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Abst ract

Thi s docunent specifies encoding of extensions to the OSPF routing
protocol in support of Generalized Miulti-Protocol Label Swi tching
(GWLS) .

1. Introduction

Thi s docunent specifies extensions to the OSPF routing protocol
[OSPF] in support of carrying link state information for Generalized
Mul ti-Protocol Label Switching (GWLS). The set of required
enhancenments to OSPF are outlined in [ GWLS- ROUTI NG .

In this section, we define the enhancenents to the Traffic

Engi neering (TE) properties of GWLS TE |links that can be announced
in OSPF TE LSAs. The TE LSA, which is an opaque LSA with area

fl oodi ng scope [ OSPF-TE], has only one top-level Type/lLength/Val ue
(TLV) triplet and has one or nore nested sub-TLVs for extensibility.
The top-level TLV can take one of two values (1) Router Address or
(2) Link. In this docunent, we enhance the sub-TLVs for the Link TLV
in support of GWLS. Specifically, we add the follow ng sub-TLVs to
the Link TLV:
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Sub- TLV Type Length Narme
11 8 Link Local /Renote ldentifiers
14 4 Li nk Protection Type
15 vari abl e Interface Switching Capability Descriptor

16 vari abl e Shared Ri sk Link G oup

The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOWMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in BCP 14, RFC 2119

[ RFC2119] .

1.1. Link Local/Renote ldentifiers

Li nk Local /Renote Identifiers is a sub-TLV of the Link TLV. The type
of this sub-TLV is 11, and length is eight octets. The value field
of this sub-TLV contains four octets of Link Local ldentifier
followed by four octets of Link Renpbte Identifier (see Section
"Support for unnunbered |inks" of [GWLS-ROUTING). |If the Link
Renote Identifier is unknown, it is set to O.

0 1 2 3
01234567890123456789012345678901
i s T S i i T S A b e ok
| Li nk Local Identifier |
i e e R e o o e i ol S N B S
| Li nk Renote ldentifier |
T S T I Al ol ST SN S S S S S S S S S i S SIS SN S O Y

A node can comunicate its Link Local ldentifier to its nei ghbor
using a link | ocal Opaque LSA, as described in Section "Exchanging
Li nk Local TE Information".

1.2. Link Protection Type

The Link Protection Type is a sub-TLV of the Link TLV. The type of
this sub-TLV is 14, and length is four octets.

0 1 2 3
01234567890123456789012345678901
B T S i T s i i e e SEI S
| Protection Cap | Reserved |
I S i o T s S S S e s s T

The first octet is a bit vector describing the protection
capabilities of the Iink (see Section "Link Protection Type" of
[ GWLS-ROUTING ). They are:

0x01 Extra Traffic
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0x02 Unprotected
0x04 Shared

0x08 Dedicated 1:1
0x10 Dedicated 1+1
0x20 Enhanced

0x40 Reserved

0x80 Reserved

The remaining three octets SHOULD be set to zero by the sender, and
SHOULD be ignored by the receiver.

The Link Protection Type sub-TLV may occur at nobst once within the
Li nk TLV.

1.3. Shared Ri sk Link Goup (SRLG

The SRLG is a sub-TLV (of type 16) of the Link TLV. The length is
the length of the list in octets. The value is an unordered |ist of
32 bit nunbers that are the SRLGs that the link belongs to. The
format of the value field is as shown bel ow

0 1 2 3

01234567890123456789012345678901
I S i o T s S S S e s s T
| Shared Ri sk Link G oup Val ue |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
L-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-L
| Shared Ri sk Link G oup Val ue |
I S i o T s S S S e s s T

This sub-TLV carries the Shared Ri sk Link Goup information (see
Section "Shared Ri sk Link Goup Information" of [GWLS- ROUTI NG ).

