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OSPF- TE Extensions for General Network El ement Constraints
Abst r act

Generalized Multiprotocol Label Switching (GWLS) can be used to
control a wide variety of technol ogies including packet sw tching
(e.g., MPLS), time division (e.g., Synchronous Optical Network /
Synchronous Digital H erarchy (SONET/SDH) and Optical Transport
Network (OTN)), wavel ength (lanbdas), and spatial switching (e.qg.,
incomng port or fiber to outgoing port or fiber). |In some of these
technol ogi es, network el enents and |inks may inpose additiona
routing constraints such as asymetric switch connectivity, non-

| ocal |abel assignnment, and | abel range limtations on links. This
docunent describes Open Shortest Path First (OSPF) routing protoco
extensions to support these kinds of constraints under the control of
GWLS

Status of This Meno
This is an Internet Standards Track document.

Thi s docunent is a product of the Internet Engineering Task Force
(IETF). It represents the consensus of the |IETF comunity. It has
recei ved public review and has been approved for publication by the
Internet Engineering Steering Goup (IESG. Further information on
Internet Standards is available in Section 2 of RFC 5741

I nformati on about the current status of this docunent, any errata,

and how to provide feedback on it nay be obtained at
http://ww. rfc-editor.org/info/rfc7580
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1.

1.

I nt roducti on

Sone dat a- pl ane technol ogi es that require the use of a GWLS contr ol
pl ane i npose additional constraints on switching capability and | abe
assignnent. |n addition, sonme of these technol ogi es should be
capabl e of perform ng non-1local |abel assignment based on the nature
of the technology, e.g., wavelength continuity constraint in

Wavel ength Switched Optical Networks (WSONs) [ RFC6163]. Such
constraints can lead to the requirenent for link-by-1ink |abe
availability in path conputation and | abel assignnent.

[ RFC7579] provides efficient encodings of information needed by the
routing and | abel assignment process in technol ogi es such as WSON
These encodi ngs are potentially applicable to a w der range of
technol ogies as well. The encoding provided in [RFC/579] is
protocol -neutral and can be used in routing, signaling, and/or Path
Conput ati on El enent comruni cati on protocol extensions.

Thi s docunent defines extensions to the OSPF routing protocol based
on [ RFC7579] to enhance the Traffic Engineering (TE) properties of
GWLS TE that are defined in [RFC3630], [RFC4202], and [ RFC4203].
The enhancenents to the TE properties of GWLS TE |inks can be
advertised in OSPF-TE Link State Advertisenments (LSAs). The TE LSA
which is an opaque LSA with area fl oodi ng scope [ RFC3630], has only
one top-level Type-Length-Value (TLV) triplet and has one or nore
nested sub-TLVs for extensibility. The top-level TLV can take one of
three val ues: Router Address [ RFC3630], Link [ RFC3630], or Node
Attribute [RFC5786]. In this docunent, we enhance the sub-TLVs for
the Link TLV in support of the general network el enent constraints
under the control of GWLS

The detail ed encodi ng of OSPF extensions is not defined in this
docunent. [RFC7579] provides encoding details.

1. Conventions Used in This Docunent

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 RFC 2119 [ RFC2119].

Node | nformation

According to [ RFC7579], the additional node information representing
node switching asymretry constraints includes device type and
connectivity matrix. Except for the device type, which is defined in
[ RFC7579], the other pieces of information are defined in this
docunent .
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Per [RFC7579], this docunment defines the Connectivity Matrix sub-TLV
of the Node Attribute TLV defined in [RFC5786]. The new sub-TLV has
Type 14.

Dependi ng on the control -plane inpl enentation being used, the
Connectivity Matrix sub-TLV may be optional in sonme specific
technol ogies, e.g., WSON networks. Usually, for exanple, in WSON
net wor ks, the Connectivity Matrix sub-TLV may be advertised in the
LSAs since WBON switches are currently asynmmetric. If no
Connectivity Matrix sub-TLV is included, it is assuned that the
swi tches support symmretric sw tching.

2.1. Connectivity Mtrix

If the switching devices supporting certain data-plane technol ogy are
asymmetric, it is necessary to identify which input ports and | abels
can be switched to sone specific |abels on a specific output port.

The connectivity matrix, which can represent either the potenti al
connectivity matrix for asymretric switches (e.g., Reconfigurable
Optical Add/Drop Multiplexers (ROADMs) and such) or fixed
connectivity for an asymmetric device such as a nmultiplexer as
defined in [ RFC7446], is used to identify these restrictions.

