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Abst ract

Thi s docunment extends the Path Communi cation El enent Conmuni cati on
Prot ocol (PCEP) to coordinate an end-to-end inter-donain tunnel
setup over a nmulti-donmain networks in the context of Hierarchical
Stateful PCE environnments. This docunment uses Stitching Label (SL)
to stich per-domain LSPs.

Status of this Meno

This Internet-Draft is submitted 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 (IETF), its areas, and its working groups. Note that
ot her groups may al so distribute working docunments as Internet-
Drafts.

Internet-Drafts are draft docunents valid for a maxi num of six

nmont hs and nay be updated, replaced, or obsol eted by other docunents
at any tine. 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/1lid-abstracts.txt
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1. Introduction

In Multiprotocol Label Switching (MPLS) and Generalized MPLS
(GQWLS), a Traffic Engineering Database (TED) is used in conputing
pat hs for connection oriented packet services and for circuits. The
TED contains all relevant information that a Path Conputation

El ement (PCE) needs to performits conputations. It is inportant

that the TED shoul d be conplete and accurate anytine so that the PCE
can perform path conputati ons.

In MPLS and GWPLS networks, Interior Gateway routing Protocols
(1 GPs) have been used to create and naintain a copy of the TED at

Lee & Dhody Expi res June 27 2018 [ Page 2]



Internet-Draft PCEP for nmulti-domain LSP stitching Decenber 2017

each node. One of the benefits of the PCE architecture [ RFC4655] is
the use of conputationally nore sophisticated path conputation
algorithnms and the realization that these may need enhanced
processi ng power not necessarily available at each node
participating in an | GP

[ Stateful -PCE] describes a set of extensions to PCEP to provide
stateful control. A stateful PCE has access to not only the
information carried by the network’s Interior Gateway Protoco

(1GP), but also the set of active paths and their reserved resources
for its conputations. PCC can delegate the rights to nodify the LSP
paraneters to an Active Stateful PCE

[ RFC6805] describes a Hierarchical PCE (H PCE) architecture which
can be used for conputing end-to-end paths for inter-domain MPLS
Traffic Engineering (TE) and GWLS Label Switched Paths (LSPs).
Wthin the H erarchical PCE (HPCE) architecture [RFC6805], the
Parent PCE (P-PCE) is used to conmpute a nulti-donmain path based on
the domain connectivity information. A Child PCE (C PCE) may be
responsible for a single domain or nmultiple domains, it is used to
compute the intra-domain path based on its domain topol ogy

i nformation.

[Stateful H PCE] presents general considerations for stateful PCE(s)
in hierarchical PCE architecture. In particular, the behavior
changes and additions to the existing stateful PCE nechani sns
(including PCE-initiated LSP setup and active PCE usage) in the
context of networks using the HPCE architecture. Section 3.3.1 of
[Stateful H PCE] describe the per donain stitched LSP node, where
the individual per domain LSP are stitched together

[ PCE-CC] introduces the architecture for PCE as a centra

controll er, and exam nes the notivations and applicability for PCEP
as a southbound interface. Section 2.1.3 describes the approach with
hi erarchical controllers

[BRPC-Stitch] describes how inter-domain |abels over the inter-
domain interfaces are determined in the nulti-domai n BRPC based PCE
environments. Further, the docunment introduces the concept of
Stitching Label (SL) and Inter-domain Path Setup Type [PST]. This
docunent al so uses these concepts in the hierarchical Stateful PCE
nodel .

Thi s docunent extends the Path Conmuni cati on El enent Conmuni cati on
Protocol (PCEP) to coordinate an end-to-end tunnel for a virtua
network over nmulti-domain networks in the context of Hierarchica
St ateful PCE envi ronnents.
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2. Network Settings and concepts

This section describes network settings for this draft. Figure 1
shows the context of Hierarchical Stateful PCE architecture where
mul ti-domain LSP stitching is required for an end-to-end tunnel
associated with a VN nenber.
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Figure 1: Multi-domain LSP stitching for an end-to-end tunnel
The draft provides PCE nechanisns to identify and isolate an end-to-
end tunnel for a virtual network by concatenating a set of
LSP/ tunnel segnments conprising an end-to-end tunnel. From Figure 1,
there are a set of segnents conprising an end-to-end tunnel: Per
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Domain LSP A, Inter-domain Link A-B, Per Domain LSP B, |nter-donmain
Link B-C, and Per Domain C.

