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Abst r act

Net wor k devi ces are incorporating capabilities for tinme stanping
certain packets so that such time stanps can reference the tine at
whi ch a packet passes through a given device (at ingress or egress).
Those stanps or marks are relevant to cal cul ati ng the measured del ay
and can be used for traffic engineering purposes.

To ensure consi stency and accuracy across different network el enent

i npl ement ati ons, a benchmarking procedure is necessary to calibrate
the timestanps. Such a procedure can pernit the identification and
correction of any deviations or biases in the tine stanmps produced by
di verse devices. This docunent proposes a nethodol ogy for
Calibrating the neasurenents fromdifferent network el enent

i npl ementations in a conon measur enent scenari o.

Status of This Meno

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 (IETF). 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 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 8 January 2026

Copyright Notice

Copyright (c) 2025 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

Contreras Expi res 8 January 2026 [ Page 1]



I nternet-Draft Ti me neasurenent calibration July 2025

Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega
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
extracted fromthis docunment nust include Revised BSD License text as
described in Section 4.e of the Trust Legal Provisions and are

provi ded without warranty as described in the Revised BSD License.
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1. Introduction

Latency is becom ng one of the nmajor drivers for network traffic
engi neering and planning due to the introduction of novel services
sensitive to both latency and its variability.

Net wor k devi ces incorporate capabilities for tine-stanping certain
packets so that such tine stanps can reference the time at which a
packet passes through a given device (at ingress or egress). Those
stanps or marks are relevant to cal culating the neasured del ay and
can be used for traffic engineering purposes. That is the case of
the Flex Algo algorithnms [RFC9502] [RFC9351] aimng to represent |ow
| at ency topol ogi es being based on the time reference neasured anong
devices. Furthernore, services sensitive to |latency, such as the
determnistic ones [ RFC8557] or those follow ng the network slicing
par adi gm [ RFC9543], require fromaccurate information in order to
pl ace flows in the network
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The neasurenents here considered are those performed between nei ghbor
nodes in a network, so that an end-to-end delay netric can be
composed by aggregating partial neasurenments. To ensure consistency
and accuracy across different network el ement inplenentations, a
benchmar ki ng procedure is necessary to calibrate the tinestanps.

This allows correction of observed neasurenents and inproves the
reliability of |atency-based traffic engineering deci sions.

Different protocols are inplenmented nowadays on network devices to
perform such nmeasurenents, such as TWAMP-I|ight [RFC5357] [RFC8545] or
STAMP [ RFC8972]. It is then inportant to ensure that the tinme stanp
produced by the network device is accurate so that the traffic

engi neering deci sions based on such nmeasurenments are correct.

Di fferences on accuracy of the neasurenments among devi ces can be due
to different causes, such as different solutions for tine stanping
(e.g., hardware-based vs software-based), different nodul e invol ved
in the tine stanping process (e.g., central processor vs |line card),
different type of conponent taking care of the tinmestanping (e.g.,
Net wor k Processor, ASIC, hardware accelerator, etc), etc.

The traffic engineering decisions will be typically inplemented by
centralized controllers, which can process the neasurenents and
decide on the specific traffic engineering path. This can be the
case of the Path Conputing El enent (PCE) [RFC5440]. It is inportant
to note that any deviations or bias on the tine stanps of the packets
can lead to inaccurate cal cul ati ons or deci sions.

An exanple is the followi ng: Network Device A can introduce sone
delay (e.g., due to | ess powerful processing capabilities) in the

ti mestanp versus Network Device B. In a dual-plane backbone, with
simlar characteristics in terns of physical path |ength, where one
of the planes is built with network devices of type A while the other
one is built with network devices of type B, the difference between
the tinme stanps in A and B can lead to all the traffic being
delivered by one of the planes if low latency flex algo topology is
used.

The purpose of this docunment is to present a benchmarking procedure
to calibrate the tine stanmps of different network device

i npl ementations so that the observed neasured can be corrected if
needed during the processing of the neasured tinme-stanped data.

2. Baseline neasurenent scenario
In order to create a reference or baseline to |later on conpare the
measur enents obtai ned fromdistinct network el enments, a reference

scenario is defined. This reference scenario will serve to calibrate
the tinme stanps of the different network devices.
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3.

1.

The reference scenario assunme an instrumentati on device generating
and receiving TWAMP-1ight or STAWMP packets. Those packets are
delivered on a fiber spool of a given known length, L. Typica

|l engths for testing purposes are in the order of 20 - 100 kns. It
can be assuned a delay of 5 us/kmon that fiber spool [ITUT-G 114].
The neasurenent setup is as follows:

Fi ber spool of length L

Fi gure 1: Baseline measurenment scenario

The tester will generate the baseline neasurenent for the time spent
on delivering packets through the link represented by the fiber
spool. Such a reference value can be defined as T baseline and will

serve for conparison of the measurenents perforned by the distinct
i mpl ementations of network el enents for calibration purposes.

Net wor k el ement calibration tests

Simlar to the case before, it is possible to performthe sane kind
of test with actual network elenments. Two scenarios are possible.

* Performng the test with just one single network elenent, simlar
to the baseline scenario. This can be useful for characterizing
the behavi or of one specific network device inplenentation, for
bot h hardware and software

* Performing the test between two network el enments. This can be
useful for determnining interworking scenarios, considering either
network el ements fromthe sane vendor but with different
characteristics (e.g., network device nodel, hardware or software
characteristics, etc), or network elenments fromdifferent vendors.

Singl e network el ement test

The scenario is simlar to the baseline scenario, as follows.
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Fi ber spool of length L

Figure 2: Single network el enent test

As before, the network el ement generates measurenent packets through
the link represented by the fiber spool. The obtained val ue can be
referred as T_ne.

