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Abst ract

Proper functioning of RFC 1191 path Maxi mum Transm ssion Unit (MIU)

di scovery requires that IP routers have know edge of the MIU for each
link to which they are connected. As currently specified, the Labe
Distribution Protocol (LDP) does not have the ability to signal the
MIU for a Label Switched Path (LSP) to the ingress Label Switching
Router (LSR). In the absence of this functionality, the MIU for each
LSP rmust be statically configured by network operators or by

equi val ent off-1ine nmechani sns.

Thi s docunent specifies experinental extensions to LDP in support of
LSP MTU di scovery.

1. I nt roduction

As currently specified in [2], the LDP protocol for MPLS does not
support signalling of the MU for LSPs to ingress LSRs. This
functionality is essential to the proper functioning of RFC 1191 path
MIU detection [3]. Wthout know edge of the MIU for an LSP, edge
LSRs may transmit packets along that LSP which are, according to [4],
too big. These packets may be silently discarded by LSRs al ong the
LSP, effectively preventing comunication between certain end hosts.
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The solution proposed in this docunent enables automatic

determ nation of the MIU for an LSP by addi ng a Type-Lengt h-Val ue
triplet (TLV) to carry MIU informati on for a Forwardi ng Equival ence
Class (FEC) between adjacent LSRs in LDP Label Mappi ng nessages.
This information is sufficient for a set of LSRs al ong the path

foll owed by an LSP to discover either the exact MIU for that LSP, or
an approximation that is no worse than could be generated with | oca
i nformati on on the ingress LSR

1.1. Conventions Used in This Document

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in BCP 14, RFC 2119 [1].

2. MU Signalling

The signalling procedure described in this docunment enploys the
addition of a single TLV to LDP Label Mapping nessages and a sinple
al gorithmfor LSP MIU cal cul ati on.

2.1. Definitions

Li nk MIU. The MIU of a given link. This size includes the IP header
and data (or other payload) and the | abel stack but does not include
any | ower-1layer headers. A link may be an interface (such as

Et her net or Packet-over-SONET), a tunnel (such as GRE or |Psec), or
an LSP.

Peer LSRs: For LSR A and FEC F, this is the set of LSRs that sent a
Label Mapping for FEC F to A

Downstream LSRs: For LSR A and FEC F, this is the subset of A s peer
LSRs for FEC F to which Awll forward packets for the FEC
Typically, this subset is deternmined via the routing table.

Hop MIU: The MIU of an LSP hop between an upstream LSR, A and a
downstream LSR, B. This size includes the |IP header and data (or

ot her payl oad) and the part of the | abel stack that is considered
payl oad as far as this LSP goes. It does not include any |ower-|eve
headers. (Note: If there are multiple |inks between A and B, the Hop
MIU is the mninum of the Hop MU of those |inks used for

f orwar di ng.)

LSP MIU: The MIU of an LSP froma given LSR to the egress(es), over
each valid (forwarding) path. This size includes the |IP header and
data (or other payload) and any part of the |abel stack that was
received by the ingress LSR before it placed the packet into the LSP
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(this part of the Iabel stack is considered part of the payload for
this LSP). The size does not include any |ower-I|evel headers.

2.2. Exanple

Consider LSRs A - F, interconnected as foll ows:

Say that the link MU for link L is 9216; for links M Q and R
4470; and for N and P, is 1500.

Consider an FEC X for which F is the egress, and say that all LSRs
advertise X to their nei ghbors.

Note that although LDP may be running on the C- Dlink, it is not
used for forwarding (e.g., because it has a high netric). 1In
particular, Dis an LDP neighbor of C, but Dis not one of Cs
downstream LSRs for FEC X

E' s peers for FEC X are C, D, and F. Say that E chooses F as its
downstream LSR for X. E s Hop MIU for link Ris 4466. |If F
advertised an inmplicit null label to E, then E MAY set the Hop MIU
for Rto 4470.

Cs peers for FEC X are B, D, and E. Say that C chooses E as its
downstream LSR for X. Sinilarly, A chooses B, B chooses C and D
(equal cost nulti-path), D chooses E, and E chooses F (respectively)
as downstream LSRs.

Cs Hop MU to E for FEC X is 1496. B's Hop MTUto Cis 4466 and to

Dis 1496. A's LSP MIU for FEC X is 1496. |If A has another LSP for

FEC Y to F (learned via targeted LDP) that rides over the LSP for FEC
X, the MIU for that LSP would be 1492.

