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Abst r act

This draft provides the Path Conputation El ement conmuni cation

Prot ocol (PCEP) extensions for the support of Routing and Wavel ength
Assi gnnent (RWA) in Wavel ength Switched Optical Networks (WSON).

Li ghtpath provisioning in WoONs requires a routing and wavel engt h
assi gnnent (RWA) process. Froma path conputation perspective

wavel ength assignnment is the process of determ ning which wavel ength
can be used on each hop of a path and forns an additional routing
constraint to optical light path conputation

Status of this Meno
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the provisions of BCP 78 and BCP 79.
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Internet-Drafts are draft docunents valid for a nmaxi num of six
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at any tine. It is inappropriate to use Internet-Drafts as
reference material or to cite themother than as "work in progress."
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1. Termi nol ogy

Thi s docunment uses the term nol ogy defined in [ RFC4655], and
[ RFC5440] .

2. Requirenents Language

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

3. Introduction

[ RFC4A655] defines the PCE based Architecture and expl ains how a Path
Conput ati on El enent (PCE) may conpute Label Switched Paths (LSP) in
Mul ti protocol Label Switching Traffic Engineering (MPLS-TE) and
Generalized MPLS (GWLS) networks at the request of Path Conputation
Clients (PCCs). A PCCis said to be any network conponent that
makes such a request and may be, for instance, an Optical Swi tching
El ement within a Wavel ength Division Miltiplexing (WDM networKk.

The PCE, itself, can be |ocated anywhere within the network, and may
be within an optical switching elenment, a Network Managenent System
(NVB) or Operational Support System (OSS), or nay be an i ndependent
net work server.

The PCE communi cations Protocol (PCEP) is the conmunication protoco
used between PCC and PCE, and may al so be used between cooperating
PCEs. [RFC4657] sets out the common protocol requirenents for PCEP
Addi tional application-specific requirenments for PCEP are deferred
to separate docunents.

Thi s docunment provides the PCEP extensions for the support of
Routi ng and Wavel ength Assi gnnent (RWA) in Wavel ength Switched
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Optical Networks (WSON) based on the requirenments specified in [ PCE-
RWA] .

WSON refers to WDM based optical networks in which switching is
perfornmed sel ectively based on the wavel ength of an optical signal
In this docurment, it is assuned that wavel ength converters require
el ectrical signal regeneration. Consequently, WSONs can be
transparent (A transparent optical network is made up of optica
devices that can switch but not convert from one wavel ength to
another, all within the optical domain) or translucent (3R
regenerators are sparsely placed in the network).

A LSC Label Switched Path (LSP) nay span one or several transparent
segnments, which are delimted by 3R regenerators (typically with

el ectroni c regenerator and optional wavel ength conversion). Each
transparent segnent or path in WGON is referred to as an optica
path. An optical path may span nultiple fiber links and the path
shoul d be assigned the same wavel ength for each link. In such case,
the optical path is said to satisfy the wavel ength-continuity
constraint. Figure 1 illustrates the relationship between a LSC LSP
and transparent segnents (optical paths).

+---+ +--- o= + +--- o= + +--- o= + +--- o= +
| |11 I I I I I I 12| I
| Jo------ | |- [(3R) ]------ | [EEREEEEE ol |
I I I I I I
+---+ +--m - - + +--m - - + +--m - - + +--m - - +
[X LS [LSC LsC [LSC LsC [LSC X] SwCap
Semmmmo- > Semmmmo- > <----- > Semmmmo- >
O D >
Transpar ent Segnent Transpar ent Segnent
Qo mm m e e e e e e e e e e e e e e e e e e e e eo— oo >
LSC LSP
Figure 1 Illustration of a LSC LSP and transparent segnents

Note that two optical paths within a WSON LSP need not operate on
the sane wavel ength (due to the wavel ength conversion capabilities).
Two optical paths that share a common fiber |ink cannot be assigned
the same wavel ength. To do otherw se would result in both signals
interfering with each other. Note that advanced additiona

mul ti pl exi ng techni ques such as pol arization based nultiplexing are
not addressed in this docunment since the physical |ayer aspects are
not currently standardi zed. Therefore, assigning the proper
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wavel ength on a lightpath is an essential requirenent in the optica
pat h conputati on process.

When a switching node has the ability to performwavel ength
conversion, the wavel ength-continuity constraint can be rel axed, and
a LSC Label Switched Path (LSP) may use different wavel engths on
different links along its route fromorigin to destination. It is,
however, to be noted that wavel ength converters may be linited due
to their relatively high cost, while the nunber of WDM channel s t hat
can be supported in a fiber is also linmted. As a WSON can be
conmposed of network nodes that cannot perform wavel ength conversion
nodes with limted wavel ength conversion, and nodes with ful

wavel ength conversion abilities, wavel ength assignnent is an
additional routing constraint to be considered in all Iightpath
comput at i on.

