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I nt roduction

The continued growth of the Internet has resulted in a commensurate
grow h in the scale of service provider networks and the amount of
information carried in IS 1S [IS0OL0589] Type-Length-Val ue (TLV)
tuples. Sinultaneously, new traffic engineering technol ogies are
defining new attributes, further adding to the scaling pressures.
The original TLV definition limts each TLV to a maxi num of 255
octets of payload, which is becom ng increasingly problematic.

Sone TLV definitions have addressed this by explicitly stating that a
TLV may appear multiple times inside of a Link State PDU (LSP)
However, this has not been done for many currently defined TLVs,

| eavi ng the situation somewhat anbi guous.

For exanple, [RFC5305] defines the Extended IS reachability TLV (22)
and [ RFC5120] defines the MI-1SN TLV (222). These docunments do not
specify sending multiple TLVs for the sane object and no ot her
mechani sm for expanding the information carrying capacity of the TLV
has been specifi ed.

The intent of this docunent is to clarify and codify the situation by
explicitly making nultiple occurrences of a TLV the standard

mechani smfor scaling TLV contents. Any future document that
proposes a different mechanismfor scaling TLV contents for a given
codepoi nt must explain why nultiple occurrences of a TLV i s not
appropri at e.

Thi s docunment does not alter the encoding of any TLV where multiple
occurrences of a TLV are already defined. Sone exanmples of this are:



*  Router CAPABILITY TLV (Type 242) [RFC7981]

* Application-Specific SRLG (Type 238) [ RFC9479]

* |nstance ldentifier (Type 7) [RFC8202]

* Application-Specific Link Attributes (sub-TLV Type 16) [ RFC9479]

[ RFC7356] has defined a 16-bit Length field for TLVs in flooding
scoped Protocol Data Units (PDUs). The probl em addressed by this
docunent would likely not be encountered when 16-bit Length TLVs are
in use. However, introduction of these new PDU types is not
backwards conpatible. Therefore, there is a need to address how to
expand the information advertised in existing PDUs that use TLVs with
8-bit length fields.

The nmechani sm described in this document has not been docunented for
all TLVs previously. This document provides the necessary protoco
definition and di scusses potential interoperability issues and

depl oynent chal | enges.

Thi s document specifies a neans for extending TLVs where no extension
mechani sm has been previously explicitly specified. It also
specifies this mechani smas the default extension nechanismfor
future TLVs. The mechani sm described in this docunent is applicable
to top level TLVs as well as any |level of sub-TLVs that nmmy appear
within a top | evel TLV.

Requi renment s Language

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in
BCP 14 [ RFC2119] [RFC8174] when, and only when, they appear in all
capital s, as shown here

Overview of MP-TLV Applicability to TLVs

A TLV is a tuple of (Type, Length, Value) and can be advertised in

I S-1S packets. Both Type and Length fields are one octet in size,
which leads to the limtation that a nmaxi num of 255 octets can be
sent in a single TLV. TLVs that have certain general characteristics
have the potential to require advertisenent of nore than 255 octets.
These generic types are described in nore detail in the follow ng
subsecti ons.

.1. TLVs that Advertise a List of bjects

Sone TLVs are sinply a list of objects of a given type. For exanple,
the BFD- Enabl ed TLV (Type 148) [RFC6213] contains a list of Milti-
Topol ogy Identifier (M D)/ Network Layer Protocol Identifier (NLPID)
pairs. |If nore than 255 octets are required to advertise all of the
MI D) NLPI D pairs, nultiple BFD Enabled TLVs woul d be required. The
rel ati onship between multiple BFD-Enabled TLVs is established using
the TLV type.

.2. TLVs that Advertise Cbjects with Identifier(s)

Sone TLVs support advertisement of objects of a given type, where
each object is identified by a unique set of identifiers. 1In this
case, the "key" that uniquely identifies a given object consists of
the set of identifiers.

.2.1. Exanple: Extended IS Reachability

As an exanpl e, consider the Extended IS reachability TLV (Type 22)



[ RFC5305]. A neighbor in this TLV is specified by:
* 7 octets of a system|D and pseudonode nunber
* 3 octets of a default netric

* Optionally, one or nore of the following link identifiers encoded
as sub- TLVs:

- an IPv4 interface address and | Pv4 nei ghbor address as
specified in [ RFC5305]

- an IPv6 interface address and | Pv6 nei ghbor address as
specified in [ RFC6119]

- Link Local/Renmpte lIdentifiers as specified in [ RFC5307]

The key consists of the 7 octets of system|D and pseudonode numnber
plus the set of link identifiers that are present.

