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I ntroduction

The | ETF specifies and uses Perfornmance Metrics of protocols and
applications transported over its protocols. Performance Metrics are
an inportant part of network operations using |ETF protocols, and

[ RFC6390] specifies guidelines for their devel opnent.

The definition and use of Performance Metrics in the | ETF have been
fostered in various working groups (Wss). Most notably:

* The "I P Performance Metrics" (IPPM Wsis the W primarily
focusing on Performance Metrics definition at the | ETF.

* The "Benchmar ki ng Met hodol ogy" WG (BMAG) defines many Performance
Metrics for use in |aboratory benchmarking of internetworking
t echnol ogi es.

* The "Metric Blocks for use with RTCP's Extended Report Franework"
(XRBLOCK) WG (concl uded) specified many Perfornance Metrics
related to "RTP Control Protocol Extended Reports (RTCP XR)"

[ RFC3611], which establishes a framework to allow new infornation
to be conveyed in RTCP, supplementing the original report blocks
defined in "RTP: A Transport Protocol for Real-Time Applications”
[ RFC3550] .

* The "IP Flow Information eXport" (IPFIX) WG (concl uded) specified
an I nternet Assigned Numbers Authority (I ANA) process for new
Informati on El enents. Some Information Elenments related to
Performance Metrics are proposed on a regul ar basis.

* The "Performance Metrics for Qther Layers" (PMOL) WG (concl uded)
defined some Performance Metrics related to Session Initiation
Protocol (SIP) voice quality [ RFC6035].

It is expected that nore Performance Metrics will be defined in the
future -- not only IP-based netrics but also netrics that are
protocol specific and application specific.

Despite the inportance of Performance Metrics, there are two related
probl ems for the industry:

* First, ensuring that when one party requests that another party
measure (or report or in some way act on) a particular Performance
Metric, both parties have exactly the sanme understandi ng of what
Performance Metric is being referred to.

* Second, discovering which Performance Metrics have been specified,
to avoi d devel oping a new Performance Metric that is very simlar
but not quite interoperable.

These probl ens can be addressed by creating a Registry for
Performance Metrics with the Internet Assigned Nunbers Authority



(I'ANA). As such, this docunment defines the new | ANA Registry for
Per f ormance Metrics.

Per this document, | ANA has created and now nai ntains the Perfornmance
Metrics Registry, according to the maintenance procedures and the
format defined in the sections below. The resulting Performance
Metrics Registry is for use by the IETF and others. Although the
Registry formatting specifications herein are primarily for Registry
creation by I ANA, any other organization that wishes to create a
Performance Metrics Registry nmay use the same formatting
specifications for their purposes. The authors nake no guarantee of
the Registry format’s applicability to any possible set of
Performance Metrics envi saged by ot her organizations, but we
encourage others to apply it. 1In the remainder of this docunent,

unl ess we explicitly say otherwise, we will refer to the | ANA-

mai nt ai ned Performance Metrics Registry as sinply the Performance
Metrics Registry.

Ter mi nol ogy

The key words "MJST", "MJST NOT*, "REQU 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] [RFCB174] when, and only when, they appear in all
capital s, as shown here.

Performance Metric: A quantitative neasure of performance, targeted
to an | ETF-specified protocol or targeted to an application
transported over an | ETF-specified protocol. Exanples of
Performance Metrics are the FTP response time for a conplete file
downl oad, the DNS Response tinme to resolve the |IP address(es), a
dat abase logging tine, etc. This definition is consistent with
the definition of a netric in [RFC2330] and broader than the
definition of a Performance Metric in [ RFC6390].

Regi stered Performance Metric: A Performance Metric expressed as an
entry in the Performance Metrics Registry, adm nistered by | ANA
Such a Performance Metric has net all of the Registry review
criteria defined in this docunent in order to be included in the
Regi stry.

Performance Metrics Registry: The | ANA Registry containing
Regi stered Performance Metrics.

Proprietary Registry: A set of nmetrics that are registered in a
proprietary Registry, as opposed to the Perfornance Metrics
Regi stry.

