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Abst ract

As the scale of MPLS RSVP-TE networks has grown, the nunber of Labe
Swi t ched Paths (LSPs) supported by individual network el enments has

i ncreased. Various inplenentation recomendati ons have been proposed
to manage the resulting increase in the anmount of control-plane state
i nformati on.

However, those changes have had no effect on the nunber of |abels
that a transit Label Switching Router (LSR) has to support in the
forwardi ng plane. That number is governed by the nunber of LSPs
transiting or termnated at the LSR and is directly related to the
total LSP state in the control plane.

Thi s docunent defines a mechanismto prevent the maxi num size of the
| abel space limt on an LSR from being a constraint to control-pl ane
scaling on that node. It introduces the notion of preinstalled
"per-TE link | abels’ that can be shared by MPLS RSVP-TE LSPs t hat
traverse these TE links. This approach significantly reduces the
forwardi ng-pl ane state required to support a | arge nunber of LSPs.
This couples the feature benefits of the RSVP-TE control plane with
the sinmplicity of the Segnent Routing (SR) MPLS forwarding plane.

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

Thi s docunent is a product of the Internet Engineering Task Force
(IETF). It represents the consensus of the |IETF community. 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 7841

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

and how to provide feedback on it nay be obtained at
https://ww. rfc-editor.org/info/rfc8577
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1.

I nt roducti on

The scaling of RSVP-TE [ RFC3209] control -plane inpl enmentati ons can be
i mproved by adopting the guidelines and nmechani snms described in

[ RFC2961] and [RFC8370]. These docunents do not affect the

forwardi ng-pl ane state required to handl e the control -plane state.
The forwardi ng-pl ane state renai ns unchanged and is directly
proportional to the total nunber of Label Switching Paths (LSPs)
supported by the control plane.

Thi s docunent describes a nmechanismthat prevents the size of the

pl atform specific | abel space on a Label Switching Router (LSR) from
being a constraint to pushing the linits of control-plane scaling on
t hat node.

This work introduces the notion of preinstalled 'per-TE |ink | abels’
that are allocated by an LSR  Each such label is installed in the
MPLS forwarding plane with a 'pop’ operation and instructions to
forward the received packet over the TE link. An LSR advertises this
| abel in the Label object of a Resv nessage as LSPs are set up, and
they are recorded hop by hop in the Record Route Object (RRO of the
Resv nessage as it traverses the network. The ingress Label Edge
Router (LER) constructs and pushes a stack of |abels [RFC3031] using
the | abels received in the RRO These 'TE link | abels’ can be shared
by MPLS RSVP-TE LSPs that traverse the sane TE |ink

Thi s forwarding-pl ane behavior fits in the MPLS architecture

[ RFC3031] and is the sane as that exhibited by Segnment Routing (SR
[ RFC8402] when using an MPLS forwardi ng plane and a series of

adj acency segnents [ SEG ROUTING . This work couples the feature
benefits of the RSVP-TE control plane with the sinplicity of the SR
MPLS forwardi ng pl ane.

RSVP- TE using a shared MPLS forwardi ng plane offers the foll ow ng
benefits:

1. Shared |l abels: The transit label on a TE link is shared anong
RSVP- TE tunnel s traversing the link and is used i ndependently of
the ingress and egress of the LSPs.

2. Faster LSP setup tine: No forwardi ng-plane state needs to be
programed during LSP setup and teardown, resulting in faster
provi sioni ng and deprovi si oni ng of LSPs.

3. Hitless rerouting: New transit |abels are not required during
make- bef ore-break (MBB) in scenarios where the new LSP instance
traverses the exact same path as the old LSP instance. This
saves the ingress LER and the services that use the tunnel from
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needi ng to update the forwarding plane with new tunnel | abels,
t hereby nmaking MBB events faster. Periodic MBB events are
relatively common in networks that deploy the ’auto-bandw dth’
feature on RSVP-TE LSPs to nonitor bandw dth utilization and
periodically adjust LSP bandw dth.

4. Mx-and-match labels: Both "TE link | abels’ and regular |abels
can be used on transit hops for a single RSVP-TE tunnel (see
Section 6). This allows backward conpatibility with transit LSRs
that provide regular |abels in Resv nessages.