.2.2. Exanple: Extended |P Reachability

As anot her exanpl e, consider the Extended I P reachability TLV (Type
135) [RFC5305]. A prefix in this TLV is specified by:

* 4 octets of netric information

* 1 octet of control information that includes 6 bits specifying the
prefix length

* 0-4 octets of an IPv4 prefix
The above are followed by up to 250 octets of sub-TLV infornation.

The key consists of the 6 bits of prefix length plus 0-4 octets of an
| Pv4 prefix.

Mul ti-Part TLVs

If a router advertises nultiple TLV tuples with the same TLV type and
the sane key (when applicable) in an IS 1S Hello (I1H) packet or in
the set of LSPs for a given level, they are considered a Miulti-Part
TLV (MP-TLV)

In the absence of MP-TLV support, when a router receives an MP-TLV,
the recei ver chooses which TLV will be processed and which TLV wil|
be ignored. Note that this can occur either legitimtely as a
transi ent condition when a TLV noves fromone LSP to another or as a
result of a defect in the sending inplenmentation

In the presence of MP-TLV support, when a router receives an MP-TLV,
information fromall the TLVs is processed.

The encoding of TLVs is not altered by the introduction of MP-TLV
support. In particular, the "key" that is used to identify the set
of TLVs that forman MP-TLV is the sanme key used in the absence of
MP-TLV support. Also note the definition of the "key" is part of the
specification(s) that define(s) the TLV and is therefore outside the
scope of this docunent.

NOTE: This docunent intentionally does not include a definition of
the key for each codepoint. To do so would be redundant and ri sk
unintentionally deviating fromthe definition that already exists in
the rel evant specifications. Also, the term"key" is a generic term
that is not used in the rel evant specifications.



Each TLV that is part of an MP-TLV MJST be parsabl e i ndependent of
other TLVs in the MP-TLV. Breaking of a single sub-TLV or other data
unit across TLVs MUST NOT be done. Breaking of a data unit across
TLVs results in an invalid encoding. Guidelines to receivers for
handl i ng such a case are specified in [ RFC3918].

Procedure for Receiving Multi-Part TLVs

A router that receives an MP-TLV MJST accept all of the infornmation
in all of the parts. The order of arrival and placenent of the TLV
parts in LSP fragnents is irrelevant. Miltiple TLV parts MAY occur
in a single LSP or parts MAY occur in different LSPs

The placenent of the TLV parts in an IIHis irrelevant.

When processing MP-TLVs, inplenmentations MJST NOT i npose a mini mum

I ength check. Although MP-TLVs SHOULD NOT be sent unless the
capacity of a single TLV (255 octets) is exceeded, receivers MJST NOT
reject MP-TLVs if senders do not strictly adhere to this constraint.
For exanple, if two MP-TLVs are received, each of which has a length
of 100 bytes, the fact that the total anount of data does not exceed
255 bytes MJST NOT cause the TLVs to be rejected. See Section 8.2
for gui dance on sendi ng MP-TLVs.

The contents of an MP-TLV MJST be processed as if they were
concatenated. |If the internals of the TLV contain key infornmation,
then replication of the key information MUST be taken to indicate
that subsequent data MJUST be processed as if the subsequent data were
concatenated after a single copy of the key information.

For exanpl e, suppose that a router receives an LSP with a Multi-Part
Extended IS reachability TLV. The first part contains key
informati on K with uni que sub-TLVs A B, and C. The second part
contains key information K with unique sub-TLVs D, E, and F. The
receiving router nust then process this as having key information K
and uni que sub-TLVs A, B, C, D, E, F, or, because ordering is
irrelevant, unique sub-TLVs D, E, F, A, B, C or any other

per nut at i on.

A TLV may contain information in its fixed part that is not part of
the key. For exanple, the netric in both the Extended IS
reachability TLV and the Extended |IP Reachability TLV does not
specify which object the TLV refers to, and thus is not part of the
key. Having inconsistent information in different parts of an MP-TLV
is an error.

It is also possible that information that is not part of the fixed
part of a TLV can be duplicated, e.g., a sub-TLV that is intended to
only appear once appears nultiple times and has inconsistent val ues.
This could occur within the sane TLV or in different parts of an M-
TLV. This is also an error

The docunent defining the TLV should specify how to handl e such
cases. |If such a docunent is not explicit in how to handl e such
cases, the follow ng procedure is defined:
* The first occurrence in the | owest nunmbered LSP is used.
Subsequent occurrences in the same LSP or hi gher nunbered LSPs are
i gnor ed.

* |n the case of IlHs, the first occurrence in the Il His used.
Subsequent occurrences in the II1H are ignored.

Specification of Applicability of Multi-Part TLVs

As nentioned in Section 1, existing specifications for some TLVs have



explicitly stated that the use of MP-TLV procedures are applicable to
that codepoint. However, MP-TLV procedures are potentially
applicable to any codepoint that allows sub-TLVs to be included as
part of the information advertised. MP-TLV procedures may al so be
appl i cable to codepoints that do not support sub-TLVs, but which
define an unbounded nunber of attributes that may be adverti sed
within a single codepoint. An exanple of the latter is GWLS-SRLG as
defined in [ RFC5307].

