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Requi rements for GWLS Applications of PCE

Abstract

The initial effort of the PCE (Path Conputation El enent) WG focused
mainly on MPLS. As a next step, this docunent describes functiona
requi renents for GVWPLS applications of PCE

Status of This Meno

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

This docunent is a product of the Internet Engi neering Task Force
(ITETF). It represents the consensus of the |IETF community. It has
recei ved public review and has been approved for publication by the
I nternet Engineering Steering Group (IESG. Not all docunents
approved by the | ESG are a candi date for any |evel of Internet

St andard; see Section 2 of RFC 5741.

I nformation about the current status of this docunent, any errata,

and how to provide feedback on it nmay be obtai ned at
http://ww. rfc-editor.org/info/rfc7025
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1. Introduction

The initial effort of the PCE (Path Conputation El enment) WG focused
mai nly on solving the path conputation problemw thin a donmain or
over different domains in MPLS networks. As with MPLS, service
providers (SPs) have al so conme up with requirements for path
conmputation in GWLS-control |l ed networks [ RFC3945], such as those
based on Wavel ength Division Miltiplexing (WOM, Tine Division

Mul tiplexing (TDM, or Ethernet.

[ RFC4655] and [ RFC4657] di scuss the franmework and requirenents for
PCE on both packet MPLS networks and GWLS-control |l ed networks. This
docunent conpl enents those RFCs by providing considerations of GWLS
applications in the intradomain and interdonmai n networki ng
environnents and indicating a set of requirements for the extended
definition of PCE-related protocols.
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2.

2.

Note that the requirenents for interlayer and inter-area traffic
engi neering (TE) described in [ RFC6457] and [ RFC4927] are outsi de of
the scope of this docunent.

Constrai ned Shortest Path First (CSPF) conputation within a domain or
over domains for signaling GWLS Label Switched Paths (LSPs) is
usual ly nore stringent than that of MPLS TE LSPs [ RFC4216], because
the additional constraints, e.g., interface switching capability,
Iink encoding, link protection capability, Shared R sk Link G oup
(SRLG [ RFC4202], and so forth, need to be considered to establish
GWLS LSPs. The GQWLS signaling protocol [RFC3473] is designed
taking into account bidirectionality, switching type, encoding type,
and protection attributes of the TE | inks spanned by the path, as
well as LSP encoding and switching type of the endpoints,
appropriately.

Thi s docunent provides requirenments for GWLS applications of PCE in
support of QVPLS path conputation, included are requirenents for both
i ntradomai n and interdonmai n environnents.

GWPLS Applications of PCE
1. Path Conputation in GVWLS Networks

Figure 1 depicts a nodel GWPLS network, consisting of an ingress
link, a transit link, as well as an egress link. W wll use this
nmodel to investigate consistent guidelines for GWLS path
conmputation. Each link at each interface has its own swtching
capability, encoding type, and bandw dt h.

I ngress Transit Egress
+aemm- + linkl-2 +o-- - + link2-3 +----- + link3-4 +----- +
| Nodel| ------------ >| Node2| ------------ >| Node3| ------------ >| Node4|
| | <ooeeeeaes | | <ooeeeaeees | | <oeeeeeaee | |
+----- + link2-1 +----- + link3-2 +----- + link4-3 +----- +

Figure 1: Path Conputation in GWLS Networks

For the sinplicity in consideration, the follow ng basic assunptions
are nade when the LSP is created

(1) Switching capabilities of outgoing links fromthe ingress and
egress nodes (linkl-2 and link4-3 in Figure 1) are consistent
with each ot her.

(2) Switching capabilities of all transit links, including incomng
links to the ingress and egress nodes (link2-1 and |ink3-4) are
consistent with switching type of an LSP to be created.
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(3) Encoding types of all transit links are consistent with the
encodi ng type of an LSP to be creat ed.

GWLS-controll ed networks (e.g., GWLS-based TDM networks) are
usual ly responsible for transmtting data for the client |ayer.
These GWLS-control | ed networks can provide different types of
connections for custonmer services based on different service
bandwi dt h requests.

