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or unnunbered identifiers during the signaling process.

The nechani sns defined in this docunent deprecate the technique for
the signaling of LSPs that are to be used as nunbered TE links
described in RFC 4206.
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1. Introduction and Probl em St at enent

Traffic Engineering (TE) links in a Multiprotocol Label Swtching
(MPLS) or a Ceneralized MPLS (GWLS) network rmay be constructed from
Label Switched Paths (LSPs) [RFC4206]. Such LSPs are known as

hi erarchical LSPs (H LSPs).

The LSPs established in one network may be used as TE links in

anot her network, and this is particularly useful when a server |ayer
network (for exanple, an optical network) provides LSPs for use as TE
links in a client network (for exanple, a packet network). This
enabl es the construction of a nultilayer network (MN) [RFC5212].

When the nunber of TE links (created fromLSPs or otherw se) between
a pair of nodes grows large, it is inefficient to advertise them
individually. This nmay cause scaling issues in configuration and in
the routing protocols used to carry the advertisenments. The solution
(described in [RFC4201]) is to collect the TE |inks together and to
advertise themas a single TE link called a |ink bundle.
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These various nechani sns have proved to be very powerful in building
dynani cal | y provisioned networks, but, as set out later in this
docunent, several issues have been identified during deployment wth
how LSPs are established and made avail able for use as H LSPs or as
conmponents of a link bundle, and with how these |inks are adverti sed
appropriately in an interior gateway protocol (1GP). These issues
relate to how the LSP's endpoints coordinate two things: the use to
which the LSP is put and the identifiers of the endpoints.

Thi s docunent provides solutions to these issues by defining
mechani sns so that the ends of signaled LSPs can exchange infornmation
about :

- Whether the LSP is an ordinary LSP or an H LSP

- In which IGP instances the LSP should be advertised as a |link

- How the client networks should make use of the new |inks.

- Whether the link should formpart of a bundle (and if so, which
bundl e) .

- How the link endpoints should be identified when adverti sed.

Thi s docunent deprecates one of the mechani snms defined in [ RFC4206]
for the signaling of LSPs that are to be used as nunbered TE |inks
(see Sections 1.3.6 and 1.4.6 for nore details), and provides
extensions to the other nmechanisns defined in [ RFC4206] so that the
use to which the new LSP is to be put nmay be indicated during
signaling. 1t also extends the nechanisns defined in [ RFC3477] for
si gnal i ng unnunbered TE |i nks.

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].

1.1. Background
1.1.1. Hierarchical LSPs

[ RFC3031] describes how MPLS | abel s may be stacked so that LSPs nay
be nested with one LSP running through another. This concept of
HLSPs is formalized in [ RFC4206] with a set of protocol nechanisns
for the establishment of an H-LSP that can carry one or nore other
LSPs.

[ RFC4206] goes on to explain that an HLSP rmay carry other LSPs only
according to their switching types. This is a function of the way

| abel s are carried. 1In a packet switch capable (PSC) network, the
H LSP can carry other PSC LSPs using the MPLS | abel stack. 1n non-
packet networks where the label is inplicit, |abel stacks are not
possible, and HLSPs rely on the ability to nest switching
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technol ogi es. Thus, for exanple, a |anbda switch capable (LSC) LSP
can carry a tinme-division multiplexing (TDM LSP, but cannot carry
anot her LSC LSP.

Si gnal i ng nmechani sns defined in [ RFC4206] allow an HLSP to be
treated as a single hop in the path of another LSP (i.e., one hop of
the LSP carried by the HHLSP). This nechanismis known as "nhon-

adj acent signaling".

1.1.2. LSP Stitching Segnents

LSP stitching is defined in [RFC5150]. It enables LSPs of the same
switching type to be included (stitched) as hops in an end-to-end
LSP. The stitching LSP (S-LSP) is used in the control plane in the
same way as an HLSP, but in the data plane the LSPs are stitched so
that there is no | abel stacking or nesting of technologies. Thus, an
S-LSP nmust be of the sanme switching technology as the end-to-end LSP
that it facilitates

1.1.3. Private Links

An HLSP or S-LSP can be used as a private link. Such links are
known by their endpoints, but are not nore widely known and are not
advertised by routing protocols. They can be used to carry traffic
bet ween the endpoints, but are not usually used to carry traffic that
i s going beyond the egress of the LSP

1.1.4. Routing Adjacencies

A routing adjacency is fornmed between two | GP speakers that are
logically adjacent. |In this sense, 'logically adjacent’ means that
the routers have a protocol tunnel between themthrough which they
can exchange routing protocol nessages. The tunnel is also usually
available for carrying | P data although a distinction should be nade
in GWLS networks between data-plane traffic and control -pl ane
traffic.

Routi ng adj acencies for forwarding data traffic are only relevant in
PSC networks (i.e., |P/MPLS networks).

1.1.5. Forwarding Adjacencies
A Forwardi ng Adj acency (FA) is defined in [ RFC4206] as a data link
created froman LSP and advertised in the sane instance of the

control plane that advertises the TE links fromwhich the LSP is
constructed. The LSP itself is called an FA-LSP
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Thus, an HLSP or S-LSP may forman FA such that it is advertised as
a TElink in the sane instance of the routing protocol as was used to
advertise the TE links that the LSP traverses

As observed in [ RFC4206], the nodes at the ends of an FA woul d not
usual |y have a routing adjacency.

1.1.6. dient/Server Networks

An LSP nmay be created in one network and used as a |ink (sonetines
called a virtual link) in another network [RFC5212]. 1In this case,
the networks are often referred to as server and client networks,
respectivel y.

The server network LSP is used as an HHLSP or an S-LSP as descri bed
above, but it does not form an FA because the client and server
networ ks run separate instances of the control-plane routing

pr ot ocol s.

The virtual link may be used in the client network as a private link
or may be advertised in the client network IGP. Additionally, the
link may be used in the client network to forma routing adjacency
and/or as a TE |ink.

