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Abstract

Thi s docunent descri bes necessary extensions to IS-1S to support the
di stributed conputation of Maximally Redundant Trees (MRT). Sone
exanpl e uses of the MRTs include | P/LDP Fast-Reroute and gl obal
protection or live-live for multicast traffic. The extensions

i ndi cate what MRT profile(s) each router supports. Different MRT
profiles can be defined to support different uses and to all ow
transition of capabilities. An extension is introduced to flood MRT-
Ineligible links, due to adm nistrative policy.

Status of This Meno

Li,

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
Task Force (I1ETF). Note that other groups nay al so distribute
wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at http://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunents valid for a maxi num of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress.”

This Internet-Draft wll expire on January 5, 2015.
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Li,

I nt roducti on

The 1S 1S protocol is specified in [1S0L0589], with extensions for
supporting IPv4 and I Pv6 specified in [ RFC1195] and [ RFC5308]. Each
Internmedi ate System (I'S) (router) advertises one or nore IS IS Link
State Protocol Data Units (LSPs) with routing information. Each LSP
is conposed of a fixed header and a nunber of tuples, each consisting
of a Type, a Length, and a Value. Such tuples are commonly known as
TLVs, and are a good way of encoding information in a flexible and
ext ensi bl e format.

[I-D.ietf-rtgwg-nrt-frr-architecture] gives a conplete solution for

| P/LDP fast-reroute using Maxi mal |y Redundant Trees (MRT) to provide
alternates. This docunent describes the necessary signaling
extensions for supporting MRT-FRR used in IS-1S routing donain.

Requi renment s Language

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMVENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in [ RFC2119].

Ter m nol ogy

Redundant Trees (RT): A pair of trees where the path fromany node X
to the root Ralong the first tree is node-disjoint with the path
fromthe same node X to the root R along the second tree. These can
be conputed in 2-connected graphs.

Maxi mal | y Redundant Trees (MRT): A pair of trees where the path from
any node X to the root R along the first tree and the path fromthe
same node X to the root R along the second tree share the m ni num
nunber of nodes and the m ni num nunber of |inks. Each such shared
node is a cut-vertex. Any shared links are cut-links. Any RT is an
MRT but many MRTs are not RTs.

MRT |Island: Fromthe conputing router, the set of routers that
support a particular MRT profile and are connected via MRT- eligible
l'inks.

GADAG GCeneralized Alnost Directed Acyclic Gaph - a graph which is
t he conbi nation of the ADAGs of all blocks. Transform ng a network
graph into a GADAG is part of the MRT algorithm

MRT- Red: MRT-Red is used to describe one of the two MRTs; it is used

to describe the associated forwardi ng topol ogy and M-I D.
Specifically, MRT-Red is the decreasing MRT where links in the GADAG
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are taken in the direction froma higher topol ogically ordered node
to a | ower one.

MRT- Bl ue: MRT-Blue is used to describe one of the two MRTs; it is
used to describe the associated forwardi ng topol ogy and MI-1D
Specifically, MRT-Blue is the increasing MRT where |links in the GADAG
are taken in the direction froma | ower topologically ordered node to
a hi gher one.

Using MRT with Milti-Topol ogy | GP Routing

Both 1S-1S and OSPF have support for multi-topology routing (see

[ RFC5120] for 1SIS and [ RFC4915] for OSPF.) In addition to the
standard topology (identified by MI-1D=0), these extensions allow the
IGP to identify particular links and nodes as participating in

addi tional topologies (identified by MI-1D' =0). A given link can

bel ong to several topologies and be assigned different netrics in
each topology. The IGP runs an independent SPF conputation for each
t opol ogy, finding independent shortest paths to prefixes in each

t opol ogy.

It is straightforward to extend the MRT conputations to rmulti-
topology IGP routing. For each IGP topology identified by an | GP M-
ID, we need to identify the node and |inks belonging to an MRT Isl and
for that 1GP MI-1D. This process creates a graph for the MRT Island
for that specific IG MI-1D, which can then be used to conpute the
transit next-hops and alternate next-hops for MRT-Red and MRT- Bl ue
for that specific IGP MI-1D.

We expect that initial inplenentation and deploynents of MRT will be
primarily concerned with conputing MRT-Red and Blue trees for the
standard topology (I GP MI-1D=0). However, we have chosen to specify
the I S-1S MRT extensions to acconmpdate the conputation of MRT-Red
and MRT-Blue in a nmulti-topology I1S-1S environment. This cones at

t he expense of 2-6 octets per TLV for MI-ID values, but it wll allow
for standards-based nulti-topology aware MRT inplenentations for ISIS
wi t hout any future standards work.