No additional extensions to routing protocols are required in order
to support key functionalities such as bandw dth admi ssion control,
LSP priorities, preenption, and auto-bandwi dth on this shared MPLS
forwardi ng plane. This docunent al so di scusses how Fast Reroute

[ RFC4090] via facility backup link protection using regular bypass
tunnel s can be supported on this forwarding pl ane.

The signaling procedures and extensions discussed in this docunent do
not apply to Point to Miultipoint (P2MP) RSVP-TE tunnels.

2. Term nol ogy
The following terms are used in this docunent:

TE link | abel: An incoming |label at an LSR that will be popped by
the LSR with the packet being forwarded over a specific outgoing
TE link to a nei ghbor.

Shared MPLS forwarding pl ane: An MPLS forwarding pl ane where every
participating LSR uses TE link | abels on every LSP.

Segment Rout ed RSVP-TE tunnel : An MPLS RSVP-TE tunnel that requests
the use of a shared MPLS forwarding plane at every hop of the LSP
The corresponding LSPs are referred to as "Segnent Routed RSVP-TE
LSPs".

Del egati on hop: A transit hop of a Segment Routed RSVP-TE LSP that
is selected to assist in the inposition of the | abel stack in
scenari os where the ingress LER cannot inpose the full |abe
stack. There can be multiple del egation hops along the path of a
Segnment Rout ed RSVP-TE LSP.

Del egati on | abel : A | abel assigned at the del egation hop to
represent a set of |labels that will be pushed at this hop
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2.1. Requirenments Language

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in
BCP 14 [ RFC2119] [RFC8174] when, and only when, they appear in all
capitals, as shown here

3. Allocation of TE Link Labels

An LSR that participates in a shared MPLS forwardi ng pl ane MJST

all ocate a unique TE link |abel for each TE link. Wen an LSR
encounters a TE link label at the top of the |abel stack, it MJST pop
the | abel and forward the packet over the TE link to the downstream
nei ghbor on the RSVP-TE tunnel

Multiple TE link | abels MAY be allocated for the TElink to
acconmodat e tunnel s requesting protection

I mpl enent ati ons that maintain per-label bandw dth accounting at each
hop nmust aggregate the reservations nade for all the LSPs using the
shared TE |ink | abel

4. Segment Routed RSVP-TE Tunnel Setup

This section provides an exanmple of how the RSVP-TE signaling
procedure works to set up a tunnel utilizing a shared MPLS forwarding
pl ane. The sanpl e topology below is used to explain the exanple.
Label s shown at each node are TE link |abels that, when present at
the top of the |label stack, indicate that they shoul d be popped and
that the packet should be forwarded on the TE link to the nei ghbor

+---+100 4---+150 +---+200 +---+250 H---+

| A----- | B----- | Cl----- | D|----- | E|
+---+ +---+ +---+ +---+ +---+
| 110 | 450 | 550 | 650 | 850
I I I I I
| | 400 | 500 | 600 | 800
| +---+ +---+ +---+ +---+
oo | Fl----- 1G |----- |H - 1

+---+300 +---+350 +---+700 +---+

Figure 1: Sanple Topol ogy -- TE Link Labels
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Consi der two tunnel s:
RSVP-TE tunnel T1l: From A to E on path A-B-CGDE
RSVP-TE tunnel T2: FromF to E on path F-B-CGDE
Both tunnels share the TE links B-C, CD, and D-E

RSVP-TE is used to signal the setup of tunnel T1 (using the TE link
| abel attributes flag defined in Section 9.2). Wen LSR D receives
the Resv nessage fromthe egress LER E, it checks the next-hop TE
link (D-E) and provides the TE link | abel (250) in the Resv message
for the tunnel placing the |abel value in the Label object. It also
provides the TE link | abel (250) in the Label sub-object carried in
the RRO and sets the TE |ink | abel flag as defined in Section 9. 3.

Simlarly, LSR C provides the TE |ink |abel (200) for the TE link
C-D, and LSR B provides the TE link |abel (150) for the TE link B-C

For tunnel T2, the transit LSRs provide the same TE |link | abels as
descri bed for tunnel T1 as the links B-C, CGD, and D-E are common
bet ween the two LSPs.