The Connectivity Matrix is a sub-TLV of the Node Attribute TLV. The
length is the length of the value field in octets. The neaning and
format of this sub-TLV value field are defined in Section 2.1 of

[ RFC7579]. One sub-TLV contains one matrix. The Connectivity Matrix
sub- TLV may occur nore than once to contain nultiple matrices within
the Node Attribute TLV. In addition, a large connectivity matrix can
be deconposed into smaller sub-matrices for transmission in multiple
LSAs as described in Section 5.

3. Link Information

The nost common |ink sub-TLVs nested in the top-level Link TLV are
al ready defined in [ RFC3630] and [ RFC4203]. For exanple, Link ID,
Admi ni strative Group, Interface Switching Capability Descriptor
(1'SCD), Link Protection Type, Shared Ri sk Link Goup (SRLG, and
Traffic Engineering Metric are anong the typical |ink sub-TLVs.

Per [RFC7579], this docunment defines the Port Label Restrictions sub-

TLV of the Link TLV defined in [RFC3630]. The new sub-TLV has Type
34.
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Generally, all the sub-TLVs above are optional, depending on control -
pl ane inpl ementati ons being used. The Port Label Restrictions sub-
TLV will not be advertised when there are no restrictions on | abe
assi gnnent .

3.1. Port Label Restrictions

Port | abel restrictions describe the |abel restrictions that the
network el ement (node) and link may inmpose on a port. These
restrictions represent what |abels may or nmay not be used on a link
and are intended to be relatively static. For increased nodeling
flexibility, port l|abel restrictions nay be specified relative to the
port in general or to a specific connectivity matrix.

For exanple, the port l|label restrictions describe the wavel ength
restrictions that the link and vari ous optical devices such as
Optical Cross-Connects (OXCs), ROADMs, and waveband mul ti pl exers may
i mpose on a port in WBON. These restrictions represent which

wavel engths may or may not be used on a link and are relatively
static. Detailed information about port |abel restrictions is

provi ded in [ RFC7446].

The Port Label Restrictions sub-TLV is a sub-TLV of the Link TLV.
The length is the length of value field in octets. The nmeaning and
format of this sub-TLV value field are defined in Section 2.2 of

[ RFC7579]. The Port Label Restrictions sub-TLV may occur nore than
once to specify a conmplex port constraint within the Link TLV.

4. Routing Procedures

Al'l sub-TLVs are nested in top-level TLV(s) and contained in Opaque
LSAs. The flooding rules of Opaque LSAs are specified in [ RFC2328],
[ RFC5250], [RFC3630], and [RFC4203].

Considering the routing scalability issues in sonme cases, the routing
protocol shoul d be capable of supporting the separation of dynanic
information fromrelatively static information to avoi d unnecessary
updates of static information when dynanmic information is changed. A
st andar ds-conpl i ant approach is to separate the dynam c information
sub-TLVs fromthe static information sub-TLVs, each nested in a
separate top-level TLV (see [RFC3630] and [RFC5786]), and advertise
themin the separate OSPF-TE LSAs.

For node information, since the connectivity matrix information is

static, the LSA containing the Node Attribute TLV can be updated with
a | ower frequency to avoid unnecessary updates.
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For link information, a mechani sm MAY be applied such that static

i nformati on and dynami c information of one TE |ink are contained in
separate Opaque LSAs. For exanple, the Port Label Restrictions sub-
TLV coul d be nested in separate top-level Link TLVs and advertised in
the separate LSAs.

As with other TE information, an inplenmentation typically takes
measures to avoid rapid and frequent updates of routing informtion
that could cause the routing network to beconme swanped. See
Section 3 of [RFC3630] for related details.

5. Scalability and Tineliness

Thi s docunent defines two sub-TLVs for describing generic routing
constraints. The exanples given in [RFC7579] show that very | arge
systens, in terns of |abel count or ports, can be very efficiently
encoded. However, because there has been concern expressed that sone
possi bl e systenms may produce LSAs that exceed the | P Maxi mum

Transm ssion Unit (MIU), nethods should be given to allow for the
splitting of general constraint LSAs into snaller LSAs that are under
the MU limt. This section presents a set of techniques that can be
used for this purpose.

