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Abstract

This document describes an extensible mechanism to support multiple
topologies (MT) in OSPFv3. These topologies can be used within the

same address family in order to compute different paths for different
classes of service, or belong to different address families allowing
an integrated definition of address family with OSPFv3. The extension

described in this document can further facilitate any future
extensions of OSPFv3.
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Introduction

Multi-topology routing as described in this document is similar in
concept to M-ISIS [M-ISIS]. It is used to introduce an integrated
definition of other address families in OSPFv3. Each address-family
may also need to support multiple topologies, to compute different
paths for different classes of service or in-band management network.

.1. Requirements notation

The key words "MUST", "MUST NOT", "REQUIRED", "SHALL", "SHALL NOT",
"SHOULD", "SHOULD NOT", "RECOMMENDED", "MAY", and "OPTIONAL" in this
document are to be interpreted as described in RFC 2119
[RFC-KEYWORDS] .

Potential Solutions
In order to support multiple topologies at least two different

solutions are possible. We discuss them briefly below, and describe
issues with each of them.

2.1 Using Different Instance IDs

[INSTANCES] defines a range of Instance IDs for each address family.
It is therefore possible to define multiple topologies by using
different Instance IDs. However this approach is inefficient due to
the overhead involved in having to manage multiple adjacencies,
multiple link-state databases etc.

2.2 Using an integrated approach with existing LSAs

Another solution would be to define multiple topologies as an
integrated approach within each instance. This can be done by
redefining an unused field in the link description of Router LSA and
define it as a multi-topology identifier (MT-ID). We will have to
generate N link descriptions for a link with N topologies configured
on it. This seems wasteful as the link description is replicated

N times, further we have some backward compatibility issues.

Also, there is a need to identify prefixes carried for each topology,
i.e. prefix-LSAs need to carry MT-IDs and there is no possibility to
reuse the existing prefix-LSAs.
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3. Proposed Solution
We propose to define new LSAs in order to achieve this. Not only does
this allow an optimum definition of topologies within OSPFv3, it
also does not have any backward compatibility issues as new LSAs will
be ignored by old routers.
The flexible encoding proposed for the new LSAs can also facilitate
any future extension in OSPFv3.
4. MT Capability
We define a Multi-topology capability bit in Options filed.
0 1 2
©123456789012345 6 7 8 9 0 1 2 3
B S R st t b e s s T ST Sy Sy S S E T
ettt IMTIAR|* |* |DC|] R| N|MC| E|V6]
ke T T e e e R e e S e s TE T P S
The Options field
MT-bit
This bit is set when a router supports MT-OSPFv3 as specified
in this memo.
5. T-bit in LS type

We define a new T-bit (TLV based) in LS type field in order to extend
the existing LSAs. This will define new LSA types homogeneously
compared to the existing LSA types. The U-bit and the T-bit are set.

®© 1 2 3 45 6 7 8 9 06 1 2 3 4 5
T s ST PR Sy
[U |S2|S1|T | LSA Function Code |
T Tk T R I e
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For the function codes defined in [0OSPFv3] the LS types become:

LSA function code LS Type Description

OxBOO1 E-Router-LSA

OxB0OO2 E-Network-LSA

0xB0OO3 E-Inter-Area-Prefix-LSA
OxB004 E-Inter-Area-Router-LSA
OxD00O5 E-AS-External-LSA
OxBOO6 E-Group-membership-LSA
OxB0O7 E-Type-7-LSA

0x9008 E-Link-LSA

OxB00O9 E-Intra-Area-Prefix-LSA

© 00N O~ WNBRE

OSPFv3 TLVs and sub-TLVs

o

All the Extended LSAs have a flexible TLV format encoding. OSPFv3
TLVs have a 16 bit Type and a 16 bit Length field followed by the
TLV value. TLV Length is set to the length of Value field in bytes.
Any unknown TLV/sub-TLV should be ignored.

0 1 2 3
©12345678901234567890123456789601
B e T S S b a s s o s e e S
| TLV Type | TLV Length |
B T S I e o o ot S S S S S S S T S S S S

TLV Value
B T e n b e e T e el e T P P Sy S S S

OSPFv3 TLV Format
sub-TLVs are similar to TLVs with an additional 16 bit Total sub-TLV
length (in bytes) and a 16 bit reserved field. If the TLV has

multiple Values, total sub-TLV length allows to locate the next
Value, when there are variable number of sub-TLVs present.
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0 1 2 3
©012345678901234567890123456789601
ottt totot-totototot-totot-t-toF-t-t-t-t-t-t-t-t-t-t-F-F-+-+-+
| Total sub-TLV length | 0 |
+ot-t-t-t-F-F-F-F-t-t-t-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-+-+-+

TLVs
B T S I e o o ot S S S S S S S T S S S S
OSPFv3 sub-TLV Format

The presence of sub-TLVs is indicated by a S-bit in the value field
of TLVs. If the S-bit is set, the format of sub-TLVs is as specified
above. If the S-bit is clear, no sub-TLVs are added.

