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Legal Provisions and are provided wi thout warranty as described in
the Sinplified BSD License.

Abst r act

Generalized Multiprotocol Label Switching (GWLS) defines a set of
protocols for the creation of Label Switched Paths (LSPs) in various
swi tching technologies. It can be used for different types of

swi t chi ng technol ogi es.

Thi s docunment conplinents existing standards by expl aining the

m ssing pieces of information during the Resource ReserVation
Protocol -Traf fic Engi neering (RSVP-TE) signaling procedure in support
of resource sharing-based LSP setup/teardown in GWLS-controll ed
circuit networks.
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1. Introduction

Generalized Multiprotocol Label Switching (GWLS) [RFC3945] defines a
set of protocols, including OQpen Shortest Path Fist - Traffic

Engi neering (CSPF-TE) [ RFC4203] and Resource ReserVation Protocol -
Traffic Engineering (RSVP-TE) [RFC3473]. These protocols can be used
to create Label Switched Paths (LSPs) in a nunber of depl oynent
scenarios with various transport technol ogies. The GWLS protocol

set extends MPLS, which supports only Packet Switch Capable (PSC) and
Layer 2 Switch Capable interfaces (L2SC), to also cater for
interfaces capable of Tinme Division Miltiplexing (TDM, Lanbda

Swi t ching and Fi ber Swi tching.
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In MPLS networks, in order to avoid doubl e booking of resource during
the process of LSP restoration or LSP re-optinization, the Mke-

Bef ore- Break (MBB) exploiting the Shared-Explicit (SE) reservation
style can be enployed, as specified in [RFC3209]. This nethod is al so
used in GWLS-control |l ed networks [ RFC4872] [ RFC4873] for end-to-end
and segnment recoveries of LSPs. This was further generalized to
support resource sharing oriented applications in MPLS networks as
well as non-LSP contexts, as specified in [ RFC6780].

Due to the fact that the features of GWLS-controll ed networks
(specifically for TDM LSC and FSC), are not identical to that of the
MPLS networ ks, additional considerations for resource sharing based
LSP associ ation are needed. For exanple, in MPLS networks, |abel has
no meani ng/ match in the data plane but this is not the case in GWLS-
controlled circuit networks, such as Optical Transport Network (OTIN)
and Wavel engt h-Swi tched Optical Networks (WSON), where the | abe

mat ches the resource used in the data plane. So, during the signaling
procedure for resource sharing based LSP setup/teardown, the

behavi ors of the nodes along the path may be different fromthat in
the MPLS networks as well as the effect it may has upon the traffic
delivery. Sonme other issues are al so discussed in Section 2.

The purpose of this draft is to describe the signaling process for
resource sharing-based LSP setup/teardown for GWLS-based circuit
networ ks. This includes the node behavi or description, besides
clarifying some un-discussed points for this process. Two typica
exanples nentioned in this draft are LSP restoration and LSP re-
optimization, where it is desirable to share resources. This draft
does not define any RSVP-TE extensions. |f necessary, discussions nmay
be provided to identify potential extensions to the existing RSVP-TE
protocol. It is expected that the extensions, if there is any, wll
be addressed in separate drafts.

2. Probl em St at enent

S - + S - +
| F +------ + G Fommmm - +
+- - - -+ Homm - + |
| |
I I
S + S + +o- - -+ S + +o- - -+
| A +----+ B +----- + C +--X---+ D +----- + E |
E - + E - + E - + E - + E - +

Figure 1: A Sinmple OIN Network
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Using the network shown in Figure 1 as an exanmple, LSP1 (A-B-C-D-E)
is the working LSP and it allows for resource sharing when the LSP is
dynamically rerouted due to link failure. Upon detecting the failure
of a link along the LSP1, e.g. Link CD, node A needs to decide to
which alternative path it will establish to reroute the traffic. In
this case, A-B-C-F-GE is chosen as the alternative path and the
resource on the path segment A-B-Cis re-used by this to-be-
established path. Since this is an OIN network, different from
packet -swi t chi ng network, the | abel has a mapping into the data pl ane
resource used and al so the nodes al ong the path needs to send
triggering comands to data plane nodes for setting up cross-
connection accordingly during the RSVP-TE signaling process. So, the
followi ng issues are left un-described in the existing standards for
resource sharing based LSP setup/teardown in GWLS-controlled circuit
net wor ks:

