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Abst ract

Various link attributes have been defined in OSPFv2 in the context of
the MPLS Traffic Engineering (TE) and GWLS. Many of these |ink
attributes can be used for purposes other than MPLS Traffic

Engi neering or GWLS. This docunents defines how to distribute such
attributes in OSPFv2 for applications other than MPLS Traffic

Engi neering or GWPLS pur poses.

Status of This Meno

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 (I ETF). Note that other groups may also distribute
wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at http://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft documents valid for a maxi num of six nonths
and nmay be updated, replaced, or obsoleted 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 will expire on Decenber 25, 2017.

Copyright Notice

Copyright (c) 2017 |IETF Trust and the persons identified as the
docunent authors. Al rights reserved.
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1. Introduction

Various link attributes have been defined in OSPFv2 [ RFC2328] in the
context of the MPLS traffic engineering and GWLS. Al these
attributes are distributed by CSPFv2 as sub-TLVs of the Link-TLV
advertised in the OCSPFv2 TE Opaque LSA [ RFC3630].

Many of these link attributes are useful outside of the traditiona
MPLS Traffic Engineering or GWLS. This brings its own set of
problens, in particular howto distribute these link attributes in
OSPFv2 when MPLS TE or GWPLS are not deployed or are deployed in
parallel with other applications that use these link attributes.

[ RFC7855] di scusses use cases/requirenments for SR Included anong
these use cases is SRTE. If both RSVP-TE and SRTE are deployed in a
network, link attribute adverti senents can be used by one or both of
these applications. As there is no requirenment for the link
attributes advertised on a given link used by SRTE to be identical to
the link attributes advertised on that sane |link used by RSVP-TE,
there is a clear requirenent to indicate independently which Iink
attribute advertisenents are to be used by each application.

As the nunber of applications which may wish to utilize Iink
attributes may grow in the future, an additional requirenent is that
the extensions defined all ow the association of additiona
applications to link attributes without altering the format of the
adverti senents or introduci ng new backwards conpatibility issues.

Finally, there may still be many cases where a single attribute val ue
can be shared anmong nultiple applications, so the solution should
nmininize advertising duplicate link/attribute when possible.

1.1. Requirenents notation

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 [ RFC2119].

2. Link attributes exanples

This section lists sone of the link attributes originally defined for
MPLS Traffic Engineering that can be used for other purposes in
OSPFv2. The list doesn't necessarily contain all the required
attributes.

1. Renpte Interface |IP address [ RFC3630] - OSPFv2 currently cannot

di stingui sh between parallel |inks between two OSPFv2 routers.
As a result, the two-way connectivity check perforned during SPF
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3.

may succeed when the two routers di sagree on which of the |inks
to use for data traffic.

Li nk Local/Renote Identifiers - [RFC4203] - Used for the two-way
connectivity check for parallel unnunbered |inks. Also used for
i dentifying adjacencies for unnunbered |inks in Segnent Routing
traffic engi neering.

Shared Ri sk Link Goup (SRLG [RFC4203] - In IPFRR, the SRLGis
used to conpute diverse backup paths [RFC5714].

Unidirectional Link Delay/Loss Metrics [RFC7471] - Could be used
for the shortest path first (SPF) conputation using alternate
metrics within an OSPF area.

Advertising Link Attributes

This section outlines possible approaches for advertising link
attributes originally defined for MPLS Traffic Engineering purposes
or GWLS when they are used for other applications.

3. 1.

TE Opaque LSA

One approach for advertising link attributes is to continue to use TE
Opaque LSA ([ RFC3630]). There are several problenms with this
appr oach:

1.

Whenever the link is advertised in a TE Opaque LSA, the link
becones a part of the TE topol ogy, which nay not nmatch |IP routed
topol ogy. By naking the link part of the TE topol ogy, renote
nodes may nistakenly believe that the link is available for MPLS
TE or GWLS, when, in fact, MPLS is not enabled on the link

The TE Opaque LSA carries link attributes that are not used or
required by MPLS TE or GWLS. There is no mechanismin a TE
Opaque LSA to indicate which of the link attributes are passed to
MPLS TE application and which are used by other applications

i ncluding CSPFv2 itself.

Link attributes used for non-TE purposes are partitioned across
multiple LSAs - the TE Opaque LSA and the Extended Link Opaque
LSA. This partitioning will require inplementations to | ookup
multiple LSAs to extract link attributes for a single link
bringi ng needl ess conplexity to OSPFv2 inpl enentati ons.

The advantage of this approach is that there is no additiona
standardi zation requirenment to advertise the TE/GWL attributes for
ot her applications. Additionally, link attributes are only
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adverti sed once when both OSPF TE and ot her applications are depl oyed
on the sane link. This is not expected to be a common depl oynent
scenari o.