Performance Metrics Experts: A group of designated experts [ RFC8126]
sel ected by the IESG to validate the Perfornmance Metrics before
updating the Performance Metrics Registry. The Perfornmance
Metrics Experts work closely wth | ANA

Parameter: An input factor defined as a variable in the definition
of a Performance Metric. A Paraneter is a nunerical or other
specified factor form ng one of a set that defines a netric or
sets the conditions of its operation. Al Paraneters nust be
known in order to nmake a neasurenment using a nmetric and interpret
the results. There are two types of Paraneters: Fixed and
Runtinme. For the Fixed Paraneters, the value of the variable is
specified in the Performance Metrics Registry Entry and different
Fi xed Paraneter values results in different Registered Performance
Metrics. For the Runtinme Paraneters, the value of the variable is
defi ned when the Metric Measurement Method is executed and a given
Regi stered Performance Metric supports nultiple values for the
Parameter. Although Runtine Paranmeters do not change the



fundanmental nature of the Perfornmance Metric's definition, sone
have substantial influence on the network property bei ng assessed
and interpretation of the results.

| Note: Consider the case of packet loss in the follow ng two

| Active Measurenment Method cases. The first case is packet |oss
| as background | oss where the Runtime Paraneter set includes a
| very sparse Poisson stream and only characterizes the tines

| when packets were lost. Actual user streans |likely see much
| higher loss at these tinmes, due to tail drop or radio errors.
| The second case is packet loss ratio as the conplinmentary

| probability of delivery ratio where the Runtinme Paraneter set
| includes a very dense, bursty stream and characterizes the

| loss experienced by a streamthat approxi mates a user stream
| These are both "Loss nmetrics", but the difference in

| interpretation of the results is highly dependent on the

| Runtinme Paraneters (at least), to the extreme where we are

| actually using loss ratio to infer its conplimentary

| probability: delivery ratio.

Active Measurenent Methods: Methods of Measurenent conducted on

traffic that serves only the purpose of neasurenent and is
generated for that reason alone, and whose traffic characteristics
are known a priori. The conplete definition of Active Methods is
specified in Section 3.4 of [RFC7799]. Exanples of Active

Measur ement Met hods are the Measurenent Met hods for the one-way
delay netric defined in [RFC7679] and the round-trip delay netric
defined in [ RFC2681] .

Passi ve Measurement Met hods: Met hods of Measurenent conducted on

network traffic, generated by either (1) the end users or

(2) network el enents that woul d exi st regardl ess of whether the
measur enent was bei ng conducted or not. The conplete definition
of Passive Methods is specified in Section 3.6 of [RFC7799]. One
characteristic of Passive Measurenent Methods is that sensitive

i nformati on may be observed and, as a consequence, stored in the
measur enent system

Hybrid Measurenent Met hods: Methods of Measurenent that use a

conbi nation of Active Methods and Passive Methods, to assess
Active Metrics, Passive Metrics, or new netrics derived fromthe
a priori know edge and observations of the stream of interest.
The conplete definition of Hybrid Methods is specified in
Section 3.8 of [RFC7799].

Scope

This docunent is intended for two di fferent audi ences:

1.

For those preparing a candidate Performance Metric, it provides
criteria that the proposal SHOULD neet (see Section 5). It also
provides instructions for witing the text for each colum of the
candi date Performance Metric and the references required for the
new Performance Metrics Registry Entry (up to and including the
publicati on of one or nore inmutabl e docunents such as an RFQ)
(see Section 7).

For the appointed Performance Metrics Experts and for | ANA
personnel adm nistering the new | ANA Performance Metrics
Registry, it defines a set of acceptance criteria against which a
candi dat e Regi stered Perfornmance Metric should be eval uated, and
requirenents for the conposition of a candi date Perfornmance
Metric Registry Entry.

O her organi zations that standardi ze perfornmance netrics are
encouraged to use the process defined in this neno to propose a



4.

4.

4.

candi date Regi stered Performance Metric. |In addition, this docunent
may be useful for other organizations who are defining a Performance
Metrics Registry of their owm and nay reuse the features of the
Performance Metrics Registry defined in this docunent.