It is inportant to realize that this end-to-end tunnel for a virtual
network should be identifiable fromother tunnels in the networks so
as to guarantee its performance objective associated with this
particul ar tunnel. See Section 2.2 for ACTN applicability for

detail ed di scussion on this aspect.

As per [BRPC-Stitch], Stitching Label (SL) is defined as a dedicated
| abel that is used to stitch two tunnels (RSVP-TE tunnels or Segnent
Routing paths). This l|abel is exchanged between exit BN(i) and entry
BN(i +1) via PCEP. In case of HPCE, the SL is conveyed fromentry
BN(i +1) to the child PCE(i+1) to the parent PCE, and then to child
PCE(i) to the entry BN(i). The exit BN(i) learns the SL via the per-
domai n LSp setup technique (RSVP-TE, SR, PCECC etc).

[BRPC-Stitch] define new LSP setup types for BRPC node, this
docunent al so uses the sane LSP setup type for the Stateful H PCE
node.

o TBD1: Inter-Donmain Traffic engineering end-to-end path is
setup using H PCE nethod. This new LSP-TYPE val ue MUST be set in a
PClnitiate nmessages sends by a P-PCE (Parent PCE) to its C PCE
(child PCE) of transit and destination domains to initiate a new
inter-domain LSP tunnel. In turn, the CGPCE MIST return a Stitching
Label SL in the RRO of the PCRpt nessage to P-PCE

o TBD2: Inter-Donmain Traffic engineering local path is setup
using RSVP-TE. This new LSP-TYPE val ue MJST be set in the
PClnitiate message sends by a CPCE(i) requesting to a PCC of
domain(i) to initiate a new local LSP tunnel (i) which is part of an
inter-domain LSP tunnel. This LSP-TYPE val ue MUST be used by the C
PCE(i) only after receiving a PCinitiate nmessage with an LSP-TYPE
equal to TBD1 froma P-PCE. |In turn, the PCC of domain(i) MJST
return a Stitching Label SL in the RRO of the PCRpt nessage.

o TBD3: Inter-Donmain Traffic engineering local path is setup
usi ng Segnment Routing (SR). This new LSP-TYPE val ue MJST be set in
the PClnitiate nmessage sends by a G PCE(i) requesting to a PCC of
domain(i) to initiate a new Segment Routing path which is part of
an inter-domai n Segnent Routing path. This LSP-TYPE val ue MUST be
used by the G-PCE(i) only after receiving a PClnitiate nessage with
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an LSP-TYPE equal to TBD1 froma P-PCE. 1In turn, the PCC MJST
return a Stitching Label SL in the RRO of the PCRpt nessage.

[Editor’s Note - This draft authors plan to discuss with authors of
[BRPC-Stitch] to sinplify this, as any new path setup type |ike
PCECC woul d require another path-setup type to be defined here.]

Thus, these LSP-TYPE val ue MJUST be set in PCEP nmessages sends by a
Parent PCE to child PCE as well as between child PCE and the PCCs
when SL is used.

2.1. Stateful H PCE Stitching Procedure
Taki ng the sanpl e hierarchical donain topol ogy exanple from

[ RFC6805] as the reference topology for the entirety of this
docunent .
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3

Section 3.3.1 of [Stateful H PCE] describes the per-donain stitched
LSP node and list all the steps needed. To support SL based
stitching, the steps are nodified as follows -

Using the reference architecture described in Figure above:

(1) The P-PCE (PCE5) is requested to initiate a LSP.

Steps 4 to 10 of section 4.6.2 of [RFC6805] are executed to
deternmine the end to end path, which are broken into per-domain LSPs

say -
0o S-BM1
0 BN41-BN33
0 BN33-D

For LSP (BN33-D)

(2) The P-PCE (PCE5) sends the initiate request to the child PCE
(PCE3) via PClnitiate nessage for LSP (BN33-D) w th ERO=(BN33..D)
and LSP- TYPE=TBD1.

(3) The PCE3 further propagates the initiate nessage to BN33 with
the ERO and LSP- TYPE=TBD2/ TBD3 based on setup type.

(4) BN33 initiates the setup of the LSP as per the path and reports
to the PCE3 the LSP status ("GO NG UP").
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(5) The PCE3 further reports the status of the LSP to the P-PCE
( PCES) .

(6) The node BN33 notifies the LSP state to PCE3 when the state is
"UP" it also carry the stitching | abel (SL33) in RRO as
(SL33, BN33..D).

(7) The PCE3 further reports the status of the LSP to the P-PCE
(PCE5) as well as carry the stitching | abel (SL33) in RRO as
(SL33,BN33..D).

