routing includes carrying informtion
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about the identifiers of these pools. Specifically, when an LSR
advertises a resource pool, the advertisenent carries both the
ingress and the egress identifiers of the |ink.

<RPool | D> :: = <RESOURCE | NGRESS | D> <RESOURCE_EGRESS | D>
2.2.5. Resource Bl ock State

The Resource Block State keep track of the current usage of a
resource block within a resource pool.

The state indicate for the resource the nunber of avail able resources
and optionnaly the total nunber (or maxi mum nunber) of resources.
decoupl i ng ResourceDescription fromthe the ResourceBl ock
configuration and allowi ng a better aggregation of the
ResourceDescription. The state available in info nodel is the
fol | ow ng:

Resource Bl ock State definition

<Resour ceBl ockSt at e> :: = <Resour ceBl ockl D> [ <Count MaxResour ces>]
<Count Avai | abl eResour ces>

DELTA:

This definition fo the Resource Block State allow to separate the
total nunber of resources fromthe resource description (differing in
this from[I-D.ietf-ccanp-rwa-info]). This enable a sharing of the
resource description between all the pools, while the other solution
requires that each pool holds the same nunber of devices to share the
same Resour ceBl ockDescription (see Section 2.2.6).

2.2.6. Resource Description

The resource bl ock information contains the pieces of information
needed to fully identify the resource block static and dynam c
information. The static information consist of the characteristics
that do not depend on the LSPs using the resource block. In
particul ar the wavel ength constraints are the one of the OEO and are
i ndependent of the LSPs. the static information is described by a
Resour ceDescription, which can be valid for several resource bl ocks,
then referenced by their ResourceBl ockl D

The ResourceBl ockl D identifies a resource block, it is a node w de
stabl e and uni que identifier (inside the node context). The
ResourceBl ocklD is defined in the ResourceBl ockState TLV held in the
Resource Pool TLV and used in the Resource Description TLV.

Pel oso, et al. Expi res Decenber 12, 2011 [ Page 14]



| nt er net - Draf t OSPF- TE ext ensi ons for WSON June 2011

<Resour ceDescri ption> : = <Resour ceBl ockl D>... <InputConstraints>
<Pr ocessi ngCapabi |l i ti es> <Qut put Constrai nt s>

W t h,

<I nput Constrai nts> ::= [ <IngressWaveConstrai nt>] [<nodul ation-I|ist>]
[<fec-list>] [<rate-range-list>] [<client-signal-I|ist>]

<Processi ngCapabi lities> ::= <RegenerationCapabilities>
[ <Faul t Per f Mon>] [ <Vendor Speci fi c>]

<Qut put Constrai nts> ::= [ <EgressWaveConstrai nt>] [<nodul ation-Ii st>]
[<fec-list>]

I ngressWaveConstrai nt and EgressWaveConstraint are described in
Section 2.2.7. The nodulation-list and fec-list represent the |ist
of nodul ation formats and FEC encodi ng available within the resource
bl ock. This information MAY be present in the advertisenent, the
absence of this information nmeans that potentially all Mdul ation and
FEC are accepted and possi bl e cranckback may occur.

- Split between static (can be in a separate LSA or in the resource
pool ) and dynam c i nformation.

- The maxi mum nunber of resource is in the state to all ow better
summari zation of the resourceDescription

- The static information is describing the properties, the
ResourceDescription is nore explicit than resourcelnfo in this
cont ext

- Changed the RBNF from[I-D.ietf-ccanp-rwa-info], make use of
generic |label restriction for the wavel ength restrictions.

2.2.7. Resource Pool Wavel ength Constraints

This field defines any constraint at wavel ength level within a
resource pool, and is neaningful only when a subset of wavel engths
could be configurable within the Pool. This information is static
since it depends on specific physical resources within the pools and
changes only if there is a node reconfiguration (OEO pools added or
removed from an optical node, change in the nux or denuxi ng devices).
As there is an ingress side and an egress side of a pool, this item
needs to nodelize the wavel ength usage on each side.
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This field takes the format of a Label Restrictions Section 2.2.1.
At nost two instances of this itemcan be needed: one for each sides
(incom ng / outgoing) of the pool.

The field is optional, when this field is not present it neans there
are no specific wavel ength constraints inposed by pool. As an
exanple this field is equivalent to the Maxi rum Bandwi dth field
defined within [RFC3630]. As the Maxinmum Bandwi th represents the
true link capacity, the RESOURCE POOL_WAVELENGTH CONSTRAI NTS
represent the set of wavel engths that can possibly be configured on
t he pool.

Note that the usable set of wavel engths could be limted by other
constraints: e.g. currently in-use wavel ength (see Section 2.2.8) or
due to OEO device constraint on conpliant wavel engths (see Wavel ength
Constraints in Section 2.2.6).

DELTA:
Only wavel ength constrain. \While physical constraints are grouped in
anot her set.

2.2.8. Shared Access Avail abl e Wavel engt hs

The SHARED ACCESS_ AVAI LABLE WAVELENGTHS represents wavel ength usage
in a Resource Pool hence it is related with the Resource Pool dynam c
state.