The SRLG sub-TLV may occur at nobst once within the Link TLV.
1.4. Interface Switching Capability Descriptor
The Interface Switching Capability Descriptor is a sub-TLV (of type

15) of the Link TLV. The length is the length of value field in
octets. The format of the value field is as shown bel ow
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0 1 2 3

01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Switching Cap | Encodi ng | Reserved |
R s i T e th o i R S
| Max LSP Bandwi dth at priority O |
i e e R e s o i e S h ik i EI SR SR S S
| Max LSP Bandwi dth at priority 1 |
B i s T T i i o S o T Ji I
| Max LSP Bandwi dth at priority 2 |
e s i i e e I R S S
| Max LSP Bandwi dth at priority 3 |
i e e R e s o i e S h ik i EI SR SR S S
| Max LSP Bandwi dth at priority 4 |
B i s T T i i o S o T Ji I
| Max LSP Bandwi dth at priority 5 |
e s i i e e I R S S
| Max LSP Bandwi dth at priority 6 |
i e e R e s o i e S h ik i EI SR SR S S
| Max LSP Bandwi dth at priority 7 |
B i s T T i i o S o T Ji I
| Swi t ching Capability-specific information |
| (vari abl e) |
i e R i e e i i i i i SR T N e S

The Switching Capability (Switching Cap) field contains one of the
fol |l owi ng val ues:

Packet - Swi tch Capabl e-1 (PSC 1)
Packet - Swi t ch Capabl e-2 (PSC- 2)
Packet - Swi t ch Capabl e-3 (PSC 3)
Packet - Swi t ch Capabl e-4 (PSC-4)

51 Layer-2 Switch Capable (L2SC)

100 Ti me-Di visi on-Mul ti pl ex Capable (TDM
150 Lanbda- Swi t ch Capabl e (LSO

200 Fi ber-Swi tch Capabl e (FSO)

A OWNPE

The Encoding field contains one of the values specified in Section
3.1.1 of [GWLS-SIG.

Maxi mum LSP Bandwi dth is encoded as a list of eight 4 octet fields in
the I EEE floating point format [IEEE], with priority O first and
priority 7 last. The units are bytes (not bits!) per second.

The content of the Switching Capability specific information field
depends on the value of the Switching Capability field.
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When the Switching Capability field is PSC-1, PSC 2, PSC 3, or PSC4,
the Switching Capability specific information field includes M ninum
LSP Bandwi dth, Interface MIU, and paddi ng.

0 1 2 3

01234567890123456789012345678901
T e L o o o e i i s it NN R SR S B S
| M ni mum LSP Bandwi dt h |
B i s T T i i o S o T Ji I
| Interface MU | Paddi ng |
e s o i T e S  th o i R S

The M ni num LSP Bandwi dth is encoded in a 4 octets field in the | EEE
floating point format. The units are bytes (not bits!) per second.
The Interface MIU is encoded as a 2 octets integer. The padding is 2
octets, and is used to nake the Interface Switching Capability
Descriptor sub-TLV 32-bits aligned. It SHOULD be set to zero by the
sender and SHOULD be ignored by the receiver.

VWhen the Switching Capability field is L2SC, there is no Sw tching
Capability specific information field present.

When the Switching Capability field is TDM the Switching Capability
specific information field includes M ninum LSP Bandwi dt h, an

i ndi cati on whether the interface supports Standard or Arbitrary
SONET/ SDH, and paddi ng.

0 1 2 3

01234567890123456789012345678901
i R L s e T e R h th s i S SR N S
| M ni rum LSP Bandwi dt h |
B T I e R i i i T S S e e I e ik oI I S S e S S
| I ndication | Paddi ng |
el i I e i it T e e e e i i T o S e e S e T R R

The M ni num LSP Bandwi dth is encoded in a 4 octets field in the | EEE
floating point format. The units are bytes (not bits!) per second.
The indication whether the interface supports Standard or Arbitrary
SONET/ SDH i s encoded as 1 octet. The value of this octet is O if the
interface supports Standard SONET/SDH, and 1 if the interface
supports Arbitrary SONET/SDH. The padding is 3 octets, and is used
to nake the Interface Switching Capability Descriptor sub-TLV 32-bits
aligned. It SHOULD be set to zero by the sender and SHOULD be

i gnored by the receiver.

When the Switching Capability field is LSC, there is no Switching
Capability specific information field present.
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To support interfaces that have nore than one Interface Sw tching
Capabi lity Descriptor (see Section "Interface Switching Capability
Descriptor” of [GWLS-ROUTING ) the Interface Switching Capability
Descri ptor sub-TLV nmay occur nore than once within the Link TLV.

2. Inplications on Gaceful Restart

The restarting node should foll ow the OSPF restart procedures
[ OSPF- RESTART], and the RSVP-TE restart procedures [ GWLS- RSVP].