For LSP (BN41- BN33)

(8) The P-PCE (PCE5) sends the initiate request to the child PCE
(PCE4) via PClnitiate nmessage for LSP (BN41-BN33) with
ERO=(BN41. . BN42, SL33, BN33) and LSP- TYPE=TBD1

(9) The PCE4 further propagates the initiate nessage to BN4A1l with
the ERO and LSP- TYPE=TBD2/ TBD3 based on setup type. In case of
RSVP_TE, the node BN41l encode the stitching | abel SL33 as part of
the ERO to nake sure the node BN42 uses the |abel SL33 towards node
BN33. In case of SR, the label SL33 is part of the |abel stack
pushed at node BN4L.

(10) BM41 initiates the setup of the LSP as per the path and reports
to the PCE4 the LSP status ("GO NG UP").

(11) The PCE4 further reports the status of the LSP to the P-PCE
(PCE5) .

(12) The node BN41 notifies the LSP state to PCE4 when the state is
"UP" it also carry the stitching | abel (SL41) in RRO as
(SL41, BNAL. . BN33).
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(13) The PCE4 further reports the status of the LSP to the P-PCE
(PCE5) as well as carry the stitching | abel (SL41) in RRO as
(SL41, BNAL. . BN33).

For LSP (S BN41)

(14) The P-PCE (PCE5) sends the initiate request to the child PCE
(PCEl) via PCnitiate message for LSP (S-BN41) with
ERO=( S. . BN13, SL41, BN41).

(15) The PCEl1l further propagates the initiate nessage to node S
with the ERO In case of RSVP_TE, the node S encode the stitching

| abel SL41 as part of the ERO to make sure the node BN13 uses the

| abel SL41 towards node BN41l. In case of SR, the label SL41 is part
of the | abel stack pushed at node S

(16) S initiates the setup of the LSP as per the path and reports
to the PCE1 the LSP status ("GO NG UP").

(17) The PCE1l further reports the status of the LSP to the P-PCE
( PCE5) .

(18) The node S notifies the LSP state to PCEL when the state
is"UP".

(19) The PCEl1l further reports the status of the LSP to the P-PCE
(PCE5) .

In this way, per-domain LSP are stitched together using the
stitching label (SL). The per-domain LSP MJUST be setup fromthe
destination domain towards the source domain one after the other

Lee & Dhody Expi res June 27 2018 [ Page 9]



Internet-Draft PCEP for nmulti-domain LSP stitching Decenber 2017

Once the per-domain LSP is setup, the entry BN chooses a free | abe
for the Stitching Label SL and add a new entry in its MPLS LFIB with
this SL label. The SL fromthe destination domain is propagated to
adj acent transit domain, towards the source donmain at each step.
Thi s happens through the entry BN to CGPCE to the P-PCE and vi ce-
versa. I n case of RSVP-TE, the entry BN further propagates the SL
label to the exit BN via RSVP-TE. In case of SR the SL label is
pushed as part of the SR | abel stack

2.2. Applicability to ACTN

[ACTN] describes franework for Abstraction and Control of TE

Net wor ks (ACTN), where each Physical Network Controller (PNC) is
equi valent to GPCE and P-PCE is the Miulti-Domain Service

Coordi nator (MDSC). The Per donmain stitched LSP as per the

Hi erarchical PCE architecture described in Section 3.3.1 and Section
4.1 of [Stateful HPCE] is well suited for ACTN

The stitching | abel (SL) mechani sm as described in this docunent is
wel|l suited for ACTN when per donmain LSP needs to be stitched to
forman E2E tunnel or a VN Menber. It is to be noted that certain
VNs require isolation fromother clients. The stitching | abel
mechani sm descri bed in this docunent can be applicable to the VN

i sol ation use-case by uniquely identifying the concatenated
stitching | abels across multi-domain only to a certain VN nmenber or
an E2E tunnel

3. Security Considerations

Procedures and protocol extensions defined in this docunent do not
effect the overall PCEP security nodel. See [RFC5440], [I-D.ietf-
pce-pceps]. It is suggested that any mechani smused for securing the
transm ssi on of other PCEP nessage be applied here as well. As a
general precaution, it is RECOWENDED that these PCEP extensions
only be activated on authenticated and encrypted sessions bel ongi ng
to the same adninistrative authority.

4. | ANA Consi der ati ons

Thi s docunment requests | ANA actions to allocate code points for the
protocol elenents defined in this docunent.
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