The lack of explicit indication of applicability of MP-TLV procedures
for all codepoints to which such procedures could be applied
contributes to potential interoperability problens if/when there is
need to advertise nore than 255 octets of information for such a
codepoi nt .

Thi s docunent nakes explicit the applicability of MP-TLV procedures
for all existing codepoints defined for the IS-1S protocol by

ext endi ng existing and rel evant | ANA protocol registries to include
an explicit indication of applicability of MP-TLV procedures for each
codepoint. See Section 9. Therefore, any new codepoi nts defined by
future protocol extensions will explicitly indicate the applicability
of MP-TLV procedures to the new codepoints.

MP-TLV Capability Adverti senent

I ntroduction of the use of MP-TLV for codepoints where the existing
speci fications have not explicitly defined MP-TLV support can be
extrenely disruptive to network operations in cases where not al
routers in the network support MP-TLV for those codepoints. Partia
depl oynent can easily result in traffic | oss and/or other unexpected
behavi ors that may be hard to di agnose.

For exanple, if there are nultiple TLVs associated with the

adverti senent of a neighbor and an inpl enentati on does not process
all of the link attributes advertised, then constrained path

cal cul ations based on those attributes are likely to produce
incorrect or unexpected results. This could produce forwarding | oops
or dropped traffic.

As an aid to network operators when diagnosi ng such situations, a new
sub-TLV of the 1S-1S Router CAPABILITY TLV [ RFC7981] is defined:

MP-TLV Support for TLVs with Inplicit Support

Type: 30 (1 octet)
Length: 0 (1 octet)

Rout ers that support MP-TLV for codepoints for which existing
specifications do not explicitly define such support, but for which
MP-TLV is applicable, SHOULD include this sub-TLV in a Router
CAPABI LI TY TLV.

Scope of the associated Router CAPABILITY TLV is per level (S-bit
clear) [RFC7981].

This advertisenent is for informational purposes only. I1S1S
protocol inplenmentations MJUST NOT alter what is sent or how what is
received is processed based on these advertisenents.

The sub-TLV intentionally does not provide a syntax to specify MP-TLV
support on a per-codepoint basis. It is presunmed that if such
support is provided that it applies to all relevant codepoints. It
is understood that in reality, a given inplenmentation mght linmt M-
TLV support to particul ar codepoi nts based on the needs of the

depl oynent scenarios in which it is used. Therefore, diligence is
still required on the part of the operator to ensure that



configurations which require the sending of an MP-TLV for a given
codepoint are not introduced on any router in the network until al
routers in the network support MP-TLV for the rel evant codepoints.

The Router CAPABILITY TLV is nmeant to advertise capabilities that are
of direct use to the IS-IS protocol. The MP-TLV Support sub-TLV
adverti ses managenent information, which is not of direct use to the
protocol. The intent is to provide infornmation that may be of use to
a network operator. This exception to the intended use of the Router
CAPABI LI TY TLV is introduced to help mtigate the potentia

di sruptiveness associated with the introduction of MP-TLV support in
cases where such support has not been explicitly defined. This is
not intended to introduce a generic new use case for the Router
CAPABI LI TY TLV.

NOTE: A nore appropriate and robust nechanismto provide detailed

i nformati on on what a given inplenentation supports is to utilize
YANG t o define Protocol Inplenmentation Confornmance Statenent (PICS).
An exanpl e of this can be found in [PlICS YANG .

Depl oynent Consi derati ons

Sendi ng of MP-TLVs in the presence of routers that do not correctly
process such advertisements can result in interoperability issues,
including incorrect forwardi ng of packets. This section discusses
best practices to be used when a depl oynent requires the use of MP-
TLVs for codepoints for which existing specifications do not
explicitly indicate MP-TLV support.

VWhile it is not in scope for this document to mandate how

i mpl ement ati ons provide the neans to prevent (or at |east nmake |ess
likely) partial deploynent of MP-TLV for a given codepoint, it is

i mportant to enphasize the need to assist operators in avoiding

i nadvertent problematic depl oynent scenarios. Providing appropriate
controls to enabl e/di sable the sending of MP-TLVs as discussed in
Section 8.1 is inmportant to avoid interoperability issues.

.1. Controls and Al arns

It is RECOVWENDED t hat inplenentations that support the sending of
MP- TLVs provide configuration controls that enabl e/ di sabl e generation
of MP-TLVs. Gven that MP-TLV support in a given inplenmentation may
vary on a per-TLV basis, these controls SHOULD provi de support at a
per-codepoint granularity. For exanple, an inplenentation m ght
support MP-TLVs for | S Extended Reachability but not for IP
Reachability.

| mpl enent ati ons that support disablenent of MP-TLVsS MUST | og the
fol |l owi ng occurrences:

*  An MP-TLV is received when use of MP-TLVs is disabl ed.

