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i nprovenents. Please refer to the current edition of the "Internet
O ficial Protocol Standards" (STD 1) for the standardi zation state
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Abstr act

Current signalling used by Miulti-Protocol Label Switching Traffic
Engi neering (MPLS TE) does not provide support for unnunmbered |inks.
Thi s docunent defines procedures and extensions to Resource

ReSer Vation Protocol (RSVP) for Label Switched Path (LSP) Tunnels
(RSVP-TE), one of the MPLS TE signalling protocols, that are needed
in order to support unnunbered |inks.

Speci fication of Requirenents

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "COPTIONAL" in this
docunent are to be interpreted as described in BCP 14, RFC 2119

[ RFC2119] .

1. Overvi ew

Supporting MPLS TE over unnunbered links (i.e., links that do not
have | P addresses) involves two conponents: (a) the ability to carry
(TE) information about unnunbered links in I GP TE extensions (ISIS or
OSPF), and (b) the ability to specify unnunbered Iinks in MPLS TE
signalling. The fornmer is covered in [GWLS-1SIS, GWLS-OSPF]. The
focus of this docunent is on the latter.
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Current signalling used by MPLS TE does not provide support for
unnunbered |inks because the current signalling does not provide a
way to indicate an unnunmbered link in its Explicit Route and Record
Route bjects. This docunment proposes sinple procedures and
extensions that allow RSVP-TE signalling [ RFC3473] to be used with
unnunbered |inks.

2. Link ldentifiers

An unnunbered Iink has to be a point-to-point link. An LSR at each
end of an unnunbered link assigns an identifier to that link. This
identifier is a non-zero 32-bit nunber that is unique within the
scope of the LSR that assigns it. |If one is using OSPF or ISIS as
the IGP in support of traffic engineering, then the | S-1S and/or OSPF
and RSVP nodul es on an LSR nust agree on the identifiers.

There is no a priori relationship between the identifiers assigned to
a link by the LSRs at each end of that Iink

LSRs at the two end points of an unnunbered |ink exchange with each
other the identifiers they assign to the link. Exchanging the
identifiers may be acconplished by configuration, by nmeans of a
protocol such as LMP ([LMP]), by neans of RSVP/CR-LDP (especially in
the case where a link is a Forwardi ng Adjacency, see below), or by
means of |S-1S or OSPF extensions ([ISIS-GWLS], [COSPF-GWLS]).

Consi der an (unnunbered) link between LSRs A and B. LSR A chooses an
identifier for that link. So does LSR B. From A's perspective, we

refer to the identifier that A assigned to the Iink as the "link
local identifier" (or just "local identifier"), and to the identifier
that B assigned to the link as the "link renote identifier" (or just

"remote identifier"). Likewise, fromB s perspective, the identifier
that B assigned to the link is the local identifier, and the
identifier that A assigned to the link is the renote identifier.

In the context of this document the term"Router |ID' neans a stable
| P address of an LSR that is always reachable if there is any
connectivity to the LSR  This is typically inplenmented as a

"l oopback address"; the key attribute is that the address does not
becone unusable if an interface on the LSRis down. In sonme cases
this value will need to be configured. |If one is using the OSPF or
ISIS as the IGP in support of traffic engineering, then it is
RECOMVENDED for the Router IDto be set to the "Router Address" as
defined in [OSPF-TE], or "Traffic Engineering Router ID' as defined
in[ISIS-TE].

This section is equally applicable to the case of unnumnbered
conponent |inks (see [LINK-BUNDLE]).
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3. Unnunber ed Forwardi ng Adj acenci es

If an LSR that originates an LSP advertises this LSP as an unnunbered
Forwar di ng Adj acency in IS 1S or OSPF (see [LSP-H ER]), or the LSR
uses the Forwardi ng Adjacency forned by this LSP as an unnunbered
conmponent link of a bundled Iink (see [LINK-BUNDLE]), the LSR MJST
all ocate an identifier to that Forwarding Adjacency (just like for
any ot her unnunbered link). Moreover, the Path nmessage used for
establishing the LSP that fornms the Forwardi ng Adj acency MJST contain
the LSP_TUNNEL | NTERFACE_|I D object (described below), with the LSR s
Router ID set to the head end’s Router ID, and the Interface ID set
to the identifier that the LSR allocated to the Forwardi ng Adjacency.