For exanple, within a translucent WSON, a LSC LSP nay be established
between interfaces I'1 and |2, spanning 2 transparent segments
(optical paths) where the wavel ength continuity constraint applies
(i.e. the sane uni que wavel ength MJUST be assigned to the LSP at each
TE link of the segnment). If the LSC LSP induced a Forwarding

Adj acency / TE link, the switching capabilities of the TE |ink would
be [ X X] where X < LSC (PSC, TDM ...).

Thi s docunent aligns with GWLS extensions for PCEP [ PCEP- GWLS] for
generic property such as label, |abel-set and | abel assignnent
noting that wavelength is a type of l|abel. Wavel ength restrictions
and constraints are also fornulated in ternms of |abels per [CGEN

ENCODE] .

The optical nodul ation properties, which are also referred to as
signal conpatibility, are already considered in signaling in [ RM\A-
Encode] and [WBON-COSPF]. In order to inprove the signal quality and
limt some optical effects several advanced nobdul ati on processing
are used. Those nodul ati on properties contribute not only to optica
signal quality checks but also constrain the selection of sender and
receiver, as they should have matching signal processing
capabilities. This document includes signal conpatibility constraint
as part of RWA path conputation. That is, the signal processing
capabilities (e.g., nodulation and FEC) nust be conpati bl e between
the sender and the receiver of the optical path across all optica

el ement s.

Thi s docunment, however, does not address optical inpairnents as part

of RWA path conputation. See [WBON-Inp] and [RSVP-Inp] for nore
i nformati on on optical inpairnments and GWLS
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4. Encoding of a RWA Path Request

Figure 2 shows one typical PCE based inplenentation, which is
referred to as Conbined Process (R&WA). Wth this architecture, the
two processes of routing and wavel ength assi gnnent are accessed via
a single PCE. This architecture is the base architecture from which
the requirenents have been specified in [ PCE-RM] and the PCEP
extensions that are going to be specified in this docunment based on
this architecture.

e +
+o---- + | Fomm - + +- -+ |
I I I | Rout i ng| | VWA I
| PCC|<----- >| e oo - - + +- -+ |
I I I I
+----- + [ PCE [

e +

Fi gure 2 Conbi ned Process (R&ANA) architecture
4.1. \Wavel ength Assignnment (WA) Obj ect

The current RP object is used to indicate routing rel ated
information in a new path request per [RFC5440]. Since a new RM
pat h request involves both routing and wavel ength assi gnment, the
wavel ength assignment related information in the request SHOULD be
coupled in the path request.

Wavel ength all ocation can be performed by the PCE by different
neans:

(a) By neans of Explicit Label Control, in the sense that one (or
two) allocated | abels MAY appear after an interface route subobject.
(b) By neans of a Label Set, containing one or nore allocated Labels,
provi ded by the PCE

Option (b) allows distributed | abel allocation (performed during
signaling) to conplete wavel ength assignnent.

Additionally, given a range of potential |labels to allocate, the
request SHOULD convey the heuristic / mechanismto the allocation

The format of a PCReq nessage after incorporating the WA object is
as foll ows:

<PCReq Message> ::= <Common Header >
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[ <svec-1list>]
<request-list>
Wher e:
<request-1list>::=<request>[<request-Ilist>]
<request>::= <RP>
<ENDPO NTS>
<WA>
[ot her optional objects...]

If WA object is present in the request, the WA object MJIST be
encoded after the ENDPO NTS object.

The format of the Wavel ength Assignnment (WA) object body is as
fol | ows:

0 1 2 3

01234567890123456789012345678901
e e e e e e e b e e e e e e e e e e e e e e e e e e e e e e e e
| Fl ags | O M
Fo o e e e e e de de e de e de Fo de Fo Fo Fo Fe Fo Fo o Fo e Fe o e o e o o o+

I
/1 Optional TLVs /

I

/

I I

R R e R e s s e o S S e R e o o
Figure 3 WA (bj ect

o Flags (32 bhits)

The followi ng new flags SHOULD be set
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M (Mde - 1 bit): Mbit is used to indicate the node of

wavel engt h assignment. When Mbit is set to 1, this indicates
that the | abel assigned by the PCE nust be explicit. That is,
the selected way to convey the allocated wavel ength i s by neans
of Explicit Label Control (ELC) [ RFC4003] for each hop of a
computed LSP. Ot herwi se, the | abel assigned by the PCE needs
not be explicit (i.e., it can be suggested in the form of |abe
set objects in the correspondi ng response, to allow distributed
WA. In such case, the PCE MIST return a Label Set object as
described in Section 2.2 of [Gen-Encode] in the response.