For LSAs which carry a prefix, we define S-bit in PrefixOptions. Note
that S-bit in PrefixOptions 1is only defined in Extended LSAs.

@ 1 2 3 4 5 6 7
R i SPSE Sy Sy Sy
IS 1 | | | PIMC|ILAINU|
I S Sy Sy S S

The Prefix Options field

Default Topology

In order to interact with non-MT capable routers we define default
topology as the topology that is built by using the existing LSAs as
specified in OSPFv3 [OSPFv3].

We define MT topologies as topologies which are other than the
Default Topology. A MT topology will be defined by using the new LSAs
as specified in this memo.

When all routers are MT capable, there is no need to generate
existing LSAs as defined in [0OSPFv3]. The new LSAs can be used even
for Default Topology. A global configurable parameter
RFC2740Compatibility (see Appendix A) is used to control the
generation of existing or new LSAs.
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8.

[©

MT-ID Fields

We define a 8 bit MT-ID field which is present in various LSA types.
Each MT-ID is also accompanied with a MT-ID Metric field which
carries a metric specific to one MT.

When a MT capable router participates in Default Topology, depending
on RFC2740Compatibility (see Appendix A) it will generate existing
LSAs or extended LSAs for the Default Topology.

MT-ID value 0 is reserved for carrying information about Default
Topology in the new LSAs.
MT Control packet and IPv6 link local address

IPv6 link local address is MT independent and is used for MT-0SPFv3
control packets.

Forming adjacency in MT

Each interface can be configured to belong to a set of topologies.
A single adjacency will be formed even if the interface is configured
to participate in multiple topologies.

. Advertising MT topology

When a router is configured with multiple topologies on a link, it
advertises the list of MT-IDs and their corresponding metrics in
E-router-LSA. When a MT-capable router participates in default
topology, based on RFC2740Compatibility it may generate existing or
Extended Router-LSAs.

Network LSAs are common to all MT. The DR will announce an adjacency
to all attached routers independently of their MT-ID value. When
RFC2740Compatibility is disabled on DR (and all routers should be MT
capable) E-network-LSA will be used instead of network-LSA. This
allow a smooth migration to extended LSAs.

12. Advertising MT prefix

When a MT-capable router participate in non-Default Topology, it
generates extended prefix LSAs with MT-ID in which it participates.
When a MT-capable router participates in default topology, based
on RFC2740Compatibility it may generate existing or Extended
prefix LSAs.
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13. Advertising intra-area-prefix-LSA on multi-access link

On multi-access links, the DR is responsible to generate prefix-LSA
on behalf of the LAN, this is done by considering the prefix
advertised in 1link-LSAs.

If RFC2740Compatibility is disabled the DR will generate Extended
prefix-LSAs. If RFC2740Compatibility is enabled we select a
Multi-Topology DR (MT-DR) which generates the E-intra-area-prefix-LSA
on behalf of the LAN.

MT-DR is elected by considering the highest Router ID among
MT-capable routers (done by examining MT-bit of neighbors).

The E-intra-area-prefix-LSA generated by the MT-DR will have the
Referenced LS type set to 2, Referenced Link State ID set to DR's
Router ID and Referenced Advertising Router set to DR's Router ID.
Note that MT-DR's role is to just generate the
E-intra-area-prefix-LSA whereas DR is responsible for network LSA
generation and helping in flooding on the multi-access link.

14. MT Area Boundary

Area boundaries for all topologies are the same but an interface can
be configured to not participate in all topologies. This will make a
router's B-bit setting topology independent whereas reachability to
the ABR will be topology dependent.

15. MT SPF Computation

When a link participates in a topology, it's MT-ID value is carried
in extended Router-LSA. A separate SPF is computed for each topology
by considering only the link/metric for the corresponding topology.

Network LSAs are used by all topologies during the SPF computation.
Nexthops computed during the MT SPF MUST belong to the same topology.

Similarly when processing prefix-LSAs or external-LSAs, only prefixes
which contain a valid MT Metric for that MT SPF are considered
reachable in that topology.

During SPF computation for the Default Topology, independently of
RFC2740Compatibility value, extended LSA are used when present
otherwise existing LSA are used. This allows a smooth transition
across RFC2740Compatibility changes.
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16. Forwarding in MT

Forwarding must make sure that only routes belonging to the single
topology are used to forward the packet along its way from source to
destination. Therefore user configuration MUST be consistently
applied throughout the network so that an incoming packet be
associated with the corresponding topology. It is outside of the
scope of this document to consider different methods of associating
an incoming packet to the corresponding topology routes.

