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Abst r act

Current signalling used by Miulti-Protocol Label Switching Traffic
Engi neering (MPLS TE) does not provide support for unnunbered |inks.
Thi s docunent defines procedures and extensions to Constraint-Routing
Label Distribution Protocol (CR-LDP), one of the MPLS TE signalling
protocols that are needed in order to support unnunbered |inks.

Speci fication of Requirements

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

[ RFC2119].

1. Overview

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 IGP TE extensions (ISIS or
OSPF), and (b) the ability to specify unnunmbered links in MPLS TE
signalling. The former is covered in [GWLS-1SIS, GWLS-OSPF]. The
focus of this document is on the latter.
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Current signalling used by MPLS TE does not provi de support for
unnurbered |inks because the current signalling does not provide a
way to indicate an unnunbered link in its Explicit Route Objects.
Thi s docunent proposes sinple procedures and extensions that allow
CR-LDP signalling [CR-LDP] to be used wi th unnunbered I|inks.

2. Link Identifiers

An unnunbered link 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 1GP in support of traffic engineering, then the IS-1S and/or OSPF
and CR-LDP 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 |ink

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 neans of a
protocol such as LMP ([LMP]), by neans of CR-LDP (especially in the
case where a link is a Forwardi ng Adj acency, see below), or by means
of I1S-1S or OSPF extensions ([ISIS-GWLS], [OSPF-GWLS]).

Consi der an (unnunbered) |ink 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 link as the "link
| ocal identifier"™ (or just "local identifier"), and to the identifier
that B assigned to the link as the "link renote identifier" (or just

"renote 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 docunent, the term"Router |ID' nmeans a stable
| P address of an LSR that is always reachable if there is any
connectivity to the LSR  This is typically inmplenented as a

"l oopback address"; the key attribute is that the address does not
become unusable if an interface on the LSRis down. |n some cases,
this value will need to be configured. |If one is using OSPF or I1SIS
as the 1GP in support of traffic engineering, then it is RECOMVENDED
for the Router IDto be set to the "Router Address" as defined in

[ CSPF-TE], or "Traffic Engineering Router I1D' as defined in [ISIS-

TE] .

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

If an LSR that originates an LSP advertises this LSP as an unnunbered
Forwar di ng Adjacency in IS-1S or OSPF (see [LSP-H ER]), or the LSR
uses the Forwardi ng Adjacency forned by this LSP as an unnunbered
conponent link of a bundled Iink (see [LINK-BUNDLE]), the LSR MJST
allocate an identifier to that Forwarding Adjacency (just like for
any other unnunbered link). Moreover, the REQUEST nessage used for
establishing the LSP that fornms the Forwardi ng Adj acency MJST contain
an LSP_TUNNEL | NTERFACE I D TLV (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 all ocated to the Forwardi ng Adjacency.

If the REQUEST nessage contains the LSP_TUNNEL | NTERFACE ID TLV, then
the tail-end LSR MUST allocate an identifier to that Forwarding

Adj acency (just like for any other unnunbered link). Furthernore,
the MAPPI NG nmessage for the LSP MJUST contain an

LSP_TUNNEL_| NTERFACE_ID TLV, 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 Explicit Route TLV and the
Interface ID TLV, an unnunbered Forwardi ng Adjacency is treated as an
unnunbered (TE) |ink or an unnunbered conponent link as follows. The
LSR that originates the 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 Reverse Interface ID TLV (for the
definition of Reverse Interface ID TLV see below). The LSRthat is a
tail-end of that Forwarding 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 TLV (for the
definition of Forward Interface |ID see bel ow).
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3.1. LSP_TUNNEL_I NTERFACE_ID TLV

The LSP_TUNNEL_I NTERFACE I D TLV has Type 0x0836 and length 8. The
format is given bel ow.

