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Status of this Memo

This document is an Internet-Draft and 1is in full conformance with
all provisions of Section 10 of RFC2026. Internet-Drafts are
working documents of the Internet Engineering Task Force (IETF),
its areas, and its working groups. Note that other groups may
also distribute working documents as Internet-Drafts.

Internet-Drafts are draft documents valid for a maximum of six
months and may be updated, replaced, or obsoleted by other
documents at any time. It is inappropriate to use Internet-Drafts
as reference material or to cite them other than as "work in
progress."

The 1list of current Internet-Drafts can be accessed at
http://www.ietf.org/lid-abstracts.html

The 1list of Internet-Draft Shadow Directories can be accessed at
http://www.ietf.org/shadow.html

Abstract

This document is a companion to the Generalized Multi-Protocol Label
Switching (GMPLS) RSVP-TE signaling. It extends the TLV definitions
of [REC3471] to provide the means to identify component links of
unnumbered link bundles within the IF_ID_RSVP_HOP and IF_ID
ERROR_SPEC objects. It also defines the extensions to GMPLS RSVP-TE
in support of component link identifiers for explicit resource
control and recording over link bundles.


https://datatracker.ietf.org/doc/pdf/draft-dimitri-ccamp-gmpls-rsvp-te-bundled-links-00.txt
https://datatracker.ietf.org/doc/pdf/rfc2026#section-10
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1.

Motivation

Link bundling introduced in [BUNDLE] 1is used to improve routing
scalability by reducing the amount of Traffic Engineering related
information that needs to be flooded and handled by an IGP within an
Autonomous System. This is accomplished by aggregating and
abstracting the TE Link resource. GMPLS RSVP-TE [RFC3471, RFC3473]
allows a bundle of Traffic Engineering links (TE links) to be
represented as a single TE link bundle (a.k.a. bundled TE link). The
constituting links of a TE link bundle are referred to as component
TE links or simply component links.

[RFC3477] defines how unnumbered 1links may be used in RSVP-TE.
[REC3471] and [RFC3473] define how unnumbered links can be
identified within the IF_ID_RSVP_HOP and IF_ID ERROR_SPEC objects.
Both numbered and unnumbered component link +identifiers are
supported. Moreover, [RFC3471] and [RFC3473] define how numbered and
unnumbered component links of numbered TE 1link bundles may be
identified within the IF_ID_RSVP_HOP and IF_ID ERROR_SPEC objects.
However, there is no provision for identifying component links of
unnumbered TE 1link bundles within the IF_ID RSVP_HOP and IF_ID
ERROR_SPEC objects. This is required for completeness and to allow
full functionality of GMPLS RSVP-TE. This document extends the TLV
definitions of [REC3471] to provide the means to identify component
links of unnumbered TE 1link bundles within the IF_ID_RSVP_HOP and
IF_ID ERROR_SPEC objects.

GMPLS RSVP-TE [RFC3471, RFC3473] recognizes the value of specifying
the 1link (interface) identifier both during LSP establishment for
out-of-band signaling (IF_ID_RSVP_HOP object), and for error
reporting (IF_ID ERROR_SPEC object). This 1is achieved using TLVs 1in
these objects to specify the link (interface) 1didentifier. Both
numbered and unnumbered 1link (interface) identifiers are supported.
Furthermore, GMPLS RSVP-TE [RFC3471, RFC3473] recognizes the value
of specifying the component link (interface) identifier of a TE link
bundle during LSP establishment (IF_ID_RSVP_HOP object), and for
error reporting (IF_ID ERROR_SPEC object). This 1is achieved using
TLVs in these objects to specify the component link (interface)
ijdentifier within a TE link (interface) +identifier. However, only
numbered and unnumbered component link (interface) didentification
within numbered TE link bundles s supported.
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In (G)MPLS, resource control and recording 1is performed by the use
of an explicit route, i.e., EXPLICIT_ROUTE Object (ERO) and
RECORD_ROUTE Object (RRO), respectively. In most scenarios the
complete resource identification is left as a local decision.
However, there are cases when it is desirable for a non-local (e.g.,
LSP Head-end) node to identify completely or partially the LSP
resources. Consequently, Label ERO (EXPLICIT_ROUTE Object) and RRO
(RECORD_ROUTE Object) subobjects are defined in [RFEC3473] to support
Explicit Label Control and recording.