17. MT-ID reserved value
The following MT-ID values are defined:

- Reserved for IPv6 unicast topology

Reserved for IPv4 in-band management purposes
- Reserved for IPv4 unicast topology

- Reserved for IPv6 multicast topology

4 - Reserved for IPv4 multicast topology

5-31 - Reserved for IETF consensus.

32-255 - Reserved for development, experimental and
proprietary features [RFC3692].

W N R o
1

18. IPv4 address family considerations

OSPFv3 runs on the top of IPv6 and uses IPv6 link local addresses
for OSPFv3 control packets and next hop calculations. Although IPV6
link local addresses could be used as next hops for IPv4 address
families, it is desirable to have IPv4 next hop addresses. For
example, in IPv4 multicast having the nexthop address the same as
the PIM neighbor address (IPv4 address) makes it easier to know to
which upstream neighbor to send a PIM join when doing a RPF lookup
for a source. It is also easier for troubleshooting purposes to have
a next hop with the same semantics as the AF.

In order to achieve this, the link's IPv4 address will be advertised
in the E-1ink-LSA, see section 20.6.

We call direct interface address (DIA) the address that is reachable
directly via the link provided that a layer 3 to layer 2 mapping is
available. Note that there is no explicit need for the IPv4 link
addresses to be on the same subnet. An implementation should resolve
layer 3 to layer 2 mappings via ARP or ND for a DIA even if the IPv4
address is not on the same subnet as the router's interface IP
address.


https://datatracker.ietf.org/doc/html/rfc3692
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19.

0.

Backward compatibility and interaction with non-MT routers

An MT capable router will interact (in Default Topology) with non-MT
capable routers by using the existing LSAs. MT information is carried
in new LSAs which are ignored by non-MT routers therefore this
document does not introduce any backward compatibility issues.

When all routers are MT capable, RFC2740Compatibility can be set to
disable and only extended LSAs are used for Default Topology.

Extended LSA Formats

20.1 Extended Router-LSA

We define a new E-router-LSA with LS type equal to OxBOO1. This LSA,
extends router LSA by defining TLVs within the LSA payload. The LSA
has a fixed portion followed by TLVs. Each TLV could further contains
sub-TLVs.

The processing and generation of this LSA is the same as for
router-LSA defined in [0SPFv3].

0 1 2 3
©1234567890123456789012345678901
+ot-t-t-t-F-F-F-F-t-t-t-t-t-F-F-F-F-F-F-F-F-F-Ft-F-F-F-F-F+-+-+-+-+
| LS age [o]o]1]1]| 1 |
ottt -ttt -ttt -F-F-+-+-+

| Link State ID
tot-t-t-t-F-F-F-t-t-t-t-t-t-F-F-F-F-F-F-F-F-t-t-F-F-F-F-F-F-+-+-+
| Advertising Router |
B T S I e o o ot S S S S S S S T S S S S
| LS sequence number |
+ot-t-t-t-F-F-F-t-t-t-t-t-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-+-+-+
| LS checksum | length |
B T e n b e e T e el e T P P Sy S S S
| 0 |W|V|E|B] Options
tot-t-t-t-F-F-F-t-t-t-t-t-F-F-F-F-F-F-F-F-F-F-t-F-F-F-F-F-F-+-+-+

TLVs

B S T S ST S T L s st P S RS

All fields are defined as in [0OSPFv3].
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We define a Link-description TLV (LD-TLV). This TLV extends the
router-LSA payload by defining sub-TLVs within each link description.

0] 1 2 3
012345678901 234567890123456789601
Fot-tott-t-t-t-t-t-F -ttt -ttt -ttt -ttt -F-F-F-F+-+-+

| 1 (LD-TLV) | TLV Length |
+-t-Ft-F-+-F-F-F-+-F-F-F-F-F-F-+-F-F-F-F-F-F-F-+-F-F-F-F-F-F+-+-+-+
| Link-Type | Reserved | Link-Block Length |

tot-t-t-t-t-F-F-t-t-t-t-t-t-tF-F-F-F-F-F-F-F-F-t-F-F-F-F-F-F-+-+-+
| Interface ID |
ottt -ttt -ttt -F-F-+-+-+
| Neighbor Interface ID |
+ot-t-t-t-F-F-F-t-t-t-t-t-t-F-F-F-F-F-F-F-F-F-t-F-F-F-F-F-+-+-+-+
| Neighbor Router ID |
B T S I e o o ot S S S S S S S T S S S S

