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Abst ract

IGP Traffic Engineering (TE) Metric Extensions describe nechani sns
wi th which network performance information is distributed via OSPF
IS-1S, and BGP-LS, respectively. The Path Conputation El enent
Conmruni cati on Protocol (PCEP) provides nechanisns for Path

Conput ati on El enents (PCES) to performpath conputations in response
to Path Conmputation Cient (PCC) requests. This docunment describes
the extension to PCEP to utilize Bit Error Rate (BER) and Packet
Error Rate (PER) as constraints for end-to-end path conputation.

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 docunments of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute

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

Internet-Drafts are draft docunments 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."

This Internet-Draft will expire on 2 August 2026.
Copyright Notice

Copyright (c) 2026 | ETF Trust and the persons identified as the
docunment authors. All rights reserved.

Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Legal
Provisions Relating to | ETF Documents (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these docunents carefully, as they describe your rights
and restrictions with respect to this docunent. Code Conponents
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extracted fromthis docunment nust include Revised BSD License text as
described in Section 4.e of the Trust Legal Provisions and are
provi ded wi thout warranty as described in the Revised BSD License.
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1. Introduction

Net wor ks nmay experience transnission bit errors due to various
factors, such as poor fiber quality. The bit error can be a single
bit error or a burst of bit errors at a time. Bit errors include

|l ayer-2 bit errors (e.g., causing CRC errors) or |layer-3 and |ayer-4

bit errors (e.g., causing checksumfailures). It is feasible to
measure Bit Error Rate (BER) and Packet Error Rate (PER) of the |inks
usi ng nmeasurenment packets. It is inportant that BER and PER netrics

are al so considered during the path selection process to be able to
provi de service |evel assurance.

The Traffic Engi neering Database (TED) is popul ated with network
performance information like link |atency, delay variation, packet

| oss, as well as paraneters related to bandw dth (residual bandw dth,
avai | abl e bandwi dth, and utilized bandwi dth) via TE Metric Extensions
in OSPF [ RFC7471] or 1S-1S [RFC8570] or via a nmanhagenent system

[ RFC7823] describes how a Path Conputation El enment (PCE) [ RFC5440]
can use that information for path selection for explicitly routed
LSPs.
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A Path Computation Cient (PCC) can request a PCE to provide a path
meeting end-to-end network performance criteria. This docunent
extends the Path Conputation El ement Communi cation Protocol (PCEP)
[ RFC5440] to handl e network perfornance constraints that also include
BER and PER constraints.

2. Conventions Used in This Docunent

2.1. Requirements Language
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunment are to be interpreted as described in BCP
14 [ RFC2119] [RFC8174] when, and only when, they appear in all
capital s, as shown here.

2.2. Abbreviations
BER: Bit Error Rate
EMA: Exponential Moving Average
I GP: Interior Gateway Protocol
IS 1S Internmediate Systemto Internmedi ate System
OF: (Objective Function
OSPF: (Open Shortest Path First
PCC. Path Computation Cient
PCE: Path Comnputation El enment
PER: Rate of Packets with Bit Errors
RSVP: Resource Reservation Protocol

TE: Traffic Engineering

TED: Traffic Engi neering Database
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3.

Overvi ew

[ RFC8233] defines extensions to the PCEP to conpute | abel switched
pat hs. This docunent further extends the path conputation extensions
defined in [RFC8233] to include Bit Error Rate (BER) and Packet Error
Rate (PER) link metrics. Note that the PCEP extensions defined in
this docunment are equally applicable to the segnent routing path
comput ation defined in [ RFC8664].
Various BER netrics that can be used in path conputation are:

(1) Average BER

(2) Maxi mum BER

(3) M ni mum BER

(4) Exponential Moving Average of BER

(5) Variance of BER (difference of mnimum and average, for exanple)
(6) BER anomaly state
Various PER netrics that can be used in path conputation are:

(1) Average PER

(2) Maxi mum PER

(3) M nimum PER

(4) Exponential Moving Average of PER

(5) Variance of PER netrics (difference of mninumand average, for
exanpl e)

(6) PER anomaly state
PCEP Ext ensi ons

Thi s section defines PCEP extensions (see [ RFC5440]) to support bit
error rate based network performance aware path conputation
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4.1. Extensions to METRI C bj ect
The METRIC object is defined in Section 7.8 of [RFC5440], conprising
metric-value and netric-type (T field), and a flags field, conprising
a nunber of bit flags (B bit and P bit). This docunent defines the
followi ng types for the METRI C object.
0 TBA1l: Path Average BER Metric
0 TBA2: Path Average PER Metric
0 TBA3: P2MP Path Average BER Metric
o TBA4: P2MP Path Average PER Metric
The following ternm nology is used and expanded al ong t he way.

0 A network conprises of a set of Nlinks {Li, (i=1...N}.

0 A path P of a point-to-point (P2P) LSP is a list of K I|inks
{Lpi, (i=1...K)}.

4.2. Path BER Metric

[ RFC7471] and [RFC8570] for 1S-1S define "Unidirectional Link BER'.
The Path BER (as a percentage) metric type of the METRI C object in
PCEP encodes a function of the unidirectional BER nmetrics of all
links along a P2P path. The end-to-end BER for the path is
represented by this netric. Specifically, extending on the above
ment i oned term nol ogy:

0 The percentage link BER of link L is denoted PR(L).

0 The fractional link BER of link L is denoted FR(L) = PR(L)/100.
0 The percentage Path BER netric for the P2P path P = (1 -
((1-FR(Lpl)) * (1-FR(Lp2)) * .. * (1-FR(LpK)))) * 100 for a path P
with links Lpl to LpK

This is as per the conposition function described in Section 5.1.5 of
[ RFC6049] .

