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This Internet-Draft is submitted to |ETF in full conformance with
the provisions of BCP 78 and BCP 79.

Internet-Drafts are working docunments of the Internet Engineering
Task Force (IETF), its areas, and its working groups. Note that
ot her groups may al so distribute working docunments as Internet-
Drafts.

Internet-Drafts are draft docunents valid for a maxi num of six nonths
and nay be updated, replaced, or obsol eted 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.”

The list of current Internet-Drafts can be accessed at
http://ww.ietf.org/ietf/lid-abstracts.txt.

The list of Internet-Draft Shadow Directories can be accessed at
http://ww.ietf.org/shadow. htmi .

This Internet-Draft will expire on October 26, 2011

Abst ract

Record Route is a useful administrative tool that has been used
extensively by the service providers. However, when TE links are
bundl ed, identification of |abel resource in Record Route object
(RRO is not sufficient to deternmine the conponent link within a TE
link that is being used by a given LSP. |In other words, when |ink
bundling is used, resource recording requires nechanisns to specify
the conmponent link identifier, along with the TE link identifier and
Label. As it is not possible to record conmponent link in the RRO
this docunment defines the extensions to RSVP-TE [ RFC3209] and

[ RFC3473] to specify conponent link identifiers for resource
recordi ng purposes.
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Thi s docunment al so defines the Explicit Route object (ERO
counterpart of the RRO extension. The ERO extensions are needed to
performexplicit |abel/resource control over bundled TE |ink
Hence, this docunent defines the extensions to RSVP-TE [ RFC3209]
and [ RFC3473] to specify conponent link identifiers for explicit



resource control and recording over TE |ink bundl es.
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1.

I nt roducti on

In GWLS networ ks [ RFC3945] where unbundl ed (bei ng either Packet-
Swi t chi ng Capabl e, Layer2-Switching Capable, Tinme D vision

Mul ti pl exi ng or Lanbda-Switching Capable) Traffic Engi neering (TE)
Li nks are used, one of the types of resources that an LSP ori gi nator
could control and record are the conponent |inks used by non-

nei ghbori ng nodes on the LSP path. The resource control and
recording is done by the use of the EXPLICl T_ROUTE object (ERO and
RECORD ROUTE obj ect (RRO), respectively.

Li nk Bundling, introduced in [RFC4201], is used to inprove routing
scal ability by reducing the anmount of TE rel ated information that
need to be fl ooded and handled by 1GP in a TE network. This is
acconpl i shed by aggregating and abstracting the TE Li nk conponents.



In sone cases the conmponent link selection/recording within a TE
link is left as a | ocal decision (ERO and RRO contains only TE
links). However there are cases when it is desirable for a non-loca
(e.g., LSP head-end) node to nmake this selection. The use of such

i nformati on has found since so far three nain applications (while
not excl udi ng others unknown at the time of witing): diagnostic,
associ ati on of conponent specific attributes for which the bundled
information is too coarse (e.g., Shared Ri sk Link Goups) and thus
bl ocki ng SRLG disjoint LSP establishnent, allocation of |abels at
networ k edges, and notification in case of failures. The latter is
useful when a single TE link interconnects two parts of the network.
In case one of its conponents fails notifying a complete TE |ink
failure | eaves the network di sconnected. In either case, it is
required to know whi ch conponent link within a bundled TE |ink has
been used for a given LSP. For these cases, the TE Link and the
Label currently specified in the ERO RRO are not enough and the
component link needs to be specified along with the label. In the
case of bi-directional Label Switched Paths (LSP) both upstream
and downstream i nformati on may be specified. Therefore, explicit
resource control and recording over a bundled TE |ink al so requires
ability to specify a conponent link within the TE |i nk.

Anot her inportant assunption of this docunent is that the identifier
space used for conponent link identification are unique for a given
node (follow ng [ RFC4201]). The reason stenms as foll ows: nobst
experinental devel opnents started with TE |inks conposed by a single
conmponent link and then only bundling was added by grouping them
Conmponent |inks where thus identified such that they could mimic the
behavior of TE link processing. This also justifies the experinental
status of this docunent.

Thi s docunent defines extensions to and descri bes the use of RSVP-TE
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[ RFC3209], [RFC3471], [RFC3473] to specify the conponent I|ink
identifier for resource recording and explicit resource control over
TE link bundles. Specifically, in this docunent, comnponent interface
identifier RRO and ERO subobjects are defined to conplement their
Label RRO and ERO counterparts. Furthernore, procedures for
processi ng conponent interface identifier RRO and ERO subobjects and
how t hey can co-exist with the Label RRO and ERO subobjects are
speci fi ed.

Conventions used in this docunent

In exanples, "C:" and "S:" indicate lines sent by the client and
server respectively.

