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Abst ract

To enabl e the headend node to do performance-aware path sel ection,
this docunment proposes an extension to the BGP SR Policy protocol by
defining a new optional Metric Sub-TLV within the BGP Tunnel

Encapsul ation Attribute [RFC9012]. The introduced Metric Sub-TLV
encodes perfornmance paraneters (such as |atency, bandwi dth,
reliability, etc.) for SR Policy paths.

Thi s specification al so updates the BGP route sel ection procedures in
[ RFC4271], modifying the Breaking Ties (Phase 2) logic to prioritize
the nmetrics for SR Policy paths.

Key contri butions include:

* Introduce Metric Sub-TLV in BGP SR Policy

* Update the tie-breaking procedure for BGP route sel ection

Status of This Meno

Li

This Internet-Draft is submtted in full conformance 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 nmay 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 documents valid for a maxi mum of six nonths
and nay be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress."

This Internet-Draft will expire on 18 April 2026.
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I nt roduction

Segnent Routing (SR) [ RFC8402] allows a headend node to steer a
packet flow along a specific path. [RFC9256] further details the
concepts of SR Policy and steering into an SR Policy.
[I-D.ietf-idr-sr-policy-safi] specifies the use of BGP to distribute
one or nmore of the candidate paths of an SR Policy to the headend
node of that policy. Currently [I-D.ietf-idr-sr-policy-safi] |acks
the capability to propagate performance netrics such as path | atency,
bandwi dth, or reliability. This |limtation prevents headend nodes
frominpl ementing policy selection based on path netrics when there
are nultiple paths reaching the sane destination. Consequently, the
headend nodes cannot dynamically el ect performance-optimal path anong
mul tiple SR Policies.
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[I-D.ietf-idr-sr-policy-netric] is intended to address this problem
However, it carries metrics within segnment lists, and a single
segnent list may contain nore than one netric. Wen the candi date
path of a SR Policy conprises nmultiple segnment |ists, the headend
node faces difficulties in determning the netric for that SR Policy.
This situation becones even nore conpl ex when each segnment |ist
itself includes multiple netrics.

Furthernmore, nerely extending the SR Policy protocol with a netric
attribute cannot resolve the current issue. This is because, before
the BGP process on the headend node considers nultiple alternative SR
Policies, it has already determ ned the next hop of the BGP route in
accordance with the existing Tie-breaking Procedure. Subsequently,
only the SR Policies |leading to the selected next hop may be
utilized. Even if there exist nore optimal SR Policies that can
reach the destination via other next hops, these SR Policies will not
be enpl oyed. Therefore, based on the content currently provided in
[I-D.ietf-idr-sr-policy-netric], it is still inpossible to ensure
that the optimal SR Policy is sel ected.

To address these limtations, this docunment extends the BGP SR Policy
protocol to carry performance netrics in the candidate path of a SR
Pol i cy and updates the BGP Tie-breaking Procedure to prioritize
metrics for SR Policy paths.

1. Requirenents Language

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOMMVENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in BCP
14 [ RFC2119] [RFCB174] when, and only when, they appear in al
capital s, as shown here

Use Case

As illustrated in Figure 1, the SR Policy Conputation and
Provi si oning System such as a SDN controller, collects real-tine
network state information (e.g., topology, |ink bandw dth) and
performance netrics (e.g., link latency, jitter, packet |oss rate)
via BGP-LS [ RFC7752], TWAMP [ RFC5357] /M cro TWAMP [ RFC9533], and

Tel enetry [ RFC9232] etc.. Based on service or custoner requirenents
(e.g., mnimumlatency), the system conputes SR Policy paths between
desi gnated endpoi nts and distributes these paths to the headend nodes
via the BGP SR Policy protocol [I-D.ietf-idr-sr-policy-safi].

For exanpl e:

The system provisions two | ow | atency policies to headend node PE3:
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Policyl: Path via P1-->PEl, with a nmeasured | atency of 20 ns.
Policy2: Path via P2-->PE2, with a measured | atency of 12 ns.