Using MRT in a nulti-topology |IGP environnment does have one
conpl i cation which should be discussed. Forwarding LDP traffic over
MRT paths in the standard | GP topology requires the use of |abels
bound to topol ogy-scoped FECs to identify traffic on MRT-Red and Bl ue
trees. This is described in Section 6 of
[I-D.ietf-rtgwg-nrt-frr-architecture]. To facilitate this, an MRT
profile specifies | ANA-assigned MRT-Red and MRT-Bl ue LDP MI-1D

val ues, which are then used by LDP to advertise | abels for the MRT-
Red and Bl ue forwardi ng topologies. Note that the MRT-Red and MRT-

Bl ue LDP Mr-1D val ues assigned by I ANA for a given MRT profile
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correspond to the MRT-Red and Blue forwarding trees associated with
t he standard I GP topology with IGP MI-1D=0. For exanple, suppose
that a future MRT profile X is assigned (hypothetical) MRT-Red and
MRT-Bl ue LDP MI-1D val ues of 2001 and 2002. Then | abels for shortest
path forwardi ng trees associated with the standard | G° topol ogy w |
be advertised using FECs with MI-1D=0, while the | abels for the MRT-
Red and Blue forwarding trees for profile X will be advertised using
FECS with Mr-1D=2001 and 2002, respectively. In the absence of

mul ti-topology IGP routing, all MI-1Ds used by LDP for MRT are
assigned by I ANA, so there are no potential conflicts in LDP MI-1D
usage.

When MRT is used together with nmulti-topology I GP routing, additional
LDP MI-1Ds need to be specified for carrying traffic on the MRT-Red
and Blue forwarding trees associated with the additional 1GP routing
t opol ogi es. Building on the previous exanple, suppose that a network
is configured with an additional |GP routing topology using M-I D=20,
in addition to the standard topology with MI-1D=0. The router
advertises support for MRT with respect to MI-1D=20 with profile X
as well as support for MRT with respect to MI-1D=0 with profile X
The MRT-Red and Blue LDP MI-I1Ds for MI-1D=0 with profile X are stil
inherited fromprofile X, as in the previous exanple. 1In order to
use LDP to create the MRT-Red and Blue forwarding trees for the I GP
topol ogy with MI-1D=20, the router could, for exanple, advertise MRT-
Red and MRT-Bl ue LDP MI-I1D values of 21 and 22 for | GP MI-1D=20 and
profile X. This overrides the (hypothetical) |ANA-assigned val ues
MRT- Red and MRT-Blue LDP MI-1D values for profile X, but naintains
all other properties of profile X. Care nust be taken to avoid
advertising LDP MI-1D values that conflict with inplicitly advertised
| ANA- assi gned val ues LDP M- 1D.

The semantics of the IS-1S MRT extensions in this docunent are
designed to handl e the nost common case (MRT in the absence of multi-
topology IGP routing) in a sinple manner. Setting the IGP MI-1D
field as well as the MRT-Blue and MRT-Red LDP MI-1D fields to O in
the TLV and sub-TLVs in this docunent results in the desired behavior
for the standard | GP topol ogy.

Overview of IS-1S Signaling Extensions for MRT

As stated in [I-D.ietf-rtgwg-nrt-frr-algorithn], it is necessary for
each MRT-Capable router to conpute MRT next hops in a consistent
fashion. This is achieved by using sane MRT profile and sel ecting

t he unique root in a MRT Island which is connected by MRT-Eligible
links. Each of these issues will be discussed in follow ng sections
separately.
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5.

1. Supporting MRT Profiles

The contents and requirenments of an MRT profile has been defined in
[I-D.ietf-rtgwg-nrt-frr-architecture]. The paraneters and behavi oral
rules contained in an MRT profile define one router’s MRT
capabilities. Based on common capabilities, one unified MRT Island
is built.

The MRT- Capabl e router MJST advertise its corresponding MRT profiles
by IS-1S protocol extension within IS-1S routing domain. The
capabilities of advertiser MJST conformto the profile it clained
conpletely, especially the MI-1Ds, the algorithmand the
correspondi ng forwardi ng nechanism This adverti senent MJUST have

| evel scope. One router MAY support multiple MRT profiles and it
MUST advertise these profiles in corresponding IS-1S level. The M-
I Ds used in one supported MRT Profile MJUST NOT overlap with those M-
IDs used in a different supported MRT Profile.