If a wavelength is in use within a pool, the sane wavel ength cannot
be reused in the sanme pool however the pool will be available for a
di fferent wavel ength dependi ng on free resource bl ocks (Resource Pool
defintion as in Section 2.2.2). As there is an ingress side and
egress side of a pool, this itemneeds to nodelize the wavel ength
usage on each side. Hence, this representation automatically
considers the case of wavel ength conversi on happeni ng inside the
pool .

This field takes the format of a Label Restrictions Section 2.2.1.
At nost two instances of this itemcan be needed: one for each sides
(incom ng / outgoing) of the pool.

N. B.: Hence, SHARED ACCESS AVAI LABLE WAVELENGTHS has the sane format
as RESOURCE POOL WAVELENGTH CONSTRAI NTS defined in Section 2.2.7.

DELTA:
Only wavel ength constraint. Wile physical constraints are grouped
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i n anot her set.
2.3. Link Information (CGeneral)
| dem precedi ng drafts

<Li nklnfo> ::= <LinklD> [ <Adm ni strativeG oup>] [<InterfaceCapDesc>]
[<Protection>] [<SRLG>...] [<TrafficEngi neeringMetric>]
[ <Port Label Restriction>. ..] [<Avail abl eWavel engt hs>]
[ <Shar edBackupWavel engt hs>]

3. Encoding
3.1. Node related generic encodi ngs

In this section we propose nodification to
[1-D.ietf-ccanp-general -constraint-encode].

3.1.1. Connectivity Matrix

The Connectivity Matrix Section 2.1.1 represents how i ngress ports
are connected to egress ports for network elenents. The switch and
fi xed connectivity matrices can be conpactly represented in terns of
a mnimal list of ingress and egress port set pairs that have nutual
connectivity (see section 2.5 of

[I-D.ietf-ccanp-general -constraint-encode]).

TLV encoding of this list of link set pairs is:

0 1 2 3

01234567890123456789012345678901
B il a i S I o I i ot S S S I S S S S it o
| Type | Lengt h |
R o o o R S T et S S S S i s sl sl sl oot LR S 5
| Connectivity | Matri xI D | Reser ved |
B i T T e T e i i S S S e S S e o s il sl oot e S o
| Link Set A #1 |
I ik aie: ST S S I I i o ST I S S S I il st e S
| Link Set B #1 |

T i o S e S i e S S

| Addi tional Link set pairs as needed |

to specify connectivity
T S T i S i Sl S i S SRR S S S

VWher e
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Connectivity 1is the device type.
0: the device is fixed.
1: the device is switched (e.g., ROADM ROXC)

MatrixI D represents the I D of the connectivity matrix and is an 8
bit integer. The value of OXFF is reserved for use with port
wavel engt h constraints and should not be used to identify a
connectivity matri X.

LinkSet Link Set A #1 and Link Set B #1 together represent a pair of
link sets. As stated in Section 2.2.3, both Link Set A and Link
Set B MAY contain Resource Pool IDs. There are two permtted
conbi nations for the link set field parameter "dir" for Link Set
A and B pairs:

* Link Set A dir=ingress, Link Set B dir=egress
The meaning of the pair of link sets Aand Bin this case is
that any signal that ingresses a link in set A can be
potentially switched out of an egress link in set B.

* Link Set A dir=bidirectional, Link Set B dir=bidirectional
The neaning of the pair of Iink sets A and Bin this case is
that any signal that ingresses on the Iinks in set A can
potentially egress on a link in set B, and any ingress signal
on the links in set B can potentially egress on a link in set
A

Link Set field encoding is defined in section 2.1 of
[1-D.ietf-ccanp-general -constraint-encode].

See [I-D.ietf-ccanp-general -constrai nt-encode] and its appendi xes for
exanpl es of both types of encodi ngs.

DELTA:
No change.

3.1. 2. Port Label Restrictions

Port Label Restriction tells us what |abels may or may not be used
bet ween ports of a node or onto a given |ink.

The port | abel restriction of Section 2.1.2 can be encoded as a sub-

TLV as follows. Mre than one of these sub-TLVs nmay be needed to
fully specify a conplex matrix connectivity | abel constraint or a
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link related restrictions. Wen nore than one of these sub-TLVs are
present the resulting restriction is the intersection of the
restrictions expressed in each sub-TLV.

0 1 2 3
01234567890123456789012345678901
T i o S e S i e S S

| Type | Lengt h |
B I S I T i ai S i i S S
Mat ri xI D | RestrictionType| Reser ved/ Par anet er |

s S T ot S S S S S S S S
| Addi tional Restriction Paraneters per RestrictionType |

T T 1 T TS T T S S EN H H S E RR RS
Wher e

MatrixID is a reference to a unique identifier of a connectivity
matri Xx.

RestrictionType can take the follow ng val ues and neani ngs:
0: SIMPLE LABEL (Sinple |abel selective restriction)
1: CHANNEL_COUNT (Channel count restriction)

2: LABEL_RANGE (Label range device with a novable center |abel
and w dt h)

3: SIMPLE LABEL & CHANNEL_ COUNT ( Conbi nation of SIMPLE LABEL and
CHANNEL_COUNT restriction. The acconpanying | abel set and
channel count indicate |abels permtted on the port and the
maxi mum nunber of channels that can be sinultaneously used on
t he port)

4: LINK LABEL_EXCLUSIVITY (A | abel may be used at nobst once
anongst a set of specified ports)

For description of the additional Restriction Paramneters per
RestrictionType, please refer to: section 2.6 of
[I-D.ietf-ccanp-general -constraint-encode]

DELTA:
No change.
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3.1.3. Shared R sk Node G oup

This sub-TLV carries the Shared Ri sk Node Group information (see
Section 2.1.3).

