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Status of this Meno

This Internet-Draft is submtted to |ETF in full conformance with
the provisions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
Task Force (1 ETF), its areas, and its working groups. Note that
other groups nmay al so distribute working docunents as Internet-
Drafts.

Internet-Drafts are draft docunents valid for a maxi num of six
nmont hs and nmay be updated, replaced, or obsol eted by other

docunents at any time. It is inappropriate to use Internet-Drafts
as reference material or to cite themother than as "work in
progress.”

The list of current Internet-Drafts can be accessed at
http://ww. ietf.org/ietf/1id-abstracts.txt.

The list of Internet-Draft Shadow Directories can be accessed at
http://ww.ietf.org/shadow htni.

This Internet-Draft will expire on April 21, 2014.
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Abstract

The Path Conputation Elenent (PCE) facilitates Traffic Engineering
(TE) based path calculation in large, nulti-donain, multi-region, or
mul ti-layer networks. [Stateful-PCE] provides the fundanental PCE
communi cati on Protocol (PCEP) extensions needed to support stateful
PCE functions, w thout specifying the technol ogy-specific extensions.
This meno provides extensions required for PCEP so as to enable the
usage of a stateful PCE capability in GWLS-controll ed networks.

Conventions used in this docunent
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "COPTIONAL" in this
docunent are to be interpreted as described in RFC-2119 [ RFC2119].
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1.

2

I nt roducti on

[ RFC 4655] presents the architecture of a Path Conputation El enent
(PCE) - based nodel for conputing Miltiprotocol Label Swi tching (MPLS)
and Generalized MPLS (GWLS) Traffic Engi neering Label Switched
Paths (TE LSPs). To perform such a constrai ned conputation, a PCE
stores the network topology (i.e., TE links and nodes) and resource
information (i.e., TE attributes) in its TE Database (TED). To
request path conputation services to a PCE, [RFC 5440] defines the
PCE conmuni cati on Protocol (PCEP) for interaction between a Path
Conputation dient (PCC) and a PCE, or between two PCEs. PCEP as
specified in [RFC 5440] mainly focuses on MPLS networks and the PCEP
ext ensi ons needed for GWLS-controlled networks are provided in

[ PCEP- GWPLS] .

Stateful PCEs are shown to be hel pful in nany application scenarios,
in both MPLS and GWPLS networks, as illustrated in [ Stateful -APP].
In order for these applications to able to exploit the capability of
stateful PCEs, extensions to the PCE communi cation protocol (i.e.
PCEP) are required.

[ Stateful -PCE] provides the fundanental extensions needed for
stateful PCE to support general functionality, but |eaves out the
specification for technol ogy-specific objects/TLVs. Conplenentarily,
thi s docunent focuses on the extensions that are necessary in order
for the deploynent of stateful PCEs in GVPLS-controlled networks.

PCEP Ext ensi ons

2.1. Overview of Requirenents

This section notes the main functional requirements for PCEP
extensions to support stateful PCE for use in GWLS-controll ed

net wor ks, based on the description in [Stateful-APP]. Many
requirenents are comon across a variety of network types (e.g.
MPLS- TE networ ks and GWPLS networ ks) and the protocol extensions to
nmeet the requirenents are already described in [Stateful -PCE]. This
docunent does not repeat the description of those protoco
extensions. O her requirenents that are al so cormon across a variety
of network types do not currently have protocol extensions defined
in [Stateful -PCE]. In these cases, this docunent presents protoco
extensions for discussion by the PCE working group and potentia
inclusion in [Stateful -PCE]. In addition, this document presents
protocol extensions for a set of requirements which are specific to
the use of a stateful PCE in a GWLS-control |l ed network.

The basic requirenments are as foll ows:
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0 Advertisement of the stateful PCE capability. This generic
requirenent is covered in Section 7.1.1 of [Stateful-PCE]
Section 2.2 of this docunment discusses other potential extensions
for this functionality.

0 LSP delegation is already covered in Section 5.5 of [Stateful-PCE
Section 2.3 of this docunment provides extension for its
application in GWLS-controll ed networks. Mreover, further
di scussi on of sonme generic details that may need additiona
consi deration is provided.

0 LSP state synchronization. This is a generic requirenent already
covered in Section 5.4 of [Stateful -PCE]. However, there are
further extensions required specifically for GWLS-controll ed
net wor ks and di scussed in Section 2.4. Reference to LSPs by
identifiers is discussed in Section 7.2 of [Stateful -PCE]. This
feature can be applied to reduce the data carried in PCEP nessages.
Use cases and additional Error Codes are necessary, as described
in Section 2.5 and 2. 6.

