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Abst ract
Thi s docunent describes a mechanismthat allows a systemto originate
nmore than 256 Link State PDU (LSP) fragnents, a limt set by the
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1. Introduction

In the Internediate Systemto Internediate System (1S-1S) protocol, a
systemfloods its link-state information in Link State PDU (LSP) Data
Units, or LSPs for short. These |ogical LSPs can becone quite large
therefore the protocol specifies a neans of fragnenting this
information into nmultiple LSP fragments. The nunber of fragnments a
system can generate is linted by SO IEC 10589 [ISIS- I1SO to 256
fragments, where each fragnment’'s size is also linited. Hence, there
isalimt on the anmount of link-state information a system can
gener at e.

A nunmber of factors can contribute to exceeding this limt:

I ntroduction of new TLVs and sub-TLVs to be included in LSPs.

- The use of LSPs to propagate various types of information (such as
traffic-engineering information).

- The increasing nunber of destinations and AS topol ogi es.

Fi ner granularity routing, and the ability to inject external

routes into areas [ DOVAI N-W DE] .

-  Oher enmerging technol ogi es, such as optical, |IPv6, etc.

Thi s docunent describes nechanisns to relax the limt on the nunber
of LSP fragments.

1.1. Keywords

The key words "MJST", "MJST NOT", "REQUI 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

[ BCP14] .

1.2. Definitions of Conmonly Used Terns

This section provides definitions for terns that are used throughout
the text.

Originating System
A router physically running the IS-1S protocol. As this
docunent describes nethods allowing a single I S-1S process to
advertise its LSPs as nultiple "virtual" routers, the
Oiginating Systemrepresents the single "physical" I1S-1S
process.
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Nor mal systemi d
The systemid of an Originating System

Addi tional systemid
An Additional systemid that is assigned by the network
adm nistrator. Each Additional systemid all ows generation of
256 additional, or extended, LSP fragnents. The Additiona
systemid, like the Normal systemid, nust be uni que throughout
the routing domain.

Virtual System
The system identified by an Additional systemid, advertised
as originating the extended LSP fragnents. These fragnments
specify the Additional systemid in their LSP IDs.

Original LSP
An LSP using the Normal systemid inits LSP ID

Ext ended LSP
An LSP using an Additional systemid in its LSP ID.

LSP set
Logical LSP. This termis used only to resolve the anmbiguity
between a logical LSP and an LSP fragnment, both of which are
sonetines termed "LSP".

Ext ended LSP set
A group of LSP fragnents using an Additional systemid, and
originated by the Oiginating System

Ext ensi on-capable IS
An IS inplementing the mechani sms described in this docunent.

1.3. (Qperation Mdes
Two adninistrative operation nodes are provided

-  Qperation Mdde 1 provides behavior that allows inplenmentations
that don’t support this extension, to correctly process the
ext ended fragnment information, wthout any nodifications. This
nmode has some restrictions on what nmay be advertised in the
extended LSP fragnents. Nanely, only leaf information nay be
advertised in the extended LSPs.
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- Operation Mde 2 extends the previous node and relaxes its
advertisenent restrictions. Any link-state information nay be
advertised in the extended LSPs. However, it nandates a change to
the way LSPs are considered during the SPF algorithm in a way
that is not conpatible with previous inplenentations.

These nobdes are configured on a per-level and area basis. That is,
all LSPs considered in the sane SPF i nstance MJST use the sanme Mde
There is no restriction that an L1/L2 IS operates in the same node,
for bothits L1 and L2 instances. |t can use Mbde 1 for its L1 LSPs,
and Mode 2 for its L2 LSPs, or vice versa

Mode 1 has the only advantage of being backwards conpatible wth
ol der inplenmentations. It does have restrictions which are

consi dered drawbacks. Therefore, routers should operate in Mde 1
only if backwards conpatibility is desired. OQherwise, it is
recommended to run in Mbde 2.

Rout ers MAY inpl enent Operational Mde 2 without supporting running
in Operational Mbde 1. They will still interoperate correctly with
routers that support both nodes.

1.4. Overview

Usi ng Additional systemids assigned by the administrator, the
Oiginating System can advertise the excess link-state information in
ext ended LSPs under these Additional systemids. It would do so as
if other routers, or "Virtual Systens", were advertising this
informati on. These extended LSPs will also have the specified limt
on their LSP fragnents; however, the Originating System nmay generate
ext ended LSPs under nunerous Virtual Systens.