sub-TLVs

+-t-F-F-+-F-F-F-+-F-F-F-F-F-F-+-F-F-F-F+-F-F-F-+-F-F-F-F+-F-F+-+-+-+
I I
+ot-F-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F+-F-+-+-+
| Link-Type | Reserved | Link-Block Length |
+-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F+-F-F+-+-+-+
| Interface ID |
+-t-t-t-t-F-t-t-F-F-t-F-F-F-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F+-+-+-+
| Neighbor Interface ID |
-ttt -ttt -F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-+-+-+
| Neighbor Router ID |
+-t-t-t-t-F-t-t-t-F-t-t-F-F-t-t-F-F-F-F-F-F-F-t-F-F-F-F-F-+-+-+-+

sub-TLVs

B ST e T ST S e e S S S T St T S

Link-Block Length : Define the length of link block including
Link-Type, Reserved, Link-Block Length, fixed ID
fields and sub-TLVs.

All other fields are defined as in [0SPFv3].

LD-TLV is the only top level TLV defined in this document. This TLV
should not be repeated within an E-router-LSA fragment, instead
multiple link descriptions are included within the LD-TLV (Total
sub-TLV length indicates the next link description).
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We define a Router Multi-Topology sub-TLV (RMT-sTLV) below. This
sub-TLV could further contain sub-TLVs.

E-router-LSA must contain the LD-TLV and each link description must
contain the RMT-sTLV.

0 1 2 3
012345678901 23456789012345678901
B S S e e T e ST S T ot o S

| 1 (RMT-sTLV) | Length |
B s e sl T S S S s SEE SR S e R e b =
| MT-ID | 0 [S| MT-ID metric |

Fotodtototototototototodtototototototot ottt otoFototot oottt
B e S e e S S S e D s St
| MT-1ID 0 IS| MT-ID metric |
Fotodtototototototototodt ottt otot oottt ototototot -ttt

When a link participates in different topologies, it will include the
RMT-sTLV with MT-IDs and MT-ID metrics for corresponding topologies.

20.2 Extended Network-LSA
The network LSA does not contain any MT information as the DR is
shared by all topologies therefore the existing network LSA can be
used independently of the router participation in a MT.
However we define an E-network-LSA in order to allow for any future
extensions. The LS type is equal to 0xB002. This LSA extends
network-LSA by defining TLVs within the LSA payload.
The processing and generation of this LSA is the same as for

network-LSA defined in [OSPFv3].
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0 1 2 3
©012345678901234567890123456789601
tot-t-t-t-t-F-F-t-t-t-t-t-t-t-F-F-F-F-F-F-F-t-t-t-F-t-F-F-F-+-+-+
| LS age [o]|O]1|1]| 2 |
+ot-t-t-t-F-F-F-F-t-t-t-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-+-+-+

| Link State ID

tot-t-t-t-F-F-F-t-t-t-t-t-t-F-F-F-F-F-F-F-F-t-t-F-F-F-F-F-F-+-+-+
| Advertising Router |
B T S I e o o ot S S S S S S S T S S S S
| LS sequence number |
+ot-t-t-t-F-F-F-t-t-t-t-t-t-F-F-F-F-F-F-F-F-F-t-F-F-F-F-F-+-+-+-+
| LS checksum | length |
B T e n b e e T e el e T P P Sy S S S

TLVs

B S S e e T e ST S T ot o S

All fields are defined as in [0SPFv3].

We define a Attached-Router TLV (AR-TLV). This TLV has similar
contents as the network-LSA payload.

E-network-LSA must contain AR-TLV.
0] 1 2 3

012345678901 234567890123456789601
Fot-tott-t-t-t-t-t-F -ttt -ttt -ttt -ttt -F-F-F-F+-+-+

| 1 (AR-TLV) | TLV Length |
+-t-t-F-t-F-F-F-F-F-F-F-F-F-F-+-F-F-F-F-F-F-F-+-F-F-F-F-F-F+-+-+-+
| 0 | Options |

tot-t-t-t-t-F-F-t-t-t-t-t-t-t-F-F-F-F-F-F-F-t-t-t-F-t-F-F-F-+-+-+
| Attached Router |
ottt -t-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F+-+-+-+

tot-t-t-t-F-F-F-t-t-t-t-t-t-F-F-F-F-F-F-F-F-t-t-F-F-F-F-F-F-+-+-+
| Attached Router |
ottt -ttt -ttt -F-F-+-+-+

All fields are defined as in [0SPFv3].

20.3 Extended Inter-Area-Prefix-LSA

We define a new E-inter-area-prefix-LSA with LS type of 0xB003. It is



originated by area border routers to describe routes to prefixes
associated with a MT-ID that belong to other areas.

