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Abst ract

Generalized Multi-Protocol Label Switching (GWLS) control allows
each network element (NE) to performresource discovery, routing and
signaling in a distributed manner. On the other hand, with the

devel opnent of software-defined transport networking technol ogy,
central controllers are introduced to transport networks to control
a set of NEs.

In transport networks, the GWLS control has many mature nechani sns
such as RSVP-TE, OSPF-TE, and LMP, so that GWLS can be applied for
the NE-l1evel control in the centralized controller systens.

Thi s docunent describes how GWLS control interworks with
centralized controller systens (e.g. ACTN) in transport network.

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 docunments of the Internet Engineering
Task Force (1ETF), 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 nmaxi num of six

mont hs and rmay be updated, replaced, or obsol eted by other documents
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/1id-abstracts.txt.

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

Generalized Multi-Protocol Label Switching (GWLS) [RFC3945] extends
MPLS to support different classes of interfaces and swi tching
capabilities such as Tinme-Division Miltiplex Capable (TDV, Lanbda
Switch Capable (LSC), and Fi ber-Switch Capable (FSC). Each network
el ement (NE) running a control plane collects network information
fromother NEs and provisions services through signaling in a

di stributed manner.

On the other hand, Software-Defined Networking (SDN) technol ogi es
have been introduced to control the transport network in a
centralized manner. Central controllers, which can | ocate outside of
the network, can collect network information fromeach node and
provi sion services to correspondi ng nodes. One of the exanples is
the Abstraction and Control of Traffic Engi neered Networks (ACTN)
[I-Dietf-teas-actn-franework], which defines a hierarchica
architecture with PNC, MDSC and CNC as central controllers for
different network abstraction |evels.

In such centralized controller systens, GWLS can be applied for the
NE- | evel control. Introducing GWLS in centralized controller system
can reuse the mature mechani sns defined for GWLS and be practica
for legacy transport networks. This document describes how GWLS
control interworks with centralized controller systemin transport
net wor k.

2. Overview
In this section, overviews of GWLS control plane and centralized
controller systemare discussed as well as the cooperation between
GWLS control plane and centralized controller system

2.1. Overview of GWLS Control Pl ane
GWPLS separates the control plane and the data plane to support
time-division, wavel ength, and spatial sw tching, which are

significant in transport networks. For the NE | evel control in
GWLS, each node has its controller to perform service provisioning,
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protection, and restoration. At the sanme time, the controller can
negoti ate available link resources with controllers in adjacent
nodes, and it can also collect node and link resources in the
network to construct the network topol ogy and conpute routing paths
for serving service requests.

Several protocols have been designed for GWLS control [RFC3945]

i ncludi ng I'i nk managenment [ RFC4204], signaling [RFC3471], and
routing [ RFC4202] protocols. The controllers applying these
protocol s communi cate with each other to exchange resource
informati on and establish LSP. In this way, controllers in different
nodes in the network have the same network topol ogy and provision
services by their local policies.

2.2. Overview of Centralized Controller System

Wth the devel opnent of SDN technol ogi es, centralized controller
system has been introduced to transport networks such as ACTN. In
centralized controller system a controller is aware of the network
topol ogy and is responsible for provisioning incomnmng service
requests. In ACTN, nmultiple abstraction |levels are designed and
controllers at different levels inplenent different functions. This
ki nd of abstraction enables nmulti-vendor, multi-domain, and nulti-
t echnol ogy control

For exanple in ACTN, an MDSC coordi nates several PNCs controlling
di fferent domains. Each PNC reports its topol ogy, which can be
abstracted, to the MDSC, so that the MDSC | earns the picture of

mul tiple donmains. When a nulti-donain service arrives at the MDSC
the MDSC first computes an end-to-end routing path. Then the MDSC
splits this path to nmultiple segnent according to domai n boundaries
and all ocate each segnment to corresponding PNC for detail ed path
comput ation and LSP segment setup. After each PNC reporting the

est abl i shnent of corresponding LSP segnent, this nulti-donain
service i s accommodat ed

2.3. GWLS Control Interwork with Centralized Controller System

Centralized controller systemas ACIN provides the architecture and
communi cati on between central controllers of different abstraction
| evel s to coordinate multiple donmains. Wthin each donmain, GWLS
control can be applied to each NE. The bottom | evel centra
controller like PNC can act as a NE to collect network information
and initiate LSP. Follow ng figure shows an exanple of GWLS

i nterworking with ACTN.
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Figure 1: Exanple of GWLS interworks with ACTN

In Figure 1, each domain runs GWPLS control. The PNC |istens LSAs
flooded in the domain and | earns the topol ogy. For path conputation
in the domain with PNC i npl enmenting a PCE, NEs use PCEP to ask the
PNC for a path and get replies. The MDSC communi cates with PNCs
usi ng RESTConf or YANG nodels. As a PNC has learned its domain
topol ogy, it can report the topology to the MDSC. When a service
arrives, the MDSC conputes the path and coordi nates PNCs to
establish the correspondi ng LSP segnent.

