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I ntroduction

Segment Routing (SR) | everages the source-routing paradigm Using
SR, a source node steers a packet through a path w thout relying on
hop- by-hop signaling protocols such as LDP or RSVP-TE. Each path is
specified as an ordered list of instructions called "segnents". Each
segnent is an instruction to route the packet to a specific place in
the network or to performa function on the packet. A database of
segnments can be distributed through the network using a routing
protocol (such as IS-1S or OSPF) or by any other neans. Severa

types of segments are defined. A node segnent uniquely identifies a
specific node in the SR domain. Each router in the SR donain

associ ates a node segnment with an ECMP-aware shortest path to the
node that it identifies. An adjacency segnent represents a

uni di rectional adjacency. An adjacency segnent is |ocal to the node
that advertises it. Both node segnents and adjacency segments can be
used for SR

[ RFC8402] describes the SR architecture. The corresponding IS 1S and
OSPF extensions are specified in [ RFC8667] and [ RFC8665],
respectivel y.



The SR architecture can be inplenented using either an MPLS

forwardi ng pl ane [ RFC8660] or an | Pv6 forwarding plane [IPv6-SRH .
The MPLS forwardi ng plane can be applied to SR without any change; in
whi ch case, an SR path corresponds to an MPLS Label Switching Path
(LSP). This docunent is relevant to the MPLS forwarding pl ane only.
In this docurment, "Node-SID' and "Adj-SID' denote the Node Segnent
Identifier and Adj acency Segnent ldentifier, respectively.

An SR path can be derived froman | GP Shortest Path Tree (SPT).
Segnent Routing Traffic-Engineering (SR-TE) paths may not follow an
| GP SPT. Such paths may be chosen by a suitable network planning
tool and provisioned on the ingress node of the SR-TE path.

[ RFC5440] describes the Path Conputation El enent Communication

Prot ocol (PCEP) for communication between a Path Conputation dient
(PCC) and a Path Conputation El erent (PCE) or between a pair of PCEs.
A PCE conputes paths for MPLS Traffic-Engineering (MPLS-TE) LSPs
based on various constraints and optim zation criteria. [RFC8231]
specifies extensions to PCEP that allow a stateful PCE to conpute and
recomrend network paths in conpliance with [ RFC4657]. It also
defines objects and TLVs for MPLS-TE LSPs. Stateful PCEP extensions
provi de synchroni zation of LSP state between a PCC and a PCE or

bet ween a pair of PCEs, del egation of LSP control, reporting of LSP
state froma PCCto a PCE, and control of the setup and path routing
of an LSP froma PCE to a PCC. Stateful PCEP extensions are intended
for an operational nodel in which LSPs are configured on the PCC, and
control over themis delegated to the PCE

A mechanismto dynanically initiate LSPs on a PCC based on the
requests froma stateful PCE or a controller using stateful PCE is
specified in [RFC8281]. This nechanismis useful in Software-Defined
Net wor ki ng (SDN) applications, such as on-denmand engi neering or

bandwi dt h cal endari ng [ RFC8413].

It is possible to use a stateful PCE for conputing one or nore SR-TE
pat hs, taking into account various constraints and objective
functions. Once a path is chosen, the stateful PCE can initiate an
SR-TE path on a PCC using the PCEP extensions specified in [ RFC8281]
and the SR-specific PCEP extensions specified in this docunent.

Addi tionally, using procedures described in this docunent, a PCC can
request an SR path fromeither a stateful or a statel ess PCE

This specification relies on the procedures specified in [ RFC8408] to
exchange the Segnent Routing capability and to specify that the path
setup type of an LSP is Segnent Routing. This specification also
updates [RFC8408] to clarify the use of sub-TLVs in the PATH SETUP-
TYPE- CAPABI LI TY TLV. See Section 4.1.1 for details.

Thi s specification provides a nechanismfor a network controller
(acting as a PCE) to instantiate candi date paths for an SR Policy
onto a head-end node (acting as a PCC) using PCEP. For nore
informati on on the SR Policy Architecture, see [SR PQOLI CY].

Ter m nol ogy

The following ternmnology is used in this docunent:

ERO Explicit Route Object

| GP: Interior Gateway Protocol

IS-1S: Internediate Systemto Internediate System
LSR: Label Switching Router

VBD: Base MPLS Inposition Maxi mum SI D Depth, as defined in
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[ RFC8491]
NAI : Node or Adjacency ldentifier
OSPF: Open Shortest Path First
PCC. Pat h Conputation dient
PCE: Pat h Conput ati on El enent

PCEP: Pat h Conmput ati on El ement Communi cati on Protocol

RRC Record Route bject
Sl D Segnent ldentifier
SR: Segnent Routi ng

SR-DB: Segnent Routing Dat abase: the collection of SR@&s, SRLBs, and
SIDs and the objects they map to, advertised by a |link-state
| GP

SR-TE: Segnent Routing Traffic Engineering
SRGB: Segnment Routing G obal Bl ock

SRLB: Segnent Routing Local Bl ock

Requi renment s 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
capital s, as shown here.

Overvi ew of PCEP Operation in SR Networks

In an SR network, the ingress node of an SR path prepends an SR
header to all outgoing packets. The SR header consists of a |list of
SIDs (or MPLS | abels in the context of this document). The header
has all necessary information so that, in conbination with the
information distributed by the 1 GP, the packets can be guided from
the ingress node to the egress node of the path; hence, there is no
need for any signaling protocol

In PCEP nessages, LSP route information is carried in the Explicit
Rout e nject (ERO, which consists of a sequence of subobjects. SR
TE paths conputed by a PCE can be represented in an ERO in one of the
foll owi ng forns:

* An ordered set of |P addresses representing network nodes/|inks.

* An ordered set of SIDs, with or without the corresponding IP
addr esses.

* An ordered set of MPLS |labels, with or without corresponding IP
addr esses.

The PCC converts these into an MPLS | abel stack and next hop, as
described in Section 5.2.2.

Thi s docunent defines a new ERO subobj ect denoted by "SR-ERO
subobject" that is capable of carrying a SID as well as the identity
of the node/adjacency represented by the SID. SR-capable PCEP
speakers should be able to generate and/or process such an ERO
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subobj ect. An ERO contai ni ng SR-ERO subobj ects can be included in
the PCEP Path Conputation Reply (PCRep) nessage defined in [ RFC5440],
the Path Conputation LSP Initiate Request (PClnitiate) nessage
defined in [ RFC8281], and the Path Conputation Update Request (PCUpd)
and Path Conputation State Report (PCRpt) nessages for LSPs defined
in [ RFC8231].

Wien a PCEP session between a PCC and a PCE is established, both PCEP
speakers exchange their capabilities to indicate their ability to
support SR-specific functionality.