For Operation Mode 1, 0-cost adjacencies are advertised fromthe
Oiginating Systemto its Virtual System(s). No adjacencies (other
than back to the Originating System are advertised in the extended
LSPs. As a consequence, the Virtual Systens are 'stub’, neaning they
can only be reached through their Oiginating System Therefore,

ol der inplenentations do not need nodifications in order to correctly
process these extended LSPs.

For both nodes, each LSP (set) created by a node will contain inits
fragment-0 a new TLV (IS Alias ID TLV) that contains the Nornal
systemid and PN Nunber of the Original LSP created by the router
Ext ensi on-capabl e |1 Ss can then use this information and store the
original and extended LSPs as one | ogical LSP

The only sections that deal only with Mode 1 additions are 3.2,
3.2.1, and 3.2.2. Al other sections relate to both nodes.
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2.

IS Alias ID TLV (I S-A
The proposed | S-A TLV all ows extension-capable ISs to recognize al
LSPs of an Originating System and conbine the original and extended
LSPs for the purpose of SPF conputation. It identifies the Nornal
systemid of the Originating System

The proposed IS Alias ID TLV is type 24, and its format is as
fol | ows:

x CODE - 24.

X LENGTH - total length of the value field.

x VALUE -
No. of Cctets
e e e a - +
| Normal systemid | 6
e e e e ek +
| Pseudonode numnber | 1
o m e e e e e e me o oo +
| Sub-TLVs | ength | 1
e e e a - +
| 0- 247
Sub- TLVs
| |
o e - +

Nor mal systemid
The Normal systemid of the LSP set, as described in section 1.2
of this docunent.

Pseudonode nunber
The Pseudonode nunber of the LSP set. LSPs with the sanme Nornal
systemid and Pseudonode nunber are considered in SPF as one
| ogi cal LSP, as described in section 5 of this docunent.

Sub- TLVs | ength
Total length of all sub-TLVs.
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3.

3.

Sub- TLVs
A series of tuples with the followi ng fornat:

No. of Cctets

o e - +

| Sub-type | 1

S +

| Length | 1

N T T +

| | 0- 245
Val ue

| |

N T +

Sub- type

Type of the sub-TLV

Length
Total length of the value field

Val ue
Type-specific TLV payl oad.

For an expl anation on sub-TLV handling, see [ISIS TE].

W thout sub-TLVs, this structure consunmes 8 octets per LSP set. This
TLV MJST be included in fragment 0 of every LSP set belonging to an
Oiginating Systemrunning in either Mode 1 or Mode 2. Currently,
there are no sub-TLVs defi ned.

For a conplete list of used IS-1S TLV nunbers, see [I|SIS- CODES].
Cenerating LSPs
1. Both Operation Mdes

Under both nodes, the Originating System MJST include information

bi nding the Oiginal LSP and the Extended ones. It can do this since
it is trivially an extension-capable IS. This is to ensure other

ext ensi on-capabl e routers correctly process the extra information in

their SPF calculation. This binding is advertised via a new IS Alias
ID TLV, which is advertised in all fragnent 0 of Original and

Ext ended LSPs.
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e . +
| Oiginating System

| systemid =S |
| is-alias-id =S |
o e m e e e e e e e e e e e e e e e e e e +
S + S +
| Virtual System | | Virtual System |
| systemid =S | | systemid =S’

| is-alias-id =S | | is-alias-id =S |
o e - + o e - +

Figure 1. Advertising binding between all of a systenmis LSPs
(both nodes). S and S’ are configured as Additiona
systemi ds.

When new extended LSP fragnents are generated, these fragments shoul d
be generated as specified in ISOIEC 10589 [ISIS-1SQ. Furthernore,
a system SHOULD treat its extended LSPs the sane as it treats its
original LSPs, with the exceptions noted in the follow ng sections.
Specifically, creating, flooding, renewi ng, purging and all other
operations are sinmlar for both Original and Extended LSPs, unless
stated otherwi se. The Extended LSPs will use one of the Additiona
systemids configured for the router, in their LSP ID

Ext ended LSPs fragnent zero should be regarded in the sanme speci al
manner as specified in I1SOIEC 10589 for LSPs with nunber zero, and
shoul d i nclude the sanme type of extra information as specified in

| SO I EC 10589 and RFC 1195 [ISIS-1P]. So, for exanple, when a system
reissues its LSP fragnment zero due to an area address change, it
shoul d rei ssue all extended LSPs fragnent zero as well.

An extended LSP fragment zero MJST be generated for every extended
LSP set, to allow a router’s SPF cal cul ation to consi der those
fragments in that set. See section 5 for details.