0 The purpose of using SE can still be fulfilled?

As described in [ RFC3209], the purpose of nake before break (MBB) is
to ''not disrupt traffic or adversely inpact network operations while
TE tunnel rerouting is in progress’’. Due to the nature of the GWLS-
controlled circuit networks, the first point may not be able to be
fulfilled under certain scenarios. Thus, the name '’ make before break’
may no | onger holds true and worth di scussion

0 Is the current defined MBB nmethod sufficient in support of resource
shar ed- based LSP setup/teardown?

In [ RFC3209], the MBB nethod assunmes the old and new LSPs share the
same tunnel ID (i.e., sharing the sanme source and destination nodes).
[ RFCA873] does not inpose this constraint but limt the resource
sharing usage in LSP recoveries only. [RFC6780] generalizes the
resource sharing application, based on the ASSCCI ATI ON object, to be
useful in MPLS networks as well as in non-LSP association such as
Voice Call Waiting. Recently, there are also requirenents to
general i ze resource sharing of LSP with different tunnel IDs, such as
the one mentioned in [ PCEP-RSO and LSPs with LSP-stitching across
mul ti-domai ns. Thus, how the signaling process can nake internediate
nodes be aware of this resource sharing constraint and behavi or
accordingly is an issue that needs to be described and di scussed.

O Ot her issues such as what is the reservation style assigned to the
original LSP, and what is the node behavior during the traffic
reversion, in the GWwWLS-controlled circuit networks, are nissing and
shoul d be expl ai ned.
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3. RSVP-TE Signaling Procedure for Resource Sharing-based LSP
Set up/ Tear down

This section describes the signaling flow for resource sharing-based
LSP setup/teardown in GWLS-controlled circuit networks

For LSP restoration upon failure, as explained in Section 11 of

[ RFCA872], the purpose of using MBB is to re-use existing resource.
Thus, the behavior of the internmedi ate nodes during rerouting process
will not inpact on traffic since it has been interrupted due to the
al ready broken working LSP

However, for the follow ng two cases, the behavior of internediate
nodes may inpact the traffic delivery: (1) LSP reversion; (2) LSP
optim zation. Another dinmension that needs separate attention is how
to correlate the two LSPs sharing resource. For the ones sharing sane
tunnel ID, the nmajority description is provided in existing standards
[ RFC3209] [RFC4872]. For the ones with different Tunnel |Ds,
addi ti onal extensions are needed and discussed in this section.

3.1. LSPs with the Identical Tunnel ID

For this type of LSP resource sharing, SE flag and ASSCCI ATl ON obj ect
are used together. The forner is to enable sharing and the object is
to identify the two correl ated LSPs.

As a first step, in order to allow resource sharing, the original LSP
setup should explicitly carry the SE flag in the SESSI ON ATTRI BUTE
object during the initial LSP setup, irrespective of the purpose of
resource sharing

The basic signaling procedure for alternative LSP setup has been
described by existing standards. In [RFC3209], it describes the basic
MBB signaling flow for MPLS-TE networks. [RFC4872] adds additiona

i nformati on when using MBB for LSP rerouting.

As nentioned before, for LSP setup/teardown in GWLS-controlled
circuit networks, the network el enents along the path need to send
cross-connection setup/teardown comands to data pl ane node(s) either
during the PATH nessage forwardi ng phrase or the RESV nessage
forwardi ng phrase.
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3.1.1. LSP Restoration Setup and Reversion

For LSP restoration, the conplete signaling flow processes for both
LSP restoration upon failure and LSP reversion upon link failure
recovery are descri bed.

For LSP rerouting upon working LSP failure, using the network shown
in Figure 1 as an exanple.

Working LSP: A-B-C-D-E
Restoration LSP. A-B-CGF-GE

The restoration LSP may be cal cul ated by the head end nodes or a Path
Conput ati on El enent (PCE) [ RFC4655]. Assune that the cross connection
configuration command is sent by the control plane nodes during the
RESV forwardi ng phrase, the node behavior for setting up the
alternative LSP can be categorized into the following three
cat egori es:

Tabl e 1: Node Behavior during LSP Restoration

Reusi ng exi sting resource on both input and out put

i nterfaces.