The ingress LERs (A and F) will push the same stack of |abels (from
top of stack to bottom of stack) {150, 200, 250} for tunnels T1 and
T2, respectively.

It should be noted that a transit LSR does not swap the top TE |ink

| abel on an incoming packet (the |abel that it advertised in the Resv
message it sent); all it has to do is pop the top |abel and forward

t he packet.

The values in the Label sub-objects in the RRO are of interest to the
i ngress LERs when constructing the stack of |abels to inpose on the
packets.

If, in this exanple, there were another RSVP-TE tunnel T3 fromF to
on path F-B-C-D-E-1, then this tunnel would al so share the TE |inks
B-C, CGD, and D-E and traverse link E-1. The |abel stack used by F
woul d be {150, 200, 250, 850}. Hence, regardless of where the LSPs
start and end, they will share LSR | abels at shared hops in the
shared MPLS forwardi ng pl ane.

There MAY be a | ocal operator policy at the ingress LER that

i nfluences the maxi mum depth of the |abel stack that can be pushed
for a Segnment Routed RSVP-TE tunnel. Prior to signaling the LSP, the
ingress LER nmay determine that it is unable to push a | abel stack
containing one | abel for each hop along the path. 1In sone scenarios,
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the ingress LER may not have sufficient information to make that
determination. In these cases, the LER SHOULD adopt the techni ques
described in Section 5.

5. Del egating Label Stack Inposition

One or nore transit LSRs can assist the ingress LER by inposing part
of the | abel stack required for the path. Consider the exanple in
Figure 2 with an RSVP-TE tunnel fromA to L on path
A-B-CDEFGHI-J-KL Inthis case, the LSP is too long for LER A
to inpose the full |abel stack, so it uses the assistance of

del egation hops LSR D and LSR | to inpose parts of the |abel stack

Each del egation hop allocates a del egation |abel to represent a set
of labels that will be pushed at this hop. Wen a packet arrives at
a del egation hop LSRwith a delegation |abel, the LSR pops the |abe
and pushes a set of |abels before forwardi ng the packet.

1250d
+---+100p +---+150p +---+200p +---+250p +---+300p +---+
| Af----- | Bl------ | Cl------ | Df------ | Ef------ | F
+-- -+ +-- -+ +-- -+ +-- -+ +-- -+ +-- -+

| 350p

1500d I
+---+ 600p+---+ 550p+---+ 500p+---+ 450p+---+ 400p+---+
| Lf------ | Kf------ RS ISR | H------ + G
+-- -+ +-- -+ +-- -+ +-- -+ +-- -+ +-- -+

Not ati on: <Label>p - TE link | abe
<Label >d - Del egation | abe

Figure 2: Del egating Label Stack Inposition
5.1. Stacking at the Ingress
When del egation | abels come into play, there are two stacking

approaches fromwhich the ingress can choose. Section 7 explains how
the | abel stack can be constructed.
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5.1.1. Stack to Reach Del egati on Hop

In this approach, the stack pushed by the ingress carries a set of

| abels that will take the packet to the first del egation hop. Wen
this approach is enployed, the set of |abels represented by a

del egation | abel at a given delegation hop will include the
correspondi ng del egation | abel fromthe next delegation hop. As a
result, this delegation |abel can only be shared anong LSPs that are
destined to the same egress and traverse the same downstream pat h.

Thi s approach is shown in Figure 3. The delegation |abel 1250
represents the stack {300, 350, 400, 450, 1500}, and the del egation
| abel 1500 represents the | abel stack {550, 600}.