3.2. Extended Link Opaque LSA

An al ternative approach for advertising link attributes is to use
Ext ended Li nk Opaque LSAs as defined in [RFC7684]. This LSA was
defined as a generic container for distribution of the extended |ink
attributes. There are several advantages in using Extended Link LSA

1. Advertisenent of the link attributes does not nake the link part
of the TE topology. It avoids any conflicts and is fully
compatible with the [ RFC3630].

2. The TE Opaque LSA renmins truly opaque to OSPFv2 as originally
defined in [RFC3630]. Its content is not inspected by OSPFv2 and
OSPFv2 acts as a pure transport.

3. There is clear distinction between link attributes used by TE and
link attributes used by other OSPFv2 applications.

4, Al link attributes that are used by OSPFv2 applications are
advertised in a single LSA, the Extended Link Opaque LSA

The di sadvantage of this approach is that in rare cases, the sane
link attribute is advertised in both the TE Opaque and Extended Link
Attribute LSAs. Additionally, there will be additiona

standardi zation effort. However, this could al so be viewed as an
advant age as the non-TE use cases for the TE link attributes are
docunment ed and val i dated by the OSPF wor ki ng group

3.3. Selected Approach

It is RECOWENDED to use the Extended Link Opaque LSA ([ RFC7684] to
advertise any link attributes used for non-TE purposes in OSPFv2,

i ncludi ng those that have been originally defined for TE purposes.

TE link attributes used for TE purposes continue to use TE Opaque LSA
([ RFC3630]) .

It is also RECOWENDED to keep the format of the link attribute TLVs
t hat have been defined for TE purposes unchanged even when they are
used for non-TE purposes.

Finally, it is RECOMENDED to all ocate uni que code points for |ink

attribute TLVs that have been defined for TE purposes for the OSPFv2
Ext ended Link TLV Sub-TLV Registry as defined in [RFC7684]. For each
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reused TLV, the code point will be defined in an | ETF docunent al ong
with the expected usecase(s).

4, Reused TE link attributes

This section defines the use case and code points for the OSPFv2
Ext ended Link TLV Sub-TLV Registry for some of the link attributes
that have been originally defined for TE or GWLS pur poses.

4.1. Renpte interface |P address

The OSPFv2 description of an | P nunbered point-to-point adjacency
does not include the renote | P address. As described in Section 2,
this makes the two-way connectivity check ambi guous in the presence
of the parallel point-to-point |inks between two OSPFv2 routers.

The Renote | P address of the link can al so be used for Segnent
Routing traffic engineering to identify the link in a set of parallel
i nks between two OSPFv2 routers
[I-D.ietf-ospf-segnent-routing-extensions]. Simlarly, the renote IP
address is useful in identifying individual parallel OSPF |inks
advertised in BGP Link-State as described in
[I-D.ietf-idr-1s-distribution].

To advertise the Renote interface | P address in the OSPFv2 Extended
Li nk TLV, the sane format of the sub-TLV as defined in section 2.5.4.
of [RFC3630] is used and TLV type TBD1 is used.

4.2. Link Local/Renote Identifiers

The OSPFv2 description of an | P unnunbered point-to-point adjacency
does not include the renote link identifier. As described in

Section 2, this makes the two-way connectivity check anbi guous in the
presence of the parallel point-to-point |IP unnunbered |inks between
two OSPFv2 routers.

The local and renote link identifiers can al so be used for Segnent
Routing traffic engineering to identify the link in a set of parallel
I P unnunmbered |inks between two OSPFv2 routers
[I-D.ietf-ospf-segnment-routing-extensions]. Sinilarly, these
identifiers are useful in identifying individual parallel OSPF |inks
advertised in BGP Link-State as described in
[I-Dietf-idr-1s-distribution].

To advertise the link Local/Renote identifiers in the OSPFv2 Extended

Li nk TLV, the sanme format of the sub-TLV as defined in section 1.1
of [RFC4203] is used and TLV type TBD2 is used.
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4.3. Shared Risk Link Goup (SRLG

The SRLG of a link can be used in IPFRR to conpute a backup path that
does not share any SRLG group with the protected |ink.