* Local LSP generation requires the use of MP-TLVs when generation
of MP-TLVs is disabled.

Net wor k operators SHOULD NOT enable MP-TLVs until ensuring that all
i npl ementations that will receive the MP-TLVs are capabl e of
interpreting themcorrectly as described in Section 5.

. 2. Restrictions on CGeneration of MP-TLVs

Thi s section discusses restrictions on sending of MP-TLVs. Wen

appl ying these restrictions, it is assuned that it has al ready been
determ ned that sending of MP-TLVs is allowed based on the setting of
the controls discussed in Section 8.1
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Sending a single TLV with all the information about an object is
preferable to sending multiple TLVs. It is sinpler and nore
efficient to parse information froma single TLV than to conbine the
information fromnultiple TLVs. |nplenentati ons SHOULD NOT send
multiple TLVs unless MP-TLV is applicable to the TLV and t he anount
of information that is required to be sent exceeds the capacity of a
single TLV. For exanple, when additional space is required in an
existing TLV, as long as there is space in the TLV, infornmation
SHOULD NOT be split into nultiple TLVs. |If there is no space in the
current LSP to fit the now |arger TLV, the TLV SHOULD be noved to a
new LSP.

| ANA Consi der ations
1. MP-TLV Support Sub-TLV

| ANA has registered the foll owing codepoint fromthe "IS-1S Sub-TLVs
for 1S-1S Router CAPABILITY TLV' registry (see
<https://wwv. i ana. or g/ assi gnnents/i sis-tlv-codepoi nts>):

Type: 30

Description: MP-TLV Support for TLVs with Inplicit Support
MP- TLV Applicability: N

Ref erence: Section 7 of RFC 9885

2. Extension to IS-1S Top-Level TLV Registries

| ANA has extended a nunber of registries within the "IS-1S TLV
Codepoi nts" registry group to include a colum that indicates whether
the MP-TLV procedures described in this document are applicable to
that codepoint. "Y" indicates that MP-TLV is applicable. "N

i ndi cates MP-TLV is not applicable.

The foll owi ng subsections provide the initial contents of the new
colum for a number of existing registries. The initial values for
MP-TLV applicability defined in the foll owi ng subsecti ons are based
on the rule that MP-TLV is applicable to any codepoint that supports
sub-TLVs, w thout regard to whether the sub-TLVs that are currently
defined are sufficient to require MP-TLVs to be sent.

To access the relevant | ANA registry, search for the registry nane
associ ated with each subsection at <https://ww.iana. org/assi gnnment s/
i sis-tlv-codepoints>.

2.1. WMP-TLV for IS IS Top-Level TLV Codepoints

| ANA has added the MP columm to the "I S-1S Top-Level TLV Codepoi nts”
registry and populated it as shown in Table 1.

[ gt el e s sy Cjjp—p—
| Val ue | Nane | WP

| O | Reserved | |
N o e e e e e e e e e e e e e e e e e o F--- -+
| 1 | Area Addresses | N |
S o e m e e e e e e e e e e +----+
| 2 | I'l'S Neighbors | N |
Fom e oo o m e e e e e e e e ee e +----+
| 3 | ES Nei ghbors | N |
N o e e e e e e e e e e e e e e e e e o F--- -+
| 4 | Part. DS | N |
S o e m e e e e e e e e e e +----+
| 5 | Prefix Neighbors | N |
Fom e oo o m e e e e e e e e ee e +----+
| 6 | 1S Neighbors | N |



| I'nstance ldentifier

| Purge Originator ldentification

| Prot. Supported

| I'P Ext. Address

| 1P Intf. Address

et

+o-- -+



Il egal

Traffic Engineering router ID

Segnent ldentifier / Label Binding

Mul ti-Topol ogy Segnent Identifier
/ Label Binding

Nortel Proprietary

Nortel Proprietary

|Pv6 Intf. Addr.

| Pv6 d obal Interface Address TLV

Y |
oo+
| Y |



| 234 | Unassi gned | |
S e +o-- -t
| 235 | MI IP. Reach | Y |
S IR T T oot
| 236 | 1Pv6 I P. Reach | Y |
R o e e e e e e e e e e e e e e +----+
| 237 | MI IPv6 I P. Reach | Y |
S O +o-- -t
| 238 | Application-Specific SRLG | Y |
S IR e T~ oot
| 239 | Unassigned | |
R o e e e e e e e e e e e e e e +----+
| 240 | P2P 3-Way Adj. State | N |
S O +o-- -t
| 241 | Unassi gned | |
S IR I T oot
| 242 | 1S-1S Router CAPABILITY TLV | Y |
R o e e e e e e e e e e e e e e +----+
| 243 | Scope Fl oodi ng Support | N |
S O +o-- -t
| 244-250 | Unassigned | |
S IR I T oot
| 251 | Generic Information | Y |
R o e e e e e e e e e e e e e e +----+
| 252-65535 | Unassigned | |
S e +o-- -t