If the Path nessage contains the LSP_TUNNEL | NTERFACE | D object, then
the tail-end LSR MIST allocate an identifier to that Forwarding

Adj acency (just like for any other unnumbered |ink). Furthernore,
the Resv nmessage for the LSP MJUST contain an LSP_TUNNEL_I NTERFACE | D
object, with the LSR's Router ID set to the tail-end' s Router ID, and
the Interface ID set to the identifier allocated by the tail-end LSR

For the purpose of processing the ERO and the | F_I D RSVP_HOP obj ects,
an unnunbered Forwardi ng Adjacency is treated as an unnunbered (TE)
link or an unnunbered conponent link as follows. The LSR that
originates the Adjacency sets the link local identifier for that |ink
to the value that the LSR allocates to that Forwardi ng Adj acency, and
the link renote identifier to the value carried in the Interface ID
field of the Reverse Interface ID object. The LSRthat is a tail-end
of that Forwardi ng Adjacency sets the link local identifier for that
link to the value that the LSR allocates to that Forwarding

Adj acency, and the link renote identifier to the value carried in the
Interface ID field of the Forward Interface |ID object.

3.1. LSP_TUNNEL_I| NTERFACE | D Qbj ect

The LSP_TUNNEL_| NTERFACE_|I D object has a cl ass nunber of of 193, C
Type of 1 and length of 12. The format is given bel ow

Figure 1: LSP_TUNNEL_| NTERFACE_| D Obj ect

0 1 2 3
01234567890123456789012345678901
B T S S e s e i s S i S S S S S S T S SR S S S i S S S

| LSR' s Router ID

B S s i i L i i S il i SN S
| Interface ID (32 bits)

B s T s s e T o e S T ks et s oot ST S S S o S S 3
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This object can optionally appear in either a Path nessage or a Resv
message. In the forner case, we call it the "Forward Interface ID'

for that LSP;, in the latter case, we call it the "Reverse Interface

ID' for the LSP.

4. Signalling Unnunbered Links in ERGCs

A new subobject of the Explicit Route hject (ERO is used to specify
unnunbered links. This subobject has the follow ng fornat:

Fi gure 2: Unnunbered Interface |ID Subobject

0 1 2 3

01234567890123456789012345678901
i T o T e e e et o S s S R R SR
| L] Type | Length | Reserved (MJUST be zero) |
B T e o i S I i i S S N iy St S I S S
| Router ID |
e e i i e T S i S e e e R
| Interface ID (32 bits) |
i T i i e e e e et i s i SR R SR

The Type is 4 (Unnunbered Interface ID). The Length is 12.

The Interface IDis the identifier assigned to the Iink by the LSR
specified by the router ID

4.1. Processing the | F_I D RSVP_HOP obj ect

When an LSR receives a Path nessage containing the | F_| D RSVP_HOP

obj ect (see [RFC3473], [RFC3471]) with the IF_INDEX TLV, the LSR
processes this TLV as follows. The LSR nust have infornmation about
the identifiers assigned by its neighbors to the unnunbered |inks

bet ween the nei ghbors and the LSR. The LSR uses this information to
find a link with tuple <Router ID, local identifier> matching the
tuple <IP Address, Interface ID> carried in the IF_INDEX TLV. [If the
mat ching tuple is found, the match identifies the link for which the
LSR has to perform | abel allocation.

O herwi se, the LSR SHOULD return an error using the | F_| D ERROR _SPEC
obj ect (see [RFC3473], [RFC3471]). The Error code in the object is
set to 24. The Error value in the object is set to 16.

4.2. Processing the ERO
The Unnunbered Interface I D subobject is defined to be a part of a

particul ar abstract node if that node has the Router ID that is equal
to the Router IDfield in the subobject, and if the node has an
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(unnunbered) Iink or an (unnunbered) Forwardi ng Adj acency whose | oca
identifier (fromthat node’s point of view) is equal to the value
carried in the Interface ID field of the subobject.

Wth this in mnd, the ERO processing in the presence of the
Unnunbered Interface I D subobject follows the rules specified in
section 4.3.4.1 of [RFC3209].

As part of the ERO processing, or to be nore precise, as part of the
next hop selection, if the outgoing link is unnunbered, the Path
message that the node sends to the next hop MJST include the IF_ID
RSVP_HOP object, with the IP address field of that object set to the
Router I D of the node, and the Interface ID field of that object set
to the identifier assigned to the Iink by the node.

5. Record Route Object

A new subobj ect of the Record Route (hject (RRO is used to record
that the LSP path traversed an unnunbered |ink. This subobject has
the followi ng fornat:

0 1 2 3

01234567890123456789012345678901
B T S S e s e i s S i S S S S S S T S SR S S S i S S S
| Type | Length | Fl ags | Reserved (MBZ)
e o T i i o o O S e S ol o S S S s it SR R SR S
| Router ID |
B s T s s e T o e S T ks et s oot ST S S S o S S 3
| Interface ID (32 bits)
B T S S e s e i s S i S S S S S S T S SR S S S i S S S

The Type is 4 (Unnunbered Interface ID); the Length is 12. Flags are
defi ned bel ow.