To advertise the SRLG of the link in the OSPFv2 Extended Link TLV,
the same format of the sub-TLV as defined in section 1.3. of
[ RFC4203] is used and TLV type TBD3 is used.
4. 4. Extended Metrics

[ RFC3630] defines several |ink bandwi dth types. [RFC7471] defines
extended link netrics that are based on |ink bandw dth, delay and
| oss characteristics. All these can be used to conpute best paths
within an OSPF area to satisfy requirements for bandw dth, delay
(nom nal or worst case) or |oss.
To advertise extended link netrics in the OSPFv2 Extended Link TLV,
the same format of the sub-TLVs as defined in [RFC7471] is used with
followi ng TLV types:

TBD4 - Unidirectional Link Del ay

TBD5 - M n/Max Unidirectional Link Delay

TBD6 - Unidirectional Delay Variation

TBD7 - Unidirectional Link Loss

TBD8 - Unidirectional Residual Bandw dth

TBDO - Unidirectional Avail able Bandw dth

TBD10 - Unidirectional Wilized Bandwi dth

5. Advertisenent of Application Specific Val ues

Multiple applications can utilize link attributes that are fl ooded by
OSPFv2. Sonme exanpl es of applications using the link attributes are
Segnent Routing Traffic Engineering and LFA [ RFC5286].
In some cases the link attribute only has a single value that is
applicable to all applications. An exanple is a Renote interface IP

address [Section 4.1] or Link Local/Renote Identifiers [Section 4.2].

In sone cases the link attribute MAY have di fferent val ues for
different applications. An exanple could be SRLG [Section 4. 3],
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wher e val ues used by LFA could be different then the values used by
Segment Routing Traffic Engineering.

To all ow advertisenment of the application specific values of the link
attribute, a new Extended Link Attribute sub-TLV of the Extended Link
TLV [RFC7471] is defined. The Extended Link Attribute sub-TLV is an
optional sub-TLV and can appear nultiple tines in the Extended Link
TLV. 1t has follow ng format:

0 1 2 3
01234567890123456789012345678901
T I T S S T i T S S M T s

| Type | Length |
B i s T T S T et S S T S I T s sl s ol ST S S S
| SABML | UDABML | Reserved |

B T i S S i S T h T i S S S S e
| St andard Application Bit-Msk

+- -+
B T T i I T T o S S S e b S S S
| User Defined Application Bit-Msk |
+- -+
B E e r e s i s i o T T s S S S S 2
[ Link Attribute sub-sub-TLVs [
+- -+
wher e:

Type: TBDl1l1, suggested val ue 14

Length: vari abl e

SABM.: Standard Application Bit-Mask Length. If the Standard
Application Bit-Mask is not present, the Standard Application Bit-
Mask Length MJUST be set to O.

UDABM.: User Defined Application Bit-Mask Length. [If the User
Defined Application Bit-Mask is not present, the User Defined
Application Bit-Mask Length MJST be set to O.

Standard Application Bit-Msk: Optional set of bits, where each
bit represents a single standard application. The following bits
are defined by this docunent:

Bit-0: RSVP Traffic Engineering
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Bit-1: Segnent Routing Traffic Engineering
Bit-2: Loop Free Alternate (LFA). Includes all LFA types.

User Defined Application Bit-Mask: Optional set of bits, where
each bit represents a single user defined application.

Standard Application Bits are defined/sent starting with Bit O.
Additional bit definitions that nmay be defined in the future SHOULD
be assigned in ascending bit order so as to minimze the nunber of
octets that will need to be transmitted.

User Defined Application bits have no relationship to Standard
Application bits and are NOT nanaged by | ANA or any ot her standards
body. It is recomended that bits are used starting with Bit 0 so as
to mninmze the nunber of octets required to advertise all of them

Undefined bits in both Bit-Msks MJUST be transnitted as 0 and MJUST be
ignored on receipt. Bits that are NOT transnmitted MJST be treated as
if they are set to 0 on receipt.

If the link attribute advertisenent is limted to be used by a
specific set of applications, corresponding Bit-Msks MJST be present
and application specific bit(s) MIST be set for all applications that
use the link attributes advertised in the Extended Link Attribute
sub- TLV.

Application Bit-Masks apply to all link attributes that support
application specific values and are advertised in the Extended Link
Attribute sub-TLV.

The advant age of not naking the Application Bit-Msks part of the

attribute advertisenent itself is that we can keep the format of the
link attributes that have been defined previously and reuse the sane
format when advertising themin the Extended Link Attribute sub-TLV.

If the link attribute is advertised and there is no Application Bit-
Mask present in the Extended Link Attribute Sub-TLV, the link
attribute advertisenent MAY be used by any application. |f, however,
anot her advertisenent of the sane link attribute includes any
Application Bit-Mask in the Extended Link Attribute sub-TLV,
applications that are listed in the Application Bit-Misks of such

Ext ended Link Attribute sub-TLV SHOULD use the attribute

adverti senent which has the application specific bit set in the
Application Bit-Msks.

If the sane application is listed in the Application Bit-Msks of
nore then one Extended Link Attribute sub-TLV, the application SHOULD
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6

use the first advertisenent and ignore any subsequent advertisements
of the sane attribute. This situation SHOULD be | ogged as an error.