+---+ +---+ +---+
| A-----.....----- | D|-----.....----- | ]-----.....
+---+ +---+ +---+
Pop 1250 & Pop 1500 &
Push Push Push
- 150: 1250- > 300 1500- > 550
. 200: . 350: . 600:
1 1250: . 400: L.
...... . 450:
1 1500:

Figure 3. Stack to Reach Del egati on Hop

Wth this approach, the ingress LER A will push {150, 200, 1250} for
the tunnel in Figure 2. At LSR D, the delegation |abel 1250 will get
popped, and {300, 350, 400, 450, 1500} wll get pushed. At LSR I,
the del egation | abel 1500 will get popped, and the renaining set of

| abel s {550, 600} will get pushed.
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5.1.2. Stack to Reach Egress

In this approach, the stack pushed by the ingress carries a set of

| abels that will take the packet all the way to the egress so that

all the delegation |abels are part of the stack. Wen this approach
is enployed, the set of |abels represented by a del egation |abel at a
gi ven del egation hop will not include the correspondi ng del egati on

| abel fromthe next delegation hop. As a result, this del egation

| abel can be shared among all LSPs traversing the segment between the
two del egation hops.

The downsi de of this approach is that the nunber of hops that the LSP
can traverse is dictated by the | abel stack push lint of the
i ngress.

Thi s approach is shown in Figure 4. The delegation |abel 1250
represents the stack {300, 350, 400, 450}, and the del egation | abe
1500 represents the | abel stack {550, 600}.

+---+ +---+ +---+
| A-----... .. ----- | D|-----.....----- | I ]-----... ..
+---+ +---+ +---+
Pop 1250 & Pop 1500 &

Push Push Push
© 150: 1250- > 300: 1500- > 550
. 200: . 350: . 600:
1 1250: . 400: L.
: 1500: . 450:
...... iisbbi

Figure 4. Stack to Reach Egress

Wth this approach, the ingress LER A will push {150, 200, 1250,
1500} for the tunnel in Figure 2. At LSR D, the del egation | abe
1250 wil I get popped, and {300, 350, 400, 450} will get pushed. At
LSR I, the delegation |abel 1500 will get popped, and the renaining
set of |abels {550, 600} will get pushed. The signaling extension
required for the ingress to indicate the chosen stacking approach is
defined in Section 9.6.
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5.2. Explicit Del egation

In this delegation option, the ingress LER can explicitly del egate
one or nore specific transit LSRs to handl e pushing | abels for a
certain nunber of their downstream hops. |In order to accurately pick
the del egation hops, the ingress needs to be aware of the |abel stack
depth push linmt (total nunmber of MPLS |abels that can be inposed,
including all service/transport/special |abels) of each of the
transit LSRs prior to initiating the signaling sequence. The
mechani sm by which the ingress or controller (hosting the path
conputation elenment) learns this information is outside the scope of
thi s docunent. Base MPLS Inposition MSD (BM -MSD) advertisenent,
specified in [RFC8491], is an exanple of such a nechani sm

The signaling extension required for the ingress LER to explicitly
del egate one or nore specific transit hops is defined in Section 9.4.
The extension required for the delegation hop to indicate that the
recorded |l abel is a delegation label is defined in Section 9.5.

5.3. Automatic Del egation

In this approach, the ingress LER | ets the downstream LSRs
automatically pick suitable del egation hops during the initial
signal i ng sequence. The ingress does not need to be aware up front
of the | abel stack depth push limt of each of the transit LSRs.

Thi s approach SHOULD be used if there are | oose hops [ RFC3209] in the
explicit route. The del egati on hops are picked based on a per-hop
signaled attribute called the Effective Transport Label -Stack Depth
(ETLD), as described in the next section

5.3.1. Effective Transport Label -Stack Depth (ETLD)

The ETLD is signaled as a per-hop recorded attribute in the Path
message [ RFC7570]. Wien autonmatic del egation is requested, the

i ngress MJST popul ate the ETLD with the maxi mum nunber of transport

| abels that it can potentially send to its downstream hop. This

val ue is then decrenented at each successive hop. |If a node is
reached and it is deternmined that this hop cannot support automatic
del egation, then it MJST NOT use TE link | abels and use regul ar

| abel s instead. |If a node is reached where the ETLD set fromthe
previous hop is 1, then that node MJST select itself as the