This type of nodes only needs to book the existing
resource when receiving the PATH nessage and no cross-
connection setup command i s needed when receiving

t he RESV nessage.

Reusi ng existing resource only on one of the interfaces,
ei ther input or output interfaces and need to use new
resource on the other interface.

This type of nodes needs to book the resource on the

i nterface where new resource are needed and re-use the
exi sting resource on the other interface when it receives
t he PATH nessage. Upon receiving the RESV nessage, it
needs to send the re-configuration the cross-connection
command to its correspondi ng data pl ane node.

Usi ng new resource on both interfaces.

This type of nodes needs to book the new resource when

+ 4+ 4+ + 4+

+

+ o+

+

&
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+ receiving PATH and send the cross-connection setup
+ conmand upon receivi ng RESV.

As shown in Figure 2, depending on whether the resource is re-used or
not, the node behaviors differ. This deviates fromnnornal LSP setup
since some nodes do not need to re-configure the cross-connection
and t hus should not be viewed as an error. Al so, the judgnment whether
the control plane node needs to send a cross-connection
setup/ nodi fication command to its correspondi ng data pl ane node(s)
relies on the check whether the following two cases holds true: (1)

t he PATH nmessage received include a SE reservation style; (2) the
PATH nmessage identifies a LSP that sharing the same tunnel ID as the
LSP to share resource with. For the second point, the processing

rul es and configuration of ASSOCATI ON object defined in [ RFC4872] are

f ol I owed.
+---+ +---+ +---+ +---+ +---+ +---+
| Al | B | C| | F | G| | E|
+- +- + +- +- + +- +- + +- +- + +- +- + +- +- +
|  PATH I I I I I
Cl +---------- X+ Cl | | | |
I I I I I I
I |  PATH I I I I
| AREEEEPEEE X+ C2 | | |
I I |  PATH I I I
| | SRREEEREES X+ C3 | |
I I I | PATH I I
| | | SRREEREREE X C3 |
I I I I |  PATH I
| | | | Fee e X+ C3
I I I I I I
I I I I |  RESV I
| | | | C3+X- - - m e e - + C3
I I I |  RESV I I
| | | R + |
I I |  RESV I I I
| | Ko - n e oo + | |
I |  RESV I I I I
| Cl +Xe--nnnnn-- . | | |
|  RESV | | | | I
Cl +X--mmmmmmnn + | | | |

Figure 2: Restoration LSP Setup Signaling Procedure for LSP Restoration
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If the LSP rerouting is revertive, which is a conmon requirenent in
transport networks [LSP-restoration], the traffic will be reverted to
the working LSP if its failure is recovered. The three types of nodes
cl assified above al so have different behaviors during the process for
tearing down the alternative LSP, as explained in Table 2

Tabl e 2: Node Behavi or during LSP Reversion

_________ o e m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e e mmm = =
Cat egory | Node Behavi or during LSP Reversion
_________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e m e mmm = =
D1 + Resource reused on both interfaces.
+ Wen receiving PATH TEAR, it only deletes the alternative
+ LSP state info in the control plane w thout changing the
+ cross-connection.
_________ o o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e e e mmm =
D2 + Resource reused on only one interface.
+ When receiving PATH TEAR, it deletes the alternative path
+ state information in the control plane as well as rel ease
+ the resource on the interface that is not re-used between
+ the working and Restoration LSP
_________ o o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e e e mmm =
D3 + No resource are reused.
+ When receiving PATH TEAR, it deletes the state infornation
+ related to the alternative LSP as well as tears down the
+ cross-connection to rel ease the resource.
_________ o m m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e e e e m ==