This Performance Metrics Registry is applicable to Performance
Metrics derived from Active Measurement, Passive Measurement, and any
other formof Performance Metric. This Registry is designed to
enconpass Performance Metrics devel oped throughout the | ETF and
especially for the technol ogies specified in the follow ng working
groups: | PPM XRBLOCK, |PFIX, and BMAG. This docunent anal yzes a
prior attenpt to set up a Performance Metrics Registry and the
reasons why this design was inadequate [RFC6248].

[ RFC8912] popul ates the new Registry with the initial set of entries.
Motivations for the Perfornance Metrics Registry

In this section, we detail several notivations for the Performance
Metrics Registry.

1. Interoperability

As with any | ETF Registry, the primary intention is to nanage the
registration of ldentifiers for use within one or nore protocols. In
the particular case of the Performance Metrics Registry, there are
two types of protocols that will use the Performance Metrics in the
Performance Metrics Registry during their operation (by referring to
t he i ndex val ues):

Control Protocol: This type of protocol is used to allow one entity
to request that another entity performa nmeasurenent using a
specific netric defined by the Performance Metrics Registry. One
particul ar exanple is the Large-scal e Measurenent of Broadband
Performance (LMAP) framework [RFC7594]. Using the LMAP
term nol ogy, the Performance Metrics Registry is used in the LMAP
Control Protocol to allow a Controller to schedule a Measurenent
Task for one or nore Measurenent Agents. |n order to enable this
use case, the entries in the Performance Metrics Registry nust be
sufficiently defined to all ow a Measurenent Agent inplenentation
to trigger a specific Measurenent Task upon the reception of a
Control Protocol nessage. This requirenent heavily constrains the
types of entries that are acceptable for the Performance Metrics
Regi stry.

Report Protocol: This type of protocol is used to allow an entity to
report Measurement Results to another entity. By referencing to a
specific Registered Performance Metric, it is possible to properly
characterize the Measurenent Result data being reported. Using
the LMAP term nol ogy, the Perfornance Metrics Registry is used in
the LMAP Report Protocol to allow a Measurenent Agent to report
Measurenment Results to a Collector.

It should be noted that the LMAP framework explicitly allows for

usi ng not only the | ANA-nai ntai ned Perfornmance Metrics Registry but
al so other registries containing Performance Metrics, i.e., either
(1) registries defined by other organi zations or (2) private
registries. However, others who are creating registries to be used
in the context of an LMAP framework are encouraged to use the

Regi stry format defined in this docunent, because this nakes it

easi er for devel opers of LMAP Measurenent Agents to programmatically
use information found in those other registries’ entries.

2. Single Point of Reference for Performance Metrics

A Performance Metrics Registry serves as a single point of reference



for Performance Metrics defined in different working groups in the
IETF. As we nentioned earlier, there are several working groups that
define Performance Metrics in the IETF, and it is hard to keep track
of all of them This results in multiple definitions of simlar
Performance Metrics that attenpt to neasure the sane phenonena but in
slightly different (and incompatible) ways. Having a Registry would
all ow the I ETF conmunity and others to have a single |list of relevant
Performance Metrics defined by the I ETF (and others, where
appropriate). The single list is also an essential aspect of

conmmuni cati on about Perfornmance Metrics, where different entities
that request neasurenments, execute nmeasurenents, and report the
results can benefit froma common understanding of the referenced

Per f ormance Metric.

4.3. Side Benefits

There are a couple of side benefits of having such a Registry.

First, the Performance Metrics Registry could serve as an inventory
of useful and used Performance Metrics that are normally supported by
different inplenmentations of Measurenment Agents. Second, the results
of measurenents using the Performance Metrics should be conparabl e
even if they are perfornmed by different inplenentations and in
different networks, as the Performance Metric is properly defined.
BCP 176 [ RFC6576] exani nes whether the results produced by

i ndependent inplenentations are equivalent in the context of

eval uating the conpleteness and clarity of netric specifications.

[ RFC6576] is a BCP [ RFC2026] that defines the Standards Track
advancenent testing for (Active) |IPPM Metrics, and the sanme process

will likely suffice to determ ne whether Registered Perfornmance
Metrics are sufficiently well specified to result in conparable (or
equivalent) results. |If a Registered Performance Metric has

under gone such testing, this SHOULD be noted in "Comrents and
Remar ks" (see Section 7.6), with a reference to the test results.