del egation hop. |If a node is reached and it is determined that this
hop cannot receive nore than one transport |abel, then that node MJST
select itself as the delegation hop. |If there is a node or a
sequence of nodes along the path of the LSP that do not support ETLD
then the i medi ate hop that supports ETLD MUST select itself as the
del egati on hop. The ETLD MJUST be decrenented at each non-del egation
transit hop by either 1 or sone appropriate nunber based on the |oca
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policy. For example, consider a transit node with a |l ocal policy
that mandates it to take the | abel stack read limt into account when
decrenmenting the ETLD. Wth this policy, the ETLD is decremented in
such a way that the transit hop does not receive nore labels in the
stack than it can read. At each del egation hop, the ETLD MJST be
reset to the maxi num nunber of transport |abels that the hop can
send, and the ETLD decrenments start again at each successive hop
until either a new del egation hop is selected or the egress is
reached. As a result, by the time the Path nmessage reaches the
egress, all delegation hops are selected. During the Resv
processing, at each del egation hop, a suitable delegation |abel is
sel ected (either an existing label is reused or a new | abel is

al l ocated) and recorded in the Resv message.

Consi der the exanple shown in Figure 5. Let’s assune ingress LER A
can push up to three transport |abels while the remai ni ng nodes can
push up to five transport |abels. The ingress LER A signals the
initial Path nmessage with ETLD set to 3. The ETLD value is adjusted
at each successive hop and signal ed downstream as shown. By the tine
the Path message reaches the egress LER L, LSRs D and | are
automatically sel ected as del egati on hops.

ETLD: 3 ETLD: 2 ETLD: 1 ETLD: 5 ETLD: 4

----- > p— p— p— p—
1250d
+---+100p +---+150p +---+200p +---+250p +---+300p +---+
| Af----- | B|----- | Cl----- | DJ----- | Ef----- | F| ETLD3
+---+ +---+ +---+ +---+ +---+ +---+
| 350p |
I I
1500d | |
+---+ 600p+---+ 550p+---+ 500p+---+ 450p+---+ 400p+---+ v
| L]----- | K|----- | 3 ]----- U | H|-----+ G+
+---+ +---+ +---+ +---+ +---+ +---+

ETLD: 3 ETLD: 4 ETLD: 5 ETLD: 1 ETLD: 2

Figure 5: ETLD

When an LSP that requests automatic del egation al so requests facility
backup protection [ RFC4090], the ingress or the del egati on hop MJST
account for the bypass tunnel’s |abel (s) when popul ating the ETLD
Hence, when a regul ar bypass tunnel is used to protect the facility,
the ETLD that gets popul ated on these nodes is one | ess than what
gets popul ated for a correspondi ng unprotected LSP
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Signaling extension for the ingress LER to request autonatic

del egation is defined in Section 9.4. The extension for signaling

the ETLD is defined in Section 9.7. The extension required for the
del egation hop to indicate that the recorded |l abel is a del egation

| abel is defined in Section 9.5.

6. Mxing TE Link Labels and Regul ar Labels in an RSVP-TE Tunne

Label s can be m xed across transit hops in a single MPLS RSVP-TE LSP
Certain LSRs can use TE link | abels and others can use regul ar

| abel s. The ingress can construct a |abel stack appropriately based
on what type of label is recorded fromevery transit LSR

(#) (#)
+---+100 4---+150 +---+200 +---+250 H---+

| A----- | B----- | Cl----- | D|----- | E|
+---+ +---+ +---+ +---+ +---+
| 110 | 450 | 550 | 650 | 850
I I I I I
| | 400 | 500 | 600 | 800
| +---+ +---+ +---+ +---+
oo | Fl----- 1G |----- |H - 1

+---+300 +---+350 +---+700 +---+

Not ati on: (#) denotes regular |abels
QO her labels are TE link |abels

Figure 6: Sanple Topology -- TE Link Labels and Regul ar Label s

If the transit LSR allocates a regular |abel to be sent upstreamin
the Resv, then the | abel operation at the LSRis a swap to the | abe
received fromthe downstream LSR If the transit LSRis using a TE
link | abel to be sent upstreamin the Resv, then the | abel operation
at the LSRis a pop and forward regardl ess of any |abel received from
the downstream LSR. There is no change in the behavior of a
penul ti mate hop popping (PHP) LSR [ RFC3031].