Table 1: 1S 1S Top-Level TLV Codepoints
.2.2. MP-TLV for IS-1S Sub-TLVs for Reverse Metric TLV

| ANA has added the MP columm to the "IS- 1S Sub-TLVs for Reverse
Metric TLV" registry and populated it as shown in Table 2.

o= -4 ====+4
| Value | Nane | MP |
B Rty s el ety o
| O | Reserved | |
F----- - - I T +----+
| 1-17 | Unassigned | |
+-------- B T i +----+
| 18 | Traffic Engineering Metric | N |
+-------- e i +----+
| 19-255 | Unassi gned | |
F----- - - I T +----+

Table 2: 1S-1S Sub-TLVs for Reverse
Metric TLV

.2.3. MP-TLV for IS 1S Sub-TLVs for TLVs Advertising Nei ghbor
I nformation

| ANA has added the MP colum to the "IS-1S Sub-TLVs for TLVs
Advertising Neighbor Information" registry and populated it as shown
in Table 3.

| Value | Name | MP |
| 0-2 | Unassigned | |
R o +----+
| 3 | Administrative group (color) | N |
R o m m e e oo R
| 4 | Link Local/Renote Identifiers | N |



Unassi gned

Adj acency Segnent ldentifier

LAN Adj acency Segnent ldentifier

Uni directional Link Delay

M n/ Max Uni directional Link Del ay

Uni directional Delay Variation

Uni di rectional Link Loss

Uni di rectional Residual Bandw dth
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| 38 | Unidirectional Avail able Bandwi dth | N |

R o +----+
| 39 | Unidirectional Utilized Bandw dth | N |
S o m m e e e e e e e e e e e e e e e e e e e e e eee e +----+
| 40 | RTM Capability | N |
B o m o e e e e e e e e e e e e e e e e e e e e e e e e ememao - F--- -+
| 41 | L2 Bundl e Menber Adj-SID | Y |
R o +----+
| 42 | L2 Bundl e Menber LAN Adj-SID | Y |
S o m m e e e e e e e e e e e e e e e e e e e e e eee e +----+
| 43 | SRv6 End. X SID | Y |
B o m o e e e e e e e e e e e e e e e e e e e e e e e e ememao - F--- -+
| 44 | SRv6 LAN End. X SID | Y |
R o +----+
| 45 | I'Pv6 Local ASBR Identifier | N |
S o m m e e e e e e e e e e e e e e e e e e e e e eee e +----+
| 46-160 | Unassigned | |
B o m o e e e e e e e e e e e e e e e e e e e e e e e e ememao - F--- -+
| 161 | Flood Reflector Adjacency | N |
R o +----+
| 162-249 | Unassi gned | |
S o m m e e e e e e e e e e e e e e e e e e e e e eee e +----+
| 250-254 | Reserved for Cisco-specific extensions | |
B o m o e e e e e e e e e e e e e e e e e e e e e e e e ememao - F--- -+
| 255 | Reserved for future expansion | |
R o +----+

Table 3: IS-1S Sub-TLVs for TLVs Advertising Nei ghbor Information

4. MP-TLV for 1S-1S Sub-TLVs for TLVs Advertising Prefix
Reachability

| ANA has added the MP columm to the "I SIS Sub-TLVs for TLVs
Advertising Prefix Reachability" registry and populated it as shown
in Table 4.

[ ety e —(————————————————_————————————————— Lp—p——r L
| Value | Name | MP |
[ bl sl Ll o
| O | Unassi gned | |
Fommmaa - R YT oot
| 1 | 32-bit Administrative Tag Sub-TLV | Y |
Fomm oo T +----+
| 2 | 64-bit Administrative Tag Sub-TLV | Y |
S I . +o-- -t
| 3 | Prefix Segnent ldentifier | N |
Fommmaa - R Y YSSS oot
| 4 | Prefix Attribute Fl ags | N |
Fomm oo T +----+
| 5 | SRv6 End SID | Y |
S I . +o-- -t
| 6 | Flexible AlgorithmPrefix Metric (FAPM | N |
Fommmaa - R YT oot
| 7-10 | Unassigned | |
Fomm oo T +----+
| 11 | 1Pv4 Source Router ID | N |
S I . +o-- -t
| 12 | I'Pv6 Source Router ID | N |
Fommmaa - YT oot
| 13-31 | Unassigned | |
Fomm oo T +----+
| 32 | BIER Info | Y |
S I . +o-- -t



9.