Its length is the length of the list in octets. The value is an
unordered list of 32 bit nunbers that are the SRNGs that the node
bel ongs to. The format of the value field is as shown bel ow

0 1 2 3
01234567890123456789012345678901
i T e S S il R S e e e S S e o e e S S
| Type | Lengt h |
I i S I T T s S S O S I Tl st s O
| Shared Ri sk Node G oup Val ue |
I ik aie: ST S S I I i o ST I S S S I il st e S
I+- i i i i i e S S S S i et St IR RIS R SR S S S e +-|+
| Shared Ri sk Node G oup Val ue |
I i S I T T s S S O S I Tl st s O

The SRNG sub-TLV may occur at nost once within the Node Attribute
TLV.

DELTA:
No techni cal change.

3.2. Node rel ated WSON specific encodi ngs

This section refer to [I-D.ietf-ccanp-rwa-wson-encode]
3.2.1. Label Restrictions

Rel atively to section 2.2 of

[I-D.ietf-ccanp-general -constraint-encode] the LABEL _SET field is
here slightly nodified in order to define a Label Restrictions field.
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0 1 2 3
01234567890123456789012345678901
B il a i S I o I i ot S S S I S S S S it o
| Action| U D Num Label s | Lengt h |
e i R R e e e el I S R R R R e S il I I S R R R R
| Base Label |
B T T i S S i S T i s T e S S S S S e
| Addi tional fields as necessary per action |
| |
e i R R e e e el I S R R R R e S il I I S R R R R

Al though it make sense only using the actions O-Inclusive List,
2-Inclusive Range or 4-Bitmap. The U bit indicate a | abel set
restriction valid at the upstreamdirection/incom ng side of a
resource pool/resource block. The D bit indicate a |abel set
restriction valid at the downstrean/outgoing side of a resource pool/

resource block. At least one of Uor Dbit MJST be set, both U and D
bit MAY be set.

DELTA:

The Num Labels field become 10 bits and this | eave roomfor 1024

| abel s represented by this encoding. This encoding will be reused in
specific TLVs, in case nore than 1024 | abels are needed mnultiple
fields wthin TLVs can be used.

3.2.2. |Id Set Field

Wth the introduction of resource description describing properties
for a group of resource block we need to efficiently represent a set
of IDs. To do so we introduce an IDSet field which has the sane
encodi ng as the LinkSet field defined in
[I-D.ietf-ccanp-general -constrai nt-encode] but with a nore generic
descri ption.
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3.

2.

ID Set Field

0 1 2 3
01234567890123456789012345678901
e e i e e E t s o R RN SR S

| Action | Dir| Format | Lengt h |
i S R e e e e S e S e T R e
| ldentifier 1 |

T T T S T Tk i a s et S S e S S T sl o SR S S S S S

S S S S S Mg S S g B s
| | dentifier N
do ot e e e e e A e e e e e e A e e e e e e e A e e e e e A - - -+

The Action, Dir have the sanme encoding as in
[I-D.ietf-ccanp-general -constraint-encode]. The Format field
indicates the format and |l ength of the ldentifier:

O -- 32 Bit unnunbered identifier
1 -- IPv4d identifier
2 -- |Pv6 identifier

This field is used later to define a set of resource blocks (e.g. to
list the resource bl ocks sharing the same resource description).

3. Resource Pool Accessibility

The Resource Pool Accessibility needs no encoding of its owm. As
explained in the Section 2.2.3 this piece of information is nerged
i nside the Connectivity Matri x object, which encoding is defined in
Section 3.1.1, which is actually not inpacted by this solution.

Nota: The Link Sets held inside the Connectivity Matri x are conposed
of LINK LOCAL | DENTIFIERS (32 bits identifiers), and the solution to
descri be the Resource Pool Accessibility consists in using either
RESOURCE_| NGRESS | D or RESOURCE_EGRESS I D (also 32 bits identifiers)
which are by definition different fromthe LINK LOCAL | DENTI FI ERS
(see Section 2.2.4).

DELTA: A major change here as the content of this field are noved
i nside Connectivity Matri x.
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3.2.4. Resource Bl ock State

This TLV indicate the state of a resource block as defined in
Section 2.2.5. It defines the ResourceBl ockld, and provides the
nunmber of free resources and maximumin this resource block. The
ResourceBl ockl D field is a 32 bit node-w de identifier,

0 1 2 3
01234567890123456789012345678901
I ik aie: ST S S I I i o ST I S S S I il st e S
| Type | Lengt h |
i i s T et ity St S S S e S S
| Resour ceBl ockl D |
i S e I S s S S S S S Rk
| Count Avai | abl eResour ces |
I ik aie: ST S S I I i o ST I S S S I il st e S
| Count MaxResour ces |
i i i T i Sl S e e R

The information of the maxi mum nunber of resource is optional, this
is encoded with a value of 0 in the Count MaxResource field, or with a
Length value set to 8 instead of 12.