5.1. Different Sub-TLVs into Miultiple LSAs
Two sub-TLVs are defined in this docunent:
1. Connectivity Matrix (carried in the Node Attribute TLV)
2. Port Label Restrictions (carried in the Link TLV)

The Connectivity Matrix sub-TLV can be carried in the Node Attribute
TLV (as defined in [ RFC5786]), whereas the Port Label Restrictions
sub-TLV can be carried in a Link TLV, of which there can be at nost
one in an LSA (as defined in [RFC3630]). Note that the port | abe
restrictions are relatively static, i.e., only would change with

har dwar e changes or significant systemreconfiguration

5.2. Deconposing a Connectivity Matrix into Miultiple Matrices

In the highly unlikely event that a Connectivity Mtrix sub-TLV by
itself would result in an LSA exceeding the MIU, a single |arge
matri x can be deconposed into sub-matrices. Per [RFC/579], a
connectivity matrix just consists of pairs of input and output ports
that can reach each other; hence, this decomposition would be
straightforward. Each of these sub-matrices would get a uni que
matrix identifier per [RFC7579].
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Fromthe point of view of a path conputation process, prior to
receiving an LSAwith a Connectivity Matrix sub-TLV, no connectivity
restrictions are assunmed, i.e., the standard GVPLS assunption of any
port to any port reachability holds. Once a Connectivity Matrix sub-
TLV is received, path conputation would know that connectivity is
restricted and use the information fromall Connectivity Matrix sub-
TLVs received to understand the conpl ete connectivity potential of
the system Prior to receiving any Connectivity Mtrix sub-TLVs,
pat h conputati on may conpute a path through the systemwhen, in fact,
no path exists. In between the reception of an additiona
Connectivity Matrix sub-TLV, path conputati on nmay not be able to find
a path through the system when one actually exists. Both cases are
currently encountered and handled with existing GWLS nechani sns.

Due to the reliability nechanisns in OSPF, the phenonena of |ate or

m ssing Connectivity Matrix sub-TLVs would be relatively rare.

In the case where the new sub-TLVs or their attendant encodi ngs are
mal f ormed, the proper action would be to | og the problem and ignore
just the sub-TLVs in GWLS path conputations rather than ignoring the
entire LSA

6. Security Considerations

Thi s docunent does not introduce any further security issues other
than those discussed in [ RFC3630], [RFC4203], and [ RFC5250].

For general security aspects relevant to GWLS-control |l ed networks,
pl ease refer to [ RFC5920].

7. Manageability

No exi sting managenent tools handl e the additional TE paraneters as
defined in this docunment and distributed in OSPF-TE. The existing
M B nodul e contained in [RFC6825] allows the TE infornmation
distributed by OSPF-TE to be read froma network node; this MB
nmodul e coul d be augnented (possibly by a sparse augnentation) to
report this new information.

The current environnent in the | ETF favors the Network Configuration
Prot ocol (NETCONF) [RFC6241] and YANG [ RFC6020] over SNMP and M B
modul es. Work is in progress in the TEAS working group to devel op a
YANG nodul e to represent the generic TE information that nmay be
present in a Traffic Engineering Database (TED). This nodel may be
extended to handl e the additional information described in this
docunent to allow that information to be read from network devices or
exchanged between consuners of the TED. Furthernore, |inks state
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8.

8.

8.

export using BGP [BGP-LS] enables the export of TE information froma
network using BGP. Wbrk could realistically be done to extend BGP-LS
to also carry the information defined in this docunent.

It is not envisaged that the extensions defined in this docunment will
pl ace substantial additional requirenents on Qperations,

Admi ni stration, and Mii ntenance (QAM nechani sns currently used to

di agnose and debug OSPF systems. However, tools that exam ne the
contents of opaque LSAs will need to be enhanced to handl e these new
sub- TLVs.

| ANA Consi der ati ons

| ANA has al |l ocated new sub-TLVs as defined in Sections 2 and 3 as
f ol | ows:

1. Node Information
I ANA nai ntains the "Open Shortest Path First (OSPF) Traffic
Engi neering TLVs" registry with a sub-registry called "Types for sub-

TLVs of TE Node Attribute TLV (Value 5)". |1ANA has assigned a new
code point as foll ows:

Type |  Sub-TLV | Reference
14 | Connectivity Matrix | [RFC7580]
2. Link Infornation
I ANA nmai ntains the "Open Shortest Path First (OSPF) Traffic
Engi neering TLVs" registry with a sub-registry called "Types for sub-
TLVs of TE Link TLV (Value 2)". |1ANA has assigned a new code point
as follows:

Type | Sub-TLV | Reference

34 | Port Label Restrictions | [ RFC7580]
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