1.1.7. Link Bundles

[ RFC4201] recogni zes that a pair of adjacent routers may have a | arge
nunmber of TE links that run between them This can be a considerable
burden to the operator who may need to configure themand to the IGP
that nust distribute information about each of them A TE link
bundl e is defined by [RFC4201] as a TE link that is advertised as an
aggregate of multiple TE Iinks that could have been advertised in
their owmn right. Al TE links that are collected into a TE |ink
bundl e have the same TE properti es.

Thus, a link bundle is a shorthand that inproves the scaling
properties of the network.

Since a TElink may, itself, be an LSP (either an FA or a virtua

link), a link bundle may be constructed from FA-LSPs or virtua
I'i nks.
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1.2. Desired Function

It should be possible to signal an LSP and automatically coordinate
its use and advertisenent in any of the ways described in Section 1.3
with mni muminvol venent from an operator. The nmechani sns used
shoul d be applicable to nunbered and unnunbered |inks and shoul d not
require inplementation conplexities.

1.3. Existing Mechanisns

This section briefly introduces existing protocol mechanisms used to
satisfy the desired function described in Section 1.2.

1.3.1. LSP Setup

Both unidirectional LSPs and bidirectional LSPs are signaled fromthe
ingress | abel switching router (LSR) to the egress LSR  That is, the
ingress LSRis the initiator, and the egress |earns about the LSP

t hrough the signaling protocol [RFC3209] [RFC3473].

1.3.2. Routing Adjacency Establishment and Link State Adverti senent

Al t hough hosts can di scover routers (for exanple, through |ICW

[ RFC1256]), routing adjacencies are usually configured at both ends
of the adjacency. This requires that each router know the identity
of the router at the other end of the Iink connecting the routers,
and know that the 1GP is to be run on this |ink.

Once a routing adjacency has been established, a pair of routers may
use the 1GP to share information about the |inks available for
carrying I[P traffic in the network.

Suitabl e routing protocols are OSPF version 2 [ RFC2328], OSPF version
3 [RFC5340], and IS 1S [RFC1195].

1.3.3. TE Link Adverti senent

Ext ensi ons have been nade to I GPs to advertise TE |ink properties

([ RFC3630], [RFC5329], [RFC5305], [RFC5308], and [ISIS-1PV6-TE]) and
al so to advertise link properties in GWLS networks ([ RFC4202],

[ RFC4203], and [ RFC5307]).

TE link advertisenent can be perforned by the sane instance of the
IGP as is used for normal |ink state advertisenment, or can use a
separate instance. Furthernore, the ends of a TE link advertised in
an | GP do not need to forma routing adjacency. This is particularly
the case with FAs as described in Section 1.1.5.
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1.3.4. Configuration and Managenent Techni ques

LSPs are usually created as the result of a managenent action. This
is true even when a control plane is used: the nmanagenent action is a
request to the control plane to signal the LSP

If the LSP is to be used as an HLSP or S LSP, nanagenment conmands
can be used to install the LSP as a link. The link must be defined,
interface identifiers allocated, and the endpoints configured to know
about (and advertise, if necessary) the new link.

If the LSP is to be used as part of a link bundle, the operator nust
deci de which bundle it fornms part of and ensure that information is
configured at the ingress and egress, along with the necessary
interface identifiers

These nechanisns are perfectly functional and quite conmmon in MNs,
but require configuration coordination and additional nanagenent.
They are open to user error and m sconfiguration that mght result in
the LSP not being used (a waste of resources) or the LSP bei ng nade
available in the wong way with some inpact on traffic engi neering.

1.3.5. Signal ed Unnunbered FAs

[ RFC3477] describes how to establish an LSP and to nake it avail able
automatically as a TE link in the same instance of the routing
protocol as advertises the TE links it traverses, using |Pv4-based
unnunbered identifiers to identify the new TE |ink. That is,

[ RFC3477] describes how to create an unnunbered FA.

The nechani sm as defined in Section 3 of [RFC3477], is briefly as
fol |l ows:

- The ingress of the LSP signals the LSP as normal using a Path
message, and includes an LSP_TUNNEL | NTERFACE | D object. The
LSP_TUNNEL | NTERFACE_| D obj ect identifies:

- The sender’s LSR Router ID
- The sender’s interface ID for the TE link being created

- The egress of the LSP responds as nornmal to accept the LSP and set
it up, and includes an LSP_TUNNEL | NTERFACE | D object. The
LSP_TUNNEL_| NTERFACE_| D obj ect identifies:

- The egress’s LSR Router ID
- The egress’s interface ID for the TE |link being created.
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Fol |l owi ng the exchange of the Path and Resv nessages, both the
ingress and the egress know that the LSP is to be advertised as a
TE link in the sane instance of the routing protocol as was used to
advertise the TE links that it traverses, and al so know the
unnunbered interface identifiers to use in the advertisenent.

RFC3477] does not include nechani sns to support | Pv6-based

unnunbered identifiers, nor |Pv4 or | Pv6 nunbered identifiers.

1.3

[

6. Establishing Nunmbered FAs through Signaling and Routing

RFC4206] describes procedures to establish an LSP and to nake it

avai |l abl e automatically as a TE link that is identified using |IPv4
addresses in the sane instance of the routing protocol as advertises

t

he TE links it traverses (that is, as a nunbered FA).

The nechani sm as defined in [ RFC4206], is briefly as follows:

The ingress of the LSP signals the LSP as nornmal using a Path
message, and sets the I Pv4 tunnel sender address to the |IP address
it wll use to identify its interface for the TE |ink being
created. This is one address froma /31 pair.

The egress of the LSP responds as normal to accept the LSP and set
it up. It infers the address that it nust assign to identify its
interface for the TE link being created as the partner address of
the /31 pair.

The ingress deci des whether the LSP is to be advertised as a TE
link (i.e., as an FA). |If so, it advertises the link in the IGP in
t he usual way.

If the link is unidirectional, nothing nore needs to be done. |If
the link is bidirectional, the egress nust al so advertise the link,
but it does not know that advertisement is required as there is no
indication in the signaling nessages.