The key words "MJST", "MJST NoT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "COPTIONAL" in this
docunent are to be interpreted as described in RFC 2119 [ RFC2119].

In this docunment, these words will appear with that interpretation
only when in ALL CAPS. Lower case uses of these words are not to be
interpreted as carrying RFC 2119 significance.

In this docunent, the characters ">>" preceding an indented |ine(s)



i ndi cates a conpliance requirenent statenment using the key words
|isted above. This convention aids reviewers in quickly identifying
or finding the explicit conpliance requirenents of this RFC

2. Term nol ogy

0) TE Link: Unless specified otherwise, it refers to a bundl ed
Traffic Engineering link as defined in [ RFC4201]. Furthernore, the
terns TE Link and bundled TE Link are used interchangeably in this
docunent .

0) Component (interface) link: refers (locally) to alink that is
part of a bundled TE link as described in RFC4201

0) Conponent Interface ldentifier: Refers to an ID used to uniquely
identify a Conponent Interface. on a bundled |link a conbination of
<conponent link identifier, label> is sufficient to unanbi guously
identify the appropriate resources used by an LSP. The IDs used for
component link identification are unique for a given node [ RFC4201].

3. LSP Resource Recording

LSP Resource Recording refers to the ability to record the resources
used by an LSP
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The procedure for unbundl ed nunbered TE |inks is described in

[ RFC3209] and for unbundl ed unnunbered TE links in [ RFC3477]. For
the purpose of recording LSP resources used over bundl ed TE Li nks,
t he Component Interface Identifier RRO sub-object is introduced.

3.1. Conmponent Interface ldentifier RRO subobject

A new subobj ect of the Record Route object (RRO is used to record
conponent interface identifier of a (bundled) TE Link. This
subobj ect has the follow ng format:

0 1 2 3
01234567890123456789012345678901
B R e i s T e S T S S N e i i i S S S e T S
| L] Type | Length | U Reserved (nmust be zero) |
B e e i S R S e S e e e S T e e S e i o ol i i i T
I I
/1 | Pv4, 1Pv6 or unnunbered Component Interface ldentifier /1
I
+

-+-+-+-+-+-+-+-+-+-+-+-+-+-+.-+.-+.-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-L
L: 1 bit

This bit nust be set to O.
Type

Type 10 (TBD): Component Interface identifier |Pv4

Type 11 (TBD): Component Interface identifier |Pv6
Type 12 (TBD): Component Interface identifier Unnunbered



Length
Conponent Link Record. & Resource Control for TE Link Bundles

The Length contains the total |ength of the subobject in
bytes, including the Type and Length fields. The Length is
8 bytes for the Conponent Interface identifier |IPv4 and
Conponent Interface identifier Unnunbered types. For
Conponent Interface identifier |1Pv6 type of sub-object, the
length field is 20 bytes.

U 1 bit

This bit indicates the direction of the conponent interface.
It is set to O for the downstream interface.

It is set to 1 for the upstreaminterface and is only used for
bi -directional LSPs.
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3.2. Processing of Conponent Interface identifier RRO Subobject

If a node desires conmponent link recording, the "Conponent Link
Recordi ng desired" flag (value TBD) should be set in the
LSP_ATTRI BUTES obj ect, object that is defined in [ RFC5420].

Setting of "Conponent Link Recording desired" flag is independent of
the Label Recording flag in SESSI ON ATTRI BUTE obj ect as specified in
[ RFC3209]. Neverthel ess, the follow ng conbinati ons are vali d:

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

2) If Label Recording flag is set and Conponent Link flag is
clear, then only Label Recording is perforned as defined in
[ RFC3209] .

3) If Label Recording flag is clear and Conponent Link flag is
set, then Conponent Link Recording is performed as defined in
thi s docunent.

4) | f both Label Recording and Conponent Link flags are set, then
Label Recording is performed as defined in [ RFC3209] and al so
Conponent Link recording is perfornmed as defined in this
docunent .

In nost cases, a node initiates recording for a given LSP by addi ng
the RROto the Path nessage. If the node desires Conponent Link
recording and if the outgoing TE link is bundled, then the initia
RRO cont ai ns the Component Link identifier (nunmbered or unnunbered)
as selected by the sender. As well, the Conponent Link Recording
desired flag is set in the LSP_ATTRI BUTE object. If the node al so
desires |l abel recording, it sets the Label Recording flag in the
SESSI ON_ATTRI BUTE obj ect .

When a Path nmessage with the "Conponent Link Recording desired" flag
set is received by an internediate node, if a new Path nessage is to
be sent for a downstream bundl ed TE |Iink, the node adds a new
Conponent Link subobject to the RECORD ROUTE object (RRO and



appends the resulting RROto the Path nessage before transm ssion
Note al so that, unlike Labels, Conponent Link identifiers are always
known on recei pt of the Path nmessage.