When 1link bundling is used to aggregate multiple component links
into a TE link bundle, the label is not the only resource that needs
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to be identified and recorded. In other words, the TE 1link bundle
identifier and the label value specified in the ERO/RRO objects are
not enough to completely identify the resource. For the bundled TE
link case, 1in order to fully specify the resources on a TE link
bundle for a given LSP, the component link 1identifier needs to be
specified along with the label. In the case of bi-directional LSPs
both upstream and downstream information may be specified.
Therefore, explicit resource control and recording over a TE link
bundle also requires ability to specify a component link within the
TE link bundle.

This document defines extensions to and describes the use of RSVP-TE
[RFC3209], [RFC3471], [RFC3473], and [RFC3477] to specify the
component link identifier for resource recording and explicit
resource control over TE 1link bundles. Specifically, it defines the
component interface identifier ERO and RRO subobjects to complement
their Label ERO and RRO counterparts. Furthermore, procedures for
processing component interface identifier ERO and RRO subobjects and
how they can co-exist with the Label ERO and RRO subobjects are
specified. The document also addresses identification of numbered
and unnumbered component link (interface) within unnumbered TE 1link
bundles.

Conventions used in this document:

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 [RFC2119].

Moreover, the reader is assumed to be familiar with the terminology
introduced in [GMPLS-ARCH], [RFC3471], [RFC3473], [RFC3477] and
[BUNDLE]. The following abbreviations are used in this document:

Unbundled TE Link Identification
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TE links need to be identified in ERO, RRO, RSVP_HOP and
ERROR_SPEC objects. When out-of-band signaling is used, [RFC3471]
extends RSVP_HOP and ERROR_SPEC objects, to include TLVs to
completely identify the TE links. These are the IF_ID RSVP_HOP and
IF_ID ERROR_SPEC objects.

A numbered unbundled TE link can be uniquely identified with the
IPv4 address or the IPv6 address of the TE 1link. There are no
additional formats required to those defined in [RFC3209] to
identify numbered unbundled TE 1links in ERO and RRO objects. The
IPv4 and IPv6 TLVs defined in [RFC3471] are used with IF_ID
RSVP_HOP and IF_ID ERROR_SPEC objects to identify numbered
unbundled TE 1links when out-of-band signaling 1is used.

An unnumbered unbundled TE link can be uniquely identified by the
tuple {IP Address, Interface ID}. [RFC3477] defines the Unnumbered
Interface ID subobject to identify unnumbered unbundled TE 1links
in ERO and RRO objects. The IF_INDEX TLV defined in [REC3471] is
used with the IF_ID RSVP_HOP and the IF_ID ERROR_SPEC objects to
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identify unnumbered unbundled TE links when out-of-band signaling
is used.

The following are the TLVs are defined in [REC3471] to identify
unbundled TE Tlinks.

Type Length Format Description
1 8 IPv4 Address IPv4 (Interface address)
2 20 IPv6 Address IPv6 (Interface address)
3 12 Compound IF_INDEX (Interface 1index)

Component and Bundled TE Link Identification

If a TE link bundle 1is numbered, the tuple {IP Address, Component
ID} s required to uniquely 1identify a component link in the TE
link bundle. In this case, depending on the origin of value
assigned to the IP Address either the tuple {Router Address,
Component ID} or {TE Link Address, Component ID} is sufficient to
uniquely 1identify an unnumbered component link in the TE 1link
bundle. These tuples are respectively of Type 4, 5 and the newly
defined Type 6, 7. [RFC3471] defines the following TLVs for
Component ID -+identification IF_ID RSVP_HOP and IF_ID ERROR_SPEC
objects.