Section 7 explains how the | abel stack can be constructed. For

exanple, the LSP fromA to | using path A-B-CD-E-1 will use a |abel
stack of {150, 200}.
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7. Construction of Label Stacks

The ingress LER or del egati on hop MIST check the type of |abe
received fromeach transit hop as recorded in the RROin the Resv
message and generate the appropriate |abel stack to reach the next
del egati on hop or the egress.

The following logic is used by the node constructing the |abel stack
Each RRO | abel sub-object MJST be processed starting with the

| abel sub-object fromthe first downstream hop. Any |abe
provi ded by the first downstream hop MJST al ways be pushed on the

| abel stack regardless of the label type. |If the label type is a
TE link label, then any |abel fromthe next downstream hop MJST
al so be pushed on the constructed | abel stack. |If the |abel type

is a regular |abel, then any | abel fromthe next downstream hop
MUST NOT be pushed on the constructed | abel stack. |If the |abe
type is a delegation |abel, then the type of stacking approach
chosen by the ingress for this LSP (Section 5.1) MJST be used to
determ ne how the del egation | abels are pushed in the | abel stack

8. Facility Backup Protection

The foll owi ng section describes how link protection works with
facility backup protection [ RFC4090] using regul ar bypass tunnels for
the Segment Routed RSVP-TE tunnels. The procedures for supporting
node protection are not discussed in this docunent. The use of
Segnent Routed bypass tunnels for providing facility protection is

| eft for further study.

8.1. Link Protection

To provide link protection at a Point of Local Repair (PLR) with a
shared MPLS forwarding plane, the LSR MIST allocate a separate TE
link label for the TE link that will be used for RSVP-TE tunnel s that
request link protection fromthe ingress. No signaling extensions
are required to support link protection for RSVP-TE tunnels over the
shared MPLS forwarding pl ane.

At each LSR, link-protected TE link |abels can be allocated for each
TE link, and a link-protecting facility backup LSP can be created to
protect the TE link. The link-protected TE Iink | abel can be sent by
the LSR for LSPs requesting link protection over the specific TE
link. Since the facility backup term nates at the next hop (merge
point), the incom ng | abel on the packet will be what the merge point
expects.
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9

9

Consi der the network shown in Figure 7. LSR B can install a facility
backup LSP for the link-protected TE link |abel 151. Wen the TE
link B-Cis up, LSR B will pop 151 and send the packet to C. If the
TE link B-Cis down, the LSR can pop 151 and send the packet via the
facility backup to C

101(*) 151(*) 201(*) 251(*)
+---+100  +---+150  +4---4200  +---+250  4---+
| A----e- | B|------ | Cl------ | DJ------ | E|
e e e e e

| 110 | 450 | 550 | 650 | 850
I I I

| | 400 | 500 | 600 | 800
| oo+ oo+ oo+ oo+
hoooee | Fl------ |G |------ IH - I

+---+300 +---+350 +---+700 +---+
Notation: (*) denotes link-protected TE link |abels
Figure 7: Link Protection Topol ogy
Prot ocol Extensions
1. Requirenents

The functionality discussed in this docunent inposes the follow ng
requi renents on the signaling protocol

0 The ingress of the LSP needs to have the ability to mandate/
request the use and recording of TE link |abels at all hops al ong
the path of the LSP

o When the use of TE link | abels is mandated/requested for the path:

* the node recording the TE link | abel needs to have the ability
to indicate whether the recorded label is a TE link | abel

* the ingress needs to have the ability to del egate | abel stack
i mposi tion by:

+ explicitly mandating specific hops to be del egati on hops, or

+ requesting automatic del egation
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9. 2.

9. 3.

9. 4.