3. Link Managenent Protoco
Li nk managenent protocol (LMP) [ RFC4204] runs between a pair of
nodes and is used to manage TE links. In addition to setup and

mai ntain control channels, LMP can be used to verify the data |ink
connectivity and correlate the link property. In this way, link
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resources, which are fundanmental resources in the network, are
di scovered by both ends of the link

4. Routing Options

In GWLS control, link state information is flooded within the
network as defined in [ RFC4202]. Each node in the network can build
the network topol ogy according to the flooded |ink state

i nformati on. Routing protocols such as OSPF-TE [ RFC4203] and |ISIS-TE
[ RFC5307] have been extended to support different interfaces in
GWPLS.

In centralized controller system central controller can be placed
at the GWLS network and passively receive the information fl ooded
in the network. In this way, the central controller can construct
and update the network topol ogy.

4.1. OSPF-TE

OSPF-TE is introduced for TE networks in [ RFC3630]. OSPF extensions
have been defined in [RFC4203] to enable the capability of |ink
state information for GWLS network. Based on this work, OSPF
protocol has been extended to support technol ogy-specific routing.
The routing protocol for OTN, WSON and optical flexi-grid network
are defined in [RFC7138], [RFC7688] and [I-D.ietf-ccanp-flexible-
grid-ospf-ext], respectively.

4.2. 1SISTE

ISIS-TE is introduced for TE networks in [ RFC5305] and is extended
to support GWPLS routing functions [ RFC5307], and has been updated
to [ RFC7074] to support the latest GWLS switching capability and
Types fields.

5. Path Conputation

Once a controller learn the network topology, it can utilize the
avail abl e resources to serve service requests by performng path
computation. Path conputation is one of the key objectives in
various types of controllers. In the given architecture, it is
possi ble for different conponents that have the capability to
comput e the path.

5.1. Constraint-based Path Conmputing in GWLS Control

In GWLS control, a routing path is conputed by the ingress node
[ RFC3473] and is based on the ingress node TED. Constraint-based
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path conputation is perfornmed according to the Iocal policy of the
i ngress node.

5.2. Path Conputation El enent (PCE)

PCE has been introduced in [RFC4655] as a functional conponent that
provi des services to conpute path in a network. In [RFC5440], the
pat h conputation is acconplished by using the Traffic Engineering
Dat abase (TED), which nmaintains the link resources in the network
The energence of PCE efficiently inprove the quality of network

pl anning and of fline conputation, but there is a risk that the
computed path nmay be infeasible if there is a diversity requirenent,
because statel ess PCE has no know edge about the forner conputed

pat hs.

To address this issue, stateful PCE has been proposed in [ RFC8231].
Besi des the TED, an additional LSP Database (LSP-DB) is introduced
to archive each LSP conputed by the PCE. In this way, PCE can easily
figure out the relationship between the conputing path and former
computed paths. In this approach, PCE provides conmputed paths to
PCC, and then PCC decides which path is depl oyed and when to be

est abl i shed.

In PCE Initiation [I-D.ietf-pce-pce-initiated-1sp], PCE is allowed
to trigger the PCC to setup, naintenance, and teardown of the PCE-
initiated LSP under the stateful PCE nodel. This would allow a
dynam c network that is centrally controlled and depl oyed

In centralized controller system the PCE can be inplenent in a
central controller, and the central controller perforns path

comput ation according to its local policies. On the other hand, the
PCE can al so be placed outside of the central controller. In this
case, the central controller acts as a PCC to request path
conputation to the PCE through PCEP.

6. Signaling Options

Signaling mechanismis used to setup LSPs in GWLS control. Messages
are sent hop by hop between the ingress node and the egress node of
the LSP to allocate |labels. Once the |abels are allocated al ong the
path, the LSP setup is acconplished. Signaling protocols such as
RSVP- TE [ RFC3473] and CR-LDP [ RFC3472] have been extended to support
different interfaces in GWLS

In centralized controller system the central controller can nmanage
LSPs by using PCE-initiation [I-D.ietf-pce-pce-initiated-lsp] to
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notify the correspondi ng i ngress node. The ingress node will
mai ntain the LSP through GWLS signal i ng.

6.1. RSVP-TE

RSVP-TE is introduced in [ RFC3209] and extended to support GWPLS
signaling in [RFC3473]. Several |abel formats are defined for a
generalized | abel request, a generalized | abel, suggested | abel and
| abel sets. Based on [RFC3473], RSVP-TE has been extended to support
t echnol ogy-specific signaling. The RSVP-TE extensions for OIN, WSON
optical flexi-grid network are defined in [ RFC7139], [RFC7689], and
[ RFC7792], respectively.

6.2. CR-LDP

10.

In order to support the | abel formats and signaling nechani sm
defined in [RFC3471], CR-LDP is extended in [RFC3472]. Several |abe
formats are defined and bidirectional LSPs are supported.

Recovery

The GWPLS recovery functions are described in [ RFC4426]. Two nodel s,
span protection and end-to-end protection and restoration, are

di scussed with different protection schemes and nmessage exchange
requi renents. Rel ated RSVP-TE extensions to support end-to-end
recovery is described in [ RFC4872]. The extensions in [ RFC4872]

i nclude protection, restoration, preenption, and rerouting
nmechani sns for an end-to-end LSP

Besi des end-to-end recovery, a GWLS segnment recovery mechanismis
defined in [ RFC4873]. By introducing secondary record route objects,
LSP segnment can be switched to another path |like fast rereoute
[ RFC4090] .
Net wor k Managenent
TBD.
Security Considerations
TBD.
| ANA Consi derati ons

Thi s docunment requires no | ANA actions.
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