Note that before the working LSP failure recovers, the LSP in the
control plane is still running and also it views the data pl ane
resource still belongs to the working LSP. However, the re-used
resource al so belongs to the alternative LSP and these resources are
actually used by the alternative LSP. So when the working LSP
recovers, it needs to fresh the signaling nessages to re-establish
the working LSP cross-connection. The process would be simlar to
that shown in Figure 2, but running along the nodes on the working
LSP path (i.e., A-B-CDE). Note this will interrupt the traffic
delivery on the alternative LSP (i.e., Mking the working LSP Wile
Breaking the alternative LSP). This point is different fromthat of
the MPLS networks. If no traffic interruption is nmandated, mechani sns
to ensure that the traffic can still be delivered shoul d be enpl oyed
and is outside the scope of this docunent.
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Fi gure 3 shows the signaling process of the alternative LSP teardown
during the LSP reversion. Simlar to that of the alternative LSP
setup process, the nodes may not need to reconfigure the cross-
connection and the rationale is simlar to that described above. For
alarmfree LSP deletion in optical networks, the nmechani sns descri bed
in Section 6 of [RFC4208] should be foll owed.

+---+ +---+ +---+ +---+ +---+ +---+
| Al | B | C| | F I | G| | E|
+-+- + +-+- + +-+- + +-+- + +-+- + +-+- +

I I I I I I

| PATHTEAR | [ [ [ [
DL 4---------- X+ D1 [ [ [ |

I I I I I I

[ | PATHTEAR | [ [ [

| ommme - X+ D2 | | |

| | | PATHTEAR | | |

| | oo X+ D3 | |

[ [ [ | PATHTEAR | [

| | | ASREEEEEEES X| D3 |

[ [ [ [ | PATHTEAR |

[ [ | | S X+ D3

| | | N _ |

Fi gure 3: Tear-down of Alternative LSP for LSP Reversion

3.1.2. LSP Re-optimzation Setup and Reversion

For LSP re-optim zation where the new LSP and old LSPs share resource
the signaling flow for new LSP setup and old LSP teardown is simlar
to that are shown in Figure 2 and 3.

The issue that should be noted is the traffic will be disrupted if
the new path setup process changes the cross-connection configuration
of the nodes along the old LSP. If no traffic interruption is
desirable, it should either ensure that the old and new LSP does not
share the resource other than the source and destinati on nodes or
usi ng other mechanisnms. This is out the scope of this draft.

3.2. LSPs with Different Tunnel I|Ds
For two LSPs with different Tunnel |Ds, the ASSOCI ATI ON object is

used to both specify they are sharing resource (by setting
ASSOCI ATION type as 2) as well as identify these correlated LSPs.
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There are two types: (1) sharing the common nodes, such as segnent
recovery, the source and destination nodes of the segment recovery
LSP is the internedi ate nodes al ong the working LSPs; (2) resource
sharing is used in a generalized context (such as nulti-Ilayer or

mul ti-domain networks); it may result in either sharing source nodes
in common, or destination nodes in common, or non end points in
conmon, if viewed fromone domain’s perspective. The path conputation
can either be performed by the source node or edge nodes for the
pat h/ path segment or carried out by the PCE, such as the one
explained in [PCEP-RSQ. This draft does not inpose any constraint
with regard to path conputation.

In [RFC4873], it only considers resource sharing for LSP segnent
recovery. The ASSOCI ATI ON obj ect configuration is limted. [RFC6780]
extends the usage of ASSOCI ATI ON obj ects to cover generalized
resource sharing applications. The extended ASSCCI ATI ON object is
primarily defined for MPLS-TP, but it can be applied in a w der scope
[ RFC6780]. It can be used in the second types mentioned above. The
configuration and processing rules of extended ASSCCI ATl ON obj ect
defined in [ RFC6780] shoul d be obeyed. The only issue that need pay
attention to is that uni queness of LSP association for the second
type shoul d be guaranteed when crossing the |layer or domai n boundary.
The mechani sns for how to ensure so are outside of the scope of this
docunent .

O her than this, the signaling flow for this type of resource sharing
is simlar to description provided in Section 3.1.1. Simlar to what
is discussed in previous sections, the traffic delivery may be

i nterrupted. Depending on whether the short traffic interruption is
acceptabl e or not, additional nechani sns nmay needed and are outside
of the scope of this draft.

4. Security Considerations

This draft does not incur any new security issues other than those
al ready covered in [ RFC3209] [RFC4872] [RFC4873] and [ RFC6780].

5. 1 ANA Consi derations

This informational docunent does not nake any requests for | ANA
action.
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