Sit

* \When explicit delegation is mandated or automatic del egation is
request ed:

+ the ingress needs to have the ability to indicate the chosen
st acki ng approach, and

+ the del egation hop needs to have the ability to indicate
that the recorded |l abel is a delegation |abel

Attribute Flags TLV: TE Link Labe
Bit Number 16: TE Link Labe

The presence of this flag in the LSP_ATTRI BUTES/
LSP_REQUI RED _ATTRI BUTES obj ect [ RFC5420] of a Path nessage indicates
that the ingress has requested/ mandated the use and recording of TE
link abels at all hops along the path of this LSP. Wen a node that
recogni zes this flag but does not cater to the nmandate because of

| ocal policy receives a Path nessage carrying the
LSP_REQUI RED ATTRI BUTES object with this flag set, it MJST send a
Pat hErr nmessage with an error code of 'Routing Problem (24)’ and an
error value of "TE link | abel usage failure (70)'. A transit hop
that caters to this request/nmandate MJST al so check for the presence
of other Attribute Flags introduced in this document (Sections 9.4
and 9.6) and process them as specified. An ingress LER that sets
this bit MJST al so set the "label recording desired" flag [ RFC3209]
in the SESSI ON_ATTRI BUTE obj ect .

RRO Label Sub-object Flag: TE Link Labe
Fl ag (0x02): TE Link Labe

The presence of this flag indicates that the recorded |abel is a TE
link Iabel. This flag MJUST be used by a node only if the use and
recording of TE link | abels are requested/ nmandated for the LSP

Attribute Flags TLV: LSI-D
Bit Number 17: Label Stack Inposition - Delegation (LSI-D)

Automati ¢ Del egation: The presence of this flag in the LSP_ATTRI BUTES
obj ect of a Path nessage indicates that the ingress has requested
automati c del egation of |abel stack inposition. This flag MJST be
set in the LSP_ATTRI BUTES object of a Path nessage only if the use
and recording of TE link | abels are requested/ mandated for this LSP.
If the transit hop does not support this flag, it MJST NOT use TE
link | abels and use regular labels instead. |If the use of TE link
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| abel s was mandated in the LSP_REQUI RED ATTRI BUTES object, it MJST
send a Pat hErr message with an error code of 'Routing Problem (24)’
and an error value of "TE link | abel usage failure (70)’

Explicit Del egation: The presence of this flag in the HOP_ATTRI BUTES
sub- obj ect [ RFC7570] of an Explicit Route Object (ERO in the Path
message i ndicates that the hop identified by the preceding | Pv4d or

I Pv6 or Unnunbered Interface |ID sub-object has been picked as an
explicit del egation hop. The HOP_ATTRI BUTES sub-object carrying this
flag MUST have the R (Required) bit set. This flag MJST be set in

t he HOP_ATTRI BUTES sub-obj ect of an ERO object in the Path nessage
only if the use and recording of TE link | abels are requested/
mandated for this LSP. |If the hop recognizes this flag but is not
able to comply with this nmandate because of |ocal policy, it MJST
send a Pat hErr message with an error code of 'Routing Problem (24)
and an error value of ’Label stack inposition failure (71)’

9.5. RRO Label Sub-object Flag: Del egation Labe
Flag (0x04): Del egation Labe

The presence of this flag indicates that the recorded | abel is a

del egation label. This flag MJST be used by a node only if the use
and recording of TE Iink | abels and del egati on are requested/ nandat ed
for the LSP.

9.6. Attributes Flags TLV: LSI-D S2E

Bit Number 18: Label Stack Inposition - Delegation - Stack to Reach
Egress (LSl -D S2E)

The presence of this flag in the LSP_ATTRI BUTES obj ect of a Path
message i ndicates that the ingress has chosen to use the "Stack to
reach egress" approach for stacking. The absence of this flag in the
LSP_ATTRI BUTES obj ect of a Path nmessage indicates that the ingress
has chosen to use the "Stack to reach del egati on hop" approach for
stacking. This flag MJST be set in the LSP_ATTRI BUTES obj ect of a
Pat h nessage only if the use and recording of TE |link | abels and

del egati on are requested/ mandated for this LSP. |If the transit hop
is not able to support the "Stack to reach egress" approach, it MJST
send a Pat hErr nmessage with an error code of 'Routing Problem (24)’
and an error value of 'Label stack inposition failure (71)’.
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10.

