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Abstract

Generalized Multiprotocol Label Switching (GWLS) defines both
routing and signaling protocols for the creation of Label Switched
Pat hs (LSPs) in various switching technol ogies. These protocols can
be used to support a nunber of depl oynment scenarios. This nenp
addresses the application of GWLS to the overlay nodel.
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| nt roducti on

Generalized Multiprotocol Label Switching (GWLS) defines both
routing and signaling protocols for the creation of Label Swi tched
Pat hs (LSPs) in various transport technol ogies. These protocols can
be used to support a nunber of depl oynent scenarios. In a peer

nodel , edge- nodes support both a routing and a signaling protocol.
The protocol interactions between an edge-node and a core-node are
the sanme as between two core-nodes. |In the overlay nodel, the core-
nodes act nore as a closed system The edge-nodes do not participate
in the routing protocol instance that runs anong the core nodes; in
particul ar, the edge-nodes are unaware of the topology of the core-
nodes. There may, however, be a routing protocol interaction between
a core-node and an edge-node for the exchange of reachability

i nformati on to other edge-nodes.
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Figure 1: Overlay Reference Mdel

Figure 1 shows a reference network. The core network is represented
by the large box in the center. |t contains five core-nodes marked
"CN'. The four boxes around the edge nmarked "Overl ay Network"
represent four islands of a single overlay network. Only the nodes
of this network with TE links into the core network are shown. These
nodes are call ed edge-nodes; the ternmnology is in respect to the
core network, not the overlay network. Note that each box marked
"Overlay Network" could contain many other nodes. Such nodes are not
shown; they do not participate directly in the signaling described in
this docunent. Only the edge-nodes can signal to set up links across
the core to other edge-nodes.

How a |ink between edge-nodes is requested and triggered is out of
the scope of this docunent, as is precisely howthat link is used by
the Overlay Network. One possibility is that the edge-nodes wll

i nformthe other nodes of the overlay network of the existence of the
link, possibly using a forwardi ng adjacency as described in

[MPLS-H ER]. Note that this contrasts with a forwardi ng adj acency
that is provided by the core network as a |ink between core-nodes.
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In the overlay nodel, there nay be restrictions on what nmay be
signal ed between an edge-node and a core-node. This nmeno addresses
the application of GWLS to the overlay nodel. Specifically, it
addr esses RSVP-TE procedures between an edge-node and a core-node in

the overlay nodel. Al signaling procedures are identical to the
GWPLS extensions specified in [RFC3473], except as noted in this
docunent .

This docunent primarily addresses interactions between an edge-node
and it’'s adjacent (at the data plane) core-node; out-of-band and
non- adj acent signaling capabilities may nean that signaling nessages
are delivered on a longer path. Except where noted, the term core-
node refers to the node inmedi ately adjacent to an edge-node across a
particul ar data plane interface. The term core-nodes, however,
refers to all nodes in the core.

Realization of a single or multiple instance of the UNI is

i npl enent ati on dependent at both the CN and EN so long as it neets
the functional requirenents for robustness, security, and privacy
detailed in Section 7.

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in [ RFC2119].

Readers are assumed to be famliar with the term nol ogy introduced in
[ RFC3031], [GWPLS- ARCH], and [ RFC3471].

1.1. GWLS User-Network Interface (GVWPLS UNI)

One can apply the GWLS Overlay nodel at the User-Network Interface
(UNI') reference point defined in the Automatically Switched Optica
Network (ASON) [ G 8080]. Consider the case where the ' Core Network’
in Figure 1 is a Service Provider network, and the Edge Nodes are
"user’ devices. The interface between an EN and a CN is the UNI
reference point, and to support the ASON nodel, one nust define
signhal i ng across the UNI

The extensions described in this nmeno provi de mechani sns for UNI
signaling that are conpatible with GWLS signaling [ RFC3471

RFC3473]. Moreover, these mechanisns for UNI signaling are in |ine
with the RSVP nodel; nanely, there is a single end-to-end RSVP
session for the user connection. The first and |ast hops constitute
the UNI, and the RSVP session carries the user paraneters end-to-end.
This obviates the need to nap (or carry) user paraneters to (in) the
format expected by the network-to-network interface (NNI) used within
the Service Provider network. This in turn neans that the UNI and
NNl can be independent of one another, which is a requirenment of the
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ASON architecture. However, in the case that the UNl and NNI are
both GWLS RSVP-based, the nethodol ogy specified in this neno all ows
for a single RSVP session to instantiate both UNI and NNI signaling,
if so desired, and if allowed by Service Provider policy.