The applications and the correspondi ng additional requirements for
appl ying PCE to GWLS-based TDM networks are described in this
section. In order to sinplify the description, this docunent only
di scusses the scenario in Synchronous Digital Hierarchy (SDH)

networ ks as an exanple (see Figure 2). The scenarios in Synchronous
Optical Network (SONET) or Optical Transport Network (OIN) are

simlar.
N1 N2
S e + S e + S e +
| | --ee | [EEREEEEEEEEEE | | ARREEEES +
ook | |-~ | | | |
Al [ + | [ + | |
| | | AR +
| | | PCE
| | |
| Hoo-- - + |
| | | |
| | | ----- | |
| Hoo---- + | |
| N5 | |
| ||
S + S +
| | | | oot
| | o | |- | |
Hom - - + Hom - - + L +
N3 N4 A2

Figure 2: A Sinple TDM (SDH) Net work

Figure 2 shows a sinple TDM (SDH) network topol ogy, where N1, N2, N3,
N4, and N5 are all SDH switches; Al and A2 are client devices (e.qg.,
Et hernet switches). Assunme that one Ethernet service with 100 Miit/s
bandwi dth is required fromAl to A2 over this network. The client

Et hernet service could be provided by a Virtual Container 4 (VC4)
container fromNL to N4; it could also be provided by three

concat enated VC-3s (contiguous or virtual concatenation) fromNl to
N4.
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In this scenario, when the ingress node (e.g., Nl) receives a client
service transnmitting request, the type of containers (one VC-4 or
three concatenated VC 3s) could be deternined by the PCC (Path
Conmputation Client), e.g., Nl or Network Managenment System (NVB)
However, it could al so be determ ned automatically by the PCE based
on policy [RFC5394]. |If it is determned by the PCC, then the PCC
shoul d be capabl e of specifying the ingress node and egress node,
signal type, the type of the concatenation, and the nunber of the
concatenation in a PCReq (Path Conputation Request) nessage. The PCE
shoul d consi der those paraneters during path conmputation. The route
i nformation (co-routing or diverse routing) should be specified in a
PCRep (Path Conputation Reply) nessage if path conputation is
perfornmed successfully.

As descri bed above, the PCC should be capabl e of specifying TE
attributes defined in the next section, and the PCE should conpute a
pat h accordi ngly.

Where a GWLS network consists of interdomain (e.g., inter-AS or
inter-area) GWLS-controll ed networks, requirenents on the path
conputation follow [ RFC5376] and [ RFC4726] .

2. 2. Unnunbered I nterface

GWPLS supports unnunbered interface IDs as defined in [RFC3477]; this
means that the endpoints of the path nmay be unnunbered. It should

al so be possible to request a path consisting of the m xture of
nunbered |inks and unnunbered |inks, or a P2MP (Point-to-Miltipoint)
path with different types of endpoints. Therefore, the PCC should be
capabl e of indicating the unnunbered interface ID of the endpoints in
t he PCReq nessage

2.3. Asymetric Bandwi dth Path Conputation

Per [RFC6387], QGWPLS signaling can be used for setting up an
asymetric bandwidth bidirectional LSP. |If a PCE is responsible for
path conputation, it should be capable of conputing a path for the
bidirectional LSP with asymetric bandwi dth. This neans that the PCC
shoul d be able to indicate the asynmetric bandwi dth requirements in
forward and reverse directions in the PCReq nessage.

QG ani, et al. I nf or mat i onal [ Page 5]



RFC 7025 Reqs for GWLS Apps of PCE Sept ember 2013

3. Requirenents for GWLS Applications of PCE
3.1. Requirements on Path Conputation Request

As for path conputation in GWLS-control |l ed networks as discussed in
Section 2, the PCE shoul d appropriately consider the GWLS TE
attributes listed bel ow once a PCC or another PCE requests a path
conputation. The path calcul ati on request nessage fromthe PCC or
the PCE nust contain the information specifying appropriate
attributes. According to [RFC5440], [PCE-WSON-REQ, and RSVP
procedures such as explicit |abel control (ELC), the additiona
attributes introduced are as foll ows:

(1) Swi tching capability/type: as defined in [ RFC3471], [RFC4203],
and all current and future val ues.

(2) Encodi ng type: as defined in [RFC3471], [RFC4203], and al
current and future val ues.

(3) Signal type: as defined in [ RFC4606] and all current and future
val ues.

(4) Concat enati on type: In SDH SONET and OTN, two kinds of
concat enati on nodes are defined: contiguous concatenation
whi ch requires co-routing for each nenber signal and that all
the interfaces along the path support this capability, and
virtual concatenation, which allows diverse routing for nenber
signals and requires that only the ingress and egress
interfaces support this capability. Note that for the virtua
concatenation, it nmay al so specify co-routing or diverse
routing. See [RFC4606] and [ RFC4328] about concatenation
i nformation.

