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Abstract

This meno provides application-specific requirenments for the Path
Conput ati on El enent Communi cation Protocol (PCEP) for the support of
Wavel ength Switched Optical Networks (WBONs). Lightpath provisioning
in WBONs requires a Routing and Wavel ength Assi gnnent (RWA) process.
From a path comput ati on perspective, wavel ength assignment is the
process of determ ning which wavel ength can be used on each hop of a

path and forms an additional routing constraint to optical |ight path
conputation. Requirenents for PCEP extensions in support of optica
impai rments will be addressed in a separate docunent.

Status of This Meno

Thi s docunent is not an Internet Standards Track specification; it is
publ i shed for informational purposes.

Thi s docunent is a product of the Internet Engineering Task Force
(IETF). It represents the consensus of the IETF community. It has
recei ved public review and has been approved for publication by the
Internet Engineering Steering Group (IESG. Not all docunents
approved by the I ESG are a candidate for any |level of Internet

St andard; see Section 2 of RFC 5741.

I nformati on about the current status of this document, any errata,

and how to provide feedback on it may be obtained at
http://ww. rfc-editor.org/info/rfc7449.
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| ntroducti on

[ RFC4655] defines the PCE-based architecture and expl ains how a Path
Conput ati on El enent (PCE) may compute Label Switched Paths (LSPs) in
networ ks controlled by Miltiprotocol Label Switching Traffic

Engi neering (MPLS-TE) and Generalized MPLS (GWLS) at the request of
Pat h Conputation Clients (PCCs). A PCCis shown to be any network
conponent that nakes such a request and may be, for instance, an
optical switching elenment within a Wavel ength Di vision Miltiplexing
(WM network. The PCE itself can be | ocated anywhere within the
network; it may be within an optical switching el ement, a Network
Managenent System (NMB), or an Operational Support System (0OSS), or
it may be an independent network server.

The Path Conputation El enent Communication Protocol (PCEP) is the
conmuni cati on protocol used between a PCC and PCE; it nay al so be
used between cooperating PCEs. [RFC4657] sets out the conmpn
protocol requirements for PCEP. Additional application-specific
requirenents for PCEP are deferred to separate docunents.

Thi s docunent provides a set of application-specific PCEP

requi rements for support of path conputation in Wavel ength Swi tched
Optical Networks (WSONs). WSBON refers to WDM based optical networks
in which switching is perforned selectively based on the wavel ength
of an optical signal

The path in WBON is referred to as a lightpath. A lightpath nay span
multiple fiber links, and the path should be assigned a wavel ength
for each |ink.

A transparent optical network is nmade up of optical devices that can

switch but not convert from one wavel ength to another. 1In a
transparent optical network, a lightpath operates on the same
wavel ength across all fiber links that it traverses. |In such cases,

the lightpath is said to satisfy the wavel ength-continuity
constraint. Two |ightpaths that share a common fiber |ink cannot be
assi gned the sane wavel ength. To do otherwi se would result in both
signals interfering with each other. Note that advanced additiona
mul ti pl exi ng techni ques such as pol ari zati on-based nmul ti pl exing are
not addressed in this docunent since the physical-layer aspects are
not currently standardi zed. Therefore, assigning the proper

wavel ength on a lightpath is an essential requirenment in the optica
pat h conputation process.

When a switching node has the ability to perform wavel ength
conversion, the wavel ength-continuity constraint can be rel axed, and
a lightpath may use different wavel engths on different |inks al ong
its path fromorigin to destination. It is, however, to be noted
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that wavel ength converters may be limted for cost reasons, while the
nunber of WDM channel s that can be supported in a fiber is also
limted. As a WSON can be composed of network nodes that cannot

per f orm wavel engt h conversion, nodes with Iimted wavel ength
conversion, and nodes with full wavel ength conversion abilities,

wavel engt h assignnment is an additional routing constraint to be
considered in all |ightpath conputations.

In this docunment, we first review the processes for Routing and
Wavel engt h Assi gnment (RWA) used when wavel ength continuity
constraints are present and then specify requirements for PCEP to
support RWA. Requirenments for optical inpairnents will be addressed
in a separate docunent.

The remai nder of this document uses termnology from|[RFC4655].

