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Abstract

Thi s docunent describes Path Maxi mum Transm ssion Unit Di scovery
(PMIUD) in Bit Indexed Explicit Replication (BIER) |ayer.

Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
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Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunments valid for a maxi num of six nonths
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time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress.”

This Internet-Draft will expire on 6 Novenber 2025.
Copyri ght Notice

Copyright (c) 2025 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Legal
Provisions Relating to | ETF Docunments (https://trustee.ietf.org/
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1. Introduction

I n packet switched networks, when a host seeks to transnit data to a
target destination, the data is transmtted as a set of packets. In
many cases, it is nore efficient to use the largest size packets that
are less than or equal to the smallest Maxi num Transni ssion Unit

(MrU) for any forwardi ng device along the routed path to the IP
destination for these packets. Such "least MU' is known as Path MIU
(PMIU). Fragmentation or packet drop, silent or not, may occur on
hops al ong the path where an MU is smaller than the size of the
datagram To avoid any of the |listed above behaviors, the packet
source must find the value of the least MU, i.e., PMIU, that will be
encountered along the path that a set of packets will follow to reach
the given set of destinations. Such MU determnination along a
specific path is referred to as path MIU di scovery (PMIUD).

[ RFC8279] introduces and explains Bit Index Explicit Replication
(BIER) architecture and how it supports the forwarding of multicast
data packets. [I-D.ietf-bier-ping] introduced BIER Ping as a
transport-i ndependent OAM nechanismto detect and | ocalize failures
in the BIER data plane. This document specifies how Bl ER Ping can be
used to performefficient PMIUD in the Bl ER domai n.

1.1. Conventions used in this docunment
1.1.1. Term nol ogy

Thi s docunent uses term nology defined in [RFC8279]. Famliarity
with this specification and the term nol ogy used i s expected.
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1.1.2. Requirenents Language

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in BCP
14 [ RFC2119] [RFCB174] when, and only when, they appear in al
capitals, as shown here

2. Pr obl em St at enment

[I-D.ietf-bier-oamrequirenents] sets forth the requirenent to define
PMIUD protocol for BIER domain. This docunment describes the
extension to [I-D.ietf-bier-ping] for use in the BIER PMIUD sol ution

Current PMIUD nmechani sms ([ RFC1191], [RFC8201], and [ RFC4821]) are
primarily targeted to work on point-to-point, i.e. unicast paths.
These nechani sns use packet fragnentation control by disabling
fragmentation of the probe packet. As a result, a transit node that
cannot forward a probe packet that is bigger than its |ink MIU sends
to the packet’s source an error notification, otherw se the packet
destination may respond with a positive acknow edgnent. Thus,

possi bly through a series of iterations, varying the size of the
probe packet, the packet source discovers the PMIU of the particul ar
pat h.

Appl yi ng such existing PMIUD sol utions are inefficient for point-to-
mul ti point paths constructed for nulticast traffic. Probe packets
must be flooded through the whole set of nulticast distribution paths
repeatedly until the very | ast egress responds with a positive

acknow edgnent. Consider the nulticast network presented in

Figure 1, where MIU on all links but one (B, D) is the sane. [|f MU
on the link (B, D) is smaller than the MU on the other |inks, using
exi sting PMIUD mechani sm probes will unnecessarily flood to |eaf
nodes E, F, and G for the second and consecutive tines and positive
responses will be generated and received by root A repeatedly.
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Figure 1: Milticast network
PMIUD Mechani sm for BIER

A multicast distribution tree connects a BFIRwith a set of BFERs via
procedures explained in [RFC8279]. The BFIR determ nes the MIU of
this nmulticast distribution tree by transmtting a series of probe
packets fromBFIR to the set of BFERs. |In the case of ECMP, BFI R MAY
test each path by variating the value in the Entropy field. The
critical step in the process of Path MIU di scovery is the
notification of BFIR about the failure at an intermediate BFR to
forward the probe packet toward the subset of targeted downstream
BFERs. That is achieved by BFR responding with a partial (conpared
to the one it received in the request) bitnask towards the
originating BFIR in error notification. That allows for the

retransm ssion of the next probe with a smaller MIU addressed only
toward a smaller set of BFERs downstreamfromthe fail ed BFR instead
of all BFERs within the nulticast distribution tree. |In the scenario
di scussed in Section 2, the second and all following (if needed)
probes will be sent only to node D because the smaller |ink MIU of
interface B-D. Since the MU discovery of E, F, and G has been

compl eted already by the first probe, the second, and any of the
followi ng probes will not be forwarded to these | eaves.