A PCE can update an LSP that is initially established via RSVP-TE
signaling to use an SR-TE path by sending a PCUpd to the PCC that

del egated the LSP to it [RFC8231]. A PCC can update an undel egat ed
LSP that is initially established via RSVP-TE signhaling to use an SR
TE path as follows. First, it requests an SR-TE path from a PCE by
sendi ng a Path Conputati on Request (PCReq) nessage. |If it receives a
suitable path, it establishes the path in the data plane and then
tears down the original RSVP-TE path. |If the PCE is stateful, then
the PCC sends PCRpt nessages indicating that the new path is set up
and the old path is torn down, per [RFC8231].

Simlarly, a PCE or PCC can update an LSP initially created with an
SR-TE path to use RSVP-TE signaling, if necessary. This capability
is useful for rolling back a change when a network is mgrated from
RSVP- TE to SR-TE t echnol ogy.

A PCC MAY include a Record Route Object (RRO containing the recorded
LSP in PCReq and PCRpt nessages as specified in [ RFC5440] and

[ RFC8231], respectively. This docunment defines a new RRO subobject
for SR networks. The methods used by a PCC to record the SR-TE LSP
are outside the scope of this docunent.

In sunmary, this docunent:

* Defines a new ERO subobj ect, a new RRO subobject, and new PCEP
error codes.

* Specifies how two PCEP speakers can establish a PCEP session that
can carry information about SR-TE pat hs.

* Specifies processing rules for the ERO subobject.

* Defines a new path setup type to be used in the PATH SETUP- TYPE
and PATH SETUP- TYPE- CAPABI LI TY TLVs [ RFC8408].

* Defines a new sub-TLV for the PATH SETUP- TYPE- CAPABI LI TY TLV.
The extensions specified in this document conpl enent the existing
PCEP specifications to support SR-TE paths. As such, the PCEP
messages (e.g., PCReq, PCRep, PCRpt, PCUpd, PCinitiate, etc.) are
formatted according to [ RFC5440], [RFC8231], [RFC8281], and any ot her
appl i cabl e PCEP specifications.

hj ect Formats
1. The OPEN Obj ect
1.1. The Path Setup Type Capability TLV

[ RFC8408] defines the PATH SETUP-TYPE- CAPABI LI TY TLV for use in the
OPEN obj ect. The PATH SETUP- TYPE- CAPABI LI TY TLV contains an opti onal
list of sub-TLVs, which are intended to convey paraneters that are
associated with the path setup types supported by a PCEP speaker.

Thi s specification updates [ RFC8408] as follows. It creates a new



registry that defines the valid type indicators of the sub-TLVs of

t he PATH SETUP- TYPE- CAPABI LI TY TLV (see Section 8.6). A PCEP speaker
MUST NOT include a sub-TLV in the PATH SETUP- TYPE- CAPABI LI TY TLV
unless it appears in this registry. |f a PCEP speaker receives a
sub- TLV whose type indicator does not match one of those fromthe
registry or is not recognized by the speaker, then the speaker MJST

i gnore the sub-TLV.

4.1.2. The SR PCE Capability Sub-TLV
Thi s docunent defines a new Path Setup Type (PST) for SR, as follows:

PST = 1: Traffic-engineering path is set up using Segnent
Rout i ng.

A PCEP speaker SHOULD indicate its support of the function described
in this document by sending a PATH SETUP- TYPE- CAPABI LI TY TLV in the
OPEN object with this new PST included in the PST list.

This docunent al so defines the SR PCE- CAPABI LI TY sub-TLV. PCEP
speakers use this sub-TLV to exchange information about their SR
capability. |If a PCEP speaker includes PST=1 in the PST list of the
PATH- SETUP- TYPE- CAPABI LI TY TLV, then it MJST al so include the SR-PCE-
CAPABI LI TY sub-TLV inside the PATH SETUP- TYPE- CAPABI LI TY TLV.

The format of the SR-PCE- CAPABILITY sub-TLV is shown in the foll ow ng
figure:

0 1 2 3
01234567890123456789012345678901
i S S T i S S e e i S S S S

| Type=26 | Lengt h=4 |
i i i T i I S i e s o o i i
| Reserved | Fl ags | NI X VsSD |

i s i T S e S T T il o S R S S S
Figure 1: SR-PCE- CAPABI LI TY Sub-TLV For mat
The codepoint for the TLV type is 26. The TLV length is 4 octets.
The 32-bit value is formatted as foll ows.

Reserved: MJST be set to zero by the sender and MUST be ignored by
the receiver.

Flags: This docunent defines the following flag bits. The other
bits MJST be set to zero by the sender and MJST be ignored by the
receiver.

N: A PCC sets this flag bit to 1 to indicate that it is
capabl e of resolving a Node or Adjacency ldentifier (NAl)
to a SID

X A PCC sets this flag bit to 1 to indicate that it does not
i mpose any limt on the MSD

Maxi mum SI D Depth (MSD): specifies the maxi mum nunber of SIDs (MPLS
| abel stack depth in the context of this docunent) that a PCCis
capabl e of inposing on a packet. Section 5.1 explains the
rel ati onship between this field and the X-Fl ag.

4.2. The RP/SRP hj ect

To set up an SR-TE LSP using SR, the Request Parameter (RP) or
Stat eful PCE Request Paraneter (SRP) object MJST include the PATH
SETUP- TYPE TLV, specified in [RFC8408], with the PST set to 1 (and



pat h setup using SR-TE)
The LSP-1DENTI FI ERS TLV MAY be present for the above PST type.
4.3. ERO

An SR-TE path consists of one or nore SIDs where each SID MAY be
associated with the identifier that represents the node or adjacency
corresponding to the SID. This identifier is referred to as the NAI
As described later, an NAl can be represented in various formats
(e.g., IPv4 address, |Pv6 address, etc). Furthernore, an NAl is used
for troubl eshooting purposes and, if necessary, to derive a SID val ue
as descri bed bel ow.

The ERO specified in [RFC5440] is used to carry SR-TE path
information. |In order to carry a SID and/or NAlI, this docunent
defines a new ERO subobject referred to as the "SR ERO subobject"”,
whose format is specified in the follow ng section. An ERO carrying
an SR-TE path consists of one or nore ERO subobjects, and it MJST
carry only SR-ERO subobjects. Note that an SR-ERO subobject does not
need to have both the SID and NAI. However, at |east one of them
MUST be present.

When buil ding the MPLS | abel stack from ERO, a PCC MJST assume that
SR- ERO subobj ects are organi zed as a last-in-first-out stack. The
first subobject relative to the begi nning of ERO contains the

i nformati on about the topnost |abel. The |last subobject contains

i nformati on about the bottonmost | abel

4.3.1. SR-ERO Subobj ect
An SR- ERO subobject is formatted as shown in the foll ow ng di agram

0 1 2 3
01234567890123456789012345678901
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| L] Type=36 | Length | NT | Fl ags |FI S| M
B T S i T s i i e e SEI S
| SID (optional) |
I S i o T s S S S e s s T
/1 NAI (variabl e, optional) /1
B i aT T e e o S o S S S I T et sl o ST S S S S S S

Figure 2: SR-ERO Subobject For mat
The fields in the SR-ERO subobject are as foll ows:

The L-Flag: |Indicates whether the subobject represents a | oose hop
in the LSP [RFC3209]. If this flag is set to zero, a PCC MUST NOT
overwite the SID value present in the SR-ERO subobject.

