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engi neered routes using | Pv6 addresses.
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Thi s docunent nmay contain material from | ETF Docunents or |ETF
Contri butions published or made publicly avail abl e before Novenber
10, 2008. The person(s) controlling the copyright in some of this
material may not have granted the IETF Trust the right to allow

nodi fications of such material outside the | ETF Standards Process.
Wt hout obtaining an adequate |icense fromthe person(s) controlling
the copyright in such materials, this docunent may not be nodified
out side the | ETF Standards Process, and derivative works of it may
not be created outside the | ETF Standards Process, except to format
it for publication as an RFC or to translate it into |anguages ot her
than Engli sh.

1. Overview

The 1S-1S routing protocol is defined in [ISI1S]. Each router
generates a Link State PDU (LSP) that contains information describing
the router and the Iinks fromthe router. The information in the LSP
is encoded in a variable length data structure consisting of a Type,
Length, and Value. Such a data structure is referred to as a TLV.

[TE] and [GWLS] define a nunber of TLVs and sub-TLVs that allow
Traffic Engineering (TE) information to be dissem nated by the IS-IS
protocol [IS1S]. The addressing information passed in these TLVs is
| Pv4 specific.

[ Pv6] describes howthe IS-IS protocol can be used to carry out
Shortest Path First (SPF) routing for IPv6. It does this by defining
| Pv6-specific TLVs that are anal ogous to the TLVs used by 1S 1S for
carrying | Pv4 addressing information

Mul tiprotocol Label Switching (MPLS) traffic engineering is very
successful, and, as the use of |IPv6 grows, there is a need to be able
to support traffic engineering in | Pv6 networks.

Thi s docunent defines the TLVs that allow traffic engineering
i nformation (including Generalized-MPLS (GWLS) TE information) to be
carried in IPv6 | S 1S networks.
2. Requirenments Language
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",

"SHOULD', "SHOULD NOT", "RECOWMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in [ KEYWORDS] .
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3. Sumary of Operation
3.1. ldentifying IS-1S Links Using | Pv6 Addresses

Each 1S-1S 1ink has certain properties -- bandw dth, shared risk |ink
groups (SRLGs), switching capabilities, and so on. The IS-IS
extensions defined in [TE] and [ GWLS] descri be how to associ ate
these traffic engineering parameters with IS-1S links. These TLVs
use | Pv4 addresses to identify the link (or local/renote |ink
identifiers on unnumbered I|inks).

When IPv6 is used, a nunbered |link may be identified by |IPv4d and/or
| Pv6 interface addresses. The type of identifier used does not
affect the properties of the link; it still has the sane bandwi dth,
SRLGs, and switching capabilities.
Thi s docunent describes an approach for supporting IPv6 traffic
engi neering by defining TLV extensions that allow TE |inks and nodes
to be identified by | Pv6 addresses.

3.1.1. |1Pv6 Address Types
An | Pv6 address can have gl obal, unique-local, or |ink-local scope.
- Aglobal IPv6 address is valid within the scope of the Internet.

- A unique-local IPv6 address is globally unique but is intended for
| ocal communi cati on.

- Alink-local IPv6 address is valid only within the scope of a
single link and may only be referenced on that |ink

Because the IPv6 traffic engineering TLVs present in LSPs are
propagat ed across networks, they MJST NOT use |ink-1ocal addresses.

I S-1S does not need to differentiate between gl obal and uni que-Iloca
addr esses.

3.2. | P Addresses Used in Traffic Engineering TLVs

This section lists the I P addresses used in the TLVs defined in [ TE]
and [ GWLS] and gives an overview of the required | Pv6 equival ents.
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3.2.1. TE Router ID TLV

The TE Router 1D TLV contains a stable |1 Pv4 address that is routable,
regardl ess of the state of each interface.

Simlarly, for IPv6, it is useful to have a stable |Pv6 address
identifying a TE node. The IPv6 TE Router ID TLV is defined in
Section 4. 1.

3.2.2. | Pv4 I nterface Address Sub-TLV

This sub-TLV of the Extended IS Reachability TLV contains an |Pv4
address for the local end of a link. The equivalent IPv6 Interface
Address sub-TLV is defined in Section 4.2.

