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Abst ract

Segnment Routing (SR) allows a node to steer a packet flow al ong any
path. SR Policy is an ordered list of segments (i.e., instructions)
that represent a source-routed policy. The packets steered into an
SR Policy carry an ordered |list of segnents associated with that SR
Policy. An SR Policy can be instantiated SR-MPLS and SRv6 data

pl anes.

Maxi mum SI D Depth (MSD) is first introduced for SR-MPLS to indicate
the nunber of SIDs supported by a node or a link on a node. This
concept is further extended for SRv6 with nore types of MSD. MSD may
become one of the limtations that need to be consi dered when
computing an SR-TE path for PCE

This draft specifies some MSD considerations PCE needs to take into
account when computing an SR-TE pat h.

Status of This Meno

This Internet-Draft is submtted in full confornmance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute

wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunents valid for a maxi num of six nonths
and may 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."
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1. I nt roduction

Segnent Routing (SR) [ RFC8402] allows a node to steer a packet flow
al ong any path. A Segnent Routing Policy (SR Policy) [RFC8402] is an
ordered list of segnents that represent a source-routed policy. The
headend node is said to steer a flowinto an SR Policy. The packets
steered into an SR Policy have an ordered list of segnents associ ated
with that SR Policy witten into them Segment Routing Policy
Architecture [ RFC9256] updates [RFCB402] as it details the concepts
of SR Policy and steering into an SR Policy. An SR Policy can be
instantiated SR-MPLS and SRv6 data pl anes.
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The concept of Maximum SID Depth (MSD) [RFCB491] is first introduced
for SR-MPLS to express the nunber of SIDs supported by a node or a
link on a node, and the Base MPLS Inposition MSD is defined to

i ndi cate the nunber of MPLS | abels that can be inposed by a router.
And the concept is further extended for SRv6 with nore types of MSD
defined in [ RFC9352].

MSD rmay become one of the limtations that need to be considered when
computing an SR-TE path for PCE

For SR-MPLS, [RFC8664] defines the SR-PCE- CAPABI LITY sub-TLV. PCEP
speakers use this sub-TLV to exchange information about their SR
capability, including MSD, which indicates that a PCC is capable of
i mposi ng on a packet. [RFC8664] al so specifies MSD considerations
PCE needs to take into account when conputing the nunber of SIDs in
an SR-TE path. Specifically, it mandates that once an SR-capable
PCEP session is established with a non-zero MsD val ue, the
correspondi ng PCE MJUST NOT send SR-TE paths with a nunber of SIDs
exceedi ng that MSD val ue.

Simlarly, for SRv6, [RFC9603] specifies that a PCE MUST NOT send
SRv6 pat hs that exceed the SRv6 MSD capabilities of the PCC

However, the limtation of MSD could be |oosen to allow one nbore SID
inthe SIDIist that is sent by the PCE in the follow ng scenari os:

* \When the first SIDin an SR Policy SID list is an adjacency SID
attached by the headend, for SR-MPLS, the top adjacency SID is not
i nposed on the packet, for SRv6, the inplenmentation can al so
choose not to include the top adjacency SID in the SRH

* For SRv6, when a reduced SRH [ RFC8754] is used, the first segment
of the related SR Policy is not inposed in the reduced SRH

Moreover, not all of the SRv6 MSDs defined in [ RFC9352] are about the
limtation/capability of the head-end node (i.e, PCC), thus sone of
these SRv6 MsSDs are not al ways necessary restrictions to be foll owed
when sending an SRv6 path to the PCC.

Thi s docunent specifies a procedure for optimzing the nunber of SIDs
in an SR-TE path that PCE can conmpute when the first SIDin the SR
Policy SIDIist is not inposed on the packet in the above scenari os.

Thi s docunent al so anal yzes the inpact of different SRv6 MSDs when
PCE sends SR-TE paths to the PCE
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2.

2.

3.

3.

3.