Type Length Format Description
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4 12 Compound COMPONENT_IF_DOWNSTREAM (Component -interface)
5 12 Compound COMPONENT_IF_UPSTREAM (Component 1interface)
6 12 Compound COMPONENT_IF_DOWNSTREAM (Component 1interface)
7 12 Compound COMPONENT_IF_UPSTREAM (Component interface)

If a TE link bundle 1is unnumbered, the tuple {IP Address, Bundle
ID, Component ID} 1is required to uniquely +identify a component
link in the TE 1link bundle. In this case, two new TLVs are defined
for use in the IF_ID RSVP_HOP object and in the IF_ID ERROR_SPEC
Object to identify a component link in an unnumbered TE 1link
bundle. Note that the Type values shown here are only suggested
values - final values are TBD and to be determined by IETF
consensus.

Type Length Format Description

8 16 See below UNUM_COMPONENT_IF_DOWN (Component 1interface)
9 16 See below UNUM_COMPONENT_IF_UP (Component interface)

The formats of both the TLVs are the same, as defined below. Two
new TLV types are defined. UNUM_COMPONENT_IF_DOWN 1is used to
identify the downstream component 1link in an unnumbered TE link
bundle. UNUM_COMPONENT_IF_UP dis used to identify the upstream
component link in an unnumbered TE 1link bundle.

Note: [BUNDLE] and [RFEC3477] assumes that identifying component
link suffices to identify (bundle link, component 1link) for both
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numbered and unnumbered case. I.e., for unnumbered case, both
component link identifiers and TE 1link didentifiers comes from the
same unit32 bit space.

4.1 TLV Definitions
The new TLVs have a common format as shown below.

(0] 1 2 3
01234567890 123456789012345678901
t—t—t—F—F—t—F—t—F—t—t—t—F—F—F—F—F—F—F—F—F—F—F—Ft—F—F—F—F—F—+—F+—+—+
| IP Address |
t—t—t—F—F—t—t—t—F—t—t—t—F—F—F—F—F—F—F—F—F—F—F—Ft—F—F—F—F—F—+—F+—+—+
| Interface ID |
s St T e e e s e St St S St st S S S S o
| Component ID |
ottt ettt bbbttt —t—t -ttt -ttt —F—+
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IP Address: 32 bits

Any IP address associated with the local node. This should be an
IP address that has the highest availability on the node. This
may match the Router Address value as advertised in TE LSAs by
routing.

Interface ID: 32 bits

The didentifier of the unnumbered bundled link. By definition,
this s unique within the scope of the node identified by the IP
Address field.

Component ID: 32 bits

The 1identifier of the component link 1in the unnumbered TE
bundle, uniquely identified by the tuple {IP Address, Interface
ID}. During LSP establishment, the special value OxFFFFFFFF can
be used to indicate the same label to be valid across all
component links in the bundle +identified by the {IP Address,
Interface ID}.

5. Signaling Component TE Links 1in ERO
A new OPTIONAL subobject of the EXPLICIT_ROUTE Object (ERO) is used
to specify component interface -identifier of a bundled TE Link. This
subobject SHOULD NOT be used apart from (explicit) egress label
control as defined in [EGRESS].
This subobject has the following format:
Component Interface Identifier ERO subobject
0] 1 2 3
©12345678901234567890123456789¢01
D.Papadimitriou (Editor) 5
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-t —F—t—t—t—t—tF—t—t—t—t—t—F—t—t—F—F—F—F—t—t—t—F—+—t—t—+—+t—+t—+—+—+
| L] Type | Length U] Reserved (MUST be zero) |
-t —t—F—t—t—t—tF—F—t—t—t—t—t—t—t—F—F—F—F—F—t—F—F—+—t—+—+—+—+—+—+—+

// IPv4, IPv6 or unnumbered Component Interface Identifier //

+—t—t—t—t—t—t—t—t—t—t—t—t—F—t—t—F—t—t—F—t—t—t—t—t—t—F—+—t—+—+—+—+

L: 1 bit
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This bit must be set to 0.

Type:

10 (TBD) Component Interface identifier IPv4
11 (TBD) Component Interface identifier IPv6
12 (TBD) Component Interface identifier Unnumbered

Length:

The Length contains the total length of the subobject in
bytes, including the Type and Length fields. The Length -s
8 bytes for the Component Interface +identifier types: IPv4
and Component Interface -identifier Unnumbered. For
Component Interface identifier IPv6 type of sub-object, the
length field 1is 20 bytes.

