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Abstract

Thi s docunent specifies extensions to LDP to support the use Fl ex-
Al go, enabling Label Switched Paths (LSPs) to follow a specific
Fl ex- Al go.
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1. Introduction

Mul ti-Topol ogy Routing (MIR) is a technol ogy that enables service
differentiation within an I P network. The Flexible Algorithm (FA) is
anot her mechani smfor creating a sub-topol ogy within a topol ogy
usi ng defined topol ogy constraints and conputation al gorithns.

To depl oy Label Distribution Protocol (LDP) in a network that
supports Fl ex-Al go, or other nmethods of signaling non-default |IGP
Algorithns (I PAs), it is necessary for LDP to becone al gorithm
aware. This docunment specifies extensions to LDP to support the use
of I PAs, enabling Label Switched Paths (LSPs) to follow a specific
al gorithm

[ RFC7307] describes how to extend the LDP protocol to support Milti-
Topol ogy (MI), but it only uses one byte to carry the MI-1D and does
not support | PAs. This docunment updates RFC 7307 by allowing LSPs to
follow a specific topology and al gorithm
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Thi s docunent defines how LDP can utilize a specific conbination of
topol ogy and algorithm referred to as Topol ogy-Al gorithm TA). In
this context, LDP's functionality is enhanced to ensure that the
LSPs are constructed and mai ntai ned according to the specified TA
paraneters, thus optimzing the routing and resource utilization in
di verse network environments.
These enhancenents to LDP provide the flexibility needed to support
advanced topol ogi cal and algorithm c configurations, making it a
robust choice for nodern, dynami c network infrastructures.
1.1. Term nol ogy
Thi s docunent uses term nol ogi es defined in [ RFC7307].
0 M-ID: A 16-bit value used to represent the Milti-Topol ogy |ID.
0o Algorithm A 1-octet value fromthe | GP Al gorithm Types registry
under | GP Paraneters registry.
2. Signaling Extensions
2.1. New Address Fanmilies: FA |P/FA | Pv6
[ RFC7307] defines MI IP and MI | Pv6 address famlies, which are used
to specify IPv4 and | Pv6 prefixes within a topol ogy scope, but they
can only carry MI-1D information.
To extend I P address famlies for Flex-A go, two new Address

Fam lies named "FA I P* and "FA | Pv6" are used to specify |IPv4d and
I Pv6 prefixes within a Fl ex-Al go scope.

0 1 2 3
01234567890123456789012345678901
I i S T i i S e e S i e o

| Pv4 Address
s i S e i i T s S S T ol ST S e e
Reserved | I PA MT- 1 D
i i i i S it SR SR S S U it SR S S
Figure 1: FA I P Address Fanily Format
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0 1 2 3
01234567890123456789012345678901
e T S S S e i i S DU S S S S R S T S S

| | Pv6 Address |

e o o e i et oI i S S S i s s e sl St S S S e R R R
Reserved | I PA MI-1D
B T I i R i e i Sl e e g e S I T s s it sTE O T B S SR

Figure 1: FA I Pv6 Address Fam |y Fornmat

IPA: A 1-octet value fromthe I GP Algorithm Types registry under
| GP Paraneters registry.

MI-1D: A 2-octet field MI-1D (see Section 3.7 of [ RFC4915],

Section 7 of [RFC5120]) to special the topology. |If this fieldis
set to zero, it means the default topol ogy.

2.2. LDP FEC Elenents with FA IP AF

The foll owi ng section specifies the format extensions of the

exi sting LDP FEC el ements to support Flex-Algo. The "Address

Fam | y" of these FEC elenments will be set to "FA IP" or "FA | Pv6".

The encoding of the Flex-Algo Prefix FEC elenent is as foll ows:
0 1 2 3
01234567890123456789012345678901
i R L s e T e R h th s i S SR N S

| Prefix (2) | Address Fam | y(FA | P/1Pv6) | PrelLen |
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e T S S S e i i S DU S S S S R S T S S

Prefix

B i s sl o S S S S N i e ik T SEIE TR e Sl R R i S S e e i e i
Reserved | I PA M- 1D

T I T S S i T T S AR

Figure 2: FA Prefix FEC El ement For mat

The Fl ex-Al go Typed Wl dcard FEC el enent encoding is as foll ows:
0 1 2 3
01234567890123456789012345678901
T S T i i S it iR IR R S S S S i it S N
| Typed Weard (5) ] FEC Type | Len = 6 | AF = FAIP |
T i i S
| or FAIPvE |
T S T I Al ol ST SN S S S S S S S S S i S SIS SN S O Y
Reserved | | PA Mr-1D
T S T i i S it iR IR R S S S S i it S N
Figure 4: Flex-Al go Typed Wl dcard FEC El enent
2.3. 1 GP | PA Mapping and Transl ati on
The non-reserved non-special |GP | PA values can be used and carried
in LDP wi thout the need for translation. However, there is a need

for translating reserved or special 1GP |IPA values to correspondi ng
LDP | PAs.
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2.4. LDP Flex-Al go Capability Advertisenent
2.4.1. Protocol Extension

We specify a new LDP capability, named "Flex-Algo (FA", which is
defined in accordance with the LDP capability guidelines [ RFC5561].
The LDP "FA" capability can be advertised by an LDP speaker to its
peers either during the LDP session initialization or after the LDP
session is set up. The advertisement is to announce the capability
of the Label Switching Router (LSR) to support FA for the given IP
address fanmly. An LDP speaker MJUST NOT send nessages containing FA
FEC el enments unl ess the peer has said it can handle it.