When t he destinati on node of an RSVP session receives a Path nessage
with an RRO and the "Conponent Link Recording desired" flag set,
this indicates that the sender node needs TE route as well as
component |ink recording. The destination node initiates the RRO
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4.

process by adding an RRO to Resv nessages. The processing mrrors
that of the Path messages. The Conponent |nterface Record subobject

i s pushed onto the RECORD ROUTE object (RRO prior to pushing on the
node"s | P address. A node MJST NOT push on a Conmponent Interface
Record subobj ect w thout al so pushing on the I P address or
unnunbered Interface |Id subobject that identifies the TE Link

When conponent interfaces are recorded for unidirectional LSPs, the
downstreaminterface is the one identified by the Component
Interface subobject. For bi-directional LSPs, component interface
RRO subobj ects for both downstream and upstreaminterfaces MJST be
i ncl uded.

Signal ing Conponent Interface Identifier in ERO

4.1. Conponent Interface ldentifier ERO subobject

A new oPTI oNAL subobj ect of the EXPLICI T_ROUTE object (ERO is used
to specify conponent interface identifier of a bundled TE Link

Thi s Conponent Interface ldentifier subobject has the foll ow ng
format:

0 1 2 3
01234567890123456789012345678901
B E e r e s i s i o T T s S S S S 2

| L] Type | Length | Y Reserved (MJUST be zero)

B i s T T S T et S S T S I T s sl s ol ST S S S
| |
/1 1Pv4, 1Pv6 or unnunbered Conponent Interface ldentifier /1
[ Co [
B E e r e s i s i o T T s S S S S 2
L: 1 bit

This bit nust be set to O.

Type

Type 10 (TBD): Component Interface identifier |Pv4
Type 11 (TBD): Component Interface identifier |Pv6
Type 12 (TBD): Conponent Interface identifier Unnunbered

Length
The Length contains the total |ength of the subobject in

bytes, including the Type and Length fields. The Length is
8 bytes for the Conponent Interface identifier types: |Pv4



and Conponent Interface identifier Unnunbered. For Conponent
Interface identifier |IPv6 type of sub-object, the length field
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is 20 bytes.
U 1 bit

This bit indicates the direction of the conponent interface.
It is O for the downstreaminterface. It is set to 1 for the
upstreaminterface and is only used for bi-directional LSPs.

4.2. Processing of Conponent Interface lIdentifier ERO Subobject

The Conponent Interface Identifier ERO subobject foll ows a subobject
containing the I P address, or the link identifier [RFC3477],
associated with the TE link on which it is to be used. It is used to
identify the conponent of a bundled TE Link

The followi ng SHOULD result in "Bad EXPLI Cl T_ROUTE object" error
bei ng sent upstream by a node processing an ERO that contains the
Conponent Interface |ID sub-object:

0) The first conponent interface identifier subobject is not
preceded by a sub-object containing an |IPv4 or |Pv6 address, or
an interface identifier [RFC3477], associated with a TE |i nk.

0) The Conponent Interface Identifier ERO subobject follows a
subobj ect that has the L-bit set.

0) on unidirectional LSP setup, there is a Conponent Interface
I dentifier ERO subobject with the U-bit set.

0) Two Conponent Interface Identifier ERO subobjects with the sane
U-bit val ues exist.

If a node inplenents the conponent interface identifier subobject,
it MUST check if it represents a conponent interface in the bundl ed
TE Link specified in the precedi ng subobject that contains the

| Pv4/ 1 Pv6 address or interface identifier of the TE Link. If the
content of the conponent interface identifier subobject does not
mat ch a conponent interface in the TE link, a "Bad EXPLI Cl T_ROUTE
obj ect" error SHOULD be reported as "Routing Probleni (error code
24) .

If Ubit of the subobject being examned is cleared (0) and the
upstreaminterface specified in this subobject is acceptable, then
the val ue of the upstream conponent interface is translated locally
in the TLV of the |F_I D RSVP_HOP object [RFC3471]. The | oca
decision nornmally used to select the upstream conponent link is
bypassed except for local translation into the outgoing interface
identifier fromthe received incomng renote interface identifier
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If this interface is not acceptable, a "Bad EXPLI Cl T_ROUTE object"”



error SHOULD be reported as "Routing Probleni (error code 24).