(5) Concat enati on nunmber: Indicates the nunber of signals that are
requested to be contiguously or virtually concatenated. Also
see [ RFC4606] and [ RFC4328].

(6) Technol ogy-specific |abel (s): as defined in [ RFC4606],
[ RFC6060], [RFC6002], or [RFC6205].

(7) End-to-End (E2E) path protection type: as defined in [ RFC4872],
e.g., 1+1 protection, 1:1 protection, (pre-planned) rerouting,
etc.

(8) Admi ni strative group: as defined in [ RFC3630].

(9) Li nk protection type: as defined in [ RFC4203].
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(10) Support for unnunbered interfaces: as defined in [ RFC3477].

(11) Support for asymretric bandw dth requests: as defined in
[ RFC6387] .

(12) Support for explicit label control during the path conputation

(13) Support of label restrictions in the requests/responses,
simlar to RSVP-TE ERO (Explicit Route bject) and XRO ( Excl ude
Route hject), as defined in [RFC3473] and [ RFC4874].

3.2. Requirenents on Path Conputation Reply

As descri bed above, a PCE should conpute the path that satisfies the
constraints specified in the PCReq nessage. Then, the PCE shoul d
send a PCRep nessage, including the conputation result, to the PCC
For a Path Conputation Reply nessage (PCRep) in GWLS networks, there
are sone additional requirenents. The PCEP (PCE conmuni cation
protocol) PCRep nessage nust be extended to neet the follow ng
requirenents.

(1) Path conputation with concatenation

In the case of path conputation involving concatenation, when a
PCE receives the PCReq nessage specifying the concatenation
constraints described in Section 3.1, the PCE should conpute a
path accordingly.

For path conputation involving contiguous concatenation, a
single route is required, and all the interfaces along the route
shoul d support contiguous concatenation capability. Therefore,
the PCE shoul d conpute a path based on the contiguous

concat enati on capability of each interface and only one ERO that
shoul d carry the route information for the response.

For path conputation involving virtual concatenation, only the
i ngress/egress interfaces need to support virtual concatenation
capability, and there nay be diverse routes for the different
menber signals. Therefore, nultiple ERCs may be needed for the
response. Each ERO nmay represent the route of one or nultiple
menber signals. When one ERO represents nultiple nmenber
signals, the nunber nust be specified.
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(2) Label constraint

In the case that a PCC does not specify the exact |abel (s) when
requesting a |l abel-restricted path and the PCE is capabl e of
performng the route conputation and | abel assignnent
conput ati on procedure, the PCE needs to be able to specify the
| abel of the path in a PCRep nessage.

Wavel ength restriction is a typical case of |label restriction
More generally, label switching and sel ection constraints may
apply in GWLS-control |l ed networks, and a PCC may request a PCE
to take | abel constraint into account and return an ERO
containing the I abel or set of labels that fulfill the PCC
request.

(3) Roles of the routes

When a PCC specifies the protection type of an LSP, the PCE
shoul d conpute the working route and the corresponding
protection route(s). Therefore, the PCRep should allow to

di stinguish the working (nonminal) and the protection routes.
According to these routes, the RSVP-TE procedure appropriately
creates both the working and the protection LSPs, for exanple,
with the ASSOCI ATI ON obj ect [ RFC6689] .

3.3. GWLS PCE Managenent

Thi s docunent does not change any of the managenment or operationa
details for networks that utilize PCE. (Please refer to [ RFC4655]
for manageability considerations for a PCE-based architecture.)
However, this docunent proposes the introduction of several PCEP
objects and data for the better integration of PCE with GWLS
networks. Those protocol elenments will need to be visible in any
managenent tools that apply to the PCE, PCC, and PCEP. That
includes, but is not limted to, adding appropriate objects to

exi sting PCE M B nodul es that are used for nodeling and nonitoring
PCEP depl oynents [PCEP-M B]. |deas for what objects are needed nay
be guided by the rel evant GWLS extensions in GWLS TE-STD-M B

[ RFC4802] .

4. Security Considerations

PCEP extensions to support GWPLS shoul d be considered under the same
security as current PCE work, and this extension will not change the
underlying security issues. Section 10 of [RFC5440] describes the
list of security considerations in PCEP. At the tine [ RFC5440] was
publ i shed, TCP Authentication Option (TCP-AO had not been fully
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6.