2.

Table 4: 1S 1S Sub-TLVs for TLVs Advertising Prefix

| ANA has added the MP columm to the "IS-1S Sub-TLVs for
TLV" registry and popul ated it as shown in Table 5.

+==—=—=—=—=—=—=+
| Value |
+========+
(Y I
I +
| 1 I
F---- - - - +
| 2 I
F---- - - +
| 3 I
I +
| 4 I
F---- - - - +
| 5 I
F---- - - +
| 6 I
I +
| 7 I
F---- - - - +
| 8 I
F---- - - +
| 9 I
I +
| 10 I
F---- - - - +
| 11-12 |
F---- - - +
| 13 I
I +
| 14 I
F---- - - - +
| 15 I
F---- - - +
| 16 I
I +
| 17 I
F---- - - - +
| 18 I
F---- - - +
| 19-20 |
I +
| 21 I
F---- - - - +
| 22 I
F---- - - +
| 23 I
I +
| 24 I
F---- - - - +
| 25 I
F---- - - +
| 26-254 |
I +
| 255 |
F---- - - - +

Table 5: 1S-1S Sub-TLVs for

5. MP-TLV for |1S-1S Sub-TLVs for

Reachability

MT- Capabi l ity TLV

MT- Capabi lity

MT- Capabi l ity TLV



9.2.6. MP-TLV for 1S IS Sub-TLVs for IS-1S Router CAPABILITY TLV

| ANA has added the MP colum to the "I SIS Sub-TLVs for |IS-1S Router
CAPABI LI TY TLV" registry and populated it as shown in Table 6.

o oo —=4 ===+
| Val ue | Narme | MP |
[ s ey sy ojep—p——r
| O | Reserved | |
S o m oo +-o---+
| 1 | TE Node Capability Descriptor | N |
B o e e e e e e e e e e e e e e e e e o F--- -+
| 2 | Segnent Routing Capability | N |
R o e m e e e e e e e e e e +----+
| 3 | TE- MESH GROUP TLV (| Pv4) | Y |
S o m o oo +-o---+
| 4 | TE- MESH GROUP TLV (1 Pv6) | Y |
B o e e e e e e e e e e e e e e e e e o F--- -+
| 5 | PCED sub-TLV | N |
R o e m e e e e e e e e e e +----+
| 6 | NI CKNAMVE | Y |
S o m oo +-o---+
| 7 | TREES | N |
B o e e e e e e e e e e e e e e e e e o F--- -+
| 8 | TREE- RT-1Ds | Y |
R o e m e e e e e e e e e e +----+
| 9 | TREE- USE- | Ds | Y |
S o m oo +-o---+
| 10 | 1 NT-VLAN | Y |
B o e e e e e e e e e e e e e e e e e o F--- -+
| 11 | 1Pv4 TE Router ID | N |
R o e m e e e e e e e e e e +----+
| 12 | IPv6 TE Router ID | N |
S o m oo +-o---+
| 13 | TRILL-VER | N |
B o e e e e e e e e e e e e e e e e e o F--- -+
| 14 | VLAN- GROUP | Y |
R o e m e e e e e e e e e e +----+
| 15 | | NT- LABEL | Y |
S o m oo +-o---+
| 16 | RBCHANNELS | Y |
B o e e e e e e e e e e e e e e e e e o F--- -+
| 17 | AFFINITY | Y |
R o e m e e e e e e e e e e +----+
| 18 | LABEL- GROUP | Y |
S o m oo +-o---+
| 19 | Segment Routing Al gorithm | N |
B o e e e e e e e e e e e e e e e e e o F--- -+
| 20 | S-BFD Discrimnators | N |
R o e m e e e e e e e e e e +----+
| 21 | Node- Adni n- Tag | N |
S o m oo +-o---+
| 22 | Segment Routing Local Block (SRLB) | N |
B o e e e e e e e e e e e e e e e e e o F--- -+
| 23 | Node MsD | Y |
R o e m e e e e e e e e e e +----+
| 24 | Segnent Routing Mappi ng Server | N |
| | Preference (SRMS Preference) | |
S o m o e e e +o---+
| 25 | SRv6 Capabilities | N |
S R o e e e e e e e e e e e e e e +----+
| 26 | Flexible Algorithm Definition | N |
I | (FAD) I I
S o m oo +-o---+
| 27 | I'S-1S Area Leader Sub-TLV | N |



| 28 | I'S-1S Dynam c Fl oodi ng Sub-TLV | N |

R S —— oo e e e e e e e e e e m oo - E p——
| 29 | I'P Algorithm Sub-TLV | N |
S o m e e e e e e e e ee e +----+
| 30-160 | Unassigned | |
B S o mm e e e e e e e e e e e e memaao- +----+
| 161 | Flood Reflection Discovery | Y |
R S —— oo e e e e e e e e e e m oo - E p——
| 162-255 | Unassigned | |
S o m e e e e e e e e ee e +----+

Table 6: 1S 1S Sub-TLVs for |S-1S Router
CAPABI LI TY TLV

9.2.7. 1S-1S Sub-Sub-TLVs for SRv6 Capabilities Sub-TLV

I ANA has added the MP colum to the "I S-1S Sub-Sub-TLVs for SRv6
Capabi lities Sub-TLV' registry and populated it as shown in Table 7.