7. Attributes TLV: ETLD

The format of the ETLD Attributes TLV is shown in Figure 8. The
Attribute TLV Type is 6

0 1 2 3
01234567890123456789012345678901
B T I e R i i i T S S e e I e ik oI I S S e S S
| Reserved | ETLD |
el i I e i it T e e e e i i T o S e e S e T R R

Figure 8: The ETLD Attributes TLV

The presence of this TLV in the HOP_ATTRI BUTES sub-object of an RRO
object in the Path nessage indicates that the hop identified by the
preceding I Pv4 or I Pv6 or Unnunbered Interface |ID sub-object supports
automatic delegation. This attribute MJUST be used only if the use
and recording of TE link |abels are requested/ nandated and automatic
del egation is requested for the LSP

The ETLD field specifies the effective nunber of transport |abels
that this hop (inrelation to its position in the path) can
potentially send to its downstream hop. It MJST be set to a non-zero
val ue.

The Reserved field is for future specification. 1t SHOULD be set to
zero on transm ssion and MJST be ignored on receipt to ensure future
conpatibility.

OAM Consi der ati ons

MPLS LSP ping and traceroute [ RFC8029] are applicable for Segment
Rout ed RSVP-TE tunnels. The existing procedures allow for the | abel
stack inposed at a delegation hop to be reported back in the Labe
Stack Sub-TLV in the MPLS echo reply for traceroute.
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11.

11.

11.

I ANA Consi derations
1. Attribute Flags: TE Link Label, LSI-D, LSI-D S2E

| ANA nanages the "Attribute Flags’ subregistry as part of the

" Resource Reservation Protocol-Traffic Engi neering (RSVP-TE)
Paraneters’ registry located at <http://ww.iana. org/assi gnments/
rsvp-te-paraneters>. This docunent introduces three new Attribute
Fl ags:

Bit Nane Attribute Attribute RRO ERO Reference

No Flags Path Fl ags Resv

16 TE Li nk Label Yes No No No [RFC8577],
Section 9.2

17 LSl -D Yes No No Yes [ RFC8577],
Section 9.4

18 LSl - D- S2E Yes No No No [RFC8577],
Section 9.6

2. Attribute TLV: ETLD

I ANA nanages the "Attribute TLV Space" registry as part of the
"Resource Reservation Protocol-Traffic Engi neering (RSVP-TE)
Paraneters’ registry located at <http://ww.iana.org/assignnments/
rsvp-te-paraneters>. This docunment introduces a new Attribute TLV.

Type Narme Allowed on Al'l oned on Al l oned on Reference
LSP_ATTRI BUTES LSP_REQUI RED LSP Hop
_ATTRIBUTES Attributes

6 ETLD No No Yes [ RFC8577],
Section 9.7
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11.3. Record Route Label Sub-object Flags: TE Link Label, Del egation
Label

I ANA nanages the "Record Route Object Sub-object Flags" registry as
part of the "Resource Reservation Protocol -Traffic Engineering (RSVP-
TE) Paraneters" registry located at <http://ww.iana. org/assi gnments/
rsvp-te-paraneters>. Prior to this docunment, this registry did not

i ncl ude Label Sub-object Flags. This docunment creates the addition
of a new subregistry for Label Sub-object Flags as shown bel ow

Flag Nane Ref erence
0x1 G obal Label [ RFC3209]
0x02 TE Link Label [ RFC8577], Section 9.3
0x04 Del egation Label [ RFC8577], Section 9.5

11.4. Error Codes and Error Val ues

I ANA maintains a registry called "Resource Reservation Protocol
(RSVP) Paraneters” with a subregistry called "Error Codes and

A obal | y-Defined Error Val ue Sub-Codes". Wthin this subregistry is
a definition of the "Routing Probleni Error Code (24). The
definition lists a nunber of error values that may be used with this
error code. |ANA has allocated further error values for use with
this Error Code as described in this docunment. The resulting entry
in the registry is as foll ows.

24 Routing Problem [ RFC3209]

This Error Code has the follow ng globally defined Error
Val ue sub- codes:

70
71

TE link | abel usage failure [ RFC8577]
Label stack inposition failure [ RFC8577]

12. Security Considerations

Thi s docunent does not introduce new security issues. The security
considerations pertaining to the original RSVP protocol [RFC2205] and
RSVP- TE [ RFC3209] and those that are described in [RFC5920] renain
rel evant.
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