2.2. Stateful PCE Capability Advertisenent

Whet her a PCE has stateful capability or not can be advertised
during the PCEP session establishment process. It can al so be
advertised through routing protocols as described in [RFC5088]. In
either case, the followi ng additional aspects should also be
consi der ed.

2.2.1. PCE Capability Advertisenment in Milti-layer Networks

In multi-layer network scenarios, such as an | P-over-optical network,
if there are dedi cated PCEs responsi ble for each |ayer, then the
PCCs should be informed of which PCEs they should synchronize their
LSP states with, as well as send path conputation requests to. The
Layer-Cap TLV defined in [INTER-LAYER] can be used to indicate which
layer a PCE is in charge of. (Editor’'s note: this change is
currently not included in the current version of the [|NTER-LAYER]
draft. It is expected that it will be included in its next version.)
This TLV is optional and MAY be carried in the OPEN object. It is
RECOMVMENDED t hat a PCC synchroni zes its LSP states with the sane
PCEs that it can use for path conputation in a nulti-layer network
In a single layer, this TLV MAY not be used. However, if the PCE
capability discovery depends on IGP and if an | GP instance spans
across nmultiple layers, this TLV is still needed.

Alternatively, the extension to current OSPF PCED TLV is needed. A
new donmi n-type denoting the |layer information can be defi ned:
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domai n-type: T.B.D.

VWhen it is carried in PCE-DOVAIN sub-TLV, it denotes the |ayer for
which a PCE is responsible for path conputation as well as LSP state
synchroni zati on. Wen carried in the PCE-NEI G DOVAI N sub-TLV, it
denotes its adjacent layers for which a PCE can conpute paths and
synchroni ze the LSP states. The DOVAIN-1D i nformation can be
represented using the following format, to denote the | ayer

i nformation:

0 1 2 3
01234567890123456789012345678901
i T e o o s T e e et e ok o Sl e
| LSP Enc. Type | Switching Type| Reserved |
B i S S T s i S T st i S S S S S S S S i

2.3. LSP Delegation in GWLS-controlled Networks

To enable the PCE to control an LSP, the PCUpd nmessage is defined in
[ Stateful -PCE]. However, However, the specification of technol ogy
specific extensions is not covered. The follow ng defines the

<pat h> descriptor, present in the PCUpd nessage, that should be

used in GWLS-control | ed networks:

<pat h>: : =<ERO><at tri bute-1li st >

Wher e:
<attribute-list> ::= [ <LSPA>]
[ <BANDW DTH>]
[ <GENERALI ZED- BANDW DTH>. . . ]
[<metric-1ist>]
<metric-list> := <METRIC[<metric-Ilist>]

As explained in [stateful -APP], LSP paraneter update controlled by a
stateful PCE in a nmulti-donmain network is conplex and requires well -
defi ned operational procedures as well as protocol design

[ TBD: protocol extensions]
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2.4. LSP Synchronization in GWLS-control |l ed networks

For LSP state synchronization of stateful PCEs in GWLS networKks,
the LSP attributes, such as its bandw dth, associated route as well
as protection information etc, should be updated by PCCs to PCE LSP
dat abase (LSP-DB). Note the LSP state synchronization described in
this docunent denotes both the bulk LSP report at the initialization
phase as well as the LSP state report afterwards described in

[ St at ef ul - PCE] .

As per [Stateful -PCE], it does not cover technol ogy-specific
specification for state synchroni zati on. Therefore, extensions of
PCEP for stateful PCE usage in GWLS networks are required. For LSP
state synchroni zation, the objects/ TLVs that should be used for
stateful PCE in GWLS networks are defined in [ PCEP-GWLS] and are
briefly sunmari zed as bel ow

0 GENERALI ZED BANDW DTH

0 GENERALI ZED ENDPO NTS

0 PROTECTI ON ATTRI BUTE

0 Use of IF ID ERROR SPEC. [Stateful -PCE] section 7.2.2 only
considers RSVP ERROR SPEC TLVs. GWLS extends this to al so support
| F_ I D ERROR SPEC, for exanple, to report about failed unnunbered

i nterfaces.

0 Extended objects to support the inclusion of the | abel and
unnunbered |inks.

Per [Stateful -PCE], the PCRpt nessage is defined for LSP state
synchroni zati on purposes. PCRpt is used by a PCC to report one or
nmore of its LSPs to a stateful PCE. However, the <path> descriptor
i s technol ogy-specific and | eft undefi ned.