O herwi se, a PCC MAY expand or replace one or nore SID values in
the recei ved SR-ERO based on its local policy.

Type: Set to 36

Length: Contains the total length of the subobject in octets. The
Length MJUST be at |east 8 and MJUST be a multiple of 4. An SR-ERO
subobj ect MJST contain at least one SID or NAI. The flags
descri bed bel ow i ndi cate whether the SID or NAl fields are absent.

NAI Type (NT): Indicates the type and format of the NAI contained in
the object body, if any is present. |If the F bit is set to zero
(see below), then the NT field has no neani ng and MJST be i gnored
by the receiver. This docunent describes the follow ng NT val ues:

NT=0 The NAI is absent.



4. 3.

NT=1

NT=2

NT=4
NT=5
NT=6

Fl ags:
This

MUST
recei

The NAl is an | Pv4 node |ID

The NAI is an | Pv6 node |D.

The NAI is an | Pv4 adjacency.

The NAI is an | Pv6 adjacency with global |Pv6 addresses.

The NAI is an unnunbered adjacency with | Pv4 node I Ds.

The NAI is an I Pv6 adjacency with link-local |IPv6 addresses.

Used to carry additional information pertaining to the SID.
docunent defines the following flag bits. The other bits
be set to zero by the sender and MJUST be ignored by the
ver.

If this bit is set to 1, the SID value represents an MPLS

| abel stack entry as specified in [RFC3032]. O herwi se, the
SID value is an adm nistratively configured val ue that
represents an index into an MPLS | abel space (either SRGB or
SRLB) per [RFC8402].

If the Mbit and the C bit are both set to 1, then the TC, S,
and TTL fields in the MPLS | abel stack entry are specified by
the PCE. However, a PCC MAY choose to override these val ues
according to its local policy and MPLS forwarding rules. |If
the Mbit is set to 1 but the Cbit is set to zero, then the
TC, S, and TTL fields MJST be ignored by the PCC. The PCC
MJST set these fields according to its local policy and MPLS
forwarding rules. If the Mbit is set to zero, then the C
bit MJUST be set to zero

When this bit is set to 1, the SID value in the subobject
body is absent. In this case, the PCCis responsible for
choosing the SID value, e.g., by looking it up in the SR-DB
using the NAI that, in this case, MJST be present in the
subobject. If the S bit is set to 1, then the Mand C bits
MUST be set to zero

When this bit is set to 1, the NAl value in the subobject
body is absent. The F bit MJST be set to 1 if NTI=0;
otherwi se, it MJST be set to zero. The S and F bits MJST NOT
both be set to 1.

SID: The Segnent Identifier. Depending on the Mbit, it contains

either:

* A 4-octet index defining the offset into an MPLS | abel space
per [ RFC8402] or

* A 4-octet MPLS | abel stack entry, where the 20 nost significant
bits encode the | abel value per [RFC3032].

NAI:  The NAI associated with the SID. The NAl's format depends on
the value in the NT field and is described in the follow ng

secti

on.

At | east one SID and NAI MJST be included in the SR-ERO subobject,
and both MAY be incl uded.

2. NA

Associated with SID

Thi s docunent defines the follow ng NAls:



I Pv4 Node ID: Specified as an I Pv4 address. In this case, the NT
value is 1, and the NAI field length is 4 octets.

| Pv6 Node ID: Specified as an IPv6 address. |In this case, the NT
value is 2, and the NAI field length is 16 octets.

| Pv4 Adj acency: Specified as a pair of |IPv4 addresses. In this
case, the NT value is 3, and the NAI field length is 8 octets.
The format of the NAI is shown in the follow ng figure:

0 1 2 3
01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Local |Pv4 address |
R e s T o T S R El ok i R e e S S e o o s
| Renote | Pv4 address |
R e o T T e S S T ol S i T S s ik i I S I S S R S R

Figure 3: NAl for |Pv4 Adjacency

| Pv6 d obal Adjacency: Specified as a pair of global |Pv6 addresses.
It is used to describe an | Pv6 adjacency for a |link that uses
gl obal 1Pv6 addresses. Each global 1Pv6 address is configured on
a specific router interface, so together they identify an
adj acency between a pair of routers. 1In this case, the NT val ue
is 4, and the NAl field length is 32 octets. The format of the
NAI is shown in the followi ng figure

0 1 2 3
01234567890123456789012345678901
i S S T i S S e e i S S S S

/1 Local |1 Pv6 address (16 octets) /1
i i i T i I S i e s o o i i
/1 Renote | Pv6 address (16 octets) /1

B i s sl o S S S S N i e ik T SEIE TR e Sl R R i S S e e i e i
Figure 4: NAI for |IPv6 d obal Adjacency

Unnunber ed Adj acency with | Pv4 Nodel Ds: Specified as a pair of (node
ID, interface ID) tuples. |In this case, the NT value is 5, and
the NAI field length is 16 octets. The format of the NAI is shown
in the follow ng figure:

0 1 2 3
01234567890123456789012345678901
R i T I e T S S e S TR S T e i I S e S e e e e o o
| Local Node ID |
i T s i o S i i S R I S I S S S M
| Local Interface ID |
B T S i T s i i e e SEI S
| Renote Node | D |
R i T I e T S S e S TR S T e i I S e S e e e e o o
| Renote Interface I D |
i T s i o S i i S R I S I S S S M

Figure 5: NAl for Unnunbered Adjacency with | Pv4 Node | Ds

I Pv6 Link-Local Adjacency: Specified as a pair of (global |Pv6
address, interface ID) tuples. It is used to describe an |Pv6
adj acency for a link that uses only link-1ocal |Pv6 addresses.
Each gl obal 1 Pv6 address is configured on a specific router, so
together they identify a pair of adjacent routers. The interface
IDs identify the link that the adjacency is forned over. 1In this
case, the NT value is 6, and the NAI field length is 40 octets.
The format of the NAl is shown in the follow ng figure:
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4.5.

0 1 2 3

01234567890123456789012345678901
i i i T i I S i e s o o i i
/1 Local |1 Pv6 address (16 octets) /1
R et e s i o e s i i
| Local Interface ID |
B i s T T i i o S o T Ji I
/1 Renote | Pv6 address (16 octets) /1
i i i T i I S i e s o o i i
| Renote Interface ID |
R et e s i o e s i i

Figure 6: NAI for IPv6 Link-Local Adjacency
RRO

A PCC reports an SR-TE LSP to a PCE by sending a PCRpt nessage, per

[ RFC8231]. The RRO on this nessage represents the SID list that was
applied by the PCC, that is, the actual path taken by the LSP. The
procedures of [RFC8231] with respect to the RRO apply equally to this
speci fication w thout change.