Mirtorabi, Roy [Page 12]



Internet Draft OSPFv3 MTR March 2007

An implementation could decide to advertise one or more prefixes
within one E-inter-area-prefix-LSA.

The processing and generation of this LSA is the same as for as
inter-area-prefix-LSA as defined in [OSPFv3].

(C] 1 2 3
012345678901 23456789012345678901
BT R b E b e e ok T e S T TP SN S S Sy S o
| LS age 0|11 3 |
B s e sl T S S S s SEE SR S e R e b =
| Link State ID |
B T n s T e e e e e ek sk s P TP TR S S S S S
| Advertising Router |
+ot-t-t-t-F-F-F-t-t-t-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-+-+-+-+
| LS sequence number |
B e b b ek s o e e S e e e e ek sk S P P TP S S S S S T

| LS checksum | length |
+-t-t-t-t-F-t-F-t-F-t-t-F-F-F-t-F-F-F-F-F-F-F-t-F-F-F-F-F-F+-+-+-+
| Prefix-Block Length | PrefixLength | Reserved |

ottt -t-tot-t-t-t-t-t-t-d-F-t-t-F-t-t-t-F-t-t-t-F-F-t-F-F-+-+-+
| Address Prefix

B S S e e T e ST S T ot o S

TLVs

B e e I R R e R R R S e e e el R e R R R e e ket S
+-t-t-t-t-F-t-t-F-F-t-F-F-F-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F+-+-+-+
| Prefix-Block Length | PrefixLength | Reserved |
B e e e e e R R R S R e e e e el e e ol T s E L S S S
| Address Prefix

Fodbototototototodb oottt ototod oottt ottt ottt ob oottt

TLVs

B S S e e T e ST S T ot o S

Prefix-Block Length : Define the length of prefix block including
Prefix-Block Length, PrefixLength, Reserved
field, Address Prefix and TLVs.



All other fields are defined as in [0SPFv3].
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We define an Inter Prefix Multi-Topology TLV (IPMT-TLV) below. This
TLV could further contain sub-TLVs.

E-inter-area-prefix-LSA must contain one or more prefix blocks and

each prefix block must contain the IPMT-TLV.

0

2

3

012345678901 23456789012345678901
B S S e e T e ST S T ot o S

1 (IPMT-TLV)

Length

T e T D e S RS

MT-ID

MT-ID metric

B s st T e SPE U S Sy S S s o S S

| PrefixOptions

(0]

B S T S ST S T L s st P S RS

B S s st T o e S T ot o S S

MT-ID

MT-ID metric

B S e e o S S LT S ST SN U S Sy Sy S

| PrefixOptions

0

Fot-tott-t-t-t-t-t-F -ttt -ttt -ttt -ttt -F-F-F-F+-+-+

20.4 Extended Inter-Area-Router-LSA

We define a new E-inter-area-router-LSA with LS type of 0xB0O04. This
LSA is originated by area border routers and describes routes to

routers in other areas.

An implementation could decide to advertise information about one or
more routers within one E-inter-area-router-LSA.

The processing and generation of this LSA is the same as for as
inter-area-router-LSA as defined in [OSPFv3].

Mirtorabi,

Roy
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0 1 2 3
©012345678901234567890123456789601
tot-t-t-t-t-F-F-t-t-t-t-t-t-t-F-F-F-F-F-F-F-t-t-t-F-t-F-F-F-+-+-+
| LS age [o]|O]1|1]| 4 |
+ot-t-t-t-F-F-F-F-t-t-t-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-+-+-+

| Link State ID

tot-t-t-t-F-F-F-t-t-t-t-t-t-F-F-F-F-F-F-F-F-t-t-F-F-F-F-F-F-+-+-+
| Advertising Router |
B T S I e o o ot S S S S S S S T S S S S
| LS sequence number |
+ot-t-t-t-F-F-F-t-t-t-t-t-t-F-F-F-F-F-F-F-F-F-t-F-F-F-F-F-+-+-+-+
| LS checksum | length |
B T e n b e e T e el e T P P Sy S S S
| 0 | Options |
tot-t-t-t-F-F-F-t-t-t-t-t-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-+-+-+

TLVs
+ot-t-t-t-F-F-F-F-t-t-t-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F+-+-+-+
All fields are defined as in [0OSPFv3].

We define a Dest-Router TLV (DR-TLV) below. This TLV extends the
Inter-area-router-LSA payload by defining sub-TLVs within each
Destination Router.

E-inter-area-router-LSA must contain the DR-TLV.