Metric Type T = TBAl: Path BER netric

Metric Type T = TBA2: Path PER netric
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A PCC MAY use the Path BER netric in a PCReq nessage to request a
path nmeeting the end-to-end BER requirenment. In this case, the B bit
MJST be set to suggest a bound (a maximum) for the Path BER netric
that nust not be exceeded for the PCC to consider the conputed path
as acceptable. The Path BER netric nust be less than or equal to the
val ue specified in the nmetric-value field.

A PCC can also use this netric to ask the PCE to optinize the path
BER during path conputation. |In this case, the B flag MJST be
cl ear ed.

A PCE MAY use the Path BER netric in a PCRep nessage along with a NO
PATH obj ect in the case where the PCE cannot conpute a path neeting
this constraint. A PCE can also use this netric to send the conputed
end-to-end BER netric to the PCC

4.3. Path BER Metric Val ue

The TE metrics specified in [RFC7471] for OSPF, [RFC8570] for 1S-1S,
and [ RFC8571] for BGP are further extended to distribute
"Unidirectional Link BER Sub-TLV' to advertise the link BER in
percentage in a 24-bit field. [RFC5440] defines the METRI C object
with a 32-bit nmetric value encoded in | EEE floating point fornmat (see
(I EEE. 754)). Consequently, the encoding for the Path BER netric
value is quantified as a percentage and encoded in | EEE floating

poi nt format.

4.4, P2MP Path BER Metric

This section defines the followi ng types for the METRI C object to be
used for the P2MP TE LSPs.

The P2MP Path BER netric type of the METRI C object in PCEP encodes
the path BER netric for the destination that observes the worst BER
metric anong all destinations of the P2MP tree. Specifically,
extendi ng on the above-mentioned term nol ogy:

0 A P2MP tree T conprises of a set of Mdestinations {Dest_j,
(j=1...M}.

0 The P2P Path BER netric of the path to destination Dest j is
denoted by PRM Dest j).

o The P2MP Path BER netric for the P2MP tree T = Maxi mum
{PRM Dest j), (j=1...M}.

Metric Type T = TBA3: P2MP Path BER netric
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Metric Type T = TBA4: P2MP Path PER netric
4.5. (Objective Functions
[ RFC5541] defines a nmechanismto specify an objective function that
is used by a PCE when it conputes a path. For path BER the
foll owi ng new OF is defined
0 A network conprises a set of NIlinks {Li, (i=1...N)}.
o0 Apath Pis alist of Klinks {Lpi,(i=1...K)}.
0 The percentage link BER of link L is denoted PR(L).
o The fractional link BER of link L is denoted FR(L) = PR(L) / 100.

0 The percentage path BER of a path P is denoted PR(P), where PR(P) =
(1 - ((1-FR(Lp1l)) * (1-FR(Lp2)) * .. * (1-FR(LpK)))) * 100.

hj ective Function Code: TBA6 Name: M ni mum BER Pat h ( MBERP)
Description: Find a path P such that PR(P) is mninzed.

If the objective functions defined in this docunent are unknown/
unsupported by a PCE, then the procedure as defined in Section 3.1.1
of [RFC5541] is foll owed.

4.5.1. TE Flex-Algorithm

New Fl exi bl e algorithmtype is defined for TE that uses BER and PER
metrics.

Editor’s note: Additional details will be added in the future version
of this docunent.

5. Oher Considerations

The new netric type and objective functions defined in this docunent
can al so be used with the stateful PCE extensions defined in RFC 8231
for PCl-initiated LSPs. The format of PCEP nmessages described in

[ RFC8231] uses (intended-attribute-list) and (attribute-list),
respectively, (where the (intended-attribute-list) is the attribute-
list defined in Section 6.5 of [RFC5440] and extended in this
docunent) for BER paraneters
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A stateful PCE can al so determ ne which LSPs should be reoptimnm zed
based on network events or triggers fromexternal nonitoring systens.
For exanple, when a particular link deteriorates and its BER
increases, this can trigger the stateful PCE to automatically

determ ne which LSPs are inpacted and shoul d be reoptin zed.

6. Security Considerations

The security considerations specified in [ RFC5440], [RFC8231],
[ RFC8233], and [ RFCB8664] apply to the procedure and extensions
defined in this docunent.

7. | ANA Consi derati ons

| ANA mai ntains the "Path Conputation El ement Protocol (PCEP) Nunbers”
registry. Wthin this registry, ANA maintains a subregistry for
"METRIC Object T Field". New netric types are defined in this
docunent for the METRIC object (specified in [RFC5440]). I1ANA s
requested to allocate the values for these METRI C types.

[ gttty e ————————————————————————— Ll p—p—————r
| Val ue | Descri ption | Reference |
[ bl s sl Lt
| TBAl | Path Average BER Metric | This document |
Fommma - S I IRy +
| TBA2 | Pat h Average PER Metric | This document |
R, o e e e e e e e e e o T +
| TBA3 | P2MP Path Average BER Metric | This docunment |
S D S S I +
| TBA4 | P2MP Path Average PER Metric | This document |
Fommma - e I IRy +

Table 1: Metric Types:
Editor’s note: Additional types for carrying mninmum naxi num and
variance of the BER and PER netrics will be defined in the future
revision of this docunent.
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