O (Order - 3 bits): Obit is used to indicate the wavel ength
assignnent constraint in regard to the order of wavel ength
assignnent to be returned by the PCE. This case is only applied
when Mbit is set to "explicit." The follow ng indicators
shoul d be defi ned:

000 - Reserved

001 - Random Assi gnnent

010 - First Fit (FF) in descending O der

011 - First Fit (FF) in ascending Oder

100 - Last Fit (LF) in ascending Order

101 - Last Fit (LF) in descending O der

110 - Unspecified

111 - Reserved

4.2. \Wavel ength Restriction Constraint TLV

For any request that contains a wavel ength assignnent, the requester
(PCC) MUST be able to specify a restriction on the wavel engths to be
used. This restriction is to be interpreted by the PCE as a
constraint on the tuning ability of the origination |aser
transmitter or on any other nmintenance related constraints. Note
that if the LSP LSC spans different segnents, the PCE MJST have
mechani snms to know the tunability restrictions of the involved
wavel ength converters / regenerators, e.g. by means of the TED
either via G2 or NVM5. Even if the PCE knows the tunability of the

transmtter, the PCC MIST be able to apply additional constraints to
t he request.
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[Ed note: Which PCEP hject will hone this TLV is yet to be

determ ned. Since this involves the end-point, The END PO NTS bj ect
m ght be a good candidate to encode this TLV, which will be provided
in alater revision.]

[Ed note: The current encodi ng assunes that tunability restriction
applied to link-level.]

The TLV type is TBD, recommended value is TBD. This TLV MAY appear
nore than once to be able to specify nmultiple restrictions.

The TLV data is defined as follows:

<Wavel ength Restriction Constraint> ::=

<Acti on> <For mat > <Reserved>

(<Link Identifiers> <Wavel ength Restriction>)...
Wher e
<Link ldentifiers> ::=

<Unnunbered IF ID> | <IPV4 Address> | <IPV6 Address>

0 1 2 3
01234567890123456789012345678901
B T e e S e i e i i S T S S e S S i o i TR S N
Acti on | For mat | Reserved |
B T T S T T i i S o T sl i S S I S
Link Identifiers |

B T o i e i e R E ok S
Wavel ength Restriction Field [
11

+-
+-
+-
/1 .o
B T S o T ST S e S i < S S S S SIS S S S S S
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Fi gure 4 Wavel ength Restriction
o Action: 8 bits

0 - Inclusive List indicates that one or nore link identifiers
are included in the Link Set. Each identifies a separate |ink
that is part of the set.

1 - Inclusive Range indicates that the Link Set defines a

range of links. It contains two link identifiers. The first
identifier indicates the start of the range (inclusive). The
second identifier indicates the end of the range (inclusive).
Al'l Tinks with numeric val ues between the bounds are
considered to be part of the set. A value of zero in either
position indicates that there is no bound on the correspondi ng
portion of the range. Note that the Action field can be set to
0 when unnunbered link identifier is used.

Note that "interfaces" such as those discussed in the Interfaces MB
[ RFC2863] are assuned to be bidirectional
o Format: The format of the link identifier (8 bits)

0 -- Unnunbered Link ldentifier
1 -- Local Interface | Pv4 Address

2 -- Local Interface | Pv6 Address
O hers TBD.
Note that all link identifiers in the sane |ist nust be of the sane

t ype.

0 Reserved: Reserved for future use (16 bits)

o0 Link Identifiers: lIdentifies each link ID for which restriction
is applied. The length is dependent on the link format. See the
followi ng section for Link Identifier encoding.
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4.2.1. Link ldentifier sub-TLV

The link identifier field can be an | Pv4, | Pv6 or unnunbered
interface ID.