When a restarting node is going to originate its TE LSAs, the TE LSAs
contai ning Link TLV should be originated with O unreserved bandw dt h,
Traffic Engineering nmetric set to Oxffffffff, and if the Link has LSC
or FSC as its Switching Capability then also with 0 as Max LSP

Bandwi dth, until the node is able to deternine the anount of
unreserved resources taking into account the resources reserved by
the already established LSPs that have been preserved across the
restart. Once the restarting node determ nes the anpbunt of
unreserved resources, taking into account the resources reserved by
the already established LSPs that have been preserved across the
restart, the node should advertise these resources in its TE LSAs.

In addition in the case of a planned restart prior to restarting, the
restarting node SHOULD originate the TE LSAs containing Link TLV with
0 as unreserved bandwi dth, and if the Link has LSC or FSC as its
Switching Capability then also with 0 as Max LSP Bandwi dth. This
woul d di scourage new LSP establishnent through the restarting router.

Nei ghbors of the restarting node should continue advertise the actua
unreserved bandwi dth on the TE links fromthe nei ghbors to that node.

Regul ar graceful restart should not be aborted if a TE LSA or TE
topol ogy changes. TE graceful restart need not be aborted if a TE
LSA or TE topol ogy changes.

3. Exchangi ng Link Local TE Information

It is often useful for a node to comunicate sone Traffic Engi neering
information for a given interface to its neighbors on that interface.

One exanple of this is a Link Local ldentifier. 1f nodes X and Y are
connected by an unnunbered point-to-point interface |, then X s Link
Local ldentifier for I is Y's Link Renote ldentifier for I. X can

conmuni cate its Link Local ldentifier for | by exchanging with Y a TE
link | ocal opaque LSA described below. Note that this information
need only be exchanged over interface I, hence the use of a link

| ocal Opaque LSA.
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A TE Link Local LSA is an opaque LSA of type 9 (link-local flooding
scope) with Opaque Type 1 (TE LSA) and Opaque |ID of O.

0 1 2 3
01234567890123456789012345678901
T T S S e T o S U S SUp S SEp S SR S i

| LS age | Opt i ons | 9 |
B I i st ST S I S S S S S S S S e S S S S ik o S N S S S
Opaque Type | Opaque I D |

L- i T S S S T i T i I S I S S
| Adverti sing Router |
R i T I e T S S e S TR S T e i I S e S e e e e o o
| LS sequence nunber |
i T s i o S i i S R I S I S S S M
| LS checksum | | ength |
B T S i T s i i e e SEI S
L.
I

I
TLVs -+
|

The format of the TLVs that make up the body of the TE Link Local LSA
is the sane as that of the TE TLVs: a 2-octet Type field foll owed by
a 2-octet Length field which indicates the Iength of the Value field
in octets. The Top Level Type for the Link Local TLV is 4. The
Value field is zero-padded at the end to a four octet boundary.

The only TLV defined here is the Link Local ldentifier TLV, with Type
1, Length 4 and Value the 32 bit Link Local Identifier for the Iink
over which the TE Link Local LSA is exchanged.
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6.

8.

8.

Security Considerations

Thi s docunent specifies the contents of Opaque LSAs in OSPFv2. As
Opaque LSAs are not used for SPF conputation or normal routing, the
ext ensi ons specified here have no direct effect on IP routing.
Tanmpering with GWLS TE LSAs may have an effect on the underlying
transport (optical and/or SONET-SDH) network. [OSPF-TE] suggests
mechani sms such as [CSPF-SIG to protect the transm ssion of this

i nformati on, and those or other mechani sms should be used to secure
and/ or authenticate the information carried in the Opaque LSAs.

| ANA Consi der ati ons

The nmeno i ntroduces four new sub-TLVs of the TE Link TLV in the TE
Opaque LSA for OSPF v2; [OSPF-TE] says that the sub-TLVs of the TE
Link TLV in the range 10-32767 nust be assigned by Expert Review, and
must be registered with | ANA

The neno has four suggested values for the four sub-TLVs of the TE
Link TLV; it is strongly reconmended that the suggested val ues be
granted, as there are interoperable inplementations using these
val ues.

Finally, a new Top Level Type for OSPF TE LSAs for the Link Local TLV
has been allocated fromthe Standards Action space.
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