The default MRT Profile is defined in
[I-D.ietf-rtgwg-nrt-frr-architecture]. Its behavior is intended to
support | P/LDP unicast and multicast Fast-Reroute. NMRT-Capable
routers SHOULD support the default MRT profile.

5.2. El ecting GADAG Root

Li,

As per [I-D.ietf-rtgwg-nmrt-frr-algorithm, a GADAG root MJIST be

sel ected for one MRT Island. An uni que GADAG root in conmon-sense
anong MRT Island routers is a necessity to do MRT conputation. Since
the selection of the GADAG root can affect the alternates and the
traffic through it, the selection rules give network operator a knob
to control the alternates and the traffic inside the MRT I|sland.

Rel evant di scussion for the relationship between GADAG root rol e and
MRT Island alternates is out of the scope of this docunent.

Each MRT- Capabl e router MJST advertise its priority for GADAG root
selection. One router can only have one priority in the sane MRT
Island. It can have nultiple priorities for different MRT Islands it
supports. Routers that are marked as overl oaded([ RFC3787]) are not
qual i fied as candidate for root selection.

The GADAG Root Sel ection Policy (defined as part of an MRT profile)
may meke use of the GADAG Root Selection Priority value advertised in
the MRT Profile in the 1S-1S Router CAPABILITY TLV. For exanple, the
GADAG Root Sel ection Policy for the default MRT profile is the
followi ng: Anong the routers in the MRT Island and with the highest
priority advertised, an inplenentation MJST pick the router with the
hi ghest Router ID to be the GADAG root.
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When the current root is out of service or new router w th higher
priority joined into the MRT Island, the GADAG root MJST be re-
selected. A new MRT conputation will be triggered because of such a
t opol ogy change.

5.3. Advertising MRT-1neligible Links for MRT

For certain adm nistrative or managenent reason, sone |inks may not
be involved into MRT conputation. |In this scenario, MRT-Capable
router MUST claimthose MRT-l1neligible Iinks are out of MRT Island
scope. If such claimsplits current MRT Island then MRT conputation
has to be done inside the nodified MRT |Island which the conputing
router belongs to.

5.4. Triggering an MRT Conput ation

6. 1.

Li,

A MRT Conputation can be triggered through topol ogy changes or MRT
capability changes of any router in the MRT Island. It is always
triggered for a given MRT Profile in the corresponding level. First,
the associated MRT Island is determ ned. Then, the GADAG Root is
selected. Finally, the actual MRT algorithmis run to conpute the
transit MRT-Red and MRT-Bl ue topol ogies. Additionally, the router
MAY choose to conpute MRT-FRR alternates or nmake other use of the MRT
conputation results.

Prefixes can be attached and detached and have their associ ated MRT-
Red and MRT- Bl ue next-hops conputed w thout requiring a new MRT
comput at i on.

MRT Capability Adverti senent

VRT- Capabl e router MIST identify its MRT capabilities through IS 1S
Link State Packet(LSP) in |evel scope.

Advertising MRT Capability in IS IS LSP

One new Mbit is introduced into TLV 229 to identify router is MRT-
Capable. Structure of TLV 229 is stated in [RFC5120] as pictured
bel ow:

TYPE: 229

LENGTH: total |length of the value field, it SHOULD be 2 tines the
nunber of MI conponents.

VALUE: one or nore 2-byte MI conponents, structured as foll ows:
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6. 2.

Li,

No. of Cctets
|O|A|M|R | Ml 1D | 2
Bit Midentifies the originator is of MRT-Capable. The MT-Blue and
the MRT-Red alternates will be calculated for the MI identified by
MT- | D.
This Mbit MIST be set and checked in LSP fragnent 0. A MRT-Capabl e
router MJUST advertise this TLV with Mbit set for correspondi ng M.
For instance, if Mbit is set for MI-ID #0, MRT alternates will be
cal cul ated for standard topol ogy.
If only Mbit is advertised for MRT-Capabilities w thout any other
MRT information then the router is regarded as supporting default MRT
profile with default GADAG root selection priority.
MRT Profile sub-TLV in IS-1S Router CAPABILITY TLV
A new MRT Profile sub-TLV is introduced into | S-1S Router CAPABILITY
TLV[ RFC4971] to advertise MRT capabilities. Since MRT is per |evel
scope, the S-bit and D-bit of IS 1S Router CAPABILITY TLV MJST be set
to zero. The structure of the MRT Profile sub-TLV is pictured as
bel ow:
TYPE: TBA-MRT-1SIS-1 (To Be Allocated by | ANA)
LENGTH: 8
VAL UE:
MI 1D (2 octet with 4 bits reserved)
Profile ID (1 octet)
VMRT- Red LDP MI-1D (2 octet)