+o———omo4 oo+ -=—==+4
| Value | Nane | MP |
[ e pees el S oo e e peet
| O | Reserved | |
+------- R +----+
| 1-255 | Unassigned | |
+------- I i +----+

Table 7: 1S 1S Sub- Sub-
TLVs for SRv6
Capabi lities Sub-TLV

9.2.8. MP-TLV I S-1S Sub-Sub-TLVs for BIER I nfo Sub-TLV

| ANA has added the MP columm to the "I S- 1S Sub-Sub-TLVs for BIER Info
Sub- TLV" registry and popul ated it as shown in Table 8.

B oot ooty e ety
| Value | Nane | MP |
F =4 - ————————————————+t-————+
| O | Unassi gned | |
+----- - I T +----+
| 1 | BIER MPLS Encapsulation | N |
+------- B T I I +----+
| 2 | BIER PHP Request | N |
+------- I T T +----+
| 3-255 | Unassigned | |
+----- - I T +----+

Table 8: 1S-1S Sub-Sub-TLVs for BIER
I nfo Sub-TLV

9.2.9. MP-TLV for IS IS Sub-TLVs for Segment I|dentifier/Label Binding
TLVs

| ANA has added the MP colum to the "I S-1S Sub-TLVs for Segnent
Identifier/Label Binding TLVs" registry and populated it as shown in
Tabl e 9.

B ool s oo sl gt
| Value | Name | MP |
[ il s el ety o
| O | Reserved | |
+------- I i T I R +----+
| 1 | SI D Label | N |
+----- - I i I I T N R +----+

| 2 | Unassigned | |



| 3 | Prefix Segnent ldentifier | N |
Fomm o - e e e e e e e eaea oo n +----+
| 4-255 | Unassigned | |
S o e e e e e e e e e e oo - +----+

Table 9: 1S 1S Sub-TLVs for Segnent
Identifier/Label Binding TLVs

9.2.10. MP-TLV for |S-1S Sub-Sub-TLV Codepoi nts for Application-
Specific Link Attributes

| ANA has added the MP columm to the "I S-1S Sub-Sub- TLV Codepoints for
Application-Specific Link Attributes" registry and populated it as
shown in Table 10.

B oo s s s e et g
| Value | Nane | MP |
[ ety s —j—(—(——————(———(———————(—————————— Lt
| 0-2 | Unassi gned | |
S I e +o-- -t
| 3 | Administrative group (color) | N |
Fommmaa - T > oot
| 4-8 | Unassigned | |
Fomm oo o e e e e e e e e e e e e e e +----+
| 9 | Maximum |ink bandw dt h | N |
S I O +o-- -t
| 10 | Maximum reservable Iink bandwidth | N |
Fommmaa - T T oot
| 11 | Unreserved bandw dth | N |
Fomm oo o e e e e e e e e e e e e e e +----+
| 12-13 | Unassigned | |
S I e +o-- -t
| 14 | Extended Adm nistrative G oup | N |
Fommmaa - T T oot
| 15-16 | Unassi gned | |
Fomm oo o e e e e e e e e e e e e e e +----+
| 17 | Generic Metric | Y |
S I O +o-- -t
| 18 | TE Default netric | N |
Fommmaa - T T oot
| 19-32 | Unassigned | |
Fomm oo o e e e e e e e e e e e e e e +----+
| 33 | Unidirectional Link Del ay | N |
S I O +o-- -t
| 34 | Mn/Max Unidirectional Link Delay | N |
Fommmaa - T oot
| 35 | Unidirectional Delay Variation | N |
Fomm oo o e e e e e e e e e e e e e e +----+
| 36 | Unidirectional Link Loss | N |
S I O +o-- -t
| 37 | Unidirectional Residual Bandwidth | N |
Fommmaa - T T oot
| 38 | Unidirectional Available Bandwidth | N |
Fomm oo o e e e e e e e e e e e e e e +----+
| 39 | Unidirectional Uilized Bandwidth | N |
S I O +o-- -t
| 40-255 | Unassigned | |
Fommmaa - I T oot

Table 10: 1S-1S Sub- Sub- TLV Codepoints for
Application-Specific Link Attributes

9.2.11. MP-TLV for 1S 1S Sub-TLVs for Application-Specific SRLG TLV

| ANA has added the MP columm to the "IS-1S Sub-TLVs for Application-



Specific SRLG TLV" registry and populated it as shown in Table 11.