An RRO contains one or nore subobjects called "SR RRO subobj ects”,
whose format is shown bel ow

0 1 2 3

01234567890123456789012345678901
R i T I e T S S e S TR S T e i I S e S e e e e o o
| Type=36 | Length | NT | Fl ags | FI S| M
i T s i o S i i S R I S I S S S M

SID

L-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-L
/1 NAI (vari abl e) /1
R i T I e T S S e S TR S T e i I S e S e e e e o o

Figure 7: SR-RRO Subobject Format

The format of the SR-RRO subobject is the sanme as that of the SR ERO
subobj ect, but w thout the L-Flag.

A PCC MUST order the SR RRO subobjects such that the first subobject
relative to the beginning of the RROidentifies the first segnent
visited by the SR-TE LSP, and the | ast subobject identifies the final
segnent of the SR-TE LSP, that is, its endpoint.

METRI C Obj ect

A PCC MAY request that PCE optim zes an individual path conputation
request to mnimze the SID depth of the conputed path by using the
METRI C obj ect defined in [ RFC5440]. This docunent defines a new type
for the METRIC object to be used for this purpose, as follows:

T = 11: Maxi mum SI D Depth of the requested path.

If the PCC includes a METRIC object of this type on a path
conputation request, then the PCE mninmzes the SID depth of the
conmputed path. |[|f the B (bound) bit is set to 1 in the METRIC

obj ect, then the PCE MUST NOT return a path whose SID depth exceeds
the given metric value. |If the PCC did not set the X-Flag in its SR
PCE- CAPABI LI TY TLV, then it MJST set the B bit to 1. |If the PCC set
the X-Flag in its SR PCE-CAPABILITY TLV, then it MAY set the B bit to
1 or zero.

If a PCEP session is established with a non-zero default MsSD val ue,
then the PCC MUST NOT send an MSD METRI C object with an MSD greater
than the session’s default MSD. |f the PCE receives a path



5.

5.

comput ation request with an MSD METRI C obj ect on such a session that
is greater than the session’s default MSD, then it MJST consi der the
request invalid and send a PCEP Error (PCErr) with Error-Type = 10
("Reception of an invalid object") and Error-value = 9 ("MSD exceeds
the default for the PCEP session").

Pr ocedur es
1. Exchanging the SR PCE Capability

A PCC indicates that it is capable of supporting the head-end
functions for SR-TE LSP by including the SR-PCE-CAPABI LI TY sub-TLV in
the Open message that it sends to a PCEE A PCE indicates that it is
capabl e of conputing SR-TE paths by including the SR PCE- CAPABI LI TY
sub-TLV in the OQpen nmessage that it sends to a PCC.

If a PCEP speaker receives a PATH SETUP- TYPE- CAPABI LI TY TLV with a
PST |ist containing PST=1, and supports that path setup type, then it
checks for the presence of the SR-PCE- CAPABI LI TY sub-TLV. If that
sub-TLV is absent, then the PCEP speaker MJST send a PCErr nessage
with Error-Type = 10 ("Reception of an invalid object") and Error-
value = 12 ("M ssing PCE- SR- CAPABI LI TY sub-TLV') and MJST then cl ose
the PCEP session. |f a PCEP speaker receives a PATH SETUP- TYPE-
CAPABI LI TY TLV with a SR-PCE- CAPABI LI TY sub-TLV, but the PST Ili st
does not contain PST=1, then the PCEP speaker MJST ignore the SR-PCE-
CAPABI LI TY sub- TLV.

If a PCC sets the NFlag to 1, then the PCE MAY send an SR-ERO
subobj ect containing an NAl and no SID (see Section 5.2). Oherw se,
the PCE MUST NOT send an SR-ERO subobj ect containing an NAI and no

Sl D.

The nunber of SIDs that can be inposed on a packet depends on the
PCC s data-plane capability. |If a PCC sets the X-Flag to 1, then the
MSD i s not used and MUST be set to zero. |If a PCE receives an SR
PCE- CAPABI LI TY sub-TLV with the X-Flag set to 1, then it MJST ignore
the MSD field and assunme that the sender can inpose a SID stack of
any depth. |If a PCC sets the X-Flag to zero, then it sets the MSD
field to the maxi mum nunber of SIDs that it can inpose on a packet.
In this case, the PCC MJST set the MSD to a nunber greater than zero.
If a PCE receives an SR-PCE- CAPABI LI TY sub-TLV with the X-Flag and
MSD both set to zero, then it MJST send a PCErr nmessage with Error-
Type = 10 ("Reception of an invalid object"”) and Error-value = 21

(" Maxi mum SI D depth nust be non-zero") and MJUST then cl ose the PCEP
sessi on.

Note that the MSD val ue exchanged via the SR PCE- CAPABI LI TY sub-TLV
indicates the SID/I abel inposition limt for the PCC node. It is
anticipated that, in many depl oynents, the PCCs will have network
interfaces that are honpgeneous with respect to MsD (that is, each
interface has the sane MSD). In such cases, having a per-node MSD on
the PCEP session is sufficient; the PCE SHOULD interpret this to nean
that all network interfaces on the PCC have the given MSD. However,
the PCE MAY al so | earn a per-node MsD and a per-interface MsSD from
the routing protocols, as specified in [ RFC8491], [RFC8476], and
[MSD-BGP]. |If the PCE | earns the per-node MsD of a PCC from a
routing protocol, then it MJST ignore the per-node MsSD value in the
SR- PCE- CAPABI LI TY sub-TLV and use the per-node MSD | earned fromthe
routing protocol instead. |If the PCE | earns the MSD of a network
interface on a PCC froma routing protocol, then it MJST use the per-
interface MSD i nstead of the MSD value in the SR PCE- CAPABI LI TY sub-
TLV when it conputes a path that uses that interface.

Once an SR-capabl e PCEP session is established with a non-zero MSD
val ue, the correspondi ng PCE MUST NOT send SR-TE paths with a numnber
of SIDs exceeding that MSD value. |If a PCC needs to nodify the MSD



value, it MJIST close the PCEP session and re-establish it with the
new MSD value. |f a PCEP session is established with a non-zero MSD
val ue, and the PCC receives an SR-TE path containing nore SIDs than
specified in the MSD val ue, the PCC MJUST send a PCErr nessage with
Error-Type = 10 ("Reception of an invalid object") and Error-val ue =
3 ("Unsupported nunber of SR-ERO subobjects"). |If a PCEP session is
established with an MSD val ue of zero, then the PCC MAY specify an
MBD for each path conputation request that it sends to the PCE, by

i ncluding a "maxi mum SI D dept h" METRI C object on the request, as
defined in Section 4.5.