DELTA:
This is an adaptation of the resource pool status that fits the new
definition of resource description.

3.2.5. Resource Description

Resource Description sub-TLVs represent the information described in
Section 2.2.6.

The resource description TLV encoding follow the definition from
Section 2.2.6 with a list of sub-sub TLV.
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Resource Description TLV

0 1 2 3
01234567890123456789012345678901
T i i S o iy ST T R S i c i s ot s Sl S S
| Type | Lengt h |
B T e i S o S S I S T R il T s i S S S S Y S S
| Resour ceBl ockl D Set Field |

I ik aie: ST S S I I i o ST I S S S I il st e S
| Sub- TLVs (opt) |

T i o S e S i e S S

The ResourceBl ocklD Set Field is encoded using the I DSet field
encodi ng using the ResourceBlocklD as identifier with format O.

The Sub-Sub TLVs are defined as follow, the order does not matter.
Each of the Sub-Sub-TLV defined in this docunent MAY be repeated nore
t han once, on receipt all Sub-Sub-TLV MJUST be taken into account.

The resulting information is the union of all the elenment of the Sub-
Sub- TLVs (all Sub-Sub-TLVs of this docunment describe lists). For
exanpl e an inplenentation my choose to indicate that in total 4

| abel can be used as 4 Label constraint Sub-Sub-tlv, each of them
with 1 |abel.

I nfo nodel Type Encodi ng
I ngressWaveConstrai nt  Label Label restriction, see
Constraints Section 3.2.1.
I nput nodul ation-l1ist Mdul ation A list of Mdul ati on For mat
Li st Fi el ds, described in
[I-D.ietf-ccanp-rwa-wson-encode]
section 4.2.1.
I nput fec-Iist FEC Li st A list of FEC type, described in
[I-D.ietf-ccanp-rwa-wson-encode]
section 4. 3. 1.
Input rate-range-list Rate Range A list of rate range field,
described in
[I-D.ietf-ccanp-rwa-wson-encode]
section 4.4.1.
| nput dient A list of GPids, described in
client-signal-1list Signal List [I-D.ietf-ccanp-rwa-wson-encode]
section 4.5.
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Processi ngCapabi lities Processing A list of Processing Capabilities
Capabilities Fields, except processing cap
"Nunmber of Resources”, described
in
[I-D.ietf-ccanp-rwa-wson-encode]
section 4.6. 1.
Egr essWaveConst r ai nt Label Label restriction, see
Constraints Section 3.2.1.
Qut put nodul ation-1ist Mdul ation see | nput nodul ation-|i st
Li st
Qut put fec-1ist FEC Li st see I nput fec-1ist

Resource description Sub-Sub-TLVs and relation to info nodel

The Label Constraints Sub-Sub-TLV is used for |IngressWaveConstrai nt
and EgressWaveConstraint as the Label Restriction field carries the U
and D bit to allowto distinguish a |label restriction valid for

i ncom ng, outgoing or both.

The Modul ation List Sub-Sub-TLV is simlarly used for the input and
out put nodul ation list. The Sub-Sub-TLV contains a |ist of

Modul ation format field, which indicate if they are valid for the
input (I bit set to 1) or for the output (I bit cleared). The I|ist
of Modul ation format field MIUST contain at |east one ingress FEC
nodul ation format. |f no Egress nodul ation format is present in the
list it is inplied that no nodul ation format conversion is

i npossi ble, the egress nodulation list is the same as the ingress
nodul ation Iist and nodul ation format is not perforned.

The FEC |ist Sub-Sub-TLV is al so representing both I nput and Qut put
FEC list. The Sub-Sub-TLV is defined as a |list of FEC Fields,
conceptual | y bei ng Sub- Sub- Sub-TLVs indicating via the | bit if they
are valid for ingress or egress. At |least one ingress FEC MJST be
present in the list, if no egress nodulation format is present in the
list it is inplied that the egress FEC list is the sane as the
ingress FEC list. In such case FEC format conversion MAY be

per f or med.

The Processing Capabilities Sub-Sub-TLV is the same as in
[1-D.ietf-ccanp-rwa-wson-encode] section 4.6.1. except for the
maxi mum nunber of resource which is represented in the
Resour ceBl ockState. The FEC and Mdul ation format conversion
capabilities are expressed via the Mdul ation and FEC |ist by not
i ncluding any egress nodul ation/fec in the respective |ists.

Bit-Rate Range and Client Signal |ists are unchanged from
[I-D.ietf-ccanp-rwa-wson-encode]
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- use a conmon TLV for the | abel restriction
- use a common TLV for the FEC |i st
- use a conmon TLV for the Mdul ation format |i st

- re-use indirectly (via ID Set) the general encoding LinkSet for
RBl ockl d set

- More explicit statenent on FEC and Mdul ati on format conversion
capabilities

3.2.6. Resource Pool Wavel ength Constraints

This TLV is used to describe static wavel ength constraint, it follows
t he encodi ng of Label Restrictions field Section 3.2.1

RESOURCE_POOL_WAVELENGTH_CONSTRAI NTS TLV

0 1 2 3
01234567890123456789012345678901
T i S T o S S i S T i S N S S
| Type | Lengt h |
B I S I T i ai S i i S S
| Label Restrictions field(s) |

i T e et i o ik R SR N SR S

The Label Restrictions field m ght be repeased several tines
depending on the Uand D bit flags. |In case nultiple fields with the
same U and D bits set to 1, the final resulting constrain will be the
intersection of all Label Restrictions. |If nultiple TLVs are present
the resulting constraint is the intersection of all the TLV.