For LSP state synchronization in GWLS-controll ed networks, the
encodi ng of the <path> descriptor is defined as foll ows:

<pat h>: : =<EROC><attri bute-1li st >
VWher e:
<attribute-list> ::= [ <LSPA>]
[ <BANDW DTH>]

[ <GENERALI ZED- BANDW DTH>. . . ]
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[ <I RC>]

[ <XRC>]

[<nmetric-list>]
<metric-list>:= <METRIC[<netric-1list>]

The objects included in the <path> descriptor can be found in
[ RFC5440], [PCE-GWLS] and [ RFC5521].

For all the objects presented in this section, the P and | bit MJST
be set to 0 since they are only used by a PCC to report its LSP
i nformati on.

In GWLS-control |l ed networks, the <ERC> object may include a |ist of
the | abel sub-object for SDH SONET, OTN and DWDM networks. |t may

al so include a list of unnunbered interface IDs to denote the

al | ocated resource. The <RRC>, <IRC> and <XRO> obj ects MAY i ncl ude
unnunbered interface | Ds and | abels for networks such as OI'N and WM
net wor ks.

If the LSP being reported is a protecting LSP, the <PROTECTI ON-
ATTRI BUTE> TLV MJST be included in the <LSPA> object to denote its
attributes and restrictions. Mreover, if the status of the
protecting LSP changes from non-operational to operational, this
shoul d be synchronized to the stateful PCE. For exanple, in 1:1
protection, the conbination of S=0, P=1 and O=0 denotes the
protecting path is set up already but not used for carrying traffic.
Upon the working path failure, the operational status of the

af orementi oned protecting LSP changes to in-use (i.e., O=1). This
i nformati on should be synchronized with a stateful PCE through a
PCRpt nmessage.

The O bit in the <GENERALI ZED- BANDW DTH> obj ect has no neani ng for
LSP state synchroni zation and MJST be set to 0. Furthernore, this
obj ect MAY appear twice, one with Rset to 1 and the other with R
set to 0. This is to denote the asymetric bandw dth property of the
updat ed bi-directional LSP.

2.5. Modification of Existing PCEP Messages and Procedures

One of the advantages nentioned in [Stateful -APP] is that the
stateful nature of a PCE sinplifies the information conveyed in PCEP
messages, notably between PCC and PCE, since it is possible to refer
to PCE managed state for active LSPs. To be nore specific, with a
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stateful PCE, it is possible to refer to a LSP with a unique
identifier in the scope of the PCC PCEP session and thus use such
identifier to refer to that LSP

2.5.1. Use cases

Use Case 1: Assuning a stateful PCE's LSP-DB is up-to-date, a PCC
(e.g. NMB) requesting for a re-optimzation of one or several LSPs
can send the request with "R" bit set and only provides the rel evant
LSP uni que identifiers.

Upon receiving the PCReq nessage, PCE should be able to correlate
with one or multiple LSPs with their detailed state information and
carry out optim zation accordingly.

The handling of RP object specified in [ RFC5440] is stated as
fol | owi ng:

"The absence of an RRO in the PCReq nessage for a non-zero-bandw dth
TE LSP (when the R bit of the RP object is set) MJST trigger the
sending of a PCErr nessage with Error-Type="Required Object M ssing"
and Error-val ue="RRO (bject mssing for re-optimzation."

If a PCE has stateful capabilities, and such capabilities have been
negoti ated and advertised, specific rules given in [ RFC5440] may
need to be relaxed. In particular, the re-optim zation case: if the
re-optimzation request refers to a given LSP state, and the RRO
information is available, the PCE can proceed.

Use Case 2: in order to set up a LSP which has a constraint that its
route should not use resources used by one or nore existing LSPs, a
PCC can send a PCReq with the identifiers of these LSPs. A statefu
PCE should be able to find the correspondi ng route and resource
information so as to neet the constraints set by the requesting PCC
Hence, the LSP identifier TLV defined in [Stateful-PCE] can be used
in XRO object for this purpose. Note that if the PCCis a node in
the network, the constraint LSP ID information will be confined to
the LSPs initiated by itself.

2.5.2. Mdification for LSP Re-optim zation
For re-optimzation, upon receiving a path conputation request and
the "R" bit is set, the stateful PCE SHOULD still performthe re-

optimization in the follow ng two cases:

Case 1. the existing bandwidth and route information of the to-be-
optinmzed LSP is provided in the path conputation request. This
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i nformati on should be provided via <BANDW DTH>, <GENERARLI ZED-
BANDW DTH>, <ERO> obj ect s.