The N-Flag, X-Flag, and MSD val ue inside the SR PCE- CAPABI LI TY sub-
TLV are neaningful only in the Open nmessage sent froma PCC to a PCE
As such, a PCE MJUST set the N-Flag to zero, X-Flag to 1, and MSD
value to zero in an outbound nessage to a PCC. Sinilarly, a PCC MIST
i gnore any MsSD value received froma PCE. |If a PCE receives multiple
SR- PCE- CAPABI LI TY sub-TLVs in an Open nessage, it processes only the
first sub-TLV received.

5.2. ERO Processing
5.2.1. SR-ERO Validation

If a PCC does not support the SR PCE Capability and thus cannot
recogni ze the SR-ERO or SR-RRO subobjects, it will respond according
to the rules for a mal forned object per [RFC5440].

On receiving an SR-ERO, a PCC MJUST validate that the Length field, S
bit, F bit, and NT field are consistent, as follows.

* |f NI=0, the F bit MJST be 1, the S bit MJST be zero, and the
Length MUST be 8.

* |f NT=1, the F bit MJST be zero. |If the Sbit is 1, the Length
MJUST be 8; otherw se, the Length MJST be 12.

* |f NI=2, the F bit MJST be zero. |If the Sbit is 1, the Length

MUST be 20; otherw se, the Length MJST be 24.

* |f NT=3, the F bit MJST be zero. |If the Sbit is 1, the Length

MUST be 12; otherw se, the Length MJST be 16.

* |f NI=4, the F bit MJST be zero. |If the Sbit is 1, the Length

MUST be 36; otherw se, the Length MJST be 40.

* |f NT=5, the F bit MJST be zero. |If the Sbit is 1, the Length

MUST be 20; otherwise, the Length MJUST be 24.

* |f NI=6, the F bit MJST be zero. |If the Sbit is 1, the Length
MUST be 44; otherw se, the Length MJST be 48.

If a PCC finds that the NT field, Length field, S bit, and F bit are
not consistent, it MJST consider the entire ERO invalid and MJUST send
a PCErr message with Error-Type = 10 ("Reception of an invalid
object”) and Error-value = 11 ("Ml forned object").

If a PCC does not recognize or support the value in the NT field, it
MUST consider the entire ERO invalid and MJUST send a PCErr nessage
with Error-Type = 10 ("Reception of an invalid object") and Error-
value = 13 ("Unsupported NAI Type in the SR-ERQO SR- RRO subobject").

If a PCC receives an SR-ERO subobject in which the S and F bits are
both set to 1 (that is, both the SID and NAl are absent), it MJST
consider the entire EROinvalid and send a PCErr nessage with Error-
Type = 10 ("Reception of an invalid object") and Error-value = 6
("Both SID and NAI are absent in the SR-ERO subobject").



If a PCC receives an SR-ERO subobject in which the Sbhit is set to 1
and the F bit is set to zero (that is, the SIDis absent and the NAI
is present), but the PCC does not support NAlI resolution, it MJST
consider the entire EROinvalid and send a PCErr nessage with Error-
Type = 4 ("Not supported object") and Error-value = 4 ("Unsupported
par aneter").

If a PCC receives an SR-ERO subobject in which the Sbhit is set to 1
and either (or both) the Mbit or the Chit is set to 1, it MJST
consider the entire EROinvalid and send a PCErr nessage with Error-
Type = 10 ("Reception of an invalid object") and Error-value = 11
("Ml formed object").

If a PCC receives an SR-ERO subobject in which the Sbhit is set to
zero and the Mbit is set to 1, then the subobject contains an MPLS
| abel . The PCC MAY choose not to accept a | abel provided by the PCE,
based on its local policy. The PCC MUST NOT accept MPLS | abel val ue
3 (I'nplicit NULL), but it MAY accept other special -purpose MPLS | abel
values. |If the PCC decides not to accept an MPLS | abel value, it
MUST send a PCErr nessage with Error-Type = 10 ("Reception of an
invalid object") and Error-value = 2 ("Bad | abel value").

If both the Mand C bits of an SR-ERO subobject are set to 1, and if
a PCC finds an erroneous setting in one or nore of the TC, S, and TTL
fields, it MAY overwite those fields with values chosen according to
its own policy. |If the PCC does not overwite them it MJIST send a
PCErr message with Error-Type = 10 ("Reception of an invalid object")
and Error-value = 4 ("Bad | abel format").

If the Mbit of an SR-ERO subobject is set to zero but the Cbit is
set to 1, then the PCC MJST consider the entire ERO invalid and MJUST
send a PCErr nessage with Error-Type = 10 ("Reception of an invalid
object") and Error-value = 11 ("Ml forned object").

If a PCC receives an SR-ERO subobject in which the S bit is set to
zero and the Mbit is set to zero, then the subobject contains a SID
index value. |If the SIDis an Adj-SID, then the L-Flag MJUST NOT be
set. If the L-Flag is set for an Adj-SID, then the PCC MJUST send a
PCErr message with Error-Type = 10 ("Reception of an invalid object")
and Error-value = 11 ("Ml fornmed object").

If a PCC detects that the subobjects of an ERO are a m xture of SR-
ERO subobj ects and subobjects of other types, then it MJST send a
PCErr nmessage with Error-Type = 10 ("Reception of an invalid object")
and Error-value = 5 ("ERO ni xes SR-ERO subobj ects with other

subobj ect types").

The SR- ERO subobj ects can be classified according to whether they
contain a SID representing an MPLS | abel value or an index val ue, or
no SID. If a PCC detects that the SR ERO subobjects are a m xture of
nmore than one of these types, then it MJST send a PCErr nessage with
Error-Type = 10 ("Reception of an invalid object") and Error-val ue =
20 ("Inconsistent SIDs in SR-ERQO SR RRO subobjects").

If an ERO specifies a new SR-TE path for an existing LSP and the PCC
determ nes that the ERO contai ns SR-ERO subobjects that are not
valid, then the PCC MJUST NOT update the LSP.

5.2.2. Interpreting the SR ERO

The SR-ERO contains a sequence of subobjects. Each SR-ERO subobj ect
in the sequence identifies a segnment that the traffic will be
directed to, in the order given. That is, the first subobject
identifies the first segment the traffic will be directed to, the
second subobject represents the second segnment, and so on.



The PCC interprets the SR-ERO by converting it to an MPLS | abel stack
pl us a next hop. The PCC sends packets along the segnment-routed path
by prepending the MPLS | abel stack onto the packets and sending the
resulting, nodified packet to the next hop

The PCC uses a different procedure to do this conversion, depending
on the information that the PCE has provided in the subobjects.

* |f the subobjects contain SID index values, then the PCC converts
theminto the corresponding MPLS | abels by follow ng the procedure
defined in [ RFC8660] .

* |f the subobjects contain NAIs only, the PCC first converts each
NAI into a SID index value and then proceeds as above. To convert
an NAl to a SID index, the PCC |ooks for a fully specified prefix
or adjacency matching the fields in the NAI. If the PCC finds a
mat chi ng prefix/adjacency, and the matchi ng prefix/adjacency has a
SID associated with it, then the PCC uses that SID. |f the PCC
cannot find a matching prefix/adjacency, or if the natching
prefix/adjacency has no SID associated with it, the PCC behaves as
specified in Section 5.2.2.1

* |f the subobjects contain MPLS | abels, then the PCC | ooks up the
of fset of the first subobject’s label inits SRGB or SRLB. This
gives the first SID. The PCC pushes the | abels in any renmining
subobj ects onto the packet (with the final subobject specifying
the bottom of -stack | abel).