<Link ldentifier> ::=
<| PV4 Address> | <IPV6 Address> | <Unnunbered |F |D>

The encodi ng of each case is as foll ows:

| Pv4 prefix Sub-TLV

1 2 3
1234567890123456789012345678901
B S S i R S s i i I S S S L E e h o
=1 | I'Pv4 address (4 bytes) [
e T s s e e o o e S e e N R e e o
| Pv4 address (continued) | Prefix Length | Attribute |
B T i S S I el s S P S S S S S S N e S

1
+

| Pv6 prefix Sub-TLV

0 1 2 3
01234567890123456789012345678901

B i S S T s i S T st i S S S S S S S S i
| Type = 2 | 1Pv6 address (16 bytes) [
B e i T i i S S R S S e i et ot E S S e S e s S
| 1'Pv6 address (continued) |
R e R e i i o i B S O e e e i i b NI R D S R S S o S e o
| I'Pv6 address (continued) |
B o o ks s S S e i el T R e S S e o o o o o =
| 1'Pv6 address (continued) [
B e i i e o e e S T S e e s i i TR S
| I'Pv6 address (continued) | Prefix Length | Attribute

R R e R e s s e o S S e R e o o

Unnunbered Interface | D Sub-TLV

0 1 2 3
01234567890123456789012345678901
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i T e o o s T e e et e ok o Sl e
| Type = 4 Reserved | Attribute |
B i S S T s i S T st i S S S S S S S S i
| TE Node I D |
T T e b i i e e s . S I SR S
[ Interface ID [
B e T i e e o i o e R T S

4.2.2. Wavelength Restriction Field sub-TLV

The Wavel ength Restriction Field of the wavel ength restriction TLV
is encoded as a Label Set field as specified in [ GENEncode] section
2.2, as shown below, w th base | abel encoded as a 32 bit LSC | abel,
defined in [ RFC6205]. See [ RFC6205] for a description of Gid, C S
Identifier and n, as well as [CEN Encode] for the details of each
action.

0 1 2 3

01234567890123456789012345678901

B e i s e S e e S e e S e e Rl il st sT o SRR I S S o
| Action]| Num Label s | Length |
B E e r e s i s i o T T s S S S S 2
|Gid]|] CS | I dentifier | n |
B T T i I T T o S S S e b S S S
| Additional fields as necessary per action |
L—- R e s s s i S o S i i S S N LR r R e o L—

4. 3. Signal processing capability restrictions

Pat h conmputation for WSON include the check of signal processing
capabilities, those capability MAY be provided by the I GP, however
this is not a MUST. Mreover, a PCC should be able to indicate
additional restrictions for those signal conpatibility, either on
t he endpoint or any given link.

The supported signal processing capabilities are the one described
in [RMA-Info]:

Optical Interface O ass List
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Bit rate

Client signal

The Bit-rate restriction is already expressed in [ PCEP-GWLS] in the
GENERALI ZED- BANDW DTH obj ect .

The client signal information can be expressed using the REQ ADAP-
CAP object fromthe [ PCEP-Layer].

In order to support the Optical Interface Class information a new

TLV are introduced as endpoint-restriction in the END-PO NTS type
General i zed endpoi nt:

Optical Interface O ass List TLV
The END- PO NTS type generalized endpoint is extended as follow
<endpoi nt-restrictions> ::= <LABEL- REQUEST>
<l abel -restriction-list>

[ <signal -conpatibility-restriction>...]

\Wher e
signal -conpatibility-restriction ::=
<Optical Interface O ass List>

The encoding for Optical Interface Class List is described in
Section 5.2 of [ RWA-Encode].

4.3.1. Signal Processing Exclusion XRO Sub- hj ect
The PCC/ PCE shoul d be able to exclude particular types of signal
processing along the path in order to handle client restriction or
mul ti-domain path computati on.

In order to support the exclusion a new XRO sub-object is defined:
the signal processing exclusion:
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0 1 2 3

01234567890123456789012345678901
B T i S S i S T h T i S S S S e
| X]  Type = X | Length [ Reser ved | Attribute [
B T e S i ot S I i ok S S S S S S
| sub-sub obj ects |
B i s T T S T et S S T S I T s sl s ol ST S S S

Figure 5 Signaling Processing XRO Sub- Obj ect

The Attribute field indicates how the exclusion sub-object is to be
interpreted. The Attribute can only be 0 (Interface) or 1 (Node).

The sub-sub objects are encoded as in RSVP signaling definition
[ WBON- Si gn] .

4.3.2. 1 RO sub-object: signal processing inclusion

Simlar to the XRO sub-object the PCC PCE should be able to include
particul ar types of signal processing along the path in order to
handl e client restriction or nmulti-donmain path conputation

This is supported by adding the sub-object "processing" defined for
ERO in [WBON-Sign] to the PCEP | RO object.

5. Encoding of a RM Path Reply

The ERO is used to encode the path of a TE LSP through the network.
The EROis carried within a given path of a PCEP response, which is
inturn carried in a PCRep nessage to provide the conputed TE LSP if
the path conputati on was successful. The preferred way to convey the
al | ocated wavel ength is by means of Explicit Label Control (ELC)

[ RFC4003] .