When the ingress’s advertisenent of the link is received by the

egress, it nust check to see whether it is the egress of the LSP

that fornmed the link. Typically, this neans the egress:

- Checks to see if the link advertisenment is new

- Checks to see if the Link-1D address in the received
advertisement matches its own TE Router |D.

- Checks the advertising router ID fromthe adverti senent agai nst
the ingress address of each LSP for which it is the egress.

- Deduces the LSP that has been advertised as a TE |ink and issues
the correspondi ng advertisenment for the reverse direction
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It is possible that sonme reduction in processing can be achi eved by
mappi ng based on the /31 pairing, but nevertheless, there is a fair
anount of processing required, and this does not scale well in |arge
net wor ks.

Note that this docunment deprecates this procedure as explained in
Section 1.4.6.

No expl anation is provided in [ RFC4206] of how to create nunbered
| Pv6 FAs.

1.4. Overview of Required Extensions

This section provides a brief outline of the required protoco
ext ensi ons.

1.4.1. Efficient Signaling of Nunbered FAs

The nechani sm described in Section 1.3.6 is inefficient. The egress
must wait until it receives an advertisenment fromthe ingress before
it knows that the LSP is to be installed as a TE |ink and adverti sed
as an FA. Further, it nust parse all received advertisenents to
determine if any is the trigger for it to advertise an FA

An efficient signaling mechanismis required so that the egress is
i nformed by the ingress during LSP establishnent.

1.4.2. LSPs for Use as Private Links

There is currently no nechani sm by which an ingress can indicate that
an LSP is set up for use as a private link. Any attenpt to nmake it a
link would currently cause it to be advertised as an FA

A signaling nechanismis needed to identify the use to which an LSP
is to be put.

1.4.3. Signaling an LSP for Use in Another Network

The existing signaling/routing mechani snms are designed for use in the
creation of FAs. That is, the TElink created is advertised in the
single | GP instance.

The nunbered TE link mechani sm (Section 1.3.6) could, in theory, be
used in an MLINwith nultiple G instances if the addressing nodel is
kept consistent across the networks, and if the egress searches al
advertisenents in all IGP instances. However, this is conplex and
does not work for unnunbered interfaces.

Shionoto & Farrel St andards Track [ Page 10]



RFC 6107 Procedures for H LSPs February 2011

A signaling mechanismis required to indicate in which | GP instance
the TE link shoul d be adverti sed.

1.4.4. Signaling an LSP for Use in a Link Bundle

A signaling mechanismis required to indicate that an LSP is intended
to forma conponent link of a link bundle, and to identify the bundle
and the IGP instance in which the bundle is advertised.

1.4.5. Support for IPv4 and | Pv6

The protocol mechani sms nust support |Pv4 and | Pv6 nunbered and
unnunbered TE |i nks.

1.4.6. Backward Compatibility

The existing protocol nechanisns for unnunbered FAs as defined in
[ RFC4206] and [ RFC3477] nust continue to be supported, and new
mechani sms nust be devi sed such that their introduction will not
break existing inplenentations or depl oynents.

Note that an informal survey in the CCAMP working group established
that there are no significant deploynments of nunbered FAs established
usi ng the technique described in [ RFC4206] and set out in Section
1.3.6. Therefore, this docunent deprecates this procedure.

2. Overview of Solution

Thi s section provides an overview of the nmechani sns and protoco
extensions defined in this document. Details are presented in
Section 3.

2.1. Common Approach for Nunbered and Unnunbered Links
The LSP_TUNNEL | NTERFACE | D object [RFC3477] is extended for use for
all HLSPs and S-LSPs whet her they form nunbered or unnunbered | Pv4

or IPv6 links. Different Cass Types of the object identify the
address type for which it applies.
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2.2. LSP Usage Indication

The LSP_TUNNEL_| NTERFACE I D object is given flags in a new Actions
field to say howthe LSP is to be used. The follow ng categories are
support ed:

- The LSP is used as an advertised TE |ink

- The LSP is used to forma routing adjacency.

- The LSP is used to forman advertised TE Iink and a routing
adj acency.

- The LSP forns a private link and is not adverti sed.

- The LSP is used as part of a link bundle.

- The LSP is used as a hierarchical LSP or a stitching segnent.

2.3. | GP I nstance ldentification

An optional TLV is added to the LSP_TUNNEL | NTERFACE | D object to
identify the G instance into which the link formed by the LSPis to
be advertised. |If the TLV is absent and the link is to be advertised
as indicated by the Actions field, the link is advertised in the same
instance of the 1GP as was used to advertise the TE links it
traverses

2.4. Link Bundle ldentification

VWhen an LSP is to be used as a conponent link of a |link bundle, the
LSP_TUNNEL_| NTERFACE | D object refers to the bundl e indicating how
the bundle is addressed and used, and a new TLV indicates the
conponent link identifier for the link that the LSP creates.

2.5. Backward Conpatibility

Backward compatibility has three aspects.

- Existing nechanisns for unnunbered FAs described in [RFC3477] and
[ RFC4206] nust continue to work, so that ingress nodes do not have
to be updated when egresses are updat ed.

- Existing nmechanisns for establishing nunbered FAs described in
[ RFC4206] are safely deprecated by this docunent, as they are not
significantly depl oyed.

- New nechani sns nust be gracefully rejected by existing egress

i npl ement ati ons so that egress nodes do not have to be updated when
i ngresses are updat ed.
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3. Mechani sns and Protocol Extensions

This section defines protocol nechani sns and extensions to achi eve
the function described in the previous section

3.1. LSP_TUNNEL_| NTERFACE | D Obj ect

The principal signaling protocol element used to achieve all of the
required functions is the LSP_TUNNEL_| NTERFACE_|I D obj ect defined in

[ RFC3477]. The existing definition and usage continues to be
supported as described in the next section. Subsequent sections
descri be new variants of the object (denoted by new C ass Types), and
addi tional information carried in the object by nmeans of extensions.

3.1.1. Existing Definition and Usage

Thi s docunent does not deprecate the nmechanisns defined in [ RFC3477]
and [ RFC4206]. Those procedures must continue to operate as
described in Section 3.7.