For all cases above, after the PCC has inposed the |abel stack on the
packet, it sends the packet to the segnent identified by the first
SI D.

5.2.2.1. Handling Errors During SR-ERO Conversion

There are several errors that can occur during the process of
converting an SR-ERO sequence to an MPLS | abel stack and a next hop
The PCC deals with themas foll ows.

* |f the PCC cannot find a SIDindex in the SR-DB, it MJST send a
PCErr message with Error-Type = 10 ("Reception of an invalid
object") and Error-value = 14 ("Unknown SID").

* |f the PCC cannot find an NAl in the SR-DB, it MJST send a PCErr
message with Error-Type = 10 ("Reception of an invalid object")
and Error-value = 15 ("NAl cannot be resolved to a SID").

* |f the PCC needs to convert a SIDinto an MPLS | abel val ue but
cannot find the corresponding router’s SRGB in the SR-DB, it MJST
send a PCErr nessage with Error-Type = 10 ("Reception of an
invalid object") and Error-value = 16 ("Could not find SRG").

* |f the PCC finds that a router’s SR@G is not |arge enough for a
SID index value, it MJST send a PCErr nessage with Error-Type = 10
("Reception of an invalid object") and Error-value = 17 ("SID
i ndex exceeds SRGB size").

* |If the PCC needs to convert a SID into an MPLS | abel val ue but
cannot find the corresponding router’s SRLB in the SR-DB, it MJST
send a PCErr nmessage with Error-Type = 10 (" Reception of an
invalid object"”) and Error-value = 18 ("Could not find SRLB").

* |f the PCC finds that a router’s SRLB is not |arge enough for a
SID index value, it MJST send a PCErr nessage with Error-Type = 10
("Reception of an invalid object") and Error-value = 19 ("SID
i ndex exceeds SRLB size").
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* |f the nunber of labels in the conputed | abel stack exceeds the
maxi mum nunber of SIDs that the PCC can inpose on the packet, it
MJUST send a PCErr nessage with Error-Type = 10 ("Reception of an
invalid object") and Error-value = 3 ("Unsupported nunber of SR-
ERO subobj ects").

If an ERO specifies a new SR-TE path for an existing LSP and the PCC
encounters an error while processing the ERO then the PCC MJUST NOT
update the LSP

RRO Processi ng

The synt ax-checking rules that apply to the SR-RRO subobject are
i dentical to those of the SR-ERO subobject, except as noted bel ow

If a PCEP speaker receives an SR-RRO subobject in which both SID and
NAI are absent, it MJST consider the entire RROinvalid and send a
PCErr message with Error-Type = 10 ("Reception of an invalid object")
and Error-value = 7 ("Both SID and NAI are absent in the SR-RRO
subobj ect").

If a PCE detects that the subobjects of an RRO are a mixture of SR-
RRO subobj ects and subobjects of other types, then it MJST send a
PCErr message with Error-Type = 10 ("Reception of an invalid object")
and Error-value = 10 ("RRO m xes SR- RRO subobj ects with other

subobj ect types").

The SR- RRO subobj ects can be classified according to whether they
contain a SID representing an MPLS | abel value or an index val ue, or
no SID. If a PCE detects that the SR RRO subobjects are a m xture of
nore than one of these types, then it MJST send a PCErr nessage with
Error-Type = 10 ("Reception of an invalid object") and Error-val ue =
20 ("Inconsistent SIDs in SR-ERO/ SR RRO subobjects").

Management Consi derati ons

Thi s docunent adds a new path setup type to PCEP to allow LSPs to be

set up using Segnent Routing techniques. This path setup type may be
used with PCEP al ongsi de other path setup types, such as RSVP-TE, or

it my be used exclusively.

Controlling the Path Setup Type

The followi ng factors control which path setup type is used for a
gi ven LSP.

* The avail able path setup types are constrained to those that are
supported by, or enabled on, the PCEP speakers. The PATH SETUP-
TYPE- CAPABI LI TY TLV i ndi cates which path setup types a PCEP
speaker supports. To use Segment Routing as a path setup type, it
is a prerequisite that the PCC and PCE both include PST=1 in the
list of supported path setup types in this TLV and al so include
t he SR- PCE- CAPABI LI TY sub- TLV.

* \When a PCE initiates an LSP, it proposes which path setup type to
use by including it in the PATH SETUP-TYPE TLV in the SRP object
of the PClnitiate nessage. The PCE chooses the path setup type
based on the capabilities of the network nodes on the path and on
its local policy. The PCC MAY choose to accept the proposed path
setup type or to reject the PClnitiate request, based on its loca

policy.

* \When a PCC requests a path for an LSP, it can noninate a preferred
path setup type by including it in the PATH SETUP-TYPE TLV in the
RP obj ect of the PCReq nessage. The PCE MAY choose to reply with
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a path of the requested type, reply with a path of a different
type, or reject the request, based on the capabilities of the
net wor k nodes on the path and on its | ocal policy.

The operator can influence the path setup type as foll ows.

* I nplenmentati ons MIST all ow the operator to enable and di sable the
Segnent Routing path setup type on a PCEP-speaki ng device.
I mpl enent ati ons MAY al so all ow the operator to enable and di sabl e
the RSVP-TE path setup type.

*  PCE inplementations MJST all ow the operator to specify that an LSP
shoul d be instantiated using Segnent Routing or RSVP-TE as the
proposed path setup type.

* PCE inplenmentations MAY allow the operator to configure a
preference for the PCE to propose paths using Segnent Routing or
RSVP-TE in the absence of a specified path setup type.

* PCC inplementations MJST allow the operator to specify that a path
requested for an LSP noni nates Segnent Routing or RSVP-TE as the
pat h setup type.

* PCC inplenmentations MAY all ow the operator to configure a
preference for the PCC to noni nate Segnent Routing or RSVP-TE as
the path setup type if none is specified for an LSP.

* PCC inplenmentations SHOULD al |l ow the operator to configure a PCC
to refuse to set up an LSP using an undesired path setup type.

M grating a Network to Use PCEP Segnent - Rout ed Pat hs

Thi s section discusses the steps that the operator takes when
mgrating a network to enable PCEP to set up paths using Segnent
Routing as the path setup type.

* The operator enables the Segnment Routing PST on the PCE servers.
* The operator enabl es the Segnent Routing PST on the PCCs.

* The operator resets each PCEP session. The PCEP sessions cone
back up with Segment Routing enabl ed.

* |f the operator detects a problem they can roll the network back
toits initial state by disabling the Segment Routing PST on the
PCEP speakers and resetting the PCEP sessions.