In order to encode wavel ength assignnent, the Wavel ength Assi gnnent
(WA) bj ect needs to be enployed to be able to specify wavel ength
assignnent. Since each segnent of the conputed optical path is
associ ated with wavel ength assi gnnment, the WA Object should be
aligned with the ERO object.

Encoding details will be provided further revisions and will be
al i gned as nuch as possible with [ WSON-Si gn] and [ LSPA- ERQ
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5.1. Error Indicator

To indicate errors associated with the RM request, a new Error Type
(TDB) and subsequent error-values are defined as follows for
inclusion in the PCEP- ERROR (bj ect:

A new Error-Type (TDB) and subsequent error-values are defined as
fol | ows:

Error-Type=TBD; Error-value=1l: if a PCE receives a RWM request
and the PCE is not capable of processing the request due to

i nsufficient menory, the PCE MUST send a PCErr nessage with a
PCEP- ERROR Obj ect (Error-Type=TDB) and an Error-val ue(Error-
val ue=1). The PCE stops processing the request. The
correspondi ng RMA request MJUST be cancell ed at the PCC

Error-Type=TBD, Error-value=2: if a PCE receives a RW request
and the PCE is not capable of RWA conputation, the PCE MJST
send a PCErr nmessage with a PCEP- ERROR bject (Error-Type=15)
and an Error-value (Error-value=2). The PCE stops processing
the request. The correspondi ng RWA conput ati on MUST be
cancel l ed at the PCC

5.2. NO PATH I ndi cat or

To comuni cate the reason(s) for not being able to find RM for the
pat h request, the NO PATH object can be used in the PCRep nessage.
The format of the NO PATH object body is defined in [ RFC5440]. The
obj ect may contain a NO PATH VECTOR TLV to provi de additional

i nformati on about why a path conputation has fail ed.

Two new bit flags are defined to be carried in the Flags field in
t he NO PATH- VECTOR TLV carried in the NO PATH bj ect.

Bit TDB: Wen set, the PCE indicates no feasible route was
found that neets all the constraints associated with RWA

Bit TDB: Wien set, the PCE indicates that no wavel ength was
assigned to at | east one hop of the route in the response.
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Bit TDB: Wien set, the PCE indicate that no path was found
satisfying the signal conpatibility constraints.

6. Manageability Considerations

Manageabi lity of WSON Routing and Wavel ength Assignment (RWA) with
PCE nust address the foll owi ng considerations:

6.1. Control of Function and Policy

In addition to the paraneters already listed in Section 8.1 of
[ PCEP], a PCEP inplenentati on SHOULD al | ow configuring the foll ow ng
PCEP session paraneters on a PCC

The ability to send a WSON RWA request.

In addition to the paraneters already listed in Section 8.1 of
[ PCEP], a PCEP inplenentati on SHOULD al | ow configuring the foll ow ng
PCEP session paraneters on a PCE

The support for WSON RWA.

A set of WBON RWA specific policies (authorized sender,
request rate linmter, etc).

These paraneters may be configured as default paraneters for any
PCEP session the PCEP speaker participates in, or may apply to a
specific session with a given PCEP peer or a specific group of
sessions with a specific group of PCEP peers.

6.2. Information and Data Models, e.g. M B nodul e
Extensions to the PCEP M B nodul e defined in [ PCEP-M B] shoul d be
defined, so as to cover the WSON RWA information introduced in this
docunent. A future revision of this docunent will list the
i nformation that should be added to the M B nodul e.

6. 3. Liveness Detection and Mnitoring
Mechani sns defined in this docunent do not inply any new |iveness

detection and nonitoring requirenments in addition to those already
listed in section 8.3 of [RFC5440].
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6.4. Verifying Correct Operation
Mechani sns defined in this docunent do not inply any new
verification requirenents in addition to those already listed in
section 8.4 of [RFC5440]

6.5. Requirenents on O her Protocols and Functional Conponents
The PCE Di scovery nechani sns ([ RFC5089] and [ RFC5088]) may be used
to adverti se WSON RWA path conputation capabilities to PCCs.

6.6. Inpact on Network Operation
Mechani sns defined in this docunent do not inply any new network

operation requirenents in addition to those already listed in
section 8.6 of [RFC5440].

7. Security Considerations
Thi s docunent has no requirenment for a change to the security nodels
wi thin PCEP [ PCEP]. However the additional information distributed
in order to address the RWA problemrepresents a disclosure of

network capabilities that an operator may w sh to keep private.
Consi deration should be given to securing this information.

8. | ANA Consi derations

A future revision of this docunment will present requests to | ANA for
codepoi nt al |l ocati on.
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