The format of the FA Capability TLV is as foll ows:

0 1 2 3
01234567890123456789012345678901
I i S T i i S e e S i e o
| Ul F| Fl ex- Al go Cap. (| ANA) | Length

T i i I T T o s S O o o il S S S
| S| Reserved | |
i S S |

~ Typed Wl dcard FEC el enent (s) ~

i i i i S it SR SR S S U it SR S S
Figure 5: Flex-Algo Capability TLV For mat
Wher e:
0 Flex-Algo Capability: Capability TLV type (I ANA assi gned)
2.4.2. Procedures

To announce its Flex-Al go capability for an | P address famly, LDP
FEC type, an LDP speaker sends an "FA Capability" including the
exact Typed W ldcard FEC el ement with the correspondi ng
"AddressFami ly" field (i.e., set to "FAIP" for IPv4 and set to "FA
| Pv6" for I Pv6 address family), corresponding "FEC Type" field
(i.e., set to "Prefix"), and corresponding "I PA". To announce its
Lin, et al. Expires 06 May 2026 [ Page 6]
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3.

Fl ex- Al go capability for both the IPv4 and | Pv6 address fanily, or
for multiple FEC types, or for multiple Flex-A gos, an LDP speaker
sends an "FA Capability” with one or nore FA Typed FEC el enents in
it.

FA Applicability on FEC Based Features

3.1. Typed Wl dcard FEC El enent

[ RFC5918] extends base LDP and defines the Typed Wl dcard FEC

el ement framework. The Typed Wl dcard FEC el enent can be used in
any LDP nessage to specify a wildcard operation/action for a given
type of FEC.

The FA extensions defined in this docunent do not require any
extension to procedures for the Typed Wl dcard FEC el enment, and
these procedures apply as is to FA wildcarding. The FA extensions,
though, allow use of "FA IP" or "FA IPv6" in the Address Fanmily
field of the Typed Wl dcard FEC el ement in order to use wildcard
operations in the context of a given Flex-Al go. The use of FA-
scoped address fanmily also allows us to specify Flex-Algo in these
operati ons.

3.2. LSP Ping

3.2.1. New FEC Sub- Types

We define two new FEC types for LSP ping:
o FA LDP | Pv4 FEC

o FA LDP IPv6 FEC

3.2.2. FA LDP I Pv4 FEC Sub-TLV

The format of the "FA LDP | Pv4 FEC' sub-TLV to be used in a "Target
FEC Stack" [RFC4379] is:

0 1 2 3

01234567890123456789012345678901
L T T i e T
| Type (FA LDP | Pv4 FEC) Length = 12
ek Lk T e S S S S S
| | Pv4 prefix

I S i S S S S T o S S S i i S S i S S

Lin, et al. Expires 06 May 2026 [ Page 7]

+

+

+



I nternet-Draft LDP Ext ensions for Fl ex-Al go Noverber 2025

| Prefix Length | I PA | M- 1D |
B i s T T i i o S o T Ji I

Figure 5: FA LDP | Pv4 FEC Sub-TLV

3.2.3. FA LDP I Pv6 FEC Sub-TLV

The format of the "FA LDP | Pv6 FEC' sub-TLV to be used in a "Target
FEC Stack" [RFC4379] is:

0 1 2 3

01234567890123456789012345678901
e i S S it e S i S e e
| Type (FA LDP I Pv6 FEC) Length = 24

e i S T S S T T S i S S S S

| I Pv6 prefix |

T T T o T i S S i oI S SEp S S S

| Prefix Length | I PA MT- 1 D
I S i o T s S S S e s s T

Fi gure 6: FA LDP | Pv6 FEC Sub- TLV

3.2.4. Operation Considerations

To detect data-plane failures using LSP ping for a specific Flex-
Al go, the router will initiate an LSP ping request with the target
FEC stack TLV containing the LDP FA IP Prefix Sub-TLV in the Echo
Request packet. The Echo Request packet is sent with the | abel
bound to the IP Prefix in the Flex-Al go. Once the Echo Request
packet reaches the target router, it will process the packet and
perform checks for the LDP FA I P Prefix sub-TLV present in the
Target FEC Stack as described in [RFC4379] and respond according to
Lin, et al. Expires 06 May 2026 [ Page 8]
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the processing rules in [ RFC4379]. For the case that the LSP ping
with return path is not specified, the reply packet must go through
the default Flex-Algo instead of the Fl ex-A go where the Echo
Request goes t hrough.

4. Error Handling

4.1. Error Notification for Invalid IPAID
An LSR should respond with an "Invalid IPAID" status code in the
LDP Notification message when it receives an LDP nessage with a FEC
el ement specifying an I PA that is not locally known or not
supported. The LSR MJST al so discard the entire nmessage before
sendi ng the Notification nessage.

5. 1 ANA Consi derations

5.1. FA Capability TLV

New LDP Capability TLV "Flex-Al go Capability" TLV is requested
fromthe LDP Paraneters registry "TLV Type Nanme Space".

5.2. New Status Code

A new status code, "lInvalid IPAID " was requested fromthe LDP
Paraneters registry "Status Code Nane Space".

Regi stry:
Range/ Val ue Descri ption
TBD1 Invalid IPA 1D

5.3. New address famlies

New address families under the | ANA registry "Address Famly
Nunber s":

Nunber Descri ption
TBD2 FA IP. Flex-Algo | P version 4
TBD3 FA I Pv6: Flex-Algo IP version 6
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