Exanpl e bel ow

- No RESOURCE_POOL_WAVELENGTH_CONSTRAI NTS TLV neani ng t hat these
type of constraints are not descri bed.

- A TLV present with one Label _Restrictions field with both the U

or Dbits MJST be set to 1. Which neans the same constrains
apply to both sides of the pool.
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- A TLV present with three Label _Restrictions field presents, one
field wiwth U=1 so applicable upstream The two other fields wth
D=1 so applicabl e downstream

DELTA: Small delta, just using the add-on bits to provide a
di rection/side semanti c.

3.2.7. Shared Access Avail abl e Wavel engt hs

This TLV is used to describe dynam c wavel ength availability, it
foll ows the encoding of Label Restrictions field. Section 3.2.1

SHARED ACCESS_AVAI LABLE_WAVELENGTH TLV

0 1 2 3

01234567890123456789012345678901
T i S T o S S i S T i S N S S
| Type | Lengt h |
B I S I T i ai S i i S S
| Label Restrictions field(s) |

o e e e e e e e e e e e e e e e e e e e e e e e e e e b b e e e

The sane rules and usage defined in Section 3.2.6 apply here.
3.2.8. Resource Pool

The RESOURCE_POOL TLV contains the preceding TLVs.

0 1 2 3

01234567890123456789012345678901
I ik aie: ST S S I I i o ST I S S S I il st e S
| Type | Length |
i i s T et ity St S S S e S S
| RESOURCE_| NGRESS | D |
i S s I S ks S S S S S S S
| RESOURCE_EGRESS | D |
I ik aie: ST S S I I i o ST I S S S I il st e S
| Sub- TLVs as needed (Opt) |

T i o S e S i e S S
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3.

3.

2.

3.

Li st of possible Sub-TLVs:

Nane Static/Dynam c
Resource Description Static
Resource Bl ock State Dynam ¢
Shared Access Avail abl e Wavel engt h Dynam c
Resource Pool Wavel ength Constraints Static
DELTA:

Simlar to Resource Pool inside [I-D.ietf-ccanp-rwa-wson-encode] wth
a different internal layout that allows for nultiple instances.

9. Resource Description Container

The RESOURCE_DESCRI PTI ON_ CONTAINER is a |ist of RESOURCE_DESCRI PTI ON.
This one MAY be used to extract the static content of the previous
TLV, in order to hold all this content inside this purposely defined
static TLV. Then each one can be in separatly flooded entities (e.aqg.
in separated LSAs see Section 4.1.

0 1 2 3

01234567890123456789012345678901
i i i s i i s o SR S SR S S S S
| Type | Lengt h |
B I S I T i ai S i i S S
| RESOURCE_DESCRI PTI ON |

i T e et i o ik R SR N SR S

T ST S T T S S S =
RESOURCE_DESCRI PTI ON

e e i e e E t s o R RN SR S

DELTA:
New i tem

Li nk rel ated encodi ngs

This section does not differ fromthe equivalent in
[1-D.ietf-ccanp-general -constraint-encode]
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4.

4.

OSPF- TE Ext ensi ons
Thi s section handl es OSPF-TE extensi ons.

It starts with introducing the top view of the extensions provided by
this draft. Then a sub-section dedicated for each top | evel TLV
details the extensions relevant for this top |level TLV.
1. Introduction

This introduction provides the |ayout of the preceding information
nodel (Section 2) and encodings (Section 3) into top-level TLVs of
opagque LSAs.

[ RFC3630] introduces Link top level TLV (type 2). This docunent
extends its content with the encodi ngs depicted in Section 3. 3.

These extensions offer the capability to advertise restrictions on
the Iist of avail able |abels.

N.B.: This capability is specifically useful when these | abels have a
network wi de semantic |ike suggested in a WSON cont ext.

[ RFC5786] introduces Node Attribute top |evel TLV (type 5). This
docunent extends its content with the encodi ngs depicted in

Section 3.1. These extensions offer the capability to advertise
restrictions on the switching capabilities of the node.

N.B.: This TLV is unique for a given node and contains static

i nformation only, hence no nore than one LSA per node is expected to
host such a TLV.

Thi s docunment introduces a new top | evel TLV naned RESOURCE POOL
(type value to be defined), which encodings are depicted in

Section 3.2. RESOURCE POOL TLV offers the capability to advertise
one or nultiple pools of OEO devices held in a given node. This
obj ect can carry resource descriptions, the avail able resources

i nside the pool (s) and the availability of wavel engths to reach the
pool (refer to pool definition inside Section 2.2.2).

N.B.: A LSA can contain nore than one RESOURCE POOL top | evel TLV
(all ow ng one LSA to advertise the description of all the pools of
the originating node). Alternatively, a node can originate nore than
one LSA contai ning each RESOURCE POCL top | evel TLVs (allow ng each
LSA to advertise an individual pool). |In that case all the
RESOURCE_POOL origi nated by the same node MJST have different
RESOURCE_POOL_ID. As nost of the information contained inside a
RESOURCE_POOL are dynam c, an inplenenter may well choose to define
one LSA per pool of resources in order to reduce the quantity of

i nformati on fl ooded upon change in resource usage.