2. Addressing

Addresses for edge-nodes in the overlay nodel are drawn fromthe sane
address space as the edge-nodes use to address their adjacent core-
nodes. This may be the sanme address space as used by the core-nodes
to conmuni cate anong thenselves, or it nay be a VPN space supported
by the core-nodes as an overl ay.

To be nore specific, an edge-node and its attached core-node mnust
share the sane address space that is used by GWLS to signal between
t he edge-nodes across the core network. A set of <edge-node, core-
node> tupl es share the sane address space if the edge-nodes in the
set could establish LSPs (through the core-nodes) anong thensel ves
wi t hout address mapping or translation (note that edge-nodes in the
set may be a subset of all the edge-nodes). The address space used
by the core-nodes to conmuni cate anong thensel ves may, but need not,
be shared with the address space used by any of the <edge-node,
core-node> tuples. This does not inply a mandatory 1:1 mapping
between a set of LSPs and a given addressi ng space.

When nultiple overlay networks are supported by a single core
networ k, one or nore address spaces nmay be used according to privacy
requirenments. This may be achieved wi thout varying the core-node
addresses since it is the <edge-node, core-node> tuple that
constitutes address space menbership.

An edge-node is identified by either a single |IP address representing
its Node-1D, or by one or nore nunbered TE links that connect the
edge-node to the core-nodes. Core-nodes are assunmed to be ignorant
of any other addresses associated with an edge-node (i.e., addresses
that are not used in signaling connections through the GVPLS core).

An edge-node need only know its own address, an address of the

adj acent core-node, and know (or be able to resolve) the address of
any ot her edge-node to which it wi shes to connect, as well as (of
course) the addresses used in the overlay network island of which it
is a part.

A core-node need only know (and track) the addresses on interfaces
between that core-node and its attached edge-nodes, as well as the
Node |1 Ds of those edge-nodes. |In addition, a core-node needs to know
the interface addresses and Node | Ds of other edge-nodes to which an
attached edge-node is pernmitted to connect.
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Wien form ng a SENDER_TEMPLATE, the ingress edge-node includes either
its Node-1D or the address of one of its nunbered TE Iinks. 1In the
| atter case the connection will only be nade over this interface.

When formi ng a SESSI ON_OBJECT, the ingress edge-node includes either
the Node-ID of the egress edge-device or the address of one of the
egress’ nunbered TE links. In the latter case the connection will
only be nmade over this interface. The Extended_Tunnel _I D of the
SESSI ON Object is set to either zero or to an address of the ingress
edge- devi ce.

Li nks may be either nunbered or unnunbered. Further, links may be
bundl ed or unbundl ed. See [GWLS-ARCH], [RFC3471], [BUNDLE], and
[ RFC3477] .

3. ERO Processing

An edge-node MAY include an ERO. A core-node MAY reject a Path
nmessage that contains an ERO.  Such behavior is controlled by
(hopefully consistent) configuration. |If a core-node rejects a Path
nmessage due to the presence of an ERO it SHOULD return a PathErr
nmessage with an error code of "Unknown object class" toward the
sender as described in [RFC3209]. This causes the path setup to
fail.

Further, a core-node MAY accept ERGs that only include the ingress
edge- node, the ingress core-node, the egress core-node, and the
egress edge-node. This is to support explicit label control on the
edge-node interface; see below. [If a core-node rejects a Path
nmessage due to the presence of an EROthat is not of the permitted
format, it SHOULD return a PathErr nessage with an error code of Bad
Explicit Route Object as defined in [ RFC3209].