6.

specified for securing the TCP connections that underlie PCEP
sessions. TCP- AO [ RFC5925] has now been published, and PCEP
i mpl enent ati ons should fully support TCP-AO according to [ RFC6952].

Acknowl edgenent

The authors would like to express thanks to Ranon Casel |l as, Julien
Meuric, Adrian Farrel, Yaron Sheffer, and Shui chi Okanoto for their
conment s.

Ref er ences
1. Nornmtive References

[ RFC3471] Berger, L., "Ceneralized Miulti-Protocol Label Switching
(GQWPLS) Signaling Functional Description", RFC 3471,
January 2003.

[ RFC3473] Berger, L., "CGeneralized Milti-Protocol Label Switching
(GQWPLS) Signaling Resource ReserVation Protocol-Traffic
Engi neering (RSVP-TE) Extensions", RFC 3473, January 2003.

[ RFC3477] Kompella, K and Y. Rekhter, "Signalling Unnunmbered Links
in Resource ReSerVation Protocol - Traffic Engineering
(RSVP-TE)", RFC 3477, January 2003.

[ RFC3630] Katz, D., Konpella, K, and D. Yeung, "Traffic Engineering
(TE) Extensions to OSPF Version 2", RFC 3630,
Sept ember 2003.

[ RFC3945] Mannie, E., "CGeneralized Milti-Protocol Label Switching
(GQWPLS) Architecture", RFC 3945, Cctober 2004.

[ RFC4202] Konpella, K and Y. Rekhter, "Routing Extensions in
Support of Ceneralized Multi-Protocol Label Swtching
(GWLS)", RFC 4202, COctober 2005.

[ RFC4203] Konpella, K and Y. Rekhter, "OSPF Extensions in Support
of CGeneralized Multi-Protocol Label Switching (GWLS)",
RFC 4203, Cctober 2005.

[ RFC4328] Papadimitriou, D., "Generalized Milti-Protocol Label
Swi tching (GQWPLS) Signaling Extensions for G 709 Opti cal
Transport Networks Control", RFC 4328, January 2006.

QG ani, et al. I nf or mat i onal [ Page 9]



[ RFC4606]

[ RFC4802]

[ RFC4872]

[ RFC4927]

[ RFC5376]

[ RFC5440]

[ RFC6002]

[ RFC6060]

[ RFC6205]

[ RFC6387]

[ RFCB689]

Reqs for GWLS Apps of PCE Sept ember 2013

Manni e, E. and D. Papadinmitriou, "Generalized Milti-
Prot ocol Label Switching (GWLS) Extensions for
Synchronous Optical Network (SONET) and Synchronous
Digital H erarchy (SDH) Control", RFC 4606, August 2006.

Nadeau, T. and A Farrel, "Generalized Miltiprotocol Label
Swi tching (GWLS) Traffic Engi neeri ng Managenent
I nformati on Base", RFC 4802, February 2007.

Lang, J., Rekhter, Y., and D. Papadimtriou, "RSVP-TE
Extensions in Support of End-to-End Ceneralized Milti-
Prot ocol Label Switching (GWLS) Recovery", RFC 4872,
May 2007.

Le Roux, J., "Path Conputation El enent Comuni cation
Prot ocol (PCECP) Specific Requirements for Inter-Area MPLS
and GWLS Traffic Engi neering", RFC 4927, June 2007.

Bitar, N, Zhang, R, and K Kunaki, "lInter-AS
Requirements for the Path Conputation El enent
Communi cati on Protocol (PCECP)", RFC 5376, Novenber 2008.

Vasseur, JP. and JL. Le Roux, "Path Conmputation El ement
(PCE) Conmuni cation Protocol (PCEP)", RFC 5440,
Mar ch 2009.

Berger, L. and D. Fedyk, "Generalized MPLS (GWLS) Data
Channel Switching Capabl e (DCSC) and Channel Set Label
Ext ensi ons”, RFC 6002, Cctober 2010.

Fedyk, D., Shah, H., Bitar, N, and A Takacs,
"Ceneralized Miul tiprotocol Label Switching (GWLS) Control
of Ethernet Provider Backbone Traffic Engineering
(PBB-TE)", RFC 6060, March 2011.