If the U-bit of the subobject being examined is set (1), then the
val ue represents the conponent 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 EXPLICl T_RQUTE object" error SHOULD
be reported as "Routing Problent (error code 24). otherw se, the
conmponent interface |IP address/ identifier is copied into a TLV sub-
object as part of the IF_ID RSVP_HOP object. The | ocal decision
normal |y used to sel ect the upstream conponent link is bypassed
except for local translation into the outgoing interface identifier
fromthe received incomng renote interface identifier

The | F_I D RSVP_HOP obj ect constructed as above MJUST be included in
t he correspondi ng outgoi ng Path nessage.

Note that, associated with a TE Link sub-object in the ERO, either
the (renote) upstream conponent interface or the (renote) downstream
conponent interface or both may be specified. As specified in

[ RFC4201] there is no relationship between the TE Link type
(nunbered or unnunbered) and the Link type of any one of its
conmponent s.

The Conponent Interface Identifier ERO subobject is optional
Simlarly, presence of the Label ERO sub-objects is not nmandatory
[ RFC3471], [RFC3473]. Furthernore, conponent interface identifier
ERO subobj ect and Label ERO subobject may be included in the ERO
i ndependently of each other. one of the followi ng alternatives
appl i es:

0) Wen both sub-objects are absent, a node nmay sel ect any
appropriate conponent link within the TE Iink and any | abel on
the sel ected conponent 1ink

0) When the Label subobject is only present for a bundled link, then
the selection of the conponent link within the bundle is a | oca
deci sion and the node nay sel ect any appropriate conponent |ink
whi ch can assune the | abel specified in the Label ERO

0) When only the conmponent interface identifier ERO subobject is
present, a node MJST sel ect the conponent interface specified in
the ERO and may sel ect any appropriate |abel value at the
speci fi ed conponent |ink.

0) When both component interface identifier ERO subobject and Labe
ERO subobj ect are present, the node MJST select the locally
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correspondi ng conponent |ink and the specified | abel value on
that conponent |ink. Wen present, both subobjects may appear in
any relative order to each other but they MJST appear after the
TE Li nk subobject that they refer to.

After processing, the conmponent interface identifier subobjects are
renoved fromthe ERO

Inferred from above, the interface subobject should never be the



first subobject in a newWwy received nessage. 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 Conponent Interface ERO subobject
MAY come fromthe same nean used to popul ate the | abel ERO

subobj ect. Procedures by which an LSR at the head-end of an LSP
obtains the infornmation needed to construct the Conponent Interface
subobj ect are outside the scope of this docunent.

5. Backward Conpatibility

The extensions specified in this docunent do not affect the
processing of the RRO ERO at nodes that do not support them A node
that does not support the Conponent |nterface RRO subobject but that
does support Label subobject SHOULD only insert the Label subobject
in the RRO as per [RFC3471] and [ RFC3473].

A node that receives an ERO that contains a Conponent Link ID
subobj ect SHOULD send "Bad EXPLI CI T_ROUTE object"” if it does not
i mpl ement this subobject.

Per [ RFC3209], Section 4.4.5, a non-conpliant node that receives an
RRO t hat contai ns Conponent Interface ldentifier sub-objects should
i gnore and pass themon. This limts the full applicability of if
nodes traversed by the LSP are conpliant with the proposed

ext ensi ons.

6. Security Considerations

An inmpl enentation of the extensions described in this docunent does
exposes the conponent interface identifiers to other nodes in the
network. |If this is considered confidential information the

mechani sns descri bed in [ RFC5920] shoul d be consi dered.

7. | ANA Consi derations

Thi s docunent introduces the followi ng RSVP protocol elenents:
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0) Component Interface ldentifier RRO subobject of the RECORD ROUTE
object (RRO:

| ANA registry: RSVP PARAMETERS

Regi stry Name: O ass Nanes, O ass Nunbers, and C ass Types

Ref erence: [ RFC3936]

Fol | owi ng subobj ects have been added to the existing entry for:

21 RECORD ROUTE
Type 10 (TBD): Component Interface identifier |Pv4
Type 11 (TBD): Conponent Interface identifier |Pv6
Type 12 (TBD): Conponent Interface identifier Unnunbered

0) Conponent Interface ldentifier subobject of the EXPLICl T_ROUTE
obj ect (ERO.

| ANA registry: RSVP PARAMETERS



Regi stry Name: O ass Nanes, O ass Nunbers, and C ass Types
Ref erence: [ RFC3936]
Fol I owi ng subobj ects have been added to the existing entry for:

20 EXPLIC T_ROUTE
Type 10 (TBD): Component Interface identifier |Pv4
Type 11 (TBD): Component Interface identifier |Pv6
Type 12 (TBD): Conponent Interface identifier Unnunbered

0) A new "Conponent Link Recording desired" flag (val ue TBD)
of the LSP_ATTRI BUTES obj ect [ RFC5420]:

Bit Flag: 0x80
Nane: Local Conponent Link Recording desired
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