That means that the LSP_TUNNEL_I NTERFACE I D object with O ass Type 1
remai ns unchanged, and can be used to establish an LSP that will be
advertised as an unnunbered TE link in the sane instance of the |GP
as was used to advertise the TE links that the LSP traverses (that

is, as an FA). The procedure is unchanged and operates as sumari zed
in Section 1.3.5.

[ RFC3477] does not nmmke any suggestions about where in Path or Resv
nmessages the LSP_TUNNEL | NTERFACE | D object should be placed. See
Section 3.5 for recommended pl acement of this object in new

i mpl emrent ati ons.

3.1.2. Unnunbered Links with Action Identification
A new C-Type variant of the LSP_TUNNEL | NTERFACE |D object is defined
to carry an unnunbered interface identifier and to indicate into
whi ch instance of the I GP the consequent TE link should be
advertised. This does not deprecate the use of C Type 1.

The format of the object is as shown bel ow.

C-NUM = 193, CType = 14
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0 1 2 3
01234567890123456789012345678901
B i s T T i i o S o T Ji I
| LSR's Router 1D |
e L o i e S  th o i R S
| Interface ID (32 bits) |
i e e R e s o i e ki ol I N S T
| Acti ons Reserved |
B i s T T i i o S o T Ji I
~ TLVs ~
i s T S i i T S A b e ok

LSR' s Router ID

Unchanged fromthe definition in [ RFC3477].
Interface ID

Unchanged fromthe definition in [ RFC3477].
Actions

This field specifies howthe LSP that is being set up is to be
tr eat ed.

The field has neaning only on a Path nessage. On a Resv
message, the field SHOULD be set to reflect the value received
on the corresponding Path nessage, and it MJST be ignored on
receipt.

The field is conmposed of bit flags as foll ows:
B T I TR T T
| I[HBIRTP
i I I

+— +

P-flag (Private)
0 means that the LSP is to be advertised as a |ink according
to the settings of the other flags.
1 neans the LSP is to forma private link and is not to be
advertised in the I1GP, but is to be used according to the
settings of the other flags.

T-flag (TE link)
0 means that the LSP is to be used as a TE link
1 neans that the LSP is not to be used as a TE link. It may
still be used as an IP link providing a routing adjacency
as defined by the R-fl ag.
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R-flag (Routing adjacency)
0 means that the link is not to be used as a routing
adj acency.
1 neans that the link is to be used to forma routing
adj acency.

B-fl ag (Bundl e)
0 means that the LSP will not formpart of a link bundle.
1 neans that the LSP will formpart of a bundle. See Section
3.3 for nore details

Hflag (Hi erarchy/stitching)
The use of an LSP as an HLSP or as an S-LSP is usually
implicit fromthe network technol ogi es of the networks and
the LSP, but this is not always the case (for exanple, in PSC
net wor ks) .
0 means that the LSP is to be used as a hierarchical LSP
1 nmeans that the LSP is to be used as a stitching segment.

O her bits are reserved for future use. They MIST be set to
zero on transm ssion and SHOULD be ignored on receipt.

Note that all defined bit flags have neaning at the sanme tine.
An LSP that is to forman FA would carry the Actions field set
to 0x00. That is:

P=0 (adverti sed)

T=0 (TE li nk)

R=0 (not a routing adjacency)

B=0 (not a bundl e)

H=0 (hi erarchical LSP)

Reserved

The Reserved bits MJST be set to zero on transm ssion and
SHOULD be ignored on receipt.

TLVs

Zero, one, or nore TLVs may be present. Each TLV is encoded as
fol | ows:
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Type (16 bits)

The identifier of the TLV. Two type values are defined in
t hi s docunent:

I GP Instance ldentifier TLV

Unnunber ed Conponent Link Identifier TLV

| Pv4 Nunmbered Conmponent Link ldentifier TLV
I Pv6 Numbered Component Link ldentifier TLV

A OWNPE

Length (16 bits)

Indicates the total length of the TLV in octets, i.e., 4 +
the length of the value field in octets. A value field
whose length is not a multiple of four MJST be zero-padded
so that the TLV is four-octet aligned.

Val ue
The data for the TLV padded as descri bed above.

If this object is carried in a Path nessage, it is known as the
"Forward Interface ID'" for the LSP that is being set up. On a Resv
message, the object is known as the "Reverse Interface ID' for the
LSP.

3.1.3. | Pv4 Nunbered Links with Action ldentification

A new C-Type variant of the LSP_TUNNEL | NTERFACE |D object is defined
to carry an | Pv4d nunbered interface address.

The format of the object is as shown bel ow.
C-NUM = 193, C Type = 2

0 1 2 3
01234567890123456789012345678901
B T I e R i i i T S S e e I e ik oI I S S e S S
| I Pv4 Interface Address |
el i I e i it T e e e e i i T o S e e S e T R R
| Acti ons | Reserved |
R i T I e T S S e S TR S T e i I S e S e e e e o o
~ TLVs ~
B T I e R i i i T S S e e I e ik oI I S S e S S
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| Pv4 I nterface Address

The address assigned to the interface that the sender applies
to this LSP.

Actions

See Section 3.1.2.
Reserved

See Section 3.1.2.
TLVs

See Section 3.1.2.

If this object is carried in a Path nessage, it is known as the
"Forward Interface ID'" for the LSP that is being set up. On a Resv
message, the object is known as the "Reverse Interface I1D' for the
LSP.

3.1.4. 1Pv6 Nunbered Links with Action ldentification

A new C Type variant of the LSP_TUNNEL_I| NTERFACE | D object is defined
to carry an | Pv6 nunbered interface address.

The format of the object is as shown bel ow.
C-NUM = 193, C Type = 3

0 1 2 3
01234567890123456789012345678901
B T S i T s i i e e SEI S
| I Pv6 Interface Address (128 bhits) |
I S i o T s S S S e s s T
| I Pv6 Interface Address (continued) |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| I Pv6 Interface Address (continued) |
B T S i T s i i e e SEI S
| I Pv6 Interface Address (continued) |
I S i o T s S S S e s s T
| Actions | Reserved |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
~ TLVs ~
B T S i T s i i e e SEI S
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| Pv6 I nterface Address

The address assigned to the interface the sender applies to
this LSP.