3.1. Path Message without ERO

Wien a core-node receives a Path nessage from an edge-node that
contains no ERO it MJST calculate a route to the destination and
include that route in an ERO, before forwardi ng the PATH nessage.
One exception would be if the egress edge-node were al so adjacent to
this core-node. |If no route can be found, the core-node SHOULD
return a PathErr nmessage with an error code and value of 24,5 - "No
route avail abl e toward destination".

3.2. Path Message with ERO
Wien a core-node receives a Path nessage from an edge-node that

contains an ERO, it SHOULD verify the route against its topol ogy
dat abase before forwardi ng the PATH nessage. |f the route is not
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vi abl e (according to topology, currently avail abl e resources, or
| ocal policy), then a PathErr nessage with an error code and val ue of
24,5 - "No route avail able toward destination” should be returned.

3.3. Explicit Label Control

In order to support explicit |label control and full identification of
the egress link, an ingress edge-node may include this information in
the ERO that it passes to its neighboring core-node. 1In the case

that no other EROis supplied, this explicit control information is
provi ded as the only hop of the ERO and is encoded by setting the
first subobject of the EROto the node-1D of the egress core-node
with the L-bit set; followi ng this subobject are all other subobjects
necessary to identify the Iink and | abels as they would normally
appear.

The sane rules apply to the presence of the explicit contro
subobjects as the last hop in the ERO if a fuller EROis supplied by
the ingress edge-node to its neighbor core-node; but in this case the
L-bit MAY be clear.

This process is described in [RFC3473] and [EXPLICIT].
4. RRO Processing

An edge-node MAY include an RRO. A core-node MAY renpve the RRO from
the Path nessage before forwarding it. Further, the core-node may
renove the RRO froma Resv nessage before forwarding it to the edge-
node. Such behavior is controlled by (hopefully consistent)
configuration

Further, a core-node MAY edit the RROin a Resv nessage such that it
i ncludes only the subobjects fromthe egress core-node through the
egress edge-node. This is to allow the ingress node to be aware of
the selected link and | abels on at the far end of the connection.

5. Notification
An edge-node MAY include a NOTI FY_REQUEST object in both the Path and
Resv nmessages it generates. Core-nodes may send Notify mnmessages to
edge- nodes that have included the NOTI FY_REQUEST obj ect.

A core-node MAY renove a NOTI FY_REQUEST object froma Path or Resv
nmessage received from an edge-node before forwarding it.

I f no NOTI FY_REQUEST object is present in the Path or Resv received

from an edge-node, the core-node adjacent to the edge-node may
i nclude a NOTI FY_REQUEST object and set its value to its own address.
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6.

In either of the above cases, the core-node SHOULD NOT send Notify
nmessages to the edge- node.

When a core-node receives a NOTlI FY_REQUEST object from an edge-node,
it MAY update the Notify Node Address with its own address before
forwarding it. 1In this case, when Notify nmessages are received, they
MAY be sel ectively (based on local policy) forwarded to the edge-
node.

Connecti on Del eti on

6.1. Alarm Free Connection Del etion

RSVP-TE currently del etes connections using either a single pass

Pat hTear nmessage, or a ResvTear and Pat hTear nessage conbi nation
Upon recei pt of the PathTear nessage, a node del etes the connection
state and forwards the nmessage. In optical networks, however, it is
possi bl e that the deletion of a connection (e.g., renoval of the
cross-connect) in a node may cause the connection to be perceived as
failed in downstream nodes (e.g., loss of frane, |loss of light,
etc.). This may in turn |lead to managenent al arnms and perhaps the
triggering of restoration/protection for the connecti on.

To address this issue, the graceful connection deletion procedure
SHOULD be foll owed. Under this procedure, an ADM N_STATUS obj ect
MJST be sent in a Path or Resv nessage al ong the connection’s path to
informall nodes en route to the intended deletion, prior to the
actual deletion of the connection. The procedure is described in

[ RFC3473] .

If an ingress core-node receives a PathTear wi thout having first seen
an ADM N_STATUS object informing it that the connection is about to
be deleted, it MAY pause the PathTear and first send a Path nmessage
with an ADM N_STATUS object to informall downstream LSRs that the
connection is about to be deleted. Wen the Resv is received echoing
the ADM N_STATUS or using a tiner as described in [RFC3473], the

i ngress core-node MJST forward the PathTear.