Note that the data plane is unaffected if a PCEP session is reset.
Any LSPs that were set up before the session reset will remain in
place and will still be present after the session cones back up.

An i npl enentation SHOULD al |l ow the operator to manually trigger a
PCEP session to be reset.

An i nmpl enentati on MAY automatically reset a PCEP session when an
operator reconfigures the PCEP speaker’s capabilities. However, note
that if the capabilities at both ends of the PCEP session are not
reconfigured sinultaneously, then the session could be reset twi ce,
which could |l ead to unnecessary network traffic. Therefore, such

i mpl ement ati ons SHOULD al | ow the operator to override this behavior
and wait instead for a manual reset.

Once Segnent Routing is enabled on a PCEP session, it can be used as
the path setup type for future LSPs.

User traffic is not automatically migrated fromexisting LSPs onto



segnment-routed LSPs just by enabling the Segment Routing PST in PCEP
The migration of user traffic fromexisting LSPs onto Segnent Routing
LSPs is beyond the scope of this docunent.

6.3. Verification of Network Operation

6

4.

The operator needs the following information to verify that PCEP is
operating correctly with respect to the Segnent Routing path setup

t ype.

* An inplenmentation SHOULD all ow the operator to view whether the
PCEP speaker sent the Segment Routing PST capability to its peer.
If the PCEP speaker is a PCC, then the inplenentation SHOULD al so
all ow the operator to view the values of the L-Flag and N-Fl ag
that were sent and the value of the MSD field that was sent.

* An inplenmentation SHOULD all ow the operator to view whether the
peer sent the Segnent Routing PST capability. |If the peer is a
PCC, then the inplementation SHOULD al so allow the operator to
view the values of the L-Flag and N-Flag and MSD fields that the
peer sent.

* An inplenmentation SHOULD all ow the operator to view whether the
Segment Routing PST is enabled on the PCEP session

* | f one PCEP speaker advertises the Segnment Routing PST capability,
but the other does not, then the inplenentation SHOULD create a
log to informthe operator of the capability m smatch.

* An inplenentati on SHOULD al |l ow the operator to view the PST that
was proposed, or requested, for an LSP and the PST that was
actual ly used

* |f a PCEP speaker decides to use a different PST to the one that
was proposed, or requested, for an LSP, then the inplenmentation
SHOULD create a log to informthe operator that the expected PST
has not been used. The | og SHOULD gi ve the reason for this choice
(local policy, equipnent capability, etc.).

* |f a PCEP speaker rejects a Segnment Routing path, then it SHOULD
create a log to informthe operator, giving the reason for the
deci sion (local policy, MD exceeded, etc.).

Rel ati onship to Existing Managenent Nbdel s

The PCEP YANG nodule is defined in [ PCE-PCEP-YANG. |In the future,
this YANG nodul e shoul d be extended or augnented to provide the
followi ng additional information relating to Segnent Routi ng:

* The advertised PST capabilities and MSD per PCEP session

* The PST configured for, and used by, each LSP

The PCEP M B [ RFC7420] could al so be updated to include this
i nformation.

Security Considerations

The security considerations described in [ RFC5440], [RFC8231],
[ RFC8281], and [ RFC8408] are applicable to this specification. No
addi tional security measures are required.

Note that this specification enables a network controller to
instantiate a path in the network without the use of a hop-by-hop
signaling protocol (such as RSVP-TE). This creates an additiona

vul nerability if the security mechani snms of [RFC5440], [RFC8231], and



[ RFC8281] are not used. |If there is no integrity protection on the
session, then an attacker could create a path that is not subjected
to the further verification checks that woul d be perforned by the
signal i ng protocol .

Note that this specification adds the MSD field to the Open nessage
(see Section 4.1.2), which discloses how many MPLS | abel s the sender
can push onto packets that it forwards into the network. |[If the
security nechani sns of [RFC8231] and [ RFC8281] are not used with
strong encryption, then an attacker could use this newfield to gain
intelligence about the capabilities of the edge devices in the

net wor k.

8. | ANA Consi derati ons
8.1. PCEP ERO and RRO Subobj ects

Thi s docunent defines a new subobject type for the PCEP ERO and a new
subobj ect type for the PCEP RRO The codepoints for subobject types
of these objects are maintained in the "Resource Reservation Protocol
(RSVP) Paraneters" registry, under the EXPLICI T_ROUTE and
ROUTE_RECORD obj ects, respectively.

S o m e e e e e e e aao o S +
| Object | Subobj ect | Subobj ect Type |
[ s et s sty sy o}
| EXPLICIT_ROUTE | SR-ERO (PCEP specific) | 36 |
o a o e e e e e oo o a o +
| ROUTE_ RECORD | SR-RRO (PCEP specific) | 36 |
S o m e e e e e e e aao o S +
Table 1

8.2. New NAl Type Registry

| ANA has created a new sub-registry within the "Path Conputation
El ement Protocol (PCEP) Nunbers" registry called "PCEP SR-ERO NAI
Types". The allocation policy for this newregistry is by |IETF
Revi ew [ RFC8126]. The new registry contains the follow ng val ues:

S o m e e e e e e aaa oo oo +
| Value | Description | Reference |
[ ettty e ————————————————————————— s U
| O | NAI is absent. | This docunent |
Fomm o - o m e e e e e e e aaao o oo +
| 1 | NAI is an | Pv4 node |D | This document |
S o m e e e e e e aaa oo oo +
| 2 | NAI is an | Pv6 node ID. | This document |
R, o e e e e e e e e e e aa o - T +
| 3 | NAI is an | Pv4 adjacency | This docunent |
Fomm o - o m e e e e e e e aaao o oo +
| 4 | NAI is an | Pv6 adjacency with | This docunment |
| | global |Pv6 addresses. | |
N o e e e e e e e meme oo o m e e e oo - +
| 5 | NAI is an unnunbered | This document |
| | adjacency with I Pv4 node IDs. | |
Fomm o - o m e e e e e e e aaao o oo +
| 6 | NAI is an | Pv6 adjacency with | This docunment |
| | link-local |IPv6 addresses. | |
N o e e e e e e e meme oo o m e e e oo - +
| 7-15 | Unassigned | |
AR, o mm e e e e e e a— oo oo S +
Tabl e 2

8.3. New SR-ERO Fl ag Registry



8. 4.

| ANA has created a new sub-registry, naned "SR-ERO Fl ag Fiel d",
within the "Path Conputation El enent Protocol (PCEP) Nunbers"
registry to nanage the Flag field of the SR ERO subobject. New
val ues are to be assigned by Standards Action [RFC8126]. Each bit
shoul d be tracked with the follow ng qualities:

* Bit nunber (counting frombit O as the nost significant bit)

* Capability description

* Defining RFC

The foll owi ng values are defined in this docunent:

+o-m o - o m e e e e e e e e e eee oo s o +
| Bit | Description | Reference |
| 0-7 | Unassigned | |
+----- oo m e e e e e e e e e e ao - S +
| 8 | NAI is absent (F) | This docunent |
+o-m o - o m e e e e e e e e e eee oo s o +
| 9 | SIDis absent (S) | This document |
Fomm - - St o m e e e oo - +

| 10 | SID specifies TC, S, and TTL in | This docunent |
| | addition to an MPLS | abel (O | |

Table 3
PCEP- Error nj ect

| ANA has all ocated the followi ng codepoints in the "PCEP- ERROR Obj ect
Error Types and Val ues" registry for the follow ng new Error-val ues:

R o e e e e oo oo m e e e e e e e e e e ao - +
| Error-Type | Meaning | Error-val ue |
| 10 | Reception of an | [
| | invalid object | |
R o e e e oo o e e e e e e e e e e e e e e +
| | | 2: Bad | abel value |
Fom ek o e e e oo o mm e e e e e e eee oo s +

I | | 4: Bad |abel format |

| I | 5: ERO mi xes SR-ERO subobjects |
| | | with other subobject types |

| | | 6: Both SID and NAI are absent |
| | | in the SR-ERO subobj ect |

| | | 7: Both SID and NAI are absent |
| | | in the SR RRO subobj ect |

| | | 9: MSD exceeds the default for |
| | | the PCEP session |

| | | 10: RRO m xes SR- RRO subobjects |
| | | with other subobject types |

| | | 12: M ssing PCE-SR-CAPABILITY |
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| | | sub-TLV |

| | | 13: Unsupported NAI Type in the |
I I | SR-ERQ SR- RRO subobj ect |

T o o m e e e e e e e eee— oo +
| | | 14: Unknown SID |
R o e e e oo o e e e e e e e e e e e e e e +
| | | 15: NAI cannot be resolved to a |
I I | SID I
Fom e e o - o e e oo o m e e e e e e e e e eee oo s +
| | | 16: Could not find SRGB |
Fomm e oo - o e e e e oo - St +
| | | 17: SID index exceeds SRGB size |
R o e e e e oo oo m e e e e e e e e e e ao - +
| | | 18: Could not find SRLB |
Fom e e o - o e e oo o m e e e e e e e e e eee oo s +
| | | 19: SID index exceeds SRLB size |
Fomm e oo - o e e e e oo - St +

| | | 20: Inconsistent SIDs in SR-ERO |

Fom ek o e e e oo o mm e e e e e e eee oo s +

| | | 21: MSD nust be non-zero |

T o o m e e e e e e e eee— oo +
Table 4

PCEP TLV Type | ndicators

| ANA has all ocated the foll owi ng codepoint in the "PCEP TLV Type
Indicators” registry. Note that this TLV type indicator is
deprecated but retained in the registry to ensure conpatibility with
early inplenentations of this specification. See Appendix A for
detail s.

Fommma - e S RIS +

| Value | Meaning | Reference |

[ gttty S ——————————————————————— Ll p—p—p—(———r

| 26 | SR-PCE- CAPABI LI TY (deprecated) | This docunent |

S D . S I +
Table 5

PATH- SETUP- TYPE- CAPABI LI TY Sub-TLV Type Indicators

| ANA has created a new sub-registry, naned "PATH SETUP- TYPE-

CAPABI LI TY Sub-TLV Type Indicators", within the "Path Conputation

El ement Protocol (PCEP) Nunbers" registry to manage the type

i ndi cator space for sub-TLVs of the PATH SETUP- TYPE- CAPABI LI TY TLV.
New val ues are to be assigned by Standards Action [RFC8126]. The
valid range of values in the registry is 0-65535. |ANA has
initialized the registry with the followi ng values. Al other val ues
in the registry should be marked as "Unassi gned".

B S, o e e e e m e i oo Fom e e e oo - +
| Value | Meaning | Reference |
[ el e fumsfems e ey e
| O | Reserved | This docunent |
Fomm o - o e e oo s o +
| 26 | SR-PCE- CAPABI LITY | This document |
B S, o e e e e m e i oo Fom e e e oo - +
Table 6

New Path Setup Type

A sub-registry within the "Path Conputation El ement Protocol (PCEP)
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Nunbers” registry called "PCEP Path Setup Types" was created in
[ RFC8408]. | ANA has allocated a new codepoint within this registry,
as foll ows:

Fommma - e T S +
| Value | Description | Reference |
[ ettty e ————————————(————————————— Ll —p—p—(———r
| 1 | Traffic-engineering path is | This |
| | set up using Segnent Routing. | docunment |
dememaas o e e ieeeeieieeeaccieaaaas - +

Table 7
8. New Metric Type

| ANA has all ocated the foll owi ng codepoint in the PCEP "METRI C Obj ect
T Field" registry:

+------- B T I I S I +

| Value | Description | Reference |

[ ettty b ety ety o

| 11 | Segnent-ID (SID) Depth. | This docunent |

+----- - I T I I T +
Table 8

9. SR PCE Capability Flags

| ANA has created a new sub-registry, naned "SR Capability Flag
Field', within the "Path Computation El ement Protocol (PCEP) Nunbers"
registry to manage the Flag field of the SR-PCE- CAPABI LI TY TLV. New
val ues are to be assigned by Standards Action [RFC8126]. Each bit
shoul d be tracked with the followi ng qualities:

* Bit nunber (counting frombit O as the mpbst significant bit)

* Capability description

* Defining RFC

The following values are defined in this docunent:

+- - - - - o e e e e e oo o S +
| Bit | Description | Reference |
F =t —————————+d———————————+
| 0-5 ] Unassigned | |
+-- e - L R T +
| 6 | Node or Adjacency ldentifier | This |
| | (NAI') is supported (N) | document |
+- - - - - o e e e e e e o - M +
| 7 ] Unlimted Maxi mum SID Depth | This |
| [ (X | document |
+-- e - L R T +
Table 9
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Appendi x A.  Conpatibility with Early | npl enentations

An early inplementation of this specification will send the SR
CAPABI LI TY-TLV as a top-level TLV in the OPEN object instead of

sendi ng the PATH SETUP- TYPE- CAPABI LI TY TLV in the OPEN obj ect.

I mpl enentations that wish to interoperate with such early

i mpl ement ati ons should al so send the SR-CAPABI LI TY-TLV as a top-I|evel
TLV in their OPEN object and should interpret receiving this top-

| evel TLV as though the sender had sent a PATH SETUP- TYPE- CAPABI LI TY
TLV with a PST list of (0, 1) (that is, both RSVP-TE and SR-TE PSTs



are supported) with the SR CAPABILITY-TLV as a sub-TLV. |If a PCEP
speaker receives an OPEN object in which both the SR CAPABI LI TY-TLV
and PATH SETUP- TYPE- CAPABI LI TY TLV appear as top-level TLVs, then it
shoul d i gnore the top-level SR-CAPABILITY-TLV and process only the
PATH SETUP- TYPE- CAPABI LI TY TLV.
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