Actions

See Section 3.1.2.
Reserved

See Section 3.1.2.
TLVs

See Section 3.1.2.

If this object is carried in a Path nessage, it is known as the
"Forward Interface ID'" for the LSP that is being set up. On a Resv
message, the object is known as the "Reverse Interface I1D' for the
LSP.

3.2. Target IGP Identification TLV

If the LSP being set up is to be advertised as a link, the egress
needs to know which instance of the |G it should use to nmake the
advertisenent. The default in [RFC4206] and [ RFC3477] is that the
LSP is advertised as an FA, that is, in the same instance of the IGP
as was used to advertise the TE |inks that the LSP traverses.

In order to facilitate an indication fromthe ingress to the egress
of which IGP instance to use, the IGP ldentification TLV is defined
for inclusion in the new variants of the LSP_TUNNEL | NTERFACE |ID
obj ect defined in this docunent.

The TLV has neaning only in a Path message. It SHOULD NOT be
included in the LSP_TUNNEL | NTERFACE | D object in a Resv nessage and
MJST be ignored if found.

If the P-flag in the Actions field of the LSP_TUNNEL | NTERFACE | D
object in a Path nessage is clear (i.e., zero), this TLV indicates
the 1GP instance to use for the advertisenent. |If the TLV is absent,
the sane instance of the I GP should be used as is used to advertise
the TE links that the LSP traverses. Thus, for an FA, the TLV can be
omtted; alternatively, the G Instance TLV may be present and
identify the IGP instance or carry the reserved value Oxffffffff.
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3.

3.

If the P-flag in the Actions field in the LSP_TUNNEL_I| NTERFACE | D
object in a Resv nessage is set (i.e., one) indicating that the LSP
is not to be advertised as a link, this TLV SHOULD NOT be present and
MUST be ignored if encountered.

The TLV is formatted as described in Section 3.1.2. The Type field
has the value 1, and the Value field has the follow ng content:

0 1 2 3
01234567890123456789012345678901
R T e i e i i S L S s il o T SR R R S
| | GP Instance ldentifier |
R et e s i o e s i i

| GP I nstance ldentifier

A 32-bit identifier assigned to each of the IGP instances within a
networ k, such that ingress and egress LSRs have the sane
under st andi ng of these nunbers. This is a nanagenent
configuration exercise outside the scope of this docunent.

Note that the I GP Instance ldentifier mght be napped from an
instance identifier used in the IG itself (such as section 2.4 of
[ RFC5340] for OSPFv3, or [OSPFv2-M] for OSPFv2) as a matter of
network policy. See [OSPF-TI] for further discussion of this
topic in OSPF, and [ISIS-GENAP] for IS-IS.

The value Oxffffffff is reserved to nean that the LSP is to be
advertised in the sane instance of the IGP as was used to
advertise the TE links that the LSP traverses

Conponent Link Identification TLV

If the LSP that is being set up is to be used as a conponent link in
a link bundle [ RFC4201], it is necessary to indicate both the
identity of the conmponent |ink and the identity of the link bundle.
Furthernmore, it is necessary to indicate how the |ink bundle (that
may be automatically created by the establishment of this LSP) is to
be used and adverti sed.

If the B-flag in the Actions field of the LSP_TUNNEL | NTERFACE | D
object is set, the other fields of the object apply to the link
bundle itself. That is, the interface identifiers (nunbered or
unnunbered) and the other flags in the Actions field apply to the
l'ink bundle and not to the component link that the LSP will form

Furthernore, the IGP Instance ldentifier TLV (if present) also
applies to the link bundle and not to the conponent Iink.
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In order to exchange the identity of the conmponent link, the
Conponent Link ldentifier TLVs are introduced as set out in the next
sections. If the B-flag is set in the Actions field of the
LSP_TUNNEL | NTERFACE I D object in the Path nessage, exactly one of
these TLVs MUST be present in the LSP_TUNNEL_ | NTERFACE ID object in
both the Path and Resv objects.

3.3.1. Unnunbered Component Link Identification

If the conponent link is to be unnunbered, the Unnunbered Conponent
Link ldentifier TLV is used. The TLV is formatted as described in

Section 3.1.2. The Type field has the value 2, and the Value field
has the follow ng content:

0 1 2 3
01234567890123456789012345678901
i i i T i I S i e s o o i i
| Conmponent Link Identifier |
R et e s i o e s i i

Conponent Link Identifier

Unnunbered identifier that is assigned to this conponent |ink
within the bundl e [ RFC4201].

3.3.2. 1Pv4 Numbered Conponent Link Identification

If the conponent link is identified with an | Pv4 address, the |Pv4
Nunber ed Conponent Link ldentifier TLV is used. The TLV is formatted
as described in Section 3.1.2. The Type field has the value 3, and
the Value field has the foll owi ng content:

0 1 2 3
01234567890123456789012345678901
i i i T i I S i e s o o i i
| | Pv4 Address |
R et e s i o e s i i

| Pv4 Address

The 1 Pv4 address that is assigned to this conponent link within
t he bundl e.
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3.3.3. | Pv6 Numbered Conponent Link Identification

If the conponent link is identified with an | Pv6 address, the |Pv6
Nunber ed Conponent Link ldentifier TLV is used. The TLV is formatted
as described in Section 3.1.2. The Type field has the value 4, and
the Value field has the foll owi ng content:

0 1 2 3
01234567890123456789012345678901
B T S i T s i i e e SEI S
| | Pv6 Address |
I S i o T s S S S e s s T
| | Pv6 Address (continued) |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| | Pv6 Address (continued) |
B T S i T s i i e e SEI S
| | Pv6 Address (continued) |
I S i o T s S S S e s s T

| Pv6 Address

The 1 Pv6 address that is assigned to this conponent link within
t he bundl e.

3.4. Link State Adverti senent

The ingress and egress of an LSP that is set up using the
LSP_TUNNEL | NTERFACE | D obj ect MUST advertise the LSP as agreed in
the paraneters of the object.