3.2.3. |1 Pv4d Neighbor Address Sub-TLV

This sub-TLV of the Extended IS Reachability TLV is used for point-
to-point links and contains an | Pv4 address for the neighbor’s end of
a link. The equivalent |Pv6 Nei ghbor Address sub-TLV is defined in
Section 4. 3.

A router constructs the |1 Pv4d Nei ghbor Address sub-TLV using one of
the I Pv4 addresses received in the IS-1S Hello (IIH PDU fromthe
nei ghbor on the Iink

The 1 Pv6 Nei ghbor Address sub-TLV contains a gl obally unique |Pv6
address for the interface fromthe peer (which can be either a gl oba
or uni que-local |1Pv6 address). The IPv6 Interface Address TLV
defined in [IPv6] only contains |ink-local addresses when used in the
I1H PDU. Hence, a neighbor’'s |IP address fromthe IPv6 Interface
Address TLV cannot be used when constructing the | Pv6 Nei ghbor

Addr ess sub-TLV. Instead, we define an additional TLV, the IPv6

G obal Interface Address TLV in Section 4.5. The I Pv6 d oba
Interface Address TLV is included in I1H PDUs to provide the globally
uni que | Pv6 address that a neighbor router needs in order to
construct the | Pv6 Nei ghbor Address sub-TLV.

3.2.4. 1Pv4 SRLG TLV

The SRLG TLV (type 138) defined in [GWLS] contains the set of SRLGs
associated with a link. The SRLG TLV identifies the link using
either local/renote | Pv4 addresses or, for point-to-point unnunbered
links, link-local/rempte identifiers. The SRLG TLV includes a flags
field to indicate which type of identifier is used.
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When only IPv6 is used, |IPv4 addresses and |ink-local/renpote
identifiers are not available to identify the link, but |Pv6
addresses can be used instead.

There is no backward-conpatible way to nodify the SRLG TLV (type 138)
to identify the link by I Pv6 addresses; therefore, we need a new TLV.

The I Pv6 SRLG TLV is defined in Section 4. 4.
4. |1Pv6 TE TLVs
4.1. |1Pv6 TE Router ID TLV

The | Pv6 TE Router ID TLV is TLV type 140.

The 1Pv6 TE Router ID TLV contains a 16-octet |Pv6 address. A stable
gl obal 1Pv6 address MJST be used, so that the router ID provides a
rout abl e address, regardless of the state of a node's interfaces.

If a router does not inplenent traffic engineering, it MAY include or
onit the IPv6 TE Router ID TLV. |If a router inplements traffic

engi neering for IPv6, it MUST include this TLV in its LSP. This TLV
MUST NOT be included nore than once in an LSP

An inpl enentation receiving an |Pv6 TE Router I D TLV MJUST NOT
consider the router ID as a /128 reachable prefix in the standard SPF
cal cul ati on because this can lead to forwardi ng | oops when
interacting with systens that do not support this TLV.

4.2. |Pv6 Interface Address Sub-TLV

The 1 Pv6 Interface Address sub-TLV of the Extended IS Reachability
TLV has sub-TLV type 12. It contains a 16-octet |Pv6 address for the
i nterface described by the containing Extended |S Reachability TLV.
This sub-TLV can occur multiple tinmes.

| mpl ementati ons MUST NOT inject a /128 prefix for the interface
address into their routing or forwarding table because this can | ead
to forwardi ng | oops when interacting with systens that do not support
this sub-TLV.

If a router inplenments the basic TLV extensions described in [TE], it
MAY include or omt this sub-TLV. |If a router inplenents |Pv6
traffic engineering, it MJST include this sub-TLV (except on an
unnunber ed point-to-point link, in which case the Link-Loca
Interface Identifiers sub-TLV is used instead).

This sub-TLV MUST NOT contain an | Pv6 |ink-1ocal address.
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4.3. |1 Pv6 Neighbor Address sub-TLV

The |1 Pv6 Nei ghbor Address sub-TLV of the Extended IS Reachability TLV
has sub-TLV type 13. It contains a 16-octet |IPv6 address for a

nei ghboring router on the |link described by the (main) TLV. This
sub- TLV can occur nultiple tinmes.

| mpl ement ati ons MUST NOT inject a /128 prefix for the interface
address into their routing or forwarding table because this can | ead
to forwardi ng | oops when interacting with systens that do not support
this sub-TLV.