Figure 1: LSP_TUNNEL_| NTERFACE | D TLV

0 1 2 3
012345678901234567890123456789¢01
B i aT T ST S O S it T ol STEE S U SR U S e O S S N S S

| O] O] Type | Length

B T s i I S e i S i i S S e S
| LSR' s Router ID

s S S i I S R R e h T Tk e S S S o T S
| Interface ID (32 bits)

B i aT T ST S O S it T ol STEE S U SR U S e O S S N S S

This TLV can optionally appear in either a REQUEST nessage or a
MAPPI NG nessage. 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 Explicit Route TLV

A new Type of ER-Hop TLV of the Explicit Route TLV is used to specify
unnunbered links. This Type is called Unnunbered Interface ID, and
has the follow ng format

The Type is 0x0837, and the Length is 12. The L bit is set to
i ndicate a | oose hop, and cleared to indicate a strict hop

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

Figure 2: Unnunbered Interface ID

0 1 2 3
01234567890123456789012345678901
T T R i e e e e o S e SRR R

| O] O] Type | Length = 12

B s i S i I i S S S i i
| L] Reserved |
i i T e T S e st o i R SR
| Router 1D |
T Lk R e T e i ik i Sl TR R o
| Interface ID (32 bits)
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4.1. Processing the IF_ID TLV

When an LSR receives a REQUEST nessage containing the I|F_ID
(Interface ID) TLV (see [GWLS-CRLDP]) with the I F_INDEX TLV, the LSR
processes this TLV as follows. The LSR nmust have information about
the identifiers assigned by its neighbors to the unnunbered |inks

bet ween t he nei ghbors and the LSR. The LSR uses this information to
find alink with tuple <Router ID, |ocal 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 herw se, the LSR SHOULD return an error
4.2. Processing the Unnunbered Interface | D ER-Hop TLV

The Unnunbered Interface ID ER-Hop is defined to be a part of a
particul ar abstract node if that node has the Router ID that is equa
to the Router IDfield in the Unnunbered Interface ID ER-Hop, and if
the node has an (unnunbered) Iink or an (unnunbered) Forwarding

Adj acency whose local identifier (fromthat node’'s point of view) is
equal to the value carried in the Interface ID field of the
Unnunbered Interface | D ER- Hop.

Wth this in mnd, the Explicit Route TLV processing in the presence
of the Unnunbered Interface ID ER-Hop follows the rules specified in
section 4.8.1 of [CR-LDP].

As part of the Explicit Route TLV processing, or to be nore precise,
as part of the next hop selection, if the outgoing link is
unnurber ed, the REQUEST nessage that the node sends to the next hop
MUST include the IF ID TLV, with the IP address field of that TLV set
to the Router I D of the node, and the Interface ID field of that TLV
set to the identifier assigned to the link by the node.

5. 1 ANA Consi derati ons

RFC 3036 [LDP] defines the LDP TLV name space. RFC 3212 [CD- LDP]
further subdivides the range of that TLV space for TLVs associ at ed
with the CR-LDP in the range 0x0800 - Ox08FF, and defines the rules
for the assignment of TLVs within that range using the term nol ogy of
BCP 26, RFC 2434, "Quidelines for Witing an | ANA Consi derati ons
Section in RFCs". Those rules apply to the assignnment of TLV Types
for the Unnunbered Interface I D and LSP_TUNNEL_I| NTERFACE_I D TLVs
defined in this document.
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6. Security Considerations

Thi s docunent extends CR-LDP and raises no new security issues. CR
LDP inherits the same security nechani sm described in Section 4.0 of
[LDP] to protect against the introduction of spoofed TCP segnents
into LDP sessi on connection streans.
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10. Full Copyright Statenent
Copyright (C The Internet Society (2003). Al Rights Reserved.

Thi s docunent and translations of it may be copied and furnished to
ot hers, and derivative works that conment on or otherwi se explain it
or assist inits inplenentation may be prepared, copied, published
and distributed, in whole or in part, without 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 ot her than
Engl i sh.

The Iimted 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 LI M TED TO ANY WARRANTY THAT THE USE OF 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
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