VRT- Bl ue LDP MI-1D (2 octet)
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U +
|R|R|R|R| MI |1 D 2
Fom e e e S +

| Profile ID | 1
e +

| GADAG Priority | 1
S S - +

| MRT- Red LDP MrI-1D | 2

o e e e e e e e e e e e e - +

| MRT- Bl ue LDP MI-1D | 2
e T +

12-bit MI ID represents the base MI topol ogy which MRT conputation is
based on. Profile ID represents the MRT profile this router supports
and GADAG Root Selection Priority is the priority for root selection.
The range of this priority is [0, 255] with 128 as the default val ue.
The GADAG Root Sel ection Policy defined as part of a given MRT
profile determ ne how t he GADAG Root Sel ection Priority value is
used.

If the MRT-Blue LDP MI-1Dis O, then the value specified in the
associated MRT Profile is assuned. |If the MRT-Red LDP MI-1D is O,
then the value specified in the associated MRT profile is assuned.
The MRT-Blue LDP MI-1D and MRT-Red LDP MI-1D MJUST NOT be the reserved
val ues for LDP MI-1Ds ([I-D.ietf-npls-Idp-nmulti-topology] ). The

val ue for MRT-Blue LDP MI-ID and MRT-Red LDP MI-1D MJUST be different
except for 0. As stated above, the MRT-Blue LDP MI-1D and MRT- Red
LDP MI-1D MJUST NOT overlap anmong profiles if rmultiple MRT-Profile
sub-TLVs are adverti sed.

This sub-TLV can occur nultiple tinmes if this router support nultiple
MRT profiles. This can happen during transition or to support
mul ti pl e uses of MRT which prefer different profiles.

MRT-1neligible Links sub-TLV in IS-1S Router CAPABILITY TLV

As a matter of policy, sonme |inks may not be available for the MRT
conmput ati on, which can prevent alternates or traffic using these
links. For instance, policy can be nade to prevent fast-rerouted
traffic fromtaking those |inks.

For a link to be excluded fromthe MRT conputation, it MJST be
advertised as sub-TLV in I S-1S Router CAPABILITY TLV which is in

| evel scope with S-bit and D-bit unset. The MRT-1neligible Link sub-
TLV is structured as bel ow

TYPE: TBA-MRT-1SIS-2 (To Be Allocated by | ANA)
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LENGTH: from 9 to 255 octets
VAL UE:
M ID (2 octet with 4 bits reserved)

System I D and pseudo- node nunber (7 octet for each MRT-1neligible
Li nk)

No. of Cctets

T e +
|R|R|R|R| Ml 1D | 2
U +
| System I D and pseudonode nunber | 7
o e e e e e e e e e e e e - +
| Default metric | 3
e T +
oo e e oo +
| System I D and pseudonode nunber | 7
o m e e e e e e e e e e e e e e - +
| Default netric | 3
T e +

Each MRT-Ineligible Link is identified by neighbor’s System | D and
pseudo- node nunber and Default netric, same as |S Reachability TLV.
This sub-TLV MAY occur nultiple tinmes if nultiple links are

i neligible.

Controll ed Convergence sub-TLV in I S-1S Router CAPABILITY TLV

Section 12.2 of [I-D.ietf-rtgwg-mt-frr-architecture] describes the
need to wait for a configured or advertised period after a network
failure to insure that all routers are using their new SPTs.
Simlarly, avoiding mcro-forwardi ng | oops during convergence

[ RFC5715] requires determ ning the maxi num anong all routers in the
area of the worst-case route conmputation and FIB installation tine.
More details on the specific reasoning and need for flooding this
value are given in [I-D. atl as-bryant-shand-If-tiners].

A new Controll ed Convergence sub-TLV is introduced into the I1S-1S
Rout er CAPABILITY TLV [ RFC4971] to advertise the worst-case tine for
a router to conpute and install all IS-ISroutes in the |level after a
change to a stable network. This advertisenent has per |evel scope,
so the S-bit and D-bit of I1S-1S Router CAPABILITY TLV MJUST be set to
zero. The advertisenent is scoped by IGP MI-1D, allowing a router
supporting nulti-topology IGP routing to advertise a different worst-
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case conmpute and install tinme for each I GP topology. This nake sense
as the SPF conputations for each |1 GP topol ogy are independent of one
anot her, and may have di fferent worst-case conpute and install tines.
The structure of the Controll ed Convergence sub-TLV is shown bel ow
TYPE: TBA-MRT-1SIS-3 (To Be All ocated by | ANA)

LENGTH: 3

VAL UE:

MI 1D (2 octet with 4 bits reserved)

FI B conpute/install tinme (1 octet)

T +
IRIR|R|R| MI I D | 2
. e +

| FIB conp/in time| 1
Fom e e e +

The FIB conpute/install tine is the worst-case tine the router may
take to conmpute and install all IS-ISroutes in the level after a
change to a stable network. The value is in mlliseconds.