Thi s docunent introduces another new top | evel TLV naned
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RESOURCE_DESCRI PTI ON_CONTAI NER (type value to be defined), which
encoding is depicted in Section 3.2.9.

RESOURCE_DESCRI PTI ON_CONTAI NER TLV offers the capability to advertise
a list of RESOURCE DESCRIPTION valid in the scope of the originating
node. A given node MJUST NOT originate nore than one LSA contai ning
RESOURCE_DESCRI PTI ON_CONTAI NER TLV. An LSA containing a
RESOURCE_DESCRI PTI ON_CONTAI NER TLV MJST NOT contain any additiona
top |l evel TLW.

N.B.: This TLV is designed to be unique in the scope of the
originating node and to gather all the resource descriptions rel evant
in this scope. This "optional" TLV is provided for the inplenenter
who wants to nutualize static information of nmultiple (or even
single) LSAs contai ni ng RESOURCE_POCL TLVs originated by the sane
node. In that case, the node’s LSAs contai ni ng RESOURCE POOL TLV(Ss)
are referring to the content of the node’s LSA containing the
RESOURCE_DESCRI PTI ON_CONTAI NER TLV. The content of this LSAis
static.

Sunmari zi ng Tabl e

Top- TLV Type Nane I nstances Static/Dynam c
2 Li nk 1 per fiber M x
5 Node Attri bute 1 per Node Static
TBD Resour ce Pool 1 per Pool Dynam ¢
TBD Resource Desc Cont 1 per Node Static
DELTA

- Renaned the Node Optical Property tlv into Resource Pool TLV

- Al'low nultiple instance of Resource Pool TLV

- I ntroduced an optional new TLV naned Resource Descri ption
4.2. Link top level TLV (Ceneric)

This section refer to
[1-D.ietf-ccanp-gnpl s-general -constrai nts-ospf-te].

The follow ng new sub-TLVs are added to the Link top |level TLV (type
2).
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Sub- TLV Type Length Nane

TBD vari abl e Port Label Restrictions
TBD vari abl e Avail abl e Wavel engt hs
TBD vari abl e Shared Backup Wavel engt hs

In Link TLV, all the sub-TLV |isted above are optional.
4.3. Node Attribute top level TLV (Generic)

This section refer to
[I-D.ietf-ccanp-gnpl s-general -constraints-ospf-te].

The follow ng new sub-TLVs are added to the Node Attribute top |evel
TLV (type 5).

Sub- TLV Type Length Name

TBD vari abl e Connectivity Matrix
TBD vari able Port Label Restrictions
TBD vari abl e Shared R sk Node G oup

In Node Attribute, all the sub-TLV |isted above are optional. None
of them contain sub-TLV.

4.4, Resource Pool top level TLV (WBON specific)
This section refer to [I-D.ietf-ccanp-wson-signal-conpatibility-ospf]

The foll owi ng sub-TLVs are created for the Resource Pool top |evel
TLV.

Sub- TLV Type Length Nane

TBD vari abl e Resource Description
TBD vari abl e Resource Bl ock State
TBD vari abl e Shared Access Avail abl e Wavel engt h
TBD vari abl e Resource Pool Wavel ength Constraints
In Resource Pool, all the sub-TLV listed above are optional. The

only one of them containing sub-TLV is the Resource Description.
4.4.1. Resource Description sub-TLV

The foll owm ng sub-TLVs are created for the Resource Pool top |evel
TLV.
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Sub- TLV Type Length Nane

TBD vari abl e Modul ati on Li st

TBD vari abl e FEC Li st

TBD vari abl e Rate Range Li st

TBD variable Cient Signal List

TBD vari abl e Processing Capabilities
TBD vari abl e Label Constraints

In Resource Description, all the sub-TLV |isted above are optional.
4.5. Resource Description Container top |level TLV (WSON- specific)
This section refer to [I-D.ietf-ccanp-wson-signal-conpatibility-ospf]

The foll owi ng sub-TLVs are created for the Resource Description
Cont ai ner top |evel TLW.

Sub- TLV Type Length Nane
TBD vari abl e Resource Description

5. Solution(s) Eval uation

Wthin this section we try evaluate the anount of information that
needs to be exchanged through routing advertisenents. For this

eval uati on we consi der sone mninumoptical node reference design to
make a OEO extension future proof.

This sections starts with summari zing the LSAs needed to depict a
node with both the solution depicted by this docunent and the
solution depicted by [I-D.ietf-ccanp-rwa-info]. Afterwards, the
hypot hesi s concerning the node features that will serve as a basis
for the solution evaluation will be presented, before the actual
results of the solutions evaluations (both the one of this docunent
and the one of [I-D.ietf-ccanp-rwa-info]).

5.1. RBNFs Conpari son
In this section we try conpare the how TLVs are conposed accordi ng
two this draft proposal versus existing WSON sol utions. The goal
here is to provide the all reference for and easy understandi ng where

two solutions are different. Nunbers will be provided in the next
section.

The evaluation will be done on the Resource Pool top-level TLV since
t he Node address and Link TLV are consi dered equival ent.