B ety sy plp——t—
| Value | Name | MP |
[ oo oo oo oot L g
| 0-3 | Unassigned | |
+-------- I T +----+
| 4 | Link Local/Renpte Identifiers | N |
F---- - - - I I I eI +----+
| 5 | Unassi gned | |
F---- - - R I I I +----+
| 6 | I'Pv4 interface address | N |
+-------- I T +----+
| 7 | Unassi gned | |
F---- - - - I I I eI +----+
| 8 | 1'Pv4 nei ghbor address | N |
F---- - - R I I I +----+
| 9-11 | Unassigned | |
+-------- I T +----+
| 12 | 1Pv6 Interface Address | N |
F---- - - - I I I eI +----+
| 13 | 1'Pv6 Nei ghbor Address | N |
F---- - - R I I I +----+
| 14-255 | Unassi gned | |
+-------- I T +----+

Table 11: 1S-1S Sub-TLVs for Application-
Specific SRLG TLV

9.2.12. MP-TLV for 1S 1S Sub-Sub-TLVs for SRv6 SID Sub-TLVs

I ANA has added the MP colum to the "I S- 1S Sub-Sub-TLVs for SRv6 SID
Sub- TLVs" registry and popul ated it as shown in Table 12.

[ bl oo s L g
| Value | Name | MP |
[ S el el et
| O | Reserved | |
+------- T T R I +----+
| 1 | SRv6 SID Structure | N |
+----- - R I I R +----+
| 2-255 | Unassigned | |
+------- I I R +----+

Table 12: 1S-1S Sub-Sub-TLVs
for SRv6 SI D Sub-TLVs

9.2.13. WMP-TLV for IS 1S Sub-Sub-TLVs for Flexible Al gorithm Definition
Sub- TLV

| ANA has added the MP colum to the "I S-1S Sub-Sub-TLVs for Flexible
Al gorithm Definition Sub-TLV' registry and populated it as shown in
Tabl e 13.

[ ettty e ppp—p—p—_—(——————(———(————————————————————————r Llp—p—_—r L
| Value | Name | MP |
[ el sty Ll
| O | Reserved | |
Fommmaa - T e oot
| 1 | Flexible Al gorithm Exclude Adm n G oup | N |
Fomm oo T +----+
| 2 | Flexible Algorithmlnclude-Any Adnin Goup | N |
S I O +o-- -t
| 3 | Flexible AlgorithmInclude-All Adnin Goup | N |
Fommmaa - T T oot
| 4 | Flexible AlgorithmDefinition Flags | N |



| 5 | Flexible Al gorithm Exclude SRLG | N |
S I Fe e Meeiiieiiaeciciaaasssaiaaaasaaan +o-- -t
| 6 | 1S-1S Exclude M ni num Bandwi dt h | N |
Fommmaa - T e oot
| 7 | I'S-1'S Exclude Maxi mum Del ay | N |
Fomm oo T +----+
| 8 | 1S-1S Reference Bandw dth | N |
S I O +o-- -t
| 9 | 1S 1S Bandwi dth Metric | N |
Fommmaa - T e oot
| 10-255 | Unassi gned | |
Fomm oo T +----+

Table 13: 1S-1S Sub-Sub-TLVs for Flexible A gorithm
Definition Sub-TLV

9.2.14. WMP-TLV for 1S 1S Sub-Sub-TLVs for Flood Reflection Discovery

10.

11.

11.

Sub- TLV

I ANA has added the MP colum to the "IS-1S Sub-Sub-TLVs for Flood
Refl ection Discovery Sub-TLV' registry and populated it as shown in
Tabl e 14.

B e sty el
| Val ue | Nane | MP |
R ety Sl el gl
| 0-160 | Unassi gned | |
Fo-m e - - B T I I I N ] +----+
| 161 | Flood Reflection Discovery | N |
| | Tunnel Encapsul ation Attribute | |
+---- - - - B T i T T +----+
| 162-255 | Unassigned | |
R B I i T +----+

Table 14: 1S-1S Sub-Sub-TLVs for Flood
Refl ecti on Di scovery Sub-TLV

Security Considerations

Thi s docunent creates no new security issues for 1S-1S. Additional
i nstances of existing TLVs expose no new i nfornmation.

Note that support for MP-TLV may result in an inplenmentation being
nmore robust in handling unexpected occurrences of MP-TLW.

Security concerns for IS-1S are addressed in [1SOL0589], [RFC5304],
and [ RFC5310].
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