If B had a targeted LDP session to E (e.g., over an RSVP-TE tunnel T)
and B received a Mapping for FEC X over the targeted LDP session,
then E would al so be B' s peer, and E nay be chosen as a downstream
LSR for B. In that case, B's LSP MIU for FEC X woul d then be the
smaller of {(T's MIU - 4), Es LSP MIU for X}.

This nmeno describes how A determnes its LSP MIU for FECs X and Y.
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2. 3.

Signal ling Procedure

The procedure for signalling the MU is performed hop-by-hop by each
LSR L along an LSP for a given FEC, F. The steps are as foll ows:

1.

First, L conmputes its LSP MIU for FEC F:

A If Lis the egress for F, L sets the LSP MIU for F to 65535.

B. [OPTIONAL] If L's only downstream LSR is the egress for F
(i.e., Lis apenultimate hop for F) and L receives an inplicit
null label as its Mapping for F, then L can set the Hop MIU for
its downstreamlink to the link MU instead of (link MU- 4
octets). L's LSP MU for F is the Hop MIU.

C. Oherwise (L is not the egress LSR), L conputes the LSP MIU for
F as foll ows:

a) L determines its downstream LSRs for FEC F.

b) For each downstream LSR Z, L conputes the mni num of the Hop
MU to Z and the LSP MU in the MIU TLV that Z advertised to
L. If Zdid not include the MIU TLV in its Label Mappi ng,
then Z7s LSP MIU is set to 65535.

c) L sets its LSP MIU to the mninumof the MUs it conputed
for its downstream LSRs.

For each LDP nei ghbor (direct or targeted) of L to which L decides
to send a Mapping for FEC F, L attaches an MIU TLV with the LSP
MIU that it conmputed for this FEC. L MAY (because of policy or
for other reasons) advertise a smaller MU than it has conputed,
but L MJUST NOT advertise a |arger MIU

When a new MIU is received for FEC F from a downstream LSR or the
set of downstream LSRs for F changes, L returns to step 1. |If the
newly computed LSP MIU i s unchanged, L SHOULD NOT advertise new
information to its neighbors. Oherwise, L readvertises its
Mappings for Fto all its peers with an updated MIU TLV.

Thi s behavior is standard for attributes such as path vector and
hop count, and the sane rules apply, as specified in [2].

If the LSP MIU decreases, L SHOULD readvertise the new MU
imediately; if the LSP MIU i ncreases, L MAY hold down the
readverti senent.
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2.4. MU TLV

The MIU TLV encodes information on the maxi mumtransm ssion unit for
an LSP, fromthe advertising LSRto the egress(es) over all valid
pat hs.

The encoding for the MIU TLV is as foll ows:

0 1 2 3

01234567890123456789012345678901
T T T A S T
| 1] 1 MIU TLV (0x0601) | Lengt h |
T T S S T T T S
I
+-

MU |
i i S S e S S i S o

MU

This is a 16-bit unsigned integer that represents the MU in octets
for an LSP or a segnent of an LSP.

Note that the Uand F bits are set. An LSR that doesn’t recognize
the MU TLV MJST ignore it when it processes the Label Mapping
message and forward the TLV to its peers. This may result in the

i ncorrect conputation of the LSP MIU, however, silently forwarding
the MIU TLV preserves the maxi mal amount of information about the LSP
MTU.

3. Exampl e of Qperation

Consi der the network exanple in Section 2.2. For each LSR Table 1
describes the links to its downstream LSRs, the Hop MIU for the peer,
the LSP MIU received fromthe peer, and the LSR s conputed LSP MrU.