3.1.1. The Attached Bits

The Attached (ATT) bits SHOULD be set to zero for all four netric
types, on all Extended LSPs. This is due to the following: if a
Virtual Systemis reachable, so is its Originating System It is
preferable, then, that an L1 IS chooses the Originating System and
not the Virtual Systemas its nearest L2 exit point, as connectivity
to the Virtual System has a higher probability of being lost (as a
result of the extended LSP no | onger being advertised). This could
cause unnecessary conputations on sone inplenmentations.
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3.1.2. The Partition Repair Bit

The Partition Repair (P) bit SHOULD be set to zero on all extended
LSPs. This is for the sane reasons as for the Attached bits.

3.1.3. ES Neighbors TLV

| SO'| EC 10589 [ISIS-I1SO section 7.3.7 specifies inserting an ES

Nei ghbor TLV in L1 LSPs, with the systemID of the router. RFC 1195
[ISIS-1P] relieves IP-only routers of this requirenment. However, for
routers that do insert this ESN TLV in L1 LSPs (whether |IP-only or

CSl -capabl e), then in an extended LSP, the ESN TLV shoul d include the
rel evant Additional systemid. Furthernore, OSl-capable routers
shoul d accept packets destined for this Additional systenmid.

3.1.4. Overload Bit

The overload bit should be set consistently across all LSPs, origina
and extended, belonging to an Originating System and should reflect
the Originating Systenis overload state.

3.1.5. Oher Fields and TLVs

O her fields and TLVs not nentioned above remain the sane, both for
ori gi nal and extended LSPs.

3.2. (Operation Mdde 1 Additions

The follow ng additions apply only to routers generating LSPs in Mde
1. Routers, which are configured to operate in Qperation Mde 2,
SHOULD NOT apply these additions to their advertisenents.

Under Qperation Mode 1, adjacencies fromthe Oiginating Systemto
its Virtual Systens are advertised using the standard nei ghbor TLVs.
The metric for these connections MJST be zero, since the cost of
reaching a Virtual Systemis the same as the cost of reaching its
Originating System

To ol der inplenentations, Virtual Systens woul d appear reachable only
through their Oiginating System hence |oss of connectivity to the
Originating System neans | oss of connectivity to all of its
information, including that advertised in its extended LSPs.

Furt hernmore, the cost of reaching infornmation advertised in non-
extended LSPs is the sane as the cost of reaching information
advertised in the new extended LSPs, with an additional hop.
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| Oiginating System
| systemid = S |
| is-alias-id = S

o e m e e e e e e e e e e e e e e e e e e +
| /\ | /\

cost=0 | | cost =max- 1 cost=0 | | cost =max- 1
| | | |
\/ | \/ |

o m e e e e e e me o oo + o m e e e e e e me o oo +

| Virtual System | | Virtual System |

| systemid =S | | systemid =S’

| is-alias-id =S | | is-alias-id =S |

e e e e ek + e e e e ek +

Figure 2. Advertising connections to Virtual Systens under
Qperation Mode 1. S and S’ are configured as
Addi tional systentids.

Under Qperation Mode 1, only "leaf" information, i.e., information
that serves only as leaves in a shortest path tree, can be advertised
i n extended LSPs.

When an Extended LSP belonging to Additional systemid S is first
created, the Original LSP MJST specify S as a neighbor, with nmetric
set to zero. This is in order to consider the cost of reaching the
Virtual System S the sane as the cost of reaching its Originating
System Furthernore, the Extended LSP MJST specify the Nornal
systemid as a neighbor. The netric SHOULD be set to MaxLinkMetric -
1 (this is only for uniformty purpose, any netric greater than zero
is acceptable). This in order to satisfy the two-way connectivity
check on other routers. Were relevant, this adjacency SHOULD be
consi dered as point-to-point.

Note, that the restriction specified in 1SQOIEC 10589 section 7.2.5
holds: if an LSP Nunber zero of the Originating Systemis not
present, none of that system s neighbor entries would be processed
during SPF, hence none of its extended LSPs woul d be processed as
wel | .