1 bit

This bit indicates the direction of the component
interface. It is 0 for the downstream 1interface. It is set
to 1 for the upstream interface and is only used for bi-
directional LSPs.

5.1 Processing of Component Interface Identifier ERO Subobject

The Component Interface Identifier ERO subobject +identifies the
component of a bundled TE Link. This subobject MUST follow a
subobject containing the IP address, or the link identifier
[REC3477], associated with the TE link on which it is to be used. It
is used to.

The following SHOULD result in "Bad EXPLICIT_ROUTE object" error
being sent upstream by a node processing an ERO that contains the
Component Interface ID sub-object:

0) The first component 1interface identifier subobject is not

preceded by a sub-object containing an IPv4 or IPv6 address,
or an interface identifier [RFC3477], associated with a TE
link.

0) The Component Interface Identifier ERO subobject follows a

0)

subobject that has the L-bit set.
On unidirectional LSP setup, there 1is a Component Interface
Identifier ERO subobject with the U-bit set.
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0) Two Component Interface Identifier ERO subobjects with the

same U-bit values exist.
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If a node implements the component interface identifier subobject,
it must check if it represents a component interface in the bundled
TE Link specified in the preceding subobject that contains the IP
address or interface identifier of the TE Link. If the content of
the component interface identifier subobject does not match a
component interface in the TE 1link, a "Bad EXPLICIT_ROUTE object"
error SHOULD be reported as "Routing Problem" (error code 24).

If the U-bit of the subobject being examined is cleared (0) and the
upstream interface specified in this subobject is acceptable, then
the value of the upstream component interface 1is copied in the TLV
of the IF_ID HOP object [RFC 3471]. In this case, the local decision
normally used to select the upstream component link is bypassed. If
this 1interface is not acceptable, a "Bad EXPLICIT_ROUTE object"
error SHOULD be reported as "Routing Problem" (error code 24).

If the U-bit of the subobject being examined is set (1), then the
value represents the component interface to be used for upstream
traffic associated with the bidirectional LSP. Again, if this
interface is not acceptable or if the request is not one for a
bidirectional LSP, then a "Bad EXPLICIT_ROUTE object" error SHOULD
be reported as "Routing Problem" (error code 24). Otherwise, the
component interface IP address/ didentifier is copied into a TLV sub-
object as part of the IF_ID RSVP_HOP object.

The IF_ID RSVP_HOP object constructed as above MUST be included 1in
the corresponding outgoing Path message.

Note that, associated with a TE Link sub-object in the ERO, either
the upstream component +interface or the downstream component
interface or both may be specified. As specified in [BUNDLE] there
is no relationship between the TE Link type (numbered or unnumbered)
and the Link type of any one of 1its components.

The component interface identifier ERO subobject is OPTIONAL.
Furthermore, component interface -identifier ERO subobject and Label
ERO subobject (see [REC 3471] and [REC 3473]) may be included 1in the
ERO independently of each other. One of the following alternatives
applies:

0) When both sub-objects are absent, a node may select any
appropriate component link within the TE link and any label on
the selected component link.

0) When the Label subobject is only present for a bundled 1link, then
the selection of the component 1link within the bundle is a local
decision and the node may select any appropriate component link,
which can assume the label specified in the Label ERO.

o) When only the component interface identifier ERO subobject 1s
present, a node MUST select the component 1interface specified 1in
the ERO and may select any appropriate label value at the
specified component link.
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0) When both component [interface identifier ERO subobject and Label
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ERO subobject are present, the node MUST select the specified
component link and the specified label value on that component
link. When present, both subobjects may appear in any relative
order to each other but they MUST appear after the TE Link sub-
object that they refer to.

After processing, the component interface -identifier subobjects are
removed from the ERO.

Inferred from above, the interface subobject should never be the
first subobject in a newly received message.

If the component
interface subobject is the first subobject in a received ERO, then
it SHOULD be treated as a "Bad strict node" error.