If a router inplenments the basic TLV extensions described in [TE], it
MAY include or omt this sub-TLV. |f a router inplenents |Pv6
traffic engineering, it MJST include this sub-TLV for point-to-point
i nks (except on an unnumnbered point-to-point link, in which case the
Li nk-Local Interface ldentifiers sub-TLV is used instead).

This sub-TLV MUST NOT contain an | Pv6 |ink-1ocal address.
4.4. | Pve SRLG TLV

The 1 Pv6 SRLG TLV has type 139. The TLV carries the Shared Ri sk Link
Group information (see the "Shared Ri sk Link Goup Informtion"
section of [GWPLS-ROUTING).

It contains a data structure consisting of the foll ow ng:

- 6 octets of SystemID

- 1 octet of pseudonode nunber

- 1 octet flags

- 16 octets of IPv6 interface address

- (optional) 16 octets of |Pv6 nei ghbor address

- (variable) list of SRLG val ues, where each elenment in the list has
4 octets

The following illustrates the encoding of the Value field of the |Pv6
SRLG TLV.
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0 1 2 3
01234567890123456789012345678901
A S S S e i S R T S S i SR S

| System | D
B s i S i I i S S S i i
| System I D (cont.) | Pseudonode num Fl ags

e S i e e R e o T e R S
| I Pv6 interface address

T Lk R e T e i ik i Sl TR R o
| | Pv6 interface address (continued)

B s i S i I i S S S i i
| | Pv6 interface address (continued)

i s e i i S e R S S i it N R S S S
| | Pv6 interface address (continued)

L R e T e O ih e i SRl TR N S
| (optional) 1Pv6 nei ghbor address

B s i S i I i S S S i i
| | Pv6 nei ghbor address (conti nued)

e s S i e e L T i e E e o h
| | Pv6 nei ghbor address (continued)

T e  E C kR e T Rl b s i S R N R
| | Pv6 nei ghbor address (continued)

B s i S i I i S S S i i
| Shared Ri sk Link G oup Val ue

e s S i i S e i it ik i S R SR S S
L-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-L
| Shared Ri sk Link G oup Val ue

B s i S i I i S S S i i

The neighbor is identified by its SystemID (6 octets), plus one

octet to indicate the pseudonode nunber if the neighbor is on a LAN
interface.

The 1-octet flags field is interpreted as foll ows.
Flags (1 octet)
0 1 2 3 4 5 6 7
T i N SR S S
| Reserved | NA
R e I S e il S
NA - Nei ghbor Address included.
The flags field currently contains one flag to indicate whether the

| Pv6 nei ghbor address is included (the NA bit is set to 1) or not
i ncluded (the NA bit is set to 0).
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QO her bits inthe flags field are reserved for future use. Any bits
not understood by an inpl enentati on MUST be set to zero by the
sender. If a router receives an IPv6 SRLG TLV with non-zero val ues
for any bit that it does not understand, it MJST ignore the TLV (in
ot her words, it does not use the TLV locally but floods the TLV
unchanged to nei ghbors as normal).

Note that this rule for processing the flags octet allows for future
extensibility of the IPv6 SRLG TLV. In particular, it allows
alternative neans of identifying the corresponding |link to be added
in the future. An inplementation that does not understand such an
extension will ignore the TLV rather than attenpt to interpret the
TLV incorrectly.

The length of this TLV is 24 + 4 * (nunber of SRLG values) + 16 (if
the 1 Pv6 nei ghbor address is included).

To prevent an SRLG TLV and an IPv6 SRLG TLV in the sane |ogical LSP
from causi ng confusion of interpretation, the following rules are
appli ed.

- The I Pv6 SRLG TLV MAY occur npbre than once within the IS IS
| ogi cal LSP

-  There MJUST NOT be nore than one IPv6 SRLG TLV for a given link

- The IPv6 SRLG TLV (type 139) MJST NOT be used to describe the
SRLGs for a given link if it is possible to use the SRLG TLV (type
138).

- |If both an SRLG TLV and an I Pv6 SRLG are received describing the
SRLGs for the same link, the receiver MJST apply the SRLG TLV and
ignore the IPv6 SRLG TLV.