Case 2: the existing bandwi dth and route information can be found

locally inits LSP-DB. In this case, the PCRep and PCReq nessages

need to be nodified to carry LSP identifiers. The stateful PCE can
find this information using the per-node LSP ID together with the

PCC s address.

If no LSP state infornation is available to carry out re-
optinization, the stateful PCE should report the error "LSP state
i nformati on unavailable for the LSP re-optim zation" (Error Type =
T.B.D., Error value= T.B.D.).

2.5.3. Modification for Route Excl usion
A LSP identifier sub-object is defined and its format as foll ows:
0 1 2 3

01234567890123456789012345678901
B S S I T S S e e S S T S S S S i i S S

| L] Type (T.B.D.) [ Lengt h [ Reserved [
B i i S S i I e i S S R L e e e e
| PLSP-1D | Fl ag |

T i T S T i T S S e s

/1 Optional TLVs /1
B e i s e S e e S e e S e e Rl il st sT o SRR I S S o

L bit:
The L bit SHOULD NOT be set, so that the subobject represents
a strict hop in the explicit route.

Type:
Subobj ect Type for a per-node LSP identifier

Lengt h:
The Length contains the total |ength of the subobject in bytes,
i ncluding the Type and Length fields.

PLSP- 1 D:
This is the identifier given to a LSP and it is unique on a
node basis. It is defined in [Stateful - PCE]

Fl ags:

This field is defined in [Stateful -PCE]. It is not used in
this sub-object and shoul d be i gnored upon receipt.
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Optional TLVs:
Addi tional TLVs can be defined in the future to provide
further information to identify a LSP. In this document, no TLVs are
defi ned.

One or nmultiple of these sub-objects can be present in the XRO
obj ect. Wien a stateful PCE receives a path conputation request
carrying this sub-object, it should find relevant information of
these LSPs and preclude the resource during the path conputation
process. |f a stateful PCE cannot recognize one or nore of the
received LSP identifiers, it should reply PCErr saying "the LSP
state information for route exclusion purpose cannot be found"
(Error-type = T.B.D., Error-value= T.B.D.). Optionally, it may
provide with the unrecognized identifier information to the
requesting PCC

2.6. Additional Error Type and Error Val ues Defined

3.

Error Type Meaning
21(TBD) LSP state informati on m ssing

Error-value 1: LSP state information unavail able for the
LSP re-optim zation

Error-value 2: the LSP state information for route
excl usi on purpose cannot be found

| ANA Consi der ati ons

| ANA is requested to allocate new Types for the TLV/ Obj ect defined
in this docunent.T.B.D

Manageabi |l ity Consi derations

The description and functionality specifications presented rel ated
to stateful PCEs should also conply with the nanageability
specifications covered in Section 8 of [RFC4655]. Furthernore, a
further list of manageability issues presented in [Stateful-PCE]
shoul d al so be consi der ed.

Addi tional considerations are presented in the next sections.

4.1. Requirements on Ot her Protocols and Functional Conponents

When the detailed route information is included for LSP state
synchroni zation (either at the initial stage or during LSP state
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report process), this require the ingress node of an LSP carry the
RRO object in order to enable the collection of such information.

5. Security Considerations

The security issues presented in [RFC5440] and [ Stateful -PCE] apply
to this docunent.
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Contributor, or included with or in such Contribution.

Di sclaimer of Validity

Al | ETF Docunents and the information contained therein are

provi ded on an "AS | S" basis and THE CONTRI BUTOR, THE ORGANI ZATI ON
HE/ SHE REPRESENTS OR | S SPONSORED BY (I F ANY), THE | NTERNET

SOClI ETY, THE | ETF TRUST AND THE | NTERNET ENG NEERI NG TASK FORCE

DI SCLAI M ALL WARRANTI ES, EXPRESS OR | MPLI ED, | NCLUDI NG BUT NOT
LIMTED TO ANY WARRANTY THAT THE USE OF THE | NFORVATI ON THEREI N

W LL NOT | NFRINGE ANY RI GHTS OR ANY | MPLI ED WARRANTI ES COF
MERCHANTABI LI TY OR FI TNESS FOR A PARTI CULAR PURPGCSE

Ful I Copyright Statenent

Copyright (c) 2013 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

This docunment is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Documents
(http://trustee.ietf.org/license-info) in effect on the date of
publication of this docunent. Please review these docunents
carefully, as they describe your rights and restrictions with
respect to this docunent. Code Conponents extracted fromthis
docunent nust include Sinplified BSD License text as described in
Section 4.e of the Trust Legal Provisions and are provided w thout
warranty as described in the Sinplified BSD License.
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