Note: Information to construct the Component Interface ERO subobject
may come from the same mean used to populate the label ERO
subobject. Procedures by which an LSR at the head-end of an LSP
obtains the information needed to construct the Component Interface
subobject are outside the scope of this document.

Signaling Component TE Links in (IF_ID)_RSVP_HOP object

This memo does not modify procedures for use of TLVs in the IF_ID
RSVP_HOP object, defined in [REC3471], [RFC3473] and [RFC3477]. The
new TLVs can be used in the IF_ID RSVP_HOP object. The component ID
values 1in TLV types 6 and 7 are values local to the upstream node.
TLV type 6 is used with semantics similar to TLV type 4. TLV type 7
is used with semantics similar to TLV type 5.

When a component link part of a bundled TE Link fails and the LSP
traffic is "automatically" moved to another component link. This
must be followed not only by an IGP update on available resources
for the bundle but also by a soft state resync at the two ends of
the bundle (new states are on different interfaces, ideally without
doing any "local" make-before-break i.e. no PathErr message
exchange). Need to clearly differentiate this from span protection
where a single link or component link includes physical protection.
In the former case, the upstream node would change the IF_ID
information for the LSP on the new Path it sends and the downstream
node would update forwarding and protocol state. There would be no
impact further up or downstream (unless component link recording was
enabled in the RRO).

Reporting Component TE Links in RROs
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A new OPTIONAL subobject of the Record Route Object (RRO) 1is used to
record component interface identifier of a (bundled) TE Link. This
subobject has the following format:

Component Interface Identifier RRO subobject
0] 1 2 3

©1234567890123456789012345678901
+—t—t—t—t—t—t—t—t—t—t—t—t—F—t—F—F—t—t—F—t—t—t—t—t—t—F—+—t—+—+—+—+
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| L] Type | Length U] Reserved (MUST be zero) |

t—t—t—t—t—t—t—t—t—t—t—t—t—t—Ft—t—t—t—t—t—t—t—F—F—t—t—Ft—+—+t—+—+—+—+

// IPv4, IPv6 or unnumbered Component Interface Identifier //

+—t—t—t—F—t—F—F—t—t—F—t—t+—F—t—t—F -+t —F -+t —F—F—F—F—+—F—F—+—+—+—+
L: 1 bit
This bit must be set to 0.
Type:

10 (TBD) Component Interface identifier IPv4
11 (TBD) Component Interface identifier IPv6
12 (TBD) Component Interface identifier Unnumbered

Length:

The Length contains the total length of the subobject in
bytes, 1including the Type and Length fields. The Length 1s
8 bytes for the Component Interface identifier IPv4 and
Component Interface identifier Unnumbered types. For
Component Interface identifier IPv6 type of sub-object, the
length field 1is 20 bytes.

U: 1 bit
This bit indicates the direction of the component
interface. It is 0 for the downstream 1interface. It 1is set
to 1 for the upstream interface and is only used for bi-
directional LSPs.

7.1 Processing of Component Interface identifier RRO Subobject

If a node desires component link recording, the "Component Link
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Recording desired" flag (value TBD) should be set 1in the
LSP_ATTRIBUTES object, object that is defined in [RSVP-TE-
ATTRIBUTE]. Another alternate is to use an available flag in the
SESSION_ATTRIBUTE object [REC3209]. The later makes the component
link recording request similar to the label recording request. These
alternatives need to be discussed with the CCAMP working group and
close accordingly.

Setting of "Component Link Recording desired" flag is independent of

the Label Recording flag in SESSION_ATTRIBUTE object as specified in

[REC3209]. Nevertheless, the following combinations are valid:

1) If both Label and Component Link flags are clear, then neither
Labels nor Component Links are recorded.

2) If Label Recording flag is set and Component Link flag is clear,
then only Label Recording is performed as defined in [REC3209].

3) If Label Recording flag is clear and Component Link flag is set,
then Component Link Recording is performed as defined in this

proposal.
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4) If both Label Recording and Component Link flags are set, then
Label Recording is performed as defined in [REC3209] and also
Component Link recording is performed as defined in this
proposal.