3.2.1. 1S Neighbors TLV (Mdde 1 Only)
An Extended LSP nust specify only the Originating Systemas a
nei ghbor, with the netric set to (MaxLinkMetric - 1). \Were

rel evant, this adjacency should be considered as point-to-point.
O her nei ghbors MJUST NOT be specified in an Extended LSP, because
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t hose ot her nei ghbors would only specify the Originating System and
not the Virtual System and hence would not satisfy the bi-
directionality check in the SPF conputation

3.2.2. Oiginating Systemin the Overload State in (Mdde 1 Only)

If the Originating Systemis in the overload state, information in
the extended LSPs will not be processed by other routers in their SPF
conmputation. This is because in Mdde 1, extended LSPs are reachable
only through adjacencies fromthe Original LSP. If this LSP has set
its OL bit, adjacencies will not be processed in the SPF conputation

This side effect should be taken into considerati on when operating in
Mode 1.

4. Purging Extended LSP Fragnents

| SO EC 10589 [ISIS-1SO section 7.3.4.4 note 25 suggests that an

i mpl enent ati on keeps the nunber of LSP fragnments within a certain
limt based on the optinmal (mninmal) nunber of fragments needed.
Section 7.3.4.6 also reconmends that an IS purge its enpty LSPs to
conserve resources. These recomendations hold for the extended LSP

fragments as well. However, an extended LSP fragnment zero shoul d not
be purged until all of the fragnents in its set (i.e., belonging to a
particul ar Additional systemid), are enpty as well. This is to

ensure inplementations consider the fragments in their SPF
conmput ations, as specified in section 7.2.5.

In Operational Mbde 1, when all the extended LSP fragments of a
particular Additional systemid S have been purged, the Oiginating
System SHOULD renove the neighbor information to S fromits origina
LSPs.

5. Mdifications to LSP handling in SPF

This section describes nodifications to the way extension-capable |Ss
handl e LSPs for the SPF conputation

When considering LSPs of an extension-capable 1S (identified by the
inclusion of the IS Alias ID TLV), the original and extended LSPs are
conbined to formone large logical LSP. If the LSP belongs to an IS
runni ng Qperational Mbde 1, there might be adjacenci es between the
original and extended LSPs. These are trivially ignored (since when
processing themthe large logical LSP is already on PATHS), and does
not conplicate the SPF. Furthernore, this check should already be

i mpl emented (this scenario could occur on error, without this

ext ensi on) .
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If LSP fragnment O of the Original LSP set is missing or its
Remai ni ngLifetime is zero, all of the LSPs generated by that
Oiginating System (Extended as well) MJST NOT be considered in the
SPF. That is, the large logical LSP is not considered in the SPF.
The original LSP fragnents are identified when the is-alias-id val ue
is the same as the systemid of those LSPs. |If an LSP fragnent 0 of
an extended LSP set is missing or its RemainingLifetine is zero, only
that LSP set MJUST NOT be considered in the SPF. These rules are
present to ensure consistent SPF results on Mode 1 and Mode 2 LSPs.

Note, that the above behavior is consistent with how previous
i npl enentations will interpret Mode 1 LSPs.

6. Forming Adjacencies

It should be noted, that an IS MIST use the systemid of the LSP that
wi Il include a neighbor, when form ng an adjacency wth that

nei ghbor. That is, if a neighbor is to be included in extended LSP
S, then S should be used as the systemid in IS Hellos [3] and | S-
I'S Hel l os when form ng an adj acency with that neighbor. This is
regardl ess of the Operational Mbde. O course, in Mdde 1 this neans

that only the Normal systemid will be used when sending hell os.
7. Interoperating between extension-capabl e and non-extensi on-capabl e
| Ss.

In order to correctly advertise link-state information under
Qperation Modde 2, all ISs in an area nmust be extension-capable.
However, it is possible to not upgrade every router in the network,
if the extended information is not routing information, but rather
data that is of use to only a subset of routers (e.g., optica
switches using 1S-1S could carry optical-specific information in
ext ended LSPs)

If alive network contains routers exceeding the 256 fragnent limt,
and for sonme reason the upgrade has to be done increnentally, it is
possible to transition the network, using the follow ng steps:

- Upgrade the routers, one-by-one, to run this extension in
Qperation Mode 1. The ot her non-extension-capable routers will
i nteroperate correctly.

- \Wien all routers are extension-capabl e, configure them one-by-one

to run in Operation Mde 2. Al extension-capable routers
i nteroperate correctly, regardl ess of what node they are run in.
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10.

10.

10.

| mpl enent ati ons SHOULD support a configuration paraneter controlling
the LSP origination behavior. The default value of this paraneter
SHOULD correspond to the behavior described in [ISISISO, i.e.,
neither of the two nodes described in this docunent should be enabl ed
wi thout explicit configuration when the router software i s upgraded
with this extension.

Security Considerations
Thi s docunent raises no new security issues for IS 1S.
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