0 1 2 3
©1234567890123456789012345678901
+ot-t-t-t-F-F-F-F-t-t-t-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F+-+-+-+
| 1 (DR-TLV) | Length |
B e T S S b a s s o s e e S
| Destination Router ID |
ottt -ttt -ttt -F-F-+-+-+

sub-TLVs
ottt -ttt -ttt F-F-F -+ -F-+-+-+

ottt tototototototototot ottt ottt otototot ottt -t-+-+
| Destination Router ID |
B T e n b e e T e el e T P P Sy S S S

sub-TLVs

B R e R e R st ot o S S
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Destination Router ID: It is defined in [0OSPFv3].

DR-TLV is the only top level TLV defined by this document. This TLV
should not be repeated within an E-Inter-area-router-LSA, instead
multiple destination router values are included within the DR-TLV
(Total sub-TLV length indicates the next destination router value).

We define an Inter Router Multi-Topology sub-TLV (IRMT-sSTLV) below.
DR-TLV must contain the IRMT-STLV.
0 1 2 3

012345678901 234567890123456789601
Fot-tott-t-t-t-t-t-F -ttt -ttt -ttt -ttt -F-F-F-F+-+-+

| 1 (IRMT-sTLV) | Length |
+ot-t-t-t-F-F-F-F-t-t-t-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F+-+-+-+
| MT-ID | MT-ID metric |

tot-t-t-t-F-t-t-F-F-t-t-F-F-t-t-F-F-t-t-F-F-F-F-F-F-F-F-F-F-+-+-+
+-+-F-+-+-F-F-F-+-F-F-+-F-F-F-+-F-F-F-+-F-F-F-+-F-F-+-F-F-F+-+-+-+
| MT-ID | MT-ID metric |
ottt -t-t-F-t-t-F-F-t-t-F-F-t-t-F-F-F-F-F-t-F-F-F-F-+-+-+

20.5 Extended AS-external-LSA

We define a new E-AS-external-LSA with LS type of OxD005. This LSA is
originated by AS boundary routers, and describes destinations
external to the AS associated to a MT-ID. An implementation could
decide to advertise one or more prefixes within one
E-AS-external-LSA.

The processing and generation of this LSA is the same as for an
AS-external-LSA as defined in [OSPFv3].
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0 1 2 3
©012345678901234567890123456789601
tot-t-t-t-t-F-F-t-t-t-t-t-t-t-F-F-F-F-F-F-F-t-t-t-F-t-F-F-F-+-+-+
| LS age [0]1]0]1]| 5 |
+ot-t-t-t-F-F-F-F-t-t-t-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-+-+-+

| Link State ID

tot-t-t-t-F-F-F-t-t-t-t-t-t-F-F-F-F-F-F-F-F-t-t-F-F-F-F-F-F-+-+-+
| Advertising Router |
B T S I e o o ot S S S S S S S T S S S S
| LS sequence number |
+ot-t-t-t-F-F-F-t-t-t-t-t-t-F-F-F-F-F-F-F-F-F-t-F-F-F-F-F-+-+-+-+

| LS checksum | length |
B T e n b e e T e el e T P P Sy S S S
| Prefix-Block Length | PrefixLength | Reserved |

ottt tototototototototot ottt ottt otototot ottt -t-+-+
| Address Prefix

e
TLVs

T

+-+-F-+-+-F-F-F-+-F-F-+-+-F-F-+-F-F-F-+-F-F-F-+-F-F-F+-F-F-+-+-+-+
| Prefix-Block Length | PrefixLength | Reserved |
+ot-t-t-t-t-F-F-F-F-F-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-+-+-+
| Address Prefix

Fot-tott-t-t-t-t-t-F -ttt -ttt -ttt -ttt -F-F-F-F+-+-+

TLVs

e

Prefix-Block Length : Define the length of prefix block including
Prefix-Block Length, PrefixLength, Reserved
field, Address Prefix and TLVs.

All other fields are defined as in [0SPFv3]

We define an External Prefix Multi-Topology TLV (EMT-TLV) below. This
EMT-TLV could further contain sub-TLVs.