In most cases a node initiates recording for a given LSP by adding
the RRO to the Path message. If the node desires Component Link
recording and if the outgoing TE link is bundled, then the initial
RRO contains the Component Link identifier (numbered or unnumbered)
as selected by the sender. As well, the "Component Link Recording
desired" flag is set in the LSP_ATTRIBUTE object. If the node also
desires label recording, it sets the Label_Recording flag in the
SESSION_ATTRIBUTE object.

When a Path message with the "Component Link Recording desired" flag
set is received by an intermediate node, if a new Path message is to
be sent for a downstream bundled TE link, the node adds a new
Component Link subobject to the RRO and appends the resulting RRO to
the Path message before transmission.

Note that, unlike Labels, Component Link identifiers are always
known on receipt of the Path message.

When the destination node of an RSVP session receives a Path message
with an RRO and the "Component Link Recording desired" flag set,
this indicates that the sender node needs TE route as well as
component link recording. The destination node 1initiates the RRO
process by adding an RRO to Resv messages. The processing mirrors
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that of the Path messages

The Component Interface Record subobject 1is pushed onto the
RECORD_ROUTE object prior to pushing on the node's IP address. A
node MUST NOT push on a Component Interface Record subobject without
also pushing on the IP address or unnumbered Interface Id subobject
that identifies the TE Link.

When component interfaces are recorded for bi-directional LSPs,
component 1interface RRO subobjects for both downstream and upstream
interfaces MUST be 1included.

8. Backward Compatibility Issues
TBD.
9. Security Considerations
This draft introduces no new security considerations to either
[REC3473] or [RFEC3477]. GMPLS security 1is described in section 11
of [RFC3471] and refers to [RFC3209] for RSVP-TE.
10. TANA Considerations
IF_ID TLV type values are not currently tracked or managed by IANA.
This might be a good opportunity to move them under IANA control.
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This document defines the following:
1. Subobjects of the EXPLICIT_ROUTE object (C-Type 1):
- Component Interface +didentifier IPv4 10 (TBA)
- Component Interface qidentifier IPv6 11 (TBA)
- Component Interface +didentifier Unnumbered 12 (TBA)
2. Subobjects of the RECORD_ROUTE object (C-Type 1):
- Component Interface -didentifier IPv4 10 (TBA)
- Component Interface identifier IPv6 11 (TBA)
- Component Interface identifier Unnumbered 12 (TBA)
3. LSP Attributes Flag Registry value (if not included in the
SESSION_ATTRIBUT object flags)
- Component Link Recording desired 7 (TBA)
11. Intellectual Property Consideration

The IETF takes no position regarding the validity or scope of any


https://datatracker.ietf.org/doc/pdf/rfc3473
https://datatracker.ietf.org/doc/pdf/rfc3477
https://datatracker.ietf.org/doc/pdf/rfc3471#section-11
https://datatracker.ietf.org/doc/pdf/rfc3471#section-11
https://datatracker.ietf.org/doc/pdf/rfc3209
https://datatracker.ietf.org/doc/pdf/draft-dimitri-ccamp-gmpls-rsvp-te-bundled-links-00.txt

Intellectual Property Rights or other rights that might be claimed
to pertain to the implementation or use of the technology
described in this document or the extent to which any license
under such rights might or might not be available; nor does it
represent that it has made any independent effort to identify any
such rights. Information on the procedures with respect to rights
in RFC documents can be found in BCP 78 and BCP 79.

Copies of IPR disclosures made to the IETF Secretariat and any
assurances of licenses to be made available, or the result of an
attempt made to obtain a general license or permission for the use
of such proprietary rights by implementers or users of this
specification can be obtained from the IETF on-line IPR repository
at http://www.ietf.org/ipr.

The IETF -dinvites any 1interested party to bring to its attention
any copyrights, patents or patent applications, or other
proprietary rights that may cover technology that may be required
to implement this standard. Please address the information to the
IETF at dietf-ipr@ietf.org.

12.1 IPR Disclosure Acknowledgement

By submitting this Internet-Draft, I certify that any applicable
patent or other IPR claims of which I am aware have been
disclosed, and any of which I become aware will be disclosed, 1in
accordance with RFC 3668.
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