5. Criteria for Perfornmance Metrics Registration
It is neither possible nor desirable to popul ate the Performance
Metrics Registry with all conbinations of Paraneters of all
Performance Metrics. A Registered Performance Metric SHOULD be
1. Interpretable by the human user
2. Inmplenmentable by the software or hardware designer

3. Depl oyabl e by network operators.

4. Accurate in terns of producing equivalent results, and for
interoperability and depl oyment across vendors.

5. Qperationally useful, so that it has significant industry
i nterest and/or has seen depl oynent.

6. Sufficiently tightly defined, so that different values for the
Runtine Parameters do not change the fundanental nature of the
measur enent or change the practicality of its inplenentation

In essence, there needs to be evidence that (1) a candi date

Regi stered Performance Metric has significant industry interest or
has seen depl oynent and (2) there is agreenent that the candidate
Regi stered Performance Metric serves its intended purpose.

6. Performance Metrics Registry: Prior Attenpt
There was a previous attenpt to define a Metrics Registry [ RFC4148].

However, it was obsol eted by [ RFC6248] because it was "found to be
insufficiently detailed to uniquely identify IPPMnetrics... [there



was too nuch] variability possible when characterizing a nmetric
exactly", which led to the | PPM Metrics Registry defined in [ RFC4148]
having "very few users, if any."

Three interesting additional quotes from|[RFC6248] night help to
understand the issues related to that registry.

1. "It is not believed to be feasible or even useful to register
every possi bl e conbinati on of Type P, netric paranmeters, and
Stream paraneters using the current structure of the | PPM Metrics
Regi stry. "

2. "The current registry structure has been found to be
insufficiently detailed to uniquely identify IPPMnetrics."

3. "Despite apparent efforts to find current or even future users,
no one responded to the call for interest in the RFC 4148
registry during the second half of 2010."

The current approach learns fromthis by tightly defining each

Regi stered Performance Metric with only a few variable (Runtine)
Paraneters to be specified by the nmeasurement designer, if any. The
idea is that entries in the Performance Metrics Registry stemfrom

di fferent Measurenent Methods that require input (Runtinme) Paraneters
to set factors |like Source and Destination addresses (which do not
change the fundanental nature of the neasurenent). The downsi de of
this approach is that it could result in a |large nunber of entries in
the Performance Metrics Registry. There is agreenent that less is
more in this context -- it is better to have a reduced set of usefu
metrics rather than a large set of metrics, sone with questionable
usef ul ness.

.1. Wiy This Attenpt Shoul d Succeed

As nmentioned in the previous section, one of the main issues with the
previ ous Registry was that the nmetrics contained in the Registry were
too generic to be useful. This docunment specifies stricter criteria
for Performance Metric registration (see Section 5) and inposes a
group of Performance Metrics Experts that will provide guidelines to
assess if a Performance Metric is properly specified.

Anot her key difference between this attenpt and the previous one is
that in this case there is at |east one clear user for the
Performance Metrics Registry: the LMAP franework and protocol

Because the LMAP protocol will use the Performance Metrics Registry
values in its operation, this actually helps to deternine if a netric
is properly defined -- in particular, since we expect that the LMAP
Control Protocol will enable a Controller to request that a

Measur ement Agent perform a measurement using a given nmetric by
enbeddi ng the Performance Metrics Registry Identifier in the
protocol. Such a nmetric and nethod are properly specified if they
are defined well enough so that it is possible (and practical) to

i mpl erent themin the Measurenment Agent. This was the failure of the
previous attenpt: a Registry Entry with an undefi ned Type-P

(Section 13 of [RFC2330]) allows neasurenent results to vary
significantly.

Definition of the Performance Metrics Registry

This Performance Metrics Registry is applicable to Performance
Metrics used for Active Measurenent, Passive Measurenent, and any
other form of Performance Measurenment. Each category of neasurenent
has uni que properties, so sone of the columms defined bel ow are not
applicable for a given netric category. 1In this case