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

2. WBON RWA Processes and Architecture

In [ RFC6163], three alternative process architectures were given for
perform ng routing and wavel ength assi gnnment. These are shown
schematically in Figure 1, where R stands for Routing, WA for

Wavel engt h Assi gnnent, and DWA for Distributed Wavel ength Assignnment.

o m e e e e e oo +
| Fomm - + +--+ | Fomm - + +- -+ Fomm - + +---+
| R WA | R [---> W | R |---> DM
| S SRR + -+ S SRR + +- -+ S SRR + +-- -+
| Conbi ned | Separate Processes Separ ate Processes
| Process | WA performed in a
R T + di stri buted nmanner
(a) (b) (b")

Figure 1. RWA Process Alternatives

These alternatives have the foll owi ng properties and i npact on PCEP
requi rements in this docunent.

(a) Conbined Process (R&WA)
Pat h sel ecti on and wavel ength assignnent are perfornmed as a
single process. The requirements for PCC-PCE interaction with a

PCE i npl ementi ng such a conbi ned RWA process are addressed in
thi s docunent.
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(b) Routing Separate from Wavel ength Assi gnnent (R+WA)

The routing process furnishes one or nore potential paths to the
wavel engt h assi gnment process that then perfornms final path

sel ection and wavel ength assignment. The requirements for PCE-
PCE interaction with one PCE inplenenting the routing process
and anot her inplenenting the wavel ength assi gnnent process are
not addressed in this document.

(b’) Routing and Distributed Wavel ength Assi gnnent (R+DWA)

A standard path conputation (unaware of detailed wavel ength
avai l ability) takes place, and then wavel ength assignment is
performed along this path in a distributed manner via signaling
(RSVP-TE). This alternative is a particular case of R+tWA and
shoul d be covered by GWLS PCEP extensions; it does not present
new WSON- speci fic requirenents.

The vari ous process architectures for inplenenting RM have been

revi ewed above. Figure 2 shows one typical PCE-based inplenmentation,
which is referred to as the Combi ned 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 fromwhich the requirenents are specified in this

docunent .

o m e e e e e e e e e oo +
+--- - - + | R T + +- -+ |
| | | | Rout i ng| | WA |
| PCC|<----- >| R, + +- -+ |
| | | |
Fo-o-- + | PCE |

o m e e e e e e e e e oo +

Figure 2: Conbi ned Process (R&WA) Architecture
3. Requirenents

The requirements for the PCC-to-PCE interface of Figure 2 are
specified in this section.

3.1. Path Conputation Type Option
A PCEP request MAY include the path conputation type. This can be:
(a) Both RWA, or

(b) Routing only.
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This requirenment is needed to differentiate between the currently
supported routing with distributed wavel ength assi gnment option and
conbi ned RWA. For the distributed wavel ength assi gnment option
wavel engt h assignment will be performed at each node of the route.

3.2. RWA Processing

As discussed in Section 2, various RWA processing options should be
supported in a PCEP request/reply.

(a) Wen the request is an RWA path computation type, the request
MUST further include the wavel ength assi gnment options. At
m nimum the foll ow ng options should be supported:

(i) Explicit Label Control (ELC) [RFC3473]

(ii) A set of recommended | abels for each hop. The PCC can
sel ect the | abel based on local policy.

Note that option (ii) may al so be used in R+WA or R+DWA

(b) 1In case of an RWA conputation type, the response MJST incl ude
the wavel ength(s) assigned to the path and an indication of
whi ch | abel assignnent option has been applied (ELC or | abe
set).

(c) In the case where a valid path is not found, the response MJST
i ncl ude why the path is not found (e.g., network disconnected,
wavel ength not found, both, etc.). Note that ’'wavel ength not
found’ may include several sub-cases such as wavel ength
continuity not net, unsupported FEC/ Modul ation type, etc.

3.3. Bulk RM Path Request/Reply

Sendi ng si mul t aneous path requests for "routing only" conputation is
supported by the PCEP specification [RFC5440]. To renmain consistent,
the follow ng requirenents are added.

(a) A PCEP request MJST be able to specify an option for bul k RM
path requests. A bulk path request provides an ability to
request a number of sinmultaneous RWA path requests.

(b) The PCEP response MJST include the path and the assigned

wavel ength for each RWA path request specified in the origina
bul k request.

Lee, et al. I nf or mati onal [ Page 6]



RFC 7449 PCEP Requirements for WSON RWA February 2015

3.4. RWA Path Reoptimnzation Request/Reply

Thi s section provides a nunber of requirenments concerni ng RA path
reoptim zati on processing in PCEP

(a) For a reoptimzation request, the request MJST provide both the
path and current wavel ength to be reoptinm zed and MAY incl ude
the follow ng options:

(i) Reoptim ze the path keepi ng the same wavel engt h(s)
(ii) Reoptimze wavel ength(s) keeping the sane path

(iii) Reoptimze allow ng both the wavel ength and the path to
change

(b) The correspondi ng response to the reoptimzed request MJST
provide the reoptim zed path and wavel engt hs even when the
request asked for the path or the wavelength to remain
unchanged.