6.2. Connection Deletion with PathErr

[ RFC3473] introduces the Path_State Renoved flag to a PathErr nessage
to indicate that the sender has renoved all state associated with the
LSP and does not need to see a PathTear. A core-node next to an
edge- node MAY nap between teardown using ResvTear/ Pat hTear and

Pat hErr wi th Pat h_st at e_Renpved.
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A core-node next to an edge-node receiving a ResvTear fromits
downst r eam nei ghbor MAY respond with a PathTear and send a Pat hErr
with Path_State_ Renoved further upstream

Not e, however, that a core-node next to an edge-node receiving a

Pat hErr with Path_State Renmoved fromits downstream nei ghbor MJUST NOT
retain Path state and send a ResvTear further upstream because that
would inmply that Path state further downstream had al so been

retai ned.

7. VPN Connecti ons

As stated in the addressing section above, the extensions in this
docunent are designed to be conpatible with the support of VPNs.
Since the core network may be sonme technol ogy other than GWLS, no
mandat ory neans of mapping core connections to access connections is
speci fied. However, when GWLS is used for the core network, it is
RECOMVENDED t hat the foll owi ng procedure based on [ MPLS-H ER] is
fol | owed.

The VPN connection is nodel ed as being three hops. One for each
access |link and one hop across the core network.

The VPN connection is established using a two-step procedure. Wen a
Path nmessage is received at a core-node on an interface that is part
of a VPN, the Path nmessage is held until a core connection is

est abl i shed.

The connection across the core is setup as a separate signaling
exchange between the core-nodes, using the address space of the core
nodes. Wile this exchange is in progress, the original Path nmessage
is held at the ingress core-node. Once the exchange for the core
connection is conplete, this connection is used in the VPN connection
as if it were a single link. This is signaled by including an IF_ID
RSVP_HOP obj ect (defined in [RFC3473]) using the procedures defined
in [ MPLS-HI ER] .

The original Path nessage is then forwarded within the VPN addressing
realmto the core-node attached to the destinati on edge-node. Many
ways of acconplishing this are available, including IP and GRE
tunnel s and BGP/ MPLS VPNs. Specifying a particular neans is beyond
the scope of this docunent.
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8.

10.

10.

10.

Security Considerations

The trust nodel between the core and edge-nodes is different than the
one described in [RFC3473], as the core is pernitted to hide its
topol ogy fromthe edge-nodes, and the core is permtted to restrict
the actions of edge-nodes by filtering out specific RSVP objects.

Acknow edgnent s

The authors would like to thank Kireeti Konpella, Jonathan Lang,
Dimitri Papadimitriou, Dimtrios Pendarakis, Bala Rajagopal an, and
Adrian Farrel for their comments and input. Thanks for thorough
final reviews from Loa Andersson and Dinitri Papadimtriou.

Adrian Farrel edited the last two revisions of this docunent to
i ncorporate conments from Wrking Goup last call and from AD revi ew.

Ref er ences
1. Normati ve References

[ RFC2119] Bradner, S., "Key words for use in RFCs to Indicate
Requi renent Level s", BCP 14, RFC 2119, March 1997.

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

[ RFC3473] Berger, L., "Generalized Milti-Protocol Label Switching
(GWPLS) Signaling Resource ReserVation Protocol-Traffic
Engi neeri ng (RSVP-TE) Extensions", RFC 3473, January
2003.

[ RFC3209] Awduche, D., Berger, L., Gan, D., Li, T., Srinivasan,
V., and G Swall ow, "RSVP-TE: Extensions to RSVP for
LSP Tunnel s", RFC 3209, Decenber 2001.

2. Informati onal References

[ RFC3031] Rosen, E., Viswanathan, A, and R Call on,
"Mul tiprotocol Label Switching Architecture", RFC 3031,
January 2001.

[ RFC3477] Konpella, K and Y. Rekhter, "Signalling Unnunbered
Li nks in Resource ReSerVation Protocol - Traffic
Engi neering (RSVP-TE)", RFC 3477, January 2003.