However, the current BGP SR Policy protoco
[I-Dietf-idr-sr-policy-safi] only propagates path definitions (e.qg.,
segrment lists) wthout enbeddi ng performance netrics. This forces
headend nodes to sel ect paths based solely on static criteria (e.g.,
adm nistrative preferences), potentially |eading to suboptim
traffic engineering decisions.

To address this limtation, this proposal extends the BGP SR Policy
protocol by introducing a new Performance Metrics Sub-TLV within the
BGP Tunnel Encapsul ation Attribute [RFCO012]. This Sub-TLV encodes
key performance indicators (KPIs) such as |atency, bandw dth, and
reliability (see Section 3 for details). Wth this extension: The SR
Pol i cy Conputation and Provisioning Systemcan advertise SR Policies
al ongsi de their associated KPls. Headend nodes | everage the enhanced
BGP route selection logic (Section 6) to prioritize paths that neet
dynani ¢ perfornmance requirenents

oo e e e e e e e e e e e e e e e e e e e e oo +
| SR Policy Conputation and Provisioning Systeni
* * * * * *
* * * *Ext ended BGP
* * * *SR Pol i cy
* * * *
+---+ 15n8* +-- -+ 5 * +-- -+
[|PE1| ----%----|] Pl]------------- R | PE3|\
[ +---+ * R - -Feeo o+ )\
/ | * | \ / * | \
+-- -4/ | * | ----\ * | \ +---+
| CE1| 0. 5ns| * | 0.5nm8 / \ * | 0. 5n8 | CE2|
+- - - +\ | * | _———— ---\ [ +---+
\ | * | /1ns 5me\  * | /
\ -+ +---+ |
\|PE2| ---------- | P2 |---------mmmmmmm - | PE4|/
+---+ 11ns +---+ 1ns +---+

Figure 1. Use Case for Performance-Aware SR Policy Sel ection
Extensi ons to BGP SR Policy
Thi s docunent extends the BGP SR Policy protocol by introducing a new
sub-TLV, Metric Sub-TLV, within the BGP Tunnel Encapsul ation

Attribute. The Extended BGP SR Policy Encoding structure is as
fol | ows:
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SR Policy SAFI NLR : <Distinguisher, Policy-Color, Endpoint>

Attributes:
Tunnel Encapsul ation Attribute(23)
Tunnel Type: SR Policy(15)
Bi nding SID
SRv6 Bi nding SID
Pref erence
Priority
Metric
Pol i cy Nane
Pol i cy Candi date Path Nane
Explicit NULL Label Policy (ENLP)
Segnent Li st
Wi ght
Segnment
Segnent

Figure 2: Extended BGP SR Policy Encodi ng

Metric Sub-TLV is used to carry performance netrics such as | atency,

bandwi dth, and reliability. The fornmat of the Metric Sub-TLV is as

f ol | ows:

0 1 2 3

01234567890123456789012345678901
T I =

Type | Length | Fl ags | Reserved

T S S S T S S i s S S S

Del ay(8 octets, optinal)

Bandwi dt h(4 octets, optional)

T S S T T

Reliability(4 octets, optional)

I

+-

I

I

T S S T S S e T St S S S S S S S S
I

+-

I

+-

T S T S T o S S e S i S S e e e

Figure 3: Metric Sub-TLV
Wher e:

Type (1 octet): Indicates this sub-TLV is Metric, Specific val ues
need to be assigned by | ANA

Length (1 octet): Indicates the Iength of the Metric Sub-TLV in
byt es.

+

+

+

+

+
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Flags (1 octet): Indicates the presence of specific performance
metrics. Its definition is shown in Figure 4.

Reserved (1 octet): Reserved for future use. This field MIST be set
to 0 when sending and i gnored when receiving.

Del ay(8 octets): Carries delay information. |Its fornmat depends on
the D flag in the Flags Field:

* If D

01: NTPv4 format del ay
* |f D= 10: | EEE 1588v2 PTP format del ay
Bandwi dth (4 octets): Carries bandwidth information in Mops.

Reliability (4 octets): Carries reliability information, such as the
maxi mum nunber of failures that have occurred on all links in the SR
Policy path within the past nonth.