The FIB conpute/install tinme value sent by a router SHOULD be an
estimate taking into account network scale or real-tinme neasurenents,
or both. Advertisenents SHOULD be danpened to avoi d frequent

communi cation of small changes in the FIB conpute/install tine.

A router receiving the Controlled Convergence sub-TLV SHOULD esti mate
t he network convergence tinme as the maxi mum of the FIB conpute/
install times advertised by the routers in a level, including itself.
In order to account for routers that do not advertise the Controll ed
Convergence sub-TLV, a router MAY use a locally configured m nimm
networ k convergence tinme as a | ower bound on the conputed network
convergence time. A router MAY use a locally configured maxi mum

net wor k convergence tine as an upper bound on the conputed network
convergence tine.

Handl i ng MRT Capability Sendi ng and Recei vi ng

The Mbit which identifies router’s MRT capability MJST be adverti sed
in LSP fragnent 0. Those MRT related sub-TLVs SHOULD be ignored when
MRT Capability bit is unset. Wen changes in MRT capabilities are
recei ved, a MRT conputation SHOULD be triggered but MAY be del ayed
for a while to allow reception of all MRT-related information
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Advertising MRT extension

MRT sub-TLVs are encapsul ated in the Router Capability TLV and
advertised through LSP PDU for the | evel-wide. MRT sub-TLVs are
optional. |If one router does not support MRT, it MJST NOT advertise
t hose sub- TLVs.

Since the advertisenent scope of the MRT sub-TLV is |evel -w de, the
D-Bit and S-Bit of the Router Capability TLV MJST be set as 0 when it
is advertised. |If other sub-TLVs in the Router Capability TLV need
different values for those two bits, there MIST be an i ndependent
Router Capability TLV for MRT sub-TLVs.

When MRT related information is changed for the router or existing
I S-1S LSP nmechani sns are triggered for refreshing or updating, MRT
sub- TLVs MJST be advertised if the router is MRT-Capabl e.

For adm nistrative policies or reasons, it may be desirable to
exclude certain links fromthe MRT conputation. MRT-Ineligible sub-
TLV is used to advertise which |inks should be excluded. Note that
an interface advertised as MRT-Ineligigle by a router is ineligible
with respect to all profiles advertised by that router.

Par si ng MRT extension

MRT extensi on MJUST NOT affect the peer setup and the routing
cal cul ation of the standard topol ogy.

MRT sub-TLVs SHOULD be validated |i ke other sub-TLVs when received.
MRT sub-TLVs SHOULD al so be taken for the checksum cal cul ati on and
aut henti cati on.

If MI-1D conflict is found for MRT-Red or MRT-blue frommultiple sub-
TLVs then those associ ated sub-TLVs MJST be ignored.

Li nks advertised in MRT-Ineligible sub-TLV MUST be precluded from VRT
Conputation. The renoval of those |inks may change the conputing
router’s MRT Island significantly.

Backwards Conpatibility

The Mbit for MRT capability, the MRT Profile sub-TLV and the MRT-

I neligible Link sub-TLV defined in this docunment SHOULD NOT i ntroduce
any interoperability issues. Routers that do not support these MRT
extensions SHOULD silently ignore them Alternates or traffic MJST
NOT be affected in current IS-1S routing donain.
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11.

12.

13.

13.

Li,

| mpl enent ati on St at us
[ RFC Editor: please renove this section prior to publication.]

Pl ease see [I-D.ietf-rtgwg-nrt-frr-architecture] for details on
i npl enent ati on stat us.

Security Consi derations

This 1S-1S extension is not believed to i ntroduce new security
concerns.

| ANA Consi der ati ons

Pl ease all ocate values for the following I1S-1S Router CAPABILITY TLV
Types [ RFC4971]: MRT Profile sub-TLV (TBA-MRT-1SIS-1), MRT-Ineligible
Li nk sub-TLV (TBA-MRT-1SI S-2), and Control | ed Convergence sub-TLV
(TBA-MRT-1SI S 3) .
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