E-AS-external-LSA must contain one or more prefix blocks and each
prefix block must contain the EMT-TLV.
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0 1 2 3
©1234567890123456789012345678901
tot-t-t-t-t-F-F-t-t-t-t-t-t-t-F-F-F-F-F-F-F-t-t-t-F-t-F-F-F-+-+-+
| 1 (EMT-TLV) | Length |
+ot-t-t-t-F-F-F-F-t-t-t-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-+-+-+
| MT-ID | MT-ID metric |
tot-t-t-t-F-F-F-t-t-t-t-t-t-F-F-F-F-F-F-F-F-t-t-F-F-F-F-F-F-+-+-+
| |[E|F|T|] PrefixOptions]| Referenced LS Type |
B T S I e o o ot S S S S S S S T S S S S

+- -+
| |
+- Forwarding Address (Optional) -+
| |
+- -+

+-t-F-F-+-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F+-F-F-F-F+-F-F+-+-+-+
| External Route Tag (Optional) |
+-t-t-t-t-t-t-t-F-F-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F+-+-+-+
| Referenced Link State ID (Optional) |
B e e I R R e R R R S e e e el R e R R R e e ket S

B S T S ST S T L s st P S RS

| MT-ID | MT-ID metric |
Bk T e S R e s o R e S e e e e R Ik EE T L S P S
| |[E|F|T| PrefixOptions]| Referenced LS Type |

B S e T S e s ST P S S ap: o S P U Sy

+- -+
I I
+- Forwarding Address (Optional) -+
I I
+- -+

ottt -ttt -ttt -F-F-+-+-+
| External Route Tag (Optional) |
tot-t-t-t-F-F-F-t-t-t-t-t-t-F-F-F-F-F-F-F-F-t-t-F-F-F-F-F-F-+-+-+
| Referenced Link State ID (Optional) |
B T S I e o o ot S S S S S S S T S S S S

Note that when the sub-TLV is present (S-bit set in the
PrefixOptions) the sub-TLV is placed after Forwarding address and
external route Tag if they are present.
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20.6 Extended Link-LSA

We define a new E-1link-LSA with LS type of 0x9008. This LSA is
generated for each link and carries each link's prefix in the
corresponding topology. It also carries next hop IP information
for the supported address families.

The processing and generation of this LSA is the same as for link-lsa
as defined in [OSPFv3]. This LSA has a fixed portion followed by
TLVsS.

0 1 2 3
©012345678901234567890123456789601
+ot-t-t-t-F-F-F-F-t-t-t-t-t-F-F-F-F-F-F-F-F-F-Ft-F-F-F-F-F+-+-+-+-+
| LS age [0]0]|0|1| 8 |
ottt -ttt -ttt -F-F-+-+-+

| Link State ID

tot-t-t-t-F-F-F-t-t-t-t-t-t-F-F-F-F-F-F-F-F-t-t-F-F-F-F-F-F-+-+-+
| Advertising Router |
B T S I e o o ot S S S S S S S T S S S S
| LS sequence number |
tot-t-t-t-F-F-F-t-t-t-t-t-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-+-+-+

| LS checksum | length |
B T e n b e e T e el e T P P Sy S S S
| Rtr Pri | Options |

T e T D e S RS
TLVs

B S T S ST S T L s st P S RS

We define the following three TLVs

0 IPv6 Next hop TLV (NH6-TLV)
0o IPv4 Next hop TLV (NH4-TLV)
0 Prefix Multi-topology TLV (PMT-TLV)

Next hop TLVs carry IPv6/IPv4 information for next hop calculation.
IPv6 next hop information MUST be a link local IPv6 address.
Prefix-TLV carries router link's prefix on multi-access link. This
information is used by DR in order to include those prefix in its
E-intra-area prefix LSA.
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NH6-TLV has the following format:

0 1 2 3
012345678901 23456789012345678901
Fodbototototototodb oottt ototod oottt ottt ottt ob oottt
| 1 (NH6-TLV) | Length |
B S e e ol ST S S T ST S ek ok s S
| |

=+ -

-+
I I
+- Link-local Interface Address -+
I I
+- -+

B s T S ST ST S s ol S U S Sy S Sy S

This TLV MUST be present if the link participate in a MT belonging
to IPv6 address family.

NH4-TLV has the following format:

0 1 2 3
©01234567890123456789012345678901
B e T S S b a s s o s e e S
| 2 (NH4-TLV) | Length |
B T S I e o o ot S S S S S S S T S S S S

| IPv4 address

This TLV MUST be present if the link participate in a MT belonging
to IPv4 address family.

PMT-TLV extends link-LSA by defining TLV under each address prefix.
This TLV should only be present on multi-access links.
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0 1 2 3
012345678901 234567890123456789601
B s T T e e e T o T S S S S e LR T
| 3 (PMT-TLV) | Length |
B e e S e o S S e S S S S S

| # prefixes |
+ot-t-t-t-F-F-F-F-t-t-t-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F+-+-+-+
| Prefix-Block Length | PrefixLength | Reserved |
Bk e e e R e ik o R e e e e R e e R e b ik ioE L S P S
| Address Prefix

B R S s T S S s ST L S S

TLVs

Fodbototototototodb oottt ototod oottt ottt ottt ob oottt

+ot-F-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F+-F-+-+-+
| Prefix-Block Length | PrefixLength | Reserved |
+-t-F-F-+-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F+-F-F-F-F+-F-F+-+-+-+
| Address Prefix

B s T e S S s ot S U S S s o S

TLVs

B R S s T S S s ST L S S

Prefix-Block Length : Define the length of prefix block including
Prefix-Block Length, PrefixLength, Reserved
field, Address Prefix and TLVs.