Ter mi nol ogy
The following termnology is used in this docunent:
VBD: Maxi mum SI D Dept h
PCC. Path Computation dient
PCE: Path Comnputation El enment
PCEP: Pat h Conputati on El enent Comuni cati on Protocol
SID: Segment ldentifier
SR: Segnent Routing
SR-TE: Segnent Routing Traffic Engineering
1. Requirenents 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] [RFCB174] when, and only when, they appear in all
capitals, as shown here.
PCEP Ext ensions for SR MPLS
1. New flag in SR PCE- CAPABI LI TY sub-TLV
This section proposes a new A-flag (Adjacency SID exclusion for MSD
consideration flag) in the SR PCE- CAPABI LI TY sub-TLV defined in
[ RFC8664]. The bit position for the flag in the SR PCE Capability
Flag Field registry is to be defined by | ANA

A (Adj acency SID exclusion for MSD consideration flag) - 1 bit (Bit
Position TBD1):

* |f set to 1, it indicates support for the A-flag by the PCEP peer.
2. Qperation
[ RFC8664] nmandates that 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 nunber of SIDs exceeding that MSD val ue.
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The foll owi ng procedure MJST only be applied if both the PCE and PCC
have adverti sed support for the capability by setting the A-flag in
their respective SR-PCE- CAPABI LI TY sub-TLVs [ RFC38664]. Under these
conditions, if the first SIDin an SR-MPLS TE path is an adjacency
SID, the PCE MJUST NOT send SR-TE paths with a nunber of SIDs
exceeding that (MSD+1) val ue.

4., Considerations for SRv6 MSDs

[ RFC9603] defines the SRv6- PCE- CAPABI LI TY sub- TLV under the PATH
SETUP- TYPE- CAPABI LI TY TLV in the OPEN object. PCEP speakers use this
sub-TLV to exchange information about their SRv6 capability. And the
SRv6 MSD information advertised via SRv6- PCE-Capability sub-TLV
conveys the SRv6 capabilities of the PCEP speaker.

As in [RFC9603] section 4.1.1, optional (MSD Type, MSD-Val ue) pairs
are carried in the SRv6- PCE- CAPABI LI TY sub-TLV, the SRv6 MSD types
are as per [RFC9352], i.e, Maxinmum Segnents Left MSD, Maxi mum End Pop
MSD, Maxi mum H. Encaps MSD, Maxi mum End D MSD:

* For Maxi mum H. Encaps MSD, whi ch indicates the maxi mum nunber of
SIDs that can be added to the segnent list of an SRH as part of
the "H. Encaps" behavior, if Maxi num H Encaps MSD is n, actually
the PCE can send n+l SIDs when the first SIDis not in the SRH
(i.e., when the reduced SRH i s used or when the PCC does not
i npose the first adjacency SID).

*  For Maxi mum Segnents Left MSD, when reduced SRH is used, it is not
af fected since Maxi mum Segnents Left MSD indi cates the maxi num
val ue of the "Segments Left" field [RFC8754] in the SRH, and it is
not related with whether the first SIDis in the SRH

* For Maxi mum End Pop MSD Type, it signals the nmaxi mum nunber of
SIDs in the SRH to which the router can apply "Penul ti nate Segnent
Pop (PSP)" as the the penultimate SR Segnent Endpoi nt Node or
"Utinmte Segnent Pop (USP) " as the ultimate SR Segnment Endpoi nt
Node, as defined in "Flavors" (Section 4.16 of [RFC8986]). So
usually this limtation does not apply for the head-end
node(acting as a PCC), unless the head-end nodes is also the
penultinmate or the ultimate node in the sane SID|ist.

* For Maximum End D MSD, it specifies the nmaxi mum nunber of SIDs
present in an SRH when perform ng decapsul ati on(e.g, End. DX6,
End. DT4, End. DT46, End with USD, and End. X with USD [ RFC3986]).
Simlar with Maxi num End Pop MSD, the head-end node of an SRv6
path normal |y woul d not perform decapsul ati on.
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5.

5.

5.