OGani, T. and D. Li, "Generalized Labels for Lanbda-
Swi t ch- Capabl e (LSC) Label Switching Routers", RFC 6205,
March 2011.

Takacs, A., Berger, L., Caviglia, D, Fedyk, D., and J.
Meuric, "GWLS Asymmetric Bandw dth Bidirectional Label
Swi tched Paths (LSPs)", RFC 6387, Septenber 2011.

Berger, L., "Usage of the RSVP ASSOCI ATI ON bj ect"”,
RFC 6689, July 2012.

I nf or mat i onal [ Page 10]



RFC 7025

Reqs for GWLS Apps of PCE Sept ember 2013

6.2. Infornmative References

[ PCE- WSON- REQ)

[ PCEP- M B]

[ RFC4216]

[ RFC4655]

[ RFC4657]

[ RFCA726]

[ RFC4874]

[ RFC5394]

[ RFC5925]

[ RFC6457]

[ RFC6952]

G ani, et al

Lee, Y., Bernstein, G, Mrtensson, J., Takeda, T.
Tsuritani, T., and O Dios, "PCEP Requirenments for WSON
Routi ng and Wavel ength Assignnent”, Wrk in Progress,
June 2013.

Koushi k, K., Stephan, E., Zhao, Q, King, D., and J.
Har dwi ck, "PCE comuni cati on protocol (PCEP) Managenent
I nformation Base", Work in Progress, July 2013.

Zhang, R and J. Vasseur, "MPLS Inter-Autononous System
(AS) Traffic Engineering (TE) Requirements", RFC 4216
Novenber 2005.

Farrel, A., Vasseur, J., and J. Ash, "A Path Conputation
El ement (PCE)-Based Architecture", RFC 4655, August 2006.

Ash, J. and J. Le Roux, "Path Conputation El enent (PCE)
Communi cati on Protocol Generic Requirenents", RFC 4657
Sept enber 2006.

Farrel, A, Vasseur, J., and A Ayyangar, "A Framework for
Inter-Donain Miltiprotocol Label Switching Traffic
Engi neering", RFC 4726, Novenber 2006.

Lee, CY., Farrel, A, and S. De Cnodder, "Exclude Routes -
Ext ensi on to Resource ReserVation Protocol-Traffic
Engi neering (RSVP-TE)", RFC 4874, April 2007.

Bryskin, |., Papadimtriou, D., Berger, L., and J. Ash,
"Pol i cy- Enabl ed Path Conputation Framework", RFC 5394,
Decenber 2008.

Touch, J., Mankin, A, and R Bonica, "The TCP
Aut henti cation Option", RFC 5925, June 2010.

Takeda, T. and A Farrel, "PCC PCE Conmunication and PCE
Di scovery Requirenments for Inter-Layer Traffic
Engi neering", RFC 6457, Decenber 2011.

Jet hanandani, M, Patel, K, and L. Zheng, "Analysis of
BGP, LDP, PCEP, and MSDP |ssues According to the Keying
and Aut hentication for Routing Protocols (KARP) Design
Gui de", RFC 6952, May 2013.

I nf or mat i onal [ Page 11]



RFC 7025 Reqs for GWLS Apps of PCE Sept ember 2013

Aut hors’ Addr esses

Torohi ro O ani

KDDI Cor por ati on

2-3-2 Ni shi -shinj uku

Shi nj uku- ku, Tokyo

Japan

Phone: +81-(3) 3347-6006
EMai | : tm ot ani @ddi.com

Keni chi Qgaki

KDDI Cor por ati on

3-10-10 |idabash

Chi yoda- ku, Tokyo

Japan

Phone: +81-(3) 6678-0284
EMai | ; ke- oogaki @ddi . com

Di ego Caviglia

Eri csson

16153 Cenova Corni gli ano

Italy

Phone: +390106003736

EMai | . di ego. caviglia@ricsson. com

Fatai Zhang

Huawei Technol ogi es Co., Ltd.

F3-5-B R&D Center, Huawei Base

Banti an, Longgang District, Shenzhen 518129

P. R China
Phone: +86-755-28972912
EMai | : zhangf at ai @wuawei . com

Cyril Margaria

Cori ant R&D GrbH

St Martin Strasse 76
Muni ch 81541

Cer many
Phone: +49 89 5159 16934
EMai | . cyril.margari a@oriant.com

QG ani, et al. I nf or mat i onal [ Page 12]