Consi der the network displayed in Figure 1 to be a presentation of a
Bl ER domai n and all nodes to be BFRs. To discover MIU over BIER
domain to BFERs D, F, E, and GBFIR A will use BIER Ping with Data
TLV, defined in Section 3.1. Size of the first probe set to M max
determned as mninmal MU value of BFIR s links to BIER donmain. As
has been assuned in Section 2, MIUs of all links but the link (B, D)
are the sane. Thus BFERs E, F, and G woul d receive Bl ER Echo Request
and will send their respective replies to BFIR A BFR B nmay pass the
packet which is too large to forward over egress link (B, D to the
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appropriate network | ayer for error processing where it would be
recogni zed as a BI ER Echo Request packet. BFR B MJST send BI ER Echo
Reply to BFIR A and MJST i ncl ude Downstream Mappi ng TLV, defined in
[I-D.ietf-bier-ping] setting its fields in the foll owi ng fashion:

*  MIU SHOULD be set to the mininmal MU val ue anmong all BI ER-enabl ed
egress interfaces toward downstream BFRs that could be used to
reach B's downstream BFERs;

* Address Type MAY be set to any value defined in Section 3.3.4
[1-D.ietf-bier-ping].

* | flag MJST be cleared to direct the respondi ng BFR not to include
the Incomng SI-BitString TLV in the Bl ER Echo Response.

* Downstream Interface Address field MIUST be zeroed.

* List of Sub-TLVs MJST include the Egress Bitstring sub-TLV with
the list of all BFERs that cannot be reached because the egress
MIU turned out to be too small.

The BFIR will receive either of the two types of packets:

* a positive Echo Reply fromone of BFERs to which the probe has
been sent. In this case, the bit corresponding to the BFER MJST
be cleared fromthe bitmask string (BMS);

* a negative Echo Reply with bit string listing unreached BFERs and

recomended MIU value MU . The BFIR MUST add the bit string to
its BM5 and set the size of the next probe as min(MU MU )
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If a negative Echo Reply is received, the BFIR MJST wait for the
expiration of the Echo Request before transmtting the updated Echo
Request. If upon expiration of the Echo Request timer BFIR didn't
receive any Echo Replies, then the size of the probe SHOULD be
decreased. There are scenari os when an inplenentation of the PMIuUD
woul d not decrease the size of the probe. For exanple, suppose upon
expiration of the Echo Request timer BFIR didn't receive any Echo
Reply. 1In that case, BFIR MAY continue to retransnit the probe using
the initial size and MAY apply probe delay retransm ssion procedures.
The al gorithmused to delay retransm ssion procedures on BFIR s
outside the scope of this specification. The BFIR sends probes using
BMS and | ocally defined retransm ssion procedures, but not nore
frequently than after the Echo Request tiner expired, until either

the bit string is clear, i.e., contains no set bits, or until the
BFI R retransm ssion procedure term nates and PMIU di scovery is
decl ared unsuccessful. In the case of convergence of the procedure,

the size of the |ast probe indicates the PMIU size that can be used
for all BFERs in the initial BMS without incurring fragnentation.

Thus we conclude that in order to comply with the requirement in
[1-D.ietf-bier-oamrequirenents]:

* a BFR SHOULD support PMIUD;

* a BFR MAY use defined per BIER sub-domain MIU value as initial MU
val ue for discovery or use it as MIU for this BIER sub-domain to
reach BFERs;

* a BFIR MJUST have a locally defined PMIUD probe retransmni ssion
procedur e.

Data TLV for BIER Ping

There needs to be a control for probe size in order to support the
BIER PMTUD. Data TLV format is presented in Figure 2. Data TLV MAY
be added in Bl ER Echo Request or Echo Reply message as defined in
[1-D.ietf-bier-ping].

0 1 2 3

01234567890123456789012345678901

i I s I i i S SR S S S

| Type (TBAl) | Length |
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Figure 2: Data TLV format
* Type: indicates Data TLV, to be allocated by | ANA Section 4.
* Length: the length of the Data field in octets.

* Data: n octets (n = Length) of arbitrary data. The receiver
SHOULD i gnore it.

4. | ANA Consi derati ons

I ANA is requested to assign a new Type value for Data TLV Type from
its registry of TLV and sub-TLV Types of BIER Ping as follows:

B oot s ety
| Value | Description | Reference |
=4 -4 ———————————————+
| TBAl | Dat a | This document |
+----- - I i I I T +

Table 1: Data TLV Type

5. Security Considerations

Rout ers that support PMIUD based on this document are subject to the
same security considerations as defined in [I-D.ietf-bier-ping]
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