01234567

N S S S
| D |B| R Reserved|
R o I T N TS

Figure 4: Flag Field for Metric Sub-TLV

VWere, D Flag is for delay, B Flag is for Bandwidth and R Flag is for
reliability, all the other bits are reserved. The detail ed encodings
of the three flags defined in this docunent are as foll ows:

| 00: No del ay |
| 01: NTPv4 del ay |
| 10: PTP del ay |
| 11: Reserved |

S S Fomm e e e e e em e iaaao - +
| B | 2 | 0: No bandwi dth |
| | | 1: Bandwi dth |
S Foemmo o o e e +
| R | 3 | O: Noreliability |
| | | 1: Reliability |
S S Fomm e e e e e em e iaaao - +

Figure 5: Flags for Metric Sub-TLV
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| mpl enent ati ons SHOULD set only one flag (D, B, or R} at a tinme, as
these netrics are typically not directly conparable. Network
operators MAY configure which netric to prioritize based on service
requirenents.

4. Policy Conputation and Provisioning System Behavi or

The Policy Conputation and Provisioning Systemis responsible for

cal cul ating Segment Routing (SR) policies based on network state and
busi ness requirenents, and provisioning themto headend nodes. Wen
provisioning SR policies that include performance netrics, the system
shoul d foll ow t hese steps:

Coll ect Network State Information: Gather real-tinme network topol ogy,
link utilization, and other rel evant data.

Conpute SR Policies: Calculate SR Policy paths that neet perfornmance
requi renents based on service needs and network state.

Encapsul ate Perfornmance Metrics: Enbed performance nmetrics such as
| at ency, bandwi dth, and reliability within the Metric Sub-TLV of the
BGP Tunnel Encapsul ation Attribute.
Provi si on BGP Update Messages: Include the SR policies with
performance netrics in BGP update nmessages and send themto the
appropri ate headend nodes.

5. Headend Node Behavi or

Upon receiving SR policies with performance netrics, headend nodes
shoul d process them as foll ows:

Parse BGP Update Messages: Extract SR policies and their associated
performance netrics fromthe recei ved BGP update nessages.

Store Performance Metrics: Save the performance netrics in a |loca
dat abase for subsequent path sel ection

Path Sel ection: Prioritize paths that nmeet dynami c perfornance
requirenents when nultiple paths are avail abl e.

Update Routing Tables: Mdify routing tables based on the sel ected
paths to ensure traffic is forwarded al ong optim zed routes.
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Updat ed Ti e-Breaki ng Procedure for BGP

Support for SR Policy netric introduced in this document invol ves
several nodifications to the tie-breaking procedures of the BGP
"phase 2" decision described in [RFC4271], Section 9.1.2.2.

A new step, step e0, is inserted before step e of the tie-breaking
(Phase 2) logic in [RFC4A271].

d) If at |east one of the candidate routes was received via EBGP
renove from consideration all routes that were received via | B&

e0) If any routes have the Col or extended community attribute with
i dentical values, renove fromconsideration all routes |acking the
Col or extended community attribute.

Conpare the SR policies corresponding to the remaining routes. |If
any SR policies have the Metric Sub-TLV, remove from consideration
all routes whose corresponding SR policies lack the Metric Sub-TLV.

Renove from consideration all routes whose Metric Sub-TLV are not the
best. For the latency nmetric, the smallest value is considered the
best; for the bandwidth netric, the largest value is the best; and
for reliability, the smallest value is the best.

e) Renove from consideration any routes with less-preferred interior
cost.

| ANA Consi der ati ons

I ANA is requested to assign the follow ng code point fromthe "BGP
Tunnel Encapsul ation Attribute Sub-TLVS" Registry:

B el e ey ey
| Code Point | Description | Reference |
[ oo el el oo
| TBD | Metric Sub-TLV | This docunent |
R B T R +

Tabl e 1: Code Point for Metric Sub-TLV
Security Considerations
The security considerations specified in
[I-Dietf-idr-sr-policy-safi] apply to this document. This docunent
i ntroduces no new security considerations.

Ref er ences
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