WBON Drafts. According to
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[I-D.ietf-ccanp-wson-signal -conpatibility-ospf] in section 2 defines
the Optical Node Property TLV which collect the WSON specific
information. This TLV is conposed of the foll ow ng:

<Resour cePool > :: = [ <Resour ceBl ockl nformati on>]..
[ <Resour ceBl ockAccessibility>]... [<ResourceBl ockWIl Constraint>]...
[ <Resour ceBl ockPool State>...] [<SharedAccessWI s>...]

a) Resource Block Information. Defined as : ([ <ResourceSet>]
<l nput Constrai nt s> <Processi ngCapabi | i ti es> <Qut put Constrai nts>).
A resource block information defines here the nunber of devices
i nside the bl ock.

b) Resource Block Accessibility. Defined as (<PoollngresshMatrix>
<Pool EgressMatri x>) which is expanded in tuples like
(<I NGRESS LI NK_SET><Resour ceSet >)* and
(<EGRESS_LI NK_SET><ResourceSet>)*. Note that | NGRESS/
EGRESS LINK _SET is a nanme defined here for the link set field
used in the [I-D.ietf-ccanp-rwa-info] docunent.

c) Resource Block Wavel ength Constraints. Defined as
<l ngressWaveConst r ai nt s><Egr essWaveConstraints>. This is
expanded i n <Resour ceSet >l NPUT_WAVELENGHT _SET
OQUTPUT_WAVELENGTH SET, for the static constraints of resource
bl ocks.

d) Shared Access Wavel engths. Defined as
<l ngressWaveConst r ai nt s><Egr essWaveConstraints>. This is
expanded i n <Resour ceSet >l NPUT_WAVELENGHT _SET
OUTPUT_WAVELENGTH SET, for the shared fibers between bl ocks.

e) Resource Block Pool State. <ResourceSet> <USAGE _STATE_ BI TMAP>
In current proposal there are two types of TLV.

First the Resource Pool TLV (with an instance per pool) is conposed
of the follow ng information:

<Resour cePool > :: = <ResourcePool | D> [ <ResourceDescri ption>]...
[ <Resour cePool Wl Constrai nts>]... [<SharedAccessWls>]...
[ <Resour ceBl ockSt at e>] . .

a) Resource Description. Wich is defined as: (<RBlocklD>...)
<I nput Constrai nt s> <Processi ngCapabi | i ti es> <Qut put Constrai nt s>.
This is equivalent to the itema) above w thout the nunber of
devi ces inside the resource block, which allow this definition to
be usabl e by any bl ock. The nunber of avail able resource of a
gi ven type inside the pool being specified by the Resource Bl ock
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State below. Wen a Resource Description Container TLV is
defined by a Node, the Resource Pool TLV of this sanme node SHOULD
NOT contain any Resource Description sub-TLV.

b) Resource Block State. Were RBlIockState is defined as <RBI ockl D>
[ <NunResour ces>] <Nunber O Avai | abl eResources>. This field
efficienty report how many of a given resource type is available
i nside the pool or not.

c) Shared Access Avail abl e Wavel ength. This is conposed of a Label
Restriction field and SHOULD used to depict the dynamc
constraints of the pool.

d) Resource Pool Wavel ength Constraints. This is conposed of a
Label Restriction field and MAY be used to depict the static
constraints of the pool.

Second the Resource Descriptor Container TLV (wth a single instance

per node) is used to gather all the Resource Descriptions of a given

node, as these are static information conposed of the foll ow ng

i nformati on:

<Resour ceDescri ptionCont ai ner> ::= <ResourceDescription>..

a) Resource Description. Wich is defined as: (<RBlocklD>...)
<I nput Constrai nt s> <Processi ngCapabi | i ti es> <Qut put Constr ai nt s>.
This is equivalent to the itema) above.

5.2. Depiction of the considered cases for eval uation

For the sake of the conmparison we have considered the foll ow ng
paraneters and val ues characterizing the optical node design:

o Node Degree Connectivity: 4, 8 and 16.
o WDM capacity: 100 wavel engt hs.

0 Switching capacity. Defines the total node swi tching capability
and is cal cul ated as Node Degree Connectivity x 100 wavel engt hs.

0 Regeneration Capability. W assune a value of 5% of the total
swi tching capacity.

o Add/Drop Capability. W assune a typical value of 25% of the

switching capability. So in the average up to 30 wavel engt hs per
i ncom ng fiber can be added/ dropped within the optical node.
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0 Resource pool setup and capabilities. A physical resource pool
contains a mx of Add/ Drop and Regeneration capabilities. This
has the effect of increasing the nunber of resource pool
advertized. Resource pool can be fully flexible (connected to any
port), partial (only to sonme port) or Fixed (can only be connected
to one direction). This paraneter influences the conplexity of
t he connectivity matri x.

0 Nunber of Regenerator types. For a given node the nunber of OEO
capabilities is limted, it is typically decided by the type of
el ectrical equipnent and optical nodules (emtting |aser and
optical receiver).

o Blocking Ratio. The Spatial/Spectral blocking ratio indicates how
much port-based/ wavel engt h based bl ocki ng a node i s experiencing.