Wiere a TElink is created fromthe LSP, the TE |ink SHOULD i nherit
the TE properties of the LSP as described in [ RFC5212], but this
process is subject to | ocal and network-w de policy.

It is possible that an LSP will be used to offer capacity and
connectivity to multiple other networks. In this case, nultiple

i nstances of the LSP_TUNNEL_I NTERFACE I D object are pernmitted in the
same Path and Resv nessages. Each instance MJST have a different |IGP
I nstance ldentifier

Not e, however, that a Path or Resv nessage MJST NOT contain nore than
one instance of the LSP_TUNNEL | NTERFACE |ID object with C Type 1, and
if such an object is present, all other instances of the

LSP_TUNNEL_| NTERFACE | D object MJST include an | GP I nstance
ldentifier TLV with I GP Instance lIdentifier set to a value that
identifies some other IGP instance (in particular, not the val ue
Oxffffffff).
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If the link created froman LSP is advertised in the same | GP
instance as was used to advertise the TE |inks that the LSP
traverses, the addresses for the newlink and for the links from
which it is built MJST cone fromthe sane address space.

If the link is advertised into another |IGP instance, the addresses
MAY be drawn from overl appi ng address spaces such that sone addresses
have different neanings in each | GP instance.

In the |G, the TE Router ID of the ingress LSR is taken fromthe
Tunnel Sender Address in the Sender Tenpl ate object signaled in the
Path nessage. It is assunmed that the ingress LSR knows the TE Router
I D of the egress LSR since it has chosen to establish an LSP to that
LSR and plans to use the LSP as a TE |ink.

The link interface addresses or |link interface identifiers for the
forward and reverse direction |inks are taken fromthe
LSP_TUNNEL_I NTERFACE_I D obj ect on the Path and Resv nessages,
respectivel y.

When an LSP is torn down through explicit action (a PathTear nessage
or a PathErr nessage with the Path_State Renoved flag set), the

i ngress and egress LSRs SHOULD wit hdraw t he advertisenment of any |ink
that the LSP created and that was previously advertised. The link
state advertisement MAY be retained as a virtual link in another

| ayer network according to network-wi de policy [PCE-LAYER].

3.5. Message Formats

[ RFC3477] does not state where in the Path nmessage or Resv nmessage
the LSP_TUNNEL_I| NTERFACE_I D obj ect shoul d be pl aced.

It is RECOVWENDED t hat new inpl ementations place the
LSP_TUNNEL | NTERFACE I D objects in the Path nessage i medi ately after
t he SENDER TSPEC object, and in the Resv nessage inmediately after
the FI LTER SPEC obj ect .

Al'l inplementations SHOULD be able to handl e recei ved nmessages with
objects in any order, as described in [ RFC3209].

3.6. FError Cases and Non- Acceptance

Error cases and non-acceptance of new object variants caused by back-
| evel inplenmentations are discussed in Section 3.7.

An egress LSR that receives an LSP_TUNNEL | NTERFACE | D object may

have cause to reject the parameters carried in the object for a
number of reasons as set out below. |In all cases, the egress SHOULD
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respond with a PathErr nessage with the error code as indicated in
the list below. In nost cases, the error will arise during LSP
setup, no Resv state will exist, and the PathErr will cause Path
state to be renoved. Were the error arises after the LSP has been
successfully set up, the PathErr SHOULD be sent with the

Pat h_State Renoved flag [ RFC3473] clear so that the LSP renmins
oper ati onal

The error cases identified are as follows and are reported using the
new error code 'LSP Hi erarchy Issue’ (code 38) and the error val ues
|isted bel ow.

Error | Error | Error-case

code | value

______ e
38 1 Li nk adverti senent not supported

38 2 Li nk advertisenent not allowed by policy

38 3 TE link creation not supported

38 4 TE link creation not allowed by policy

38 5 Rout i ng adj acency creation not supported

38 6 Rout i ng adj acency creation not allowed by policy

38 7 Bundl e creation not supported

38 8 Bundl e creation not allowed by policy

38 9 Hi erarchical LSP not supported

38 10 LSP stitching not supported

38 11 Li nk address type or famly not supported

38 12 I GP i nstance unknown

38 13 | GP instance advertisenent not allowed by policy

38 14 Conponent link identifier not valid

38 15 Unsupported conponent link identifier address famly

When an ingress LSR receives an LSP_TUNNEL_| NTERFACE | D object on a
Resv nessage, it may need to reject it because of the setting of
certain parameters in the object. Since these reasons all represent
errors rather than m snatches of negotiabl e paraneters, the ingress
SHOULD respond with a PathTear to remove the LSP. The ingress MAY
use a ResvErr with one of the followi ng error codes, allow ng the
egress the option to correct the error in a new Resv nessage, or to
tear down the LSP with a PathErr with the Path_State Renoved fl ag
set. An ingress that uses the ResvErr MJST take precautions agai nst
a protocol |oop where the egress responds with the sane

LSP_TUNNEL_I NTERFACE_|I D obj ect with the same (or different) issues.
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Error | Error | Error-case

code | value
______ e
38 11 Li nk address type or famly not supported
38 14 Conponent link identifier not valid
38 15 Unsupported conponent link identifier address famly
38 16 Conponent link identifier mssing

3.7. Backward Conpatibility

The LSP_TUNNEL | NTERFACE | D object defined in [RFC3477] has a cl ass
nunber of 193. According to [RFC2205], this nmeans that a node that
does not understand the object SHOULD i gnore the object but forward
it, unexam ned and unnodified. Thus, there are no issues with
transit LSRs supporting the pre-existing or new Cl ass Types of this
obj ect.

A back-1evel ingress node will behave as foll ows:

- It will not issue Path nmessages contai ning LSP_TUNNEL_| NTERFACE | D
objects with the new C ass Types defined in this docunent.

- It will reject Resv nessages containing LSP_TUNNEL | NTERFACE | D
objects with the new C ass Types defined in this docunent as
described in [RFC2205]. In any case, such a situation would
represent an error by the egress.