In other words, if SRLGs are to be advertised for a link and if the
Extended IS Reachability TLV describing a |ink contains |Pv4

i nterface/ nei ghbor address sub-TLVs or the link-local identifiers
sub-TLV, then the SRLGs MUST be advertised in the SRLG TLV (type
138).

4.5, | Pv6 d obal Interface Address TLV

The 1 Pv6 d obal Interface Address TLV is TLV type 233. The TLV
structure is identical to that of the IPv6 Interface Address TLV
defined in [IPv6], but the semantics are different. |In particular
the TLV is included in II1H PDUs for those interfaces using | Pv6 TE
extensions. The TLV contains gl obal or unique-Ilocal |Pv6 addresses
assigned to the interface that is sending the Hello.
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5.

The I Pv6 dobal Interface Address TLV is not used in LSPs.
Security Consi derations

Thi s docunent raises no new security issues for 1S 1S; for genera
security considerations for 1S-1S, see [ISIS AUTH].

| Pv4/ I Pv6 M gration

The 1S-1S extensions described in this docunent allow the routing of
GWPLS Label Switched Pat hs using | Pv6 addressing through an IS-1S
network. There are no mgration issues introduced by the addition of
this IPv6 TE routing information into an existing | Pv4 GVWLS network.
M gration of Label Switched Paths fromIPv4 to IPv6 is an issue for
GWPLS signaling and is outside the scope of this docunent.

| ANA Consi der ati ons

Thi s docunent defines the following new IS 1S TLV types that | ANA has
reflected in the 1S-1S TLV code-point registry:

Type Descri ption I[ITH LSP  SNP
139 | Pv6 SRLG TLV n y n
140 | Pv6 TE Router ID n y n
233 | Pv6 d obal Interface y n n

Address TLV

Thi s docunent al so defines the follow ng new sub-TLV types of top-
level TLV 22 that | ANA has reflected in the Sub-TLVs for TLV 22, 141,
and 222 registry:

Type Descri ption 22 141 222 Length
12 | Pv6 Interface Address vy y y 16
13 | Pv6 Nei ghbor Address y y y 16

Nor mat i ve Ref erences

[1S-19] I SO, "Internediate Systemto Internediate Systemintra-
domai n routeing informati on exchange protocol for use in
conjunction with the protocol for providing the
connecti onl ess- node network service (ISO 8473)",

I nternational Standard 10589: 2002, Second Edition, 2002.

[1Pv6] Hopps, C., "Routing IPv6 with IS-1S", RFC 5308, Cctober
2008.

Harrison, et al. St andards Track [ Page 9]



Aut hor s’

Harri son,

RFC 6119

[ TE]

[ KEYWORDS]

[1SlS AUTH]

[ GVPLS]

| Pv6 Traffic Engineering in IS-IS February 2011

Li, Traffic

Engi neering",

T. and H Smt, "1S-1S Extensions for
RFC 5305, Cctober 2008.

Bradner, S.,
Requi renent Level s",

"Key words for use in RFCs to Indicate
BCP 14, RFC 2119, March 1997.

[ GVPLS- ROUTI NG

Li, T. and R Atkinson, "IS- IS Cryptographic

Aut henti cation", RFC 5304, Cctober 2008.

Konpella, K, Ed., and Y. Rekhter, Ed., "IS- 1S Extensions
in Support of Generalized Milti-Protocol Label Swtching
(GWLS) ", RFC 5307, Cctober 2008.

Konpella, K, Ed., and Y. Rekhter, Ed., "Routing

Extensi ons in Support of Ceneralized Milti-Protocol Label

Switching (GWLS)", RFC 4202, October 2005.

Addr esses

Jon Harrison

Met aswi t ch
100 Church
Enfield
EN2 6BQ
uU. K.
Phone:
EMai | :

+44
j on.

Jon Berger
Met aswi t ch
100 Church
Enfield
EN2 6BQ
U K.
Phone:
EMi | :

+44
j on.

Net wor ks
Street

20 8366 1177
harri son@ret aswi t ch. com

Net wor ks
Street

20 8366 1177
ber ger @ret aswi t ch. com

M ke Bartlett

Met aswi t ch
100 Church
Enfield
EN2 6BQ
uU. K.
Phone:
EMai | :

+44

et al.

Net wor ks
Street

20 8366 1177

m ke. bartl ett @etaswi tch. com

St andards Track [ Page 10]