0x01 Local protection avail able
I ndicates that the Iink downstreamof this node is protected via a
| ocal repair mechanism This flag can only be set if the Loca
protection flag was set in the SESSI ON ATTRI BUTE obj ect of the
correspondi ng Pat h nessage.

0x02 Local protection in use
Indicates that a local repair nmechanismis in use to maintain this

tunnel (usually in the face of an outage of the link it was
previously routed over).
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5.1. Handling RRO

If at an intermedi ate node (or at the head-end), the ERO subobject
that was used to deternine the next hop is of type Unnumbered
Interface ID, and a RRO object was received in the Path nessage (or
is desired in the original Path nessage), an RRO subobject of type
Unnunbered Interface | D MUST be appended to the recei ved RRO when
sendi ng a Path nessage downstream

If the ERO subobject that was used to determine the next hop is of
any other type, the handling procedures of [RFC3209] apply. Also, if
Label Recording is desired, the procedures of [RFC3209] apply.

6. Security Considerations

Thi s docunent nakes a small extension to RFC 3209 [ RFC3209] to refine
and explicate the use of unnunbered Iinks. As such it poses no new
security concerns. |In fact, one mght argue that use of the extra
interface identify could nake an RSVP nessage harder to spoof.

7. | ANA Consi derati ons

The | ANA assigns values to RSVP protocol paraneters. The current
docunent defines a new subobject for the EXPLICl T_ROUTE object and
for the ROUTE_RECORD object. The rules for the assignnment of

subobj ect nunbers have been defined in [ RFC3209], using the
term nol ogy of BCP 26, RFC 2434, "Cuidelines for Witing an | ANA
Consi derations Section in RFCs". Those rules apply to the assignment
of subobject nunmbers for the new subobject of the EXPLIClI T_ROUTE and
ROUTE_RECORD obj ect s.

Furt hernmore, the same Internet authority needs to assign a class
number to the LSP_TUNNEL_I| NTERFACE | D object. This nust be of the
form 11bbbbbb (i.e., RSVP silently ignores this unknown object but
forwards it).

8. Intellectual Property Considerations

The | ETF takes no position regarding the validity or scope of any
intellectual property or other rights that mght be clained to
pertain to the inplenentation or use of the technol ogy described in
this docunent or the extent to which any |license under such rights

m ght or might not be available; neither does it represent that it
has made any effort to identify any such rights. |Information on the
| ETF' s procedures with respect to rights in standards-track and
standards-rel ated docunentation can be found in BCP-11. Copi es of
clains of rights nade available for publication and any assurances of
licenses to be nade available, or the result of an attenpt nmade to
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10.

10.

10.

obtain a general |icense or permission for the use of such
proprietary rights by inplenentors or users of this specification can
be obtained fromthe | ETF Secretari at.

The 1ETF invites any interested party to bring to its attention any
copyrights, patents or patent applications, or other proprietary
rights which nmay cover technol ogy that nay be required to practice
this standard. Please address the infornation to the | ETF Executive
Director.
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12. Full Copyright Statenent
Copyright (C) The Internet Society (2003). Al Rights Reserved.

Thi s docunent and translations of it nmay be copied and furnished to
others, and derivative works that comment on or otherwi se explain it
or assist in its inplenentation may be prepared, copied, published
and distributed, in whole or in part, w thout restriction of any

ki nd, provided that the above copyright notice and this paragraph are
i ncluded on all such copies and derivative works. However, this
docunent itself may not be nodified in any way, such as by renoving
the copyright notice or references to the Internet Society or other
I nternet organi zati ons, except as needed for the purpose of
devel opi ng Internet standards in which case the procedures for
copyrights defined in the Internet Standards process nust be
followed, or as required to translate it into | anguages other than
Engl i sh.

The linited perm ssions granted above are perpetual and will not be
revoked by the Internet Society or its successors or assigns.

Thi s docunent and the information contained herein is provided on an
"AS | S" basis and THE | NTERNET SOCI ETY AND THE | NTERNET ENG NEERI NG
TASK FORCE DI SCLAI M5 ALL WARRANTI ES, EXPRESS OR | MPLI ED, | NCLUDI NG
BUT NOT LIM TED TO ANY WARRANTY THAT THE USE OF THE | NFORMATI 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.
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