Swal | ow, et al. St andar ds Track [ Page 10]



RFC 4208

[ BUNDLE]

[ EXPLI CI T]

[ GVPLS- ARCH]

[ MPLS- HI ER]

[ G 8080]

Swal | ow, et al.

RSVP- TE Support for the Overlay Mdel Oct ober 2005

Konpel l a, K., Rekhter, Y., and Berger, L., "Link
Bundling in MPLS Traffic Engineering (TE)", RFC 4201,
Cct ober 2005.

Berger, L., "GWLS Signaling Procedure for Egress
Control", RFC 4003, February 2005.

Manni e, E., "Generalized Milti-Protocol Label Sw tching
(GWPLS) Architecture", RFC 3945, Cctober 2004.

Konpella, K. and Y. Rekhter, "Label Switched Paths (LSP)
Hi erarchy with Generalized Milti-Protocol Label
Switching (GWLS) Traffic Engineering (TE)", RFC 4206,
COct ober 2005.

I TUT Rec. G 8080/Y.1304, "Architecture for the
Automatically Switched Optical Network (ASON)," Novemnber
2001 (and Revision, January 2003). For information on
the availability of this docunent, please see
http://ww.itu.int.

St andards Track [ Page 11]



RFC 4208 RSVP- TE Support for the Overlay Mdel Oct ober 2005

Aut hor s’ Addresses

George Swal | ow

Cisco Systens, Inc.
1414 Massachusetts Ave,
Boxbor ough, MA 01719

Phone: +1 978 936 1398
EMai | : swal | ow@i sco. com

John Drake

Boeing Satellite Systens
2300 East I nperial Hi ghway
El Segundo, CA 90245

Phone: +1 412 370-3108
EMai | : John. E. Drake2@oei ng. com

Hi r okazu | shi mat su

GIM Co., Ltd.

Ni shinippori Start up Ofice 214,
5-37-5 Ni shini ppori, Arakawaku,
Tokyo 116- 0013, Japan

Phone: +81 3 3891 8320
EMai | : hirokazu.ishimatsu@lmjp
Yakov Rekhter

Juni per Networks, Inc.

EMai | : yakov@ uni per. net

Swal | ow, et al. St andards Track [ Page 12]



RFC 4208 RSVP- TE Support for the Overlay Mdel Oct ober 2005

Ful I Copyright Statenent
Copyright (C) The Internet Society (2005).

This docunent is subject to the rights, licenses and restrictions
contained in BCP 78, and except as set forth therein, the authors
retain all their rights.

Thi s docunent and the information contained herein are provided on an
"AS | S" basis and THE CONTRI BUTOR, THE ORGANI ZATI ON HE/ SHE REPRESENTS
OR I'S SPONSORED BY (IF ANY), THE I NTERNET SOCI ETY 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 COF THE

| NFORVATI ON HEREI N W LL NOT | NFRI NGE ANY RI GHTS OR ANY | MPLI ED
WARRANTI ES OF MERCHANTABI LI TY OR FI TNESS FOR A PARTI CULAR PURPCSE.

Intell ectual Property

The | ETF takes no position regarding the validity or scope of any
Intell ectual Property Rights or other rights that m ght be clained to
pertain to the inplenentation or use of the technol ogy described in
this docunent or the extent to which any |icense under such rights

m ght or might not be available; nor does it represent that it has
made any independent effort to identify any such rights. |Information
on the procedures with respect to rights in RFC docunents can be
found in BCP 78 and BCP 79.

Copi es of IPR disclosures nmade to the | ETF Secretariat and any
assurances of licenses to be nmade available, or the result of an
attenpt nmade to obtain a general |icense or permission for the use of
such proprietary rights by inplenmenters or users of this

speci fication can be obtained fromthe | ETF on-line |IPR repository at
http://ww.ietf.org/ipr.

The IETF invites any interested party to bring to its attention any
copyrights, patents or patent applications, or other proprietary
rights that nmay cover technol ogy that nay be required to inplenment
this standard. Please address the information to the IETF at ietf-
ipr@etf.org.

Acknow edgenent

Funding for the RFC Editor function is currently provided by the
I nternet Society.

Swal | ow, et al. St andar ds Track [ Page 13]