Now consi der the same network with the followi ng changes: There is an
LSP T fromBto E, and a targeted LDP session fromB to E. B's peer
LSRs are A, C, D, and E; B s downstream LSRs are D and E; to reach E,
B chooses to go over T. The LSP MIU for LSP T is 1496. This
information is depicted in Table 2.
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LSR | Link | Hop MU | Recvd MIU | LSP MIU
Fo] - | ess3s | -] 65535
E | R | 4466 | F 65535 | 4466
D | Q | 4466 | E 4466 | 4466
C | P | 1496 | E 4466 | 1496
B | M | 46 | c 149 |
| N 1496 | D 4466 | 1496
A ] L | 9212 | B 149 | 1496
""""""""""" Table 1
LSR | Link | Hop MU | Recvd MTU | LSP MIU
Fo] - | essss | -~ ] 65535
E | R | 4466 | F 65535 | 4466
D | Q | 4466 | E 4466 | 4466
c | P | 1496 | E 4466 | 1496
B | T | 1492 | E 4466 |
| N | 1496 | D 4466 | 1492
A | L | 9212 | B 1492 | 1492
""""""""""" Table2

4. Using the LSP MIu

An ingress LSR that forwards an | P packet into an LSP whose MIU it
knows MJST either fragment the I P packet to the LSP s MIU (if the
Don’t Fragnent bit is clear) or drop the packet and respond with an
| CMP Destination Unreachabl e nessage to the source of the packet,
with the Code indicating "fragmentati on needed and DF set", and the
Next-Hop MIU set to the LSP MIU. |In other words, the LSR behaves as
RFC 1191 says, except that it treats the LSP as the next hop
"net wor k" .

If the payload for the LSP is not an |IP packet, the LSR MJST forward

the packet if it fits (size <= LSP MIU) and SHOULD drop it if it
doesn’ t.
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5. Protocol Interaction
5.1. Interaction with LSRs that Do Not Support MIU Signalling

Changes in MIU for sections of an LSP nay cause internediate LSRs to
generate unsolicited | abel Mpping nessages to advertise the new MrU.
LSRs that do not support MIU signalling will, due to nmessage and TLV
processi ng mechani snms specified in RFC3036 [2], accept the nessages
carrying the MU TLV but will ignore the TLV and forward the TLV to
the upstream nodes (see Section 2.4).

5.2. Interaction with CR-LDP and RSVP-TE

The MIU TLV can be used to di scover the Path MIU of both LDP LSPs and
CR-LDP LSPs. This proposal is not inpacted in the presence of LSPs
created with CR-LDP, as specified in [5].

Note that LDP/CR-LDP LSPs may tunnel through other LSPs signalled
using LDP, CR-LDP, or RSVP-TE [6]; the mechani sm suggested here
applies in all of these cases, essentially by treating the tunnel
LSPs as i nks.
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7. Security Considerations

Thi s nmechani sm does not introduce any new weaknesses in LDP. It is
possi bl e to spoof TCP packets belonging to an LDP session to

mani pul ate the LSP MIU, but LDP has nechanisns to thwart these types
of attacks. See Section 5 of [2] for nore information on security
aspects of LDP.

8. | ANA Consi derati ons

| ANA has al |l ocated 0x0601 as a new LDP TLV Type, defined in Section
2.4. See: http://ww.iana.org/assignments/| dp-nanespaces
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Thi s docunent is subject to the rights, licenses and restrictions
contained in BCP 78, and except as set forth therein, the authors
retain all their rights.

Thi s docunent and the information contained herein are provided on an
"AS | S" basis and THE CONTRI BUTOR, THE ORGANI ZATI ON HE/ SHE REPRESENTS
OR | S SPONSORED BY (I F ANY), THE | NTERNET SOCI ETY AND THE | NTERNET
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WARRANTI ES OF MERCHANTABI LI TY OR FI TNESS FOR A PARTI CULAR PURPCSE

Intellectual Property

The | ETF takes no position regarding the validity or scope of any
Intell ectual Property Rights or other rights that mght be clainmed to
pertain to the inplenentation or use of the technol ogy described in
this docunment or the extent to which any |license under such rights

m ght or might not be avail able; nor does it represent that it has
made any i ndependent effort to identify any such rights. [Information
on the IETF s procedures with respect to rights in | ETF Docunments can
be found in BCP 78 and BCP 79.

Copi es of I PR disclosures nmade to the | ETF Secretariat and any
assurances of licenses to be nade available, or the result of an
attenpt made to obtain a general |icense or permssion for the use of
such proprietary rights by inplenenters or users of this
specification can be obtained fromthe | ETF on-line | PR repository at
http://ww.ietf.org/ipr

The IETF invites any interested party to bring to its attention any
copyrights, patents or patent applications, or other proprietary
rights that nmay cover technology that nay be required to inpl enent
this standard. Please address the information to the IETF at ietf-
ipr@etf.org.
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