The calibration exercise results fromthe conpari son between
T_baseline and T_ne.

Not e for discussion: consider the inplications of connecting the
fiber spool to ports / line cards of different characteristics in
terns of hardware inplenentation. Maybe a restriction should be
imposed in this kind of test to be perforned considering the sane
kind of termination for the fiber spool

3. 2. Pai red network el enents test

Thi s scenario considers the neasurenent to be perfornmed between a
couple of network el enments, as follows.

S + S +
| network | Fiber spool of length L | network |
| elenent I R T T > el enent |
I A I I B I
S TR + S TR +

Fi gure 3: Paired network el enents test

The network el ements can be fromthe same or different vendor. The
purpose of this test is to calibrate neasurenments when the devices

i nvol ved represent different inplenentations of the sane network
device functionality, including the protocol used for tine stanping.
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In this case, one of the network el enents generates neasurenent
packets through the link represented by the fiber spool of known

I ength (and previously neasured in the reference scenario). The
obt ai ned val ue can be referred as T_ne_ab, when the neasurenent is
triggered fromAto B. Simlarly, it is possible to obtain T _ne_ba
on the other direction

Assumi ng that both T_ne_ab and T_ne_ba produce the sane result, the

calibration exercise results fromthe conpari son between T_baseline

and T_ne_ab (or T_ne_ba).

3.3. Measurenent conditions

The neasurenents proposed shoul d specify:

* Network device nodel, hardware and software description

* Length of the fiber spool used as reference for the measurenent.

* Description of the ports / line card where the fiber spool is
connected, since different |ine cards could produce measurenents
with different accuracy |evels.

* Protocol used in the neasurement (e.g., TWAMP-light, STAMP, ...).

* Duration of the test for statistical consistency (e.g., period for
average, mn, nmax cal cul ations)

* Network tester used for generating the baseline val ues.

(Note: to consider scalability aspects on the coll ected nmeasurenments
that could inmpact the calibration exercise. For instance, if
multiple sessions are running in parallel fromone node to severa
nei ghbor nodes, with one session per neighbor).

(Note: to be discussed the possibility of considering asymretric
scenarios in the connection of network el enents).

(Note: to assess the extendibility of this approach to any network
el ement, e.g. swtches).

3.4. Resolution of the calibration process
The calibration process of the time-stanps observed during the

benchmar ki ng met hodol ogy needs to take into account the time units of
rel evance for the purpose of the usage of such neasurenents.
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The tinestanp format used in TWAMP, TWAMP Li ght, and STAMP protocol s
is based on the NTP format, as defined in [RFC8877]. These protocols
enpl oy a 64-bit timestanp, where:

* The first 32 bits represent the nunber of seconds since the NTP
epoch (January 1, 1900)

* The remaining 32 bits represent fractional seconds.

This structure provides a theoretical resolution of approximtely 233
pi coseconds.

For instance, with this in mnd, if the purpose is the generation of
Fl exAl go topol ogi es based on delay, it should be taken into account
that the delay field advertised when using 1S-1S [RFC8570] or OSPF

[ RFC7471] is expressed in mcroseconds. Thus, differences bel ow a

m crosecond are not relevant. OSPF or IS IS with traffic engineering
ext ensi ons encode the "delay" value in mcroseconds using 24-bit
fields. This naturally results in | ower precision conpared to the
timestanp format used in active neasurenment protocols.

When cal i brating nmeasurenents for use in network operations or
control plane nechanisns, it is crucial to consider the specific use
case of the tinestanp to ensure appropriate granularity and accuracy.
For exanple, in the case of constructing | owlatency Fl exAl go
topologies, it is necessary to align the measurenment resolution to

m croseconds, as this is the resolution that the I GP protocol can
propagate towards the control plane generating the | owl atency

topol ogy. To achieve this, the neasured del ay col |l ected by neans of
TWAMP, TWAMP Li ght, and STAMP protocol s SHOULD be adjusted using a
ceiling function, i.e., rounding up to the nearest integer value in
m cr oseconds.

O her use cases, however, may require different resolution |evels,
roundi ng techni ques, or adjustnents dependi ng on operational goals.

4. Further discussions

This is a placeholder for capturing topics that will be considered
for next versions of the docunent.
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4.

4.

6

6

1. Consideration of hybrid methods (e.g., 1 OAM as neasurenent
mechani sns for calibration assessment

On-path hybrid nethods, such as In situ Operations, Adnmnistration,
and Mai ntenance (1 OAM [RFC9197] [ RFC9326] allow the obtention of
telemetry information that can be used for measuring delays in
network links. The | OAM data can be enbedded in different
encapsul ati ons.

Wi |l e these net hods coud be used for collecting the netric of
interest, in the context of calibrating hop-by-hop neasurenents, it
woul d i npose practical linmitations. For instance, the need of
generating individual flows per hop for the solely purpose of
measuring the link delay. Furthernmore, it would require the
specification of the measurenment conditions in ternms of the flows
used for enbedding the telenetry data.

2. Usage of instrunentation instead of physical fiber spools for
determ ni ng the baseline val ue

I nstrumentation equi pnent can introduce inpairnments in alink in a
controll ed manner, either as a determnistic or statistical manner
For the purpose of the calibration pursued in this docunent, the
usage of instrunentation equipnent can be considered instead of
physi cal fiber spools by configuring determnistic delay val ues.

VWhile this can be a proper approach, it presents some practica
shortcom ngs. For instance, the need of supporting all the variety
of interface bit rates of interest in the platforns to be cali brated.
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