Thi s docunent defines the set of link attributes for which the
Application Bit-Masks nmay be advertised. |f any of the Application
Bit-Masks is included in the Extended Link Attribute sub-TLV that
advertises any link attribute(s) NOT listed below, the Application
Bi t - Masks MUST NOT be used for such link attribute(s). It MJIST be
used for those attribute(s) that support application specific val ues.
Docunents which define new link attributes MJUST state whether the new
attributes support application specific values. The link attributes
to which the Application Bit-Msks may apply are:

- Shared Ri sk Link G oup

- Unidirectional Link Del ay

- Mn/Max Unidirectional Link Del ay

- Unidirectional Delay Variation

- Unidirectional Link Loss

- Unidirectional Residual Bandwi dth

- Unidirectional Avail able Bandw dth

- Unidirectional Uilized Bandw dth

Depl oynment Consi der ati ons

If link attributes are advertised associated with zero | ength

application bit masks for both standard applications and user defined
applications, then that set of link attributes MAY be used by any

application. |If support for a new application is introduced on any
node in a network in the presence of such advertisenents, these
advertisements MAY be used by the new application. |If this is not

what is intended, then existing adverti sements MJST be readverti sed
with an explicit set of applications specified before a new
application is introduced.

Attribute Adverti sements and Enabl enent

Thi s docunent defines extensions to support the advertisement of
application specific link attributes. The presence or absence of
link attribute advertisenents for a given application on a |link does
NOT indicate the state of enablenment of that application on that
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link. Enablenment of an application on a link is controlled by other
means.

For some applications, the concept of enablenent is inplicit. For
exanple, SRTE inplicitly is enabled on all |inks which are part of
the Segnment Routing enabl ed topol ogy. Advertisenent of |ink
attributes supports constraints which nmay be applied when specifying
an explicit path through that topol ogy.

For other applications enablenent is controlled by |oca
configuration. For exanple, use of a link as an LFA can be
controll ed by | ocal enabl enent/di sabl enent and/or the use of
adm nistrative tags

It is an application specific policy as to whether a given link can
be used by that application even in the absence of any application
specific link attributes.

8. Backward Conpatibility

Link attributes may be concurrently advertised in both the TE Opaque
LSA [ RFC3630] and the Extended Li nk Opaque LSA [ RFC7684].

In fact, there is at |east one OSPF inplenentation that utilizes the
link attributes advertised in TE Opaque LSAs [ RFC3630] for Non- RSVP
TE applications. For example, this inplenmentation of LFA and renote
LFA utilizes links attributes such as Shared Ri sk Link G oups (SRLG
[ RFC4203] and Admin G oup [[RFC3630]advertised in TE Opaque LSAs.
These applications are described in [ RFC5286], [ RFC7490],
[I-Dietf-rtgwg-Ifa-mnageability] and

[I-D. psarkar-rtgwg-rlfa-node-protection].

When an OSPF routing domain includes routers using link attributes
from TE Opaque LSAs for Non-RSVP TE applications such as LFA, CSPF
routers in that domain should continue to advertise such TE Opaque
LSAs. |If there are also OSPF routers using the link attributes
described herein for any application, OSPF routers in the routing
domain will also need to advertise these attributes in OSPF Extended
Link Attributes LSAs [ RFC7684]. |In such a deploynent, the advertised
attributes SHOULD be the sane and Non- RSVP application access to link
attributes is a matter of |ocal policy.

9. Security Considerations

| mpl enent ati ons nust assure that mal forned TLV and Sub- TLV
pernutations do not result in errors that cause hard OSPFv2 fail ures.
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10. | ANA Consi derations

June 2017

OSPFv2 Extended Link TLV Sub-TLVs registry [ RFC7684] defines sub-TLVs

at any |l evel of nesting for OSPFv2 Extended Link TLVs.

Thi s

speci fication updates OSPFv2 Extended Link TLV sub-TLVs registry with

the follow ng TLV types:
TBD1 (4 Recommended) - Renpte interface | P address
TBD2 (5 Recommended) - Link Local/Renote ldentifiers
TBD3 (6 Recommended) - Shared Ri sk Link G oup
TBD4 (7 Recommended) - Unidirectional Link Del ay
TBD5 (8 Recommended) - M n/Max Unidirectional Link De
TBD6 (9 Recommended) - Unidirectional Delay Variation

TBD7 (10 Recommended) - Unidirectional Link Loss

| ay

TBD8 (11 Recommended) - Unidirectional Residual Bandwi dth

TBD9 (12 Reconmended) - Unidirectional Avail able Bandwi dth

TBD10 (13 Recommended) - Unidirectional Utilized Bandw dth

TBD11 (14 Recommended) - Extended Link Attribute

This specification defines a new Link-Attribute-Applicability

Application Bits registry and defines follow ng bits:
Bit-0 - Segnment Routing Traffic Engineering
Bit-1 - LFA
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