For exanple considering the typical design it results in the
follow ng static |ayout:

o0 3 OEO pool s each having 3 Resource Bl ock inside.

o Connectivity Matrix: (8+30+30) 64x64 if considering one
connectivity matrix. |ngress=64x3, Egress=3x64 (considering the
OEO access with a nultiple-wavel ength |ink).

The follow ng types of nodes and node designs were considered in this
eval uati on:

Node Types and desi gns

Node Type Nodal Degree Pool Type Bl ocking
Smal | (S), Flexible 4 Parti al None
Smal | (S), Fixed(port) 4 Fi xed Por t

Smal | (S), Fixed(Il abel) 4 Parti al Lanbda
M ddl e(M, Flexible 8 Fl exi bl e None
Large(L), Flexible 16 Fl exi bl e None

For the small nodes, 5 different type of regenerators are considered,
for the Mddle and Large ones 10 different type of regenerators are
consi dered. Based on those designs we derived the follow ng

i nportant figures:

0o Nunber of resourcePool : depends on the pool type and
connectivity, which depend on the port bl ocking and nunber of Add/
Drop and Regenerator capacity.

0 Nunber of resourceBlock. There is two nunbers to be consi dered
here : the nunber of resourceBl ock for a given resource pool (this
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docunent) and total nunmber of resourceBl ock
([I-D.ietf-ccanp-rwa-info]). In this docunent the nunber of
resource block within a resource pool is, worst case, the nunber
of possible regenerator types, whereas in
[I-D.ietf-ccanp-rwa-info] the nunber of resource bl ock depends on
t he nunber of OEO types and on the connectivity.

0o Nunber of connectivity matrix/nunber of pairs/link per pairs. The
nunber of sub-matrix increase depending on the port bl ocking
rati o, the nunber of pair in one connectivity nmatrix depends on
the wavel ength restrictions. Those two criteria do not depend on
whi ch information nodel is considered. The nunber of |ink per set
is increased by the nunber of resource pool in this draft.

Those nunbers for each node are shown in the follow ng tabl e:

Details of information el enents per node

Node Type Resource Pool s Resource Bl ocks Matri x/ Pair/Links
S, Flexible 1 5 (30) 1/1/10 (1/1/1)
S, Fixed(port) 4 5 (60) 4/ 41 4 (4/4/1)
S, Fixed(l abel) 4 5 (30) 4/ 1/10 (4/1/1)
M Flexible 1 10 (30) 1/1/11 (1/1/1)
L, Flexible 1 10 (50) 1/1/21 (1/1/1)

Nota: Values for [I-D.ietf-ccanp-rwa-wson-encode] are between
brackets

5.3. Conparing evaluation of the solutions
Based on those key information nodel elenents both the tables "LSA
size" indicate the size of the LSAs in this docunent and in
[I-D.ietf-ccanp-rwa-wson-encode]. Nunber of flooded LSAs of a given
type are indicated between brackets (when bigger than 1).

Solution of this docunent - Average size (and nunber) of LSAs per
node type (unit: bytes)

Node Type Node Attr LSA Resource Pool LSA Resource Desc LSA

S, Flexible 117 120 (6) 524
S, Fixed(port) 692 120 (12) 644
S, Fixed(Il abel) 620 120 (6) 524
M Flexible 127 120 (3) 904
L, Flexible 209 120 (5) 984
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Solution of [I-D.ietf-ccanp-rwa-wson-encode] - Average size (and
nunber) of LSAs per node type (unit: bytes)

Node Type Node Attr LSA Optical Node LSA

S, Flexible 49 2801
S, Fixed(port) 340 2980
S, Fixed(I abel) 132 4118
M Flexible 52 2980
L, Flexible 54 2809

The Resource Description Container LSA contains several resource
description TLVs. This LSA is smaller than the corresponding in
[1-D.ietf-ccanp-rwa-wson-encode] mainly because the resource
description do not depend on the port/lanbda connectivity and nunber
of device per block, thus allowing a better sharing of the

i nformati on depicting the oeo capabilities.

The foll ow ng summari zing table indicates the size of the sumof al
LSA and the average size per update. |In this docunent all the
dynamic part is in the resource pool, allowing a nore efficient
updati ng behavior. The eval uation for
[I-D.ietf-ccanp-rwa-wson-encode] are best case/worst case; the best
case being an update of the RBState TLV and SharedAccessPool TLV
only, which requires a nulti-instance inplenentation of OSPF

Summari zing Table (unit:bytes)

Node Type Total LSA size Total nunber of Avg size of an
LSA updat e

S, Flexible 1361 (2850) 8 (2) 120 (616/2801)

S, Fixed(port) 2776 (5411) 14 (2) 120 (1192/2980)

S, Fixed(I abel) 1864 (2941) 8 (2) 120 (616/4118)

M Flexible 1391 (3032) 5 (2) 120 (448/2980)

L, Flexible 1793 (4172) 7 (2) 120 (720/2809)

Nota: Values for [I-D.ietf-ccanp-rwa-wson-encode] are between
bracket s

The node design considered are typical case, a worst case can be a
node wi th high nodal degree, with lots of port and wavel ength
constraints. Wth considering a nodal degree of 8, resulting in 28
resource pool and 140 resource bl ocks, the total size is 9816 (11820)
with 30 (2) LSAs.
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