(c) In the case that the new path is not found, the response MJST
i ncl ude why the path is not found (e.g., network disconnected,
wavel ength not found, both, etc.). Note that 'wavel ength not
found’ may include several sub-cases such as wavel ength
continuity not net, unsupported FEC/ Modul ation type, etc.

3.5. \Wavel engt h Range Constr ai nt

For any RWA conputation type request, the requester (PCC) MJST be
allowed to specify a restriction on the wavel engths to be used. The
requester MAY use this option to restrict the assigned wavel ength for
explicit labels or |label sets. This restriction nmay, for exanple,
cone fromthe tuning ability of a |laser transmitter, any optica

el ement, or a policy-based restriction

Note that the requester (e.g., PCC) is not required to furnish any
range restrictions.

3.6. \Wavel ength Assi gnnent Preference

In a network with wavel ength conversion capabilities (e.g., sparse 3R
regenerators), a request SHOULD be able to indicate whether a single,
conti nuous wavel ength shoul d be allocated or not. In other words,
the requesting PCC SHOULD be able to specify the precedence of

wavel ength continuity even if wavel ength conversion is avail abl e.
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3.

4.

(a) An RWA conputation type request MAY include the requester
preference for random assi gnnent, descendi ng order, ascending
order, etc. A response SHOULD foll ow the requester preference
unless it conflicts with the operator’s policy.

(b) A request for two or nore paths MJST all ow the requester to
i ncl ude an option constraining the paths to have the sane
wavel engt h(s) assigned. This is useful in the case of
protection with a single transponder (e.g., 1+1 link disjoint
pat hs) .

7. Signal -Processing Capability Restriction

Si gnal - processing compatibility is an inportant constraint for
optical path conputation. The signal type for an end-to-end optica
path nust match at the source and at the destination

The PCC MUST be allowed to specify the signal type at the endpoints
(i.e., at the source and at the destination). The follow ng signal-
processi ng capabilities should be supported at a m ni mum

o Mbodul ation Type Li st

o FEC Type List

The PCC MUST al so be allowed to state whether transit nodification is
acceptabl e for the above signal -processing capabilities.

Manageabi l ity Consi derations

Manageabi lity of WSON RWA with PCE nust address the follow ng
consi derati ons.

1. Control of Function and Policy

In addition to the paranmeters already listed in Section 8.1 of
[ RFC5440], a PCEP i npl enentati on SHOULD al | ow confi guring the
foll owi ng PCEP session paraneters on a PCC

o The ability to send a WSON RWA request .

In addition to the paraneters already listed in Section 8.1 of

[ RFC5440], a PCEP i npl enentati on SHOULD al | ow confi guring the
foll owi ng PCEP session paraneters on a PCE
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o The support for WSON RWA

o The maxi mum nunber of bul k path requests associated with WSON RMA
per request nessage.

These paraneters may be configured as default paraneters for any PCEP
sessi on 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
speci fic group of PCEP peers.

4. 2. | nformati on and Data Model s

As this docunent only concerns the requirenents to support WSON RWA
no additional MB nodule is defined in this docunment. However, the
correspondi ng solution docurment will list the information that should
be added to the PCE M B npdul e defined in [RFC7420].

4.3. Liveness Detection and Monitoring

Thi s docunent does not define any new nmechani snms that inply any new
liveness detection and nonitoring requirenents in addition to those
already listed in Section 8.3 of [RFC5440].

4.4. \Verifying Correct Qperation

Thi s docunent does not define any new nmechani sns that inply any new
verification requirements in addition to those already listed in
Section 8.4 of [RFC5440]

4.5. Requirenments on Qther Protocols and Functional Components

| f PCE discovery nmechani sns ([ RFC5089] and [ RFC5088]) were to be
ext ended for technol ogy-specific capabilities, advertising WSON RMA
pat h conputation capability shoul d be consi dered.

4.6. Inpact on Network Operation

Thi s docunent does not define any new nmechani sns that inply any new
network operation requirenments in addition to those already listed in
Section 8.6 of [RFC5440].

5. Security Considerations

Thi s docunent has no requirenment for a change to the security nodels
wi thin PCEP [ RFC5440]. However, the additional information
distributed in order to address the RWA problemrepresents a

di scl osure of network capabilities that an operator may wi sh to keep
private. Consideration should be given to securing this information.
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Sol utions that address the requirenents in this docunment need to
verify that existing PCEP security mechani snms adequately protect the
addi ti onal network capabilities and nust include new nmechani sns as
necessary.
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