To concl ude, when appears in the SRv6- PCE- CAPABI LI TY sub-TLV, the
Maxi mum End Pop MSD and Maxi mum End D MSD only indicates the
limtation when the PCC node acts as the penultimate or ultimte SR
Segnent Endpoi nt Node. So the Maxi mum End Pop MSD or Maxi mum End D
MSD i s not considered by PCE when sending the SRv6 path to PCC/ head-
end node. The linitation of Maxi mum H. Encaps MSD coul d be | oosen
when the first SIDis not in the SRH

PCEP Extensions for SRv6
1. A-Flag in SRv6- PCE- CAPABI LI TY sub- TLV
This section proposes a new A-flag (Adjacency SID exclusion for MSD
consideration flag) in the SRv6- PCE- CAPABI LI TY sub-TLV defined in
[ RFC9603]. The bit position for the flag in the SRv6 Capability Flag
Field registry is to be defined by | ANA

A (Adj acency SID exclusion for MSD consideration flag) - 1 bit (Bit
Positi on TBD1):

* |f set to 1, it indicates support for the A-flag by the PCEP peer.
2. R-Flag in SRv6- PCE- CAPABI LI TY sub-TLV

This section proposes an R-Flag (Reduced SRH for MSD consi derati on
flag) in the SRv6- PCE- CAPABI LI TY sub-TLV defined in [ RFC9603]. The
bit position for the flag in the SRv6 Capability Flag Field registry
is to be defined by | ANA

R-flag (Reduced SRH for MSD consideration flag) - 1 bit (Bit Position
TBD2) :

* |f set to 1, it indicates support for the R-flag by the PCEP peer.

5.3. Operation

[ RFC9603] specifies that a PCE MUST NOT send SRv6 paths that exceed
the SRv6 MSD capabilities of the PCC

For the A-Flag, when both the PCE and PCC have advertised support for
the capability by setting the A-flag in their respective SRv6-PCE-
CAPABI LI TY sub-TLVs [ RFC9603], under these conditions, if the first
SID in an SRv6-TE path is an adjacency SID attached with the headend
node, the PCE MJUST NOT send SR-TE paths with a nunber of SIDs

exceedi ng that (Maxi mum H. Encaps MsD+1) val ue.
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9.

For the R Flag, when both the PCE and PCC have advertised support for
the capability by setting the Rflag in their respective SRv6-PCE-
CAPABI LI TY sub-TLVs [ RFC9603], the PCE MUST NOT send SR-TE paths with
a nunber of SIDs exceeding the (Maxi num H. Encaps MsSD+1) val ue.

(To be discussed) If both the A-Flag and R-Flag are set in the
respective SRv6- PCE- CAPABI LI TY sub-TLVs [ RFC9603] of PCE and PCC, the
PCE MUST NOT send SR-TE paths with a nunber of SIDs exceeding the
(Maxi mum H. Encaps MsD+1) val ue, since A-Flag and R-Flag are both
about omtting the first SIDin the SIDIlist.

Backward compatibility

The proposed procedure is backward conpatible with [ RFC8664] and

[ RFC9603] as it requires both PCE and PCC to support the optim zation
capabilities during the PCEP initialization phase by setting the
correspondi ng new flag in the SR PCE- CAPABI LI TY or SRv6- PCE-

CAPABI LI TY sub-TLV in the OQpen nmessage. Specifically, if at |east
one PCEP peer is not capable of supporting the new flags, the PCE
MUST NOT send SR-TE paths with a nunber of SIDs exceeding that MSD
capability.

Security Considerations

Security considerations in [ RFC8664] and [ RFC9603] apply to this
docurnent .

| ANA Consi der ati ons

Thi s docunent requests IANA to assign an R Flag in the "SRv6
Capability Flag Field" registry.

Bi t Descri ption Ref er ence

TBD1 Adj acency SI D exclusion for [this docunent]
MBD consi deration (A-Fl ag)

Thi s docunent requests I ANA to assign the following flags in the
"SRv6 Capability Flag Field" registry.

Bit Description Ref erence

TBD1  Adj acency SID exclusion for [this docunent]
MBD consi derati on (A-Fl ag)
TBD2 Reduced SRH for MsD
consi derati on(R-Fl ag) [this docunent]

Ref er ences
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