All other fields are defined as in [0SPFv3].

We define a Link Multi-Topology sub-TLV (LMT-sTLV) below. This
sub-TLV could further contain sub-TLVs.

Each prefix block must contain the LMT-sTLV.
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012345678901 234567890123456789601
e

1 (LMT-STLV)

Length

B e e S e o S S e S S S S S
| MT-ID
B e S T ok s o ST S Sy S S S Sy S St e h D 2

| PrefixOptions

0

B R S s T S S s ST L S S
| MT-ID
B e T S e T o T S S S S e LR D

20.7 Extended Intra-Area-Prefix-LSA

| PrefixOptions

0

We define a new E-intra-area-prefix-LSA with LS type of 0xB009. A
router generates E-Intra-Area-Prefix-LSAs to advertise one or more

prefixes associated with a topology.

The processing and generation of this LSA is the same as for
intra-area-prefix-LSA defined in [OSPFv3].

Mirtorabi,
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0 1 2 3
©12345678901234567890123456789¢01
tot-t-t-t-t-F-F-t-t-t-t-t-t-t-F-F-F-F-F-F-F-t-t-t-F-t-F-F-F-+-+-+
| LS age [o]|O]1|1]| 9 |
+ot-t-t-t-F-F-F-F-t-t-t-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-+-+-+
| Link State ID
tot-t-t-t-F-F-F-t-t-t-t-t-t-F-F-F-F-F-F-F-F-t-t-F-F-F-F-F-F-+-+-+
| Advertising Router |
B T S I e o o ot S S S S S S S T S S S S
| LS sequence number |
+ot-t-t-t-F-F-F-t-t-t-t-t-t-F-F-F-F-F-F-F-F-F-t-F-F-F-F-F-+-+-+-+

| LS checksum | length |
B T e n b e e T e el e T P P Sy S S S
| # prefixes | Referenced LS type |

ottt tototototototototot ottt ottt otototot ottt -t-+-+
| Referenced Link State ID |
BT R b E b e e ok T e S T TP SN S S Sy S o
| Referenced Advertising Router |
tot-t-t-t-F-F-F-F-t-t-t-t-F-F-F-F-F-F-F-F-F-F-F-Ft-F-F-F-F-F+-+-+-+
| Prefix-Block Length | PrefixLength | Reserved |
B T n s T e e e e e ek sk s P TP TR S S S S S
| Address Prefix

B R S s T S S s ST L S S

TLVs

Fodbototototototodb oottt ototod oottt ottt ottt ob oottt

+ot-t-t-t-F-F-F-F-F-F-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-+-+-+
| Prefix-Block Length | PrefixLength | Reserved |
+-t-F-F-+-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F+-F-F-F-F+-F-F+-+-+-+
| Address Prefix

B s T e S S s ot S U S S s o S

TLVs

B T S I e o o ot S S S S S S S T S S S S

I I

Prefix-Block Length : Define the length of prefix block including
Prefix-Block Length, PrefixLength, Reserved
field, Address Prefix and TLVs.

All other fields are defined as in [0SPFv3].

We define a Prefix Multi-Topology TLV (PMT-TLV) below. This TLV could



further contain sub-TLVs.
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E-intra-area-prefix-LSA must contain one or more prefix blocks and
each prefix block must contain the PMT-TLV.

0 1

3

012345678901 234567890123456789601
Fot-tott-t-t-t-t-t-F -ttt -ttt -ttt -ttt -F-F-F-F+-+-+

| 1 (PMT-TLV)

Length

B S e e ST S s T S e R stSt SPEP S S

| MT-ID | PrefixOptions

MT-ID metric

T

B s T e S S s ot S U S S s o S

| MT-ID | PrefixOptions

MT-ID metric

S

Security Considerations

The technique described in this document does not introduce any new

security issues to the OSPFv3 protocol.
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IANA Considerations
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"OSPFv3 multi-topology ID

values" with the assignment listed in Section 17 of this document
and registration policies for future assignments.
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Appendix A. Global Parameter

RFC2740Compatibility
This parameter controls which LSAs are used for Default Topology.
When set to "enabled", the Default Topology is described using
existing LSAs [0SPFv3]. When set to "disabled" the Default Topology
is described using Extended LSAs as specified in this memo. This
parameter is set to "enabled" by default.
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