- It will continue to use the LSP_TUNNEL | NTERFACE |ID object with
Class Type 1 as defined in [RFC3477]. This behavior is supported
by back-1evel egresses and by egresses conformng to this docunent.

- According to an informal survey, there is no significant depl oynent
of nunbered FA establishnment follow ng the procedures defined in
[ RFC4206] and set out in Section 1.3.6 of this docunent. It is
therefore safe to assunme that back-1evel ingress LSRs will not use
thi s nechani sm

A back-1evel egress node will behave as foll ows:

- It will continue to support the LSP_TUNNEL | NTERFACE |ID object with
Class Type 1, as defined in [RFC3477], if issued by an ingress.

- It will reject a Path nessage that carries an
LSP_TUNNEL_| NTERFACE I D object with any of the new O ass Types
defined in this docunent using the procedures of [RFC2205]. This
will informthe ingress that the egress is a back-level LSR

Shionoto & Farrel St andards Track [ Page 24]



RFC 6107 Procedures for H LSPs February 2011

5

- It will not expect to use the procedures for nunbered FA
est abli shnent defined in [ RFC4206] and set out in Section 1.3.6 of
this docunent.

In summary, the new nmechani sns defined in this docunent do not inpact
the nmet hod to exchange unnunbered FA information described in

[ RFC3477]. That mechani sm can be safely used in conbination with the
new nechani sns described here and is functionally equivalent to using
the new C Type indicating an unnunbered link with target |1GP instance
identifier with the Target I GP Instance value set to Oxffffffff.

The nechani sns in this docunent obsol ete the nethod to exchange the
nunbered FA information described in [RFC4206] as described in
Section 1.4.6.

Security Considerations

[ RFC3477] points out that one can argue that the use of the extra
interface identifier that it provides could nake an RSVP nessage
harder to spoof. In that respect, the m nor extensions to the
protocol made in this docunment do not constitute an additiona
security risk, but could also be said to inprove security.

It should be noted that the ability of an ingress LSR to request that
an egress LSR advertise an LSP as a TE |ink MJST be subject to
appropriate policy checks at the egress LSR  That is, the egress LSR
MUST NOT automatically accept the word of the ingress unless it is
configured with such a policy.

Further details of security for MPLS-TE and GWLS can be found in
[ RFC5920] .

| ANA Consi der ations

.1. New O ass Types

I ANA mai ntains a registry of RSVP paraneters called "Resource
Reservation Protocol (RSVP) Parameters" with a sub-registry called
"Cl ass Nanes, C ass Nunbers, and Cl ass Types". There is an entry in
this registry for the LSP_TUNNEL | NTERFACE | D object defined in

[ RFC3477] with one O ass Type defi ned.

I ANA has all ocated three new C ass Types for this object as defined
in Sections 3.1.2, 3.1.3, and 3.1.4 as foll ows:
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C Type Meani ng Ref erence
2 IPv4 interface identifier with target [ RFC6107]
3 IPv6 interface identifier with target [ RFC6107]
4 Unnunbered interface with target [ RFC6107]

5.2. Hierarchy Actions

Section 3.1.2 defines an 8-bit flags field in the

LSP_TUNNEL | NTERFACE I D object. |ANA has created a new sub-registry
of the "CGeneralized Miulti-Protocol Label Switching (GWLS) Signaling
Paraneters" registry called the "Hierarchy Actions" sub-registry as
fol | ows:

Regi stry Name: Hierarchy Actions
Ref erence: [RFC6107]
Regi stration Procedures: Standards Action

Regi stry:

Bit Number Hex Val ue Narme Ref erence
0-2 Unassi gned

3 0x10 Hi erarchy/stitching (H [RFC6107]
4 0x08 Bundl e (B) [ RFC6107]
5 0x04 Routi ng adj acency (R) [ RFC6107]
6 0x02 TE link (T) [ RFC6107]
7 0x01 Private (P) [ RFC6107]

5.3. New Error Codes and Error Val ues
I ANA mai ntains a registry of RSVP error codes and error values as the
"Error Codes and d obal |l y-Defined Error Val ue Sub-Codes" sub-registry
of the "Resource Reservation Protocol (RSVP) Parameters" registry.

| ANA has defined a new error code with value 38 as bel ow (see al so
Section 3.6).

Error Code Meani ng
38 LSP Hi erarchy | ssue [ RFC6107]

I ANA has listed the following error values for this error code (see
al so Section 3.6).
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This Error Code has the follow ng globally-defined Error
Val ue sub- codes:

OCO~NOUPA~,WNE

16

Li nk advertisenent not supported

Li nk advertisenent not allowed by policy

TE link creation not supported

TE link creation not allowed by policy

Rout i ng adj acency creation not supported

Rout i ng adj acency creation not allowed by policy
Bundl e creation not supported

Bundl e creation not allowed by policy

Hi erarchical LSP not supported

LSP stitching not supported

Li nk address type or famly not supported

I GP i nstance unknown

| GP instance advertisenent not allowed by policy

Conponent link identifier not valid
Unsupported conponent link identifier address
famly

Conponent link identifier mssing

6. Acknow edgenents

The authors would like to thank Lou Berger,
Yakov Rekhter,

Dr ake,

I gor Bryskin,

di scussi ons and comments.

7. References

7.1.

[ RFC2119]

[ RFC2205]

[ RFC3031]

[ RFC3209]

Shi ombto & Farrel

Nor mat i ve Ref erences

Bradner, S.,
Requi renent Level s",

"Key words for use in RFCs to

Braden, R, Ed., Zhang, L., Berson, S., Herzog, S.

and S. Jamin, "Resource ReSerVation Protocol (RSVP) --
Version 1 Functional Specification", RFC 2205,

Sept enber 1997.

Rosen, E., Viswanathan, A, and R Callon,

"Mul tiprotocol Label Switching Architecture", RFC

3031, January 2001.
Awduche, D., Berger, L., Gan, D., Li, T.

V., and G Swallow, "RSVP-TE: Extensions to
LSP Tunnel s", RFC 3209, Decenber 2001

St andards Track

February 2011

[ RFC6107]
[ RFC6107]
[ RFC6107]
[ RFC6107]
[ RFC6107]
[ RFC6107]
[ RFC6107]
[ RFC6107]
[ RFC6107]
[ RFC6107]
[ RFC6107]
[ RFC6107]
[ RFC6107]
[ RFC6107]
[ RFC6107]

[ RFC6107]

Debor ah Brungard, John
and Lucy Yong for their val uable

ndi cat e

BCP 14, RFC 2119, March 1997

Srini vasan,

RSVP for

[ Page 27]



RFC 6107

[ RFC3473]

[ RFC3477]

[ RFC4201]

[ RFC4206]

[ RFC5150]

7.2. Informative

[ RFC1195]

[ RFC1256]

[ RFC2328]

[ RFC3630]

[ RFC4202]

[ RFC4203]

Shi ombto & Farrel

Procedures for H LSPs February 2011

Berger, L., Ed., "Generalized Milti-Protocol Label
Switching (GWLS) Signaling Resource ReserVation
Prot ocol - Traffi ¢ Engi neering (RSVP-TE) Extensions”,
RFC 3473, January 2003.

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

Konpella, K., Rekhter, Y., and L. Berger, "Link
Bundling in MPLS Traffic Engineering (TE)", RFC 4201,
Oct ober 2005.

Konpella, K and Y. Rekhter, "Label Sw tched Paths
(LSP) Hierarchy with Generalized Milti-Protocol Label
Switching (GWLS) Traffic Engineering (TE)", RFC 4206,
Cct ober 2005.

Ayyangar, A., Konpella, K, Vasseur, JP., and A
Farrel, "Label Switched Path Stitching with
Generalized Multiprotocol Label Switching Traffic
Engi neering (GWLS TE)", RFC 5150, February 2008.

Ref er ences

Callon, R, "Use of OSI I1S-1S for routing in TCP/IP
and dual environnents", RFC 1195, Decenber 1990.

Deering, S., Ed., "ICWP Router Discovery Messages",
RFC 1256, Septenber 1991.

My, J., "OSPF Version 2", STD 54, RFC 2328, April
1998.

Katz, D., Kompella, K, and D. Yeung, "Traffic
Engi neering (TE) Extensions to OSPF Version 2", RFC
3630, Septenber 2003.

Konpella, K, Ed., and Y. Rekhter, Ed., "Routing
Extensi ons in Support of Generalized Milti-Protocol
Label Switching (GWLS)", RFC 4202, Cctober 2005.

Konpella, K., Ed., and Y. Rekhter, Ed., "OSPF

Extensi ons in Support of GCeneralized Milti-Protocol
Label Switching (GWLS)", RFC 4203, Cctober 2005.

St andards Track [ Page 28]



RFC 6107

[ RFC5212]

[ RFC5305]

[ RFC5307]

[ RFC5308]

[ RFC5329]

[ RFC5340]

[ RFC5920]

[ 1Sl S GENAP]

[1SIS1PV6-TE]

[ OSPF-T1]

[ OSPFv2- M ]

[ PCE- LAYER]

Shi ombto & Farrel

Procedures for H LSPs February 2011

Shionoto, K, Papadimtriou, D., Le Roux, JL.,

Vi goureux, M, and D. Brungard, "Requirenents for
GWPLS- Based Multi-Region and Multi-Layer Networks
(MRV MLN) ", RFC 5212, July 2008.

Li, T. and H Smt, "IS-1S Extensions for Traffic
Engi neering", RFC 5305, Cctober 2008.

Konpella, K, Ed., and Y. Rekhter, Ed., "IS-IS
Extensi ons in Support of Generalized Milti-Protocol
Label Switching (GWLS)", RFC 5307, Cctober 2008.

Hopps, C., "Routing IPv6 with IS-1S", RFC 5308,
Cct ober 2008.

Ishiguro, K, Manral, V., Davey, A, and A Lindem
Ed., "Traffic Engineering Extensions to OSPF Version
3", RFC 5329, Septenber 2008.

Coltun, R, Ferguson, D., My, J., and A Lindem
"OSPF for |Pv6", RFC 5340, July 2008.

Fang, L., Ed., "Security Framework for MPLS and GWPLS
Net wor ks", RFC 5920, July 2010.

G nsberg, L., Previdi, S., and M Shand, "Advertising
Generic Information in IS 1S", Wrk in Progress,
Novenber 2010.

Harrison, J., Berger, J., and M Bartlett, "IPv6
Traffic Engineering in IS 1S", Wrk in Progress,
Sept enber 2010.

Lindem A, Roy, A, and S. Mrtorabi, "OSPF Transport
I nstance Extensions", Wrk in Progress, Cctober 2010.

Li ndem A., Roy, A, and S. Mrtorabi, "OSPF Milti -
I nstance Extensions", Wrk in Progress, Cctober 2010.

Takeda, T., Ed., and A Farrel, "PCC PCE Communi cation

and PCE Di scovery Requirenments for Inter-Layer Traffic
Engi neering”, Work in Progress, Decenber 2010.

St andards Track [ Page 29]



RFC 6107 Procedures for H LSPs

Aut hors’ Addresses

Edi

Shi ombto & Farrel

Ri chard Rabbat

Googl e Inc.

1600 Anphitheatre Pkwy
Mount ai n Vi ew, CA 94043
United States of Anerica
EMai |l : rabbat @l um mt. edu

Arthi Ayyangar

Juni per Networ ks

1194 N. Mathil da Ave.
Sunnyval e, CA 94089
United States of America
EMai | : arthi @ uni per. net

Zafar Ali

Cisco Systens, Inc.

2000 | nnovation Drive
Kanata, Ontario, K2K 3E8
Canada

EMai |l : zali @i sco.com

tors’ Addresses

Kohei Shi onot o

NTT Network Service Systens Laboratories
3-9-11 M dori

Musashi no, Tokyo 180- 8585

Japan

Phone: +81 422 59 4402

EMai | : shi onmot 0. kohei @ab. ntt.co.jp

Adri an Farrel

A d Dog Consulting
EMai | : adri an@l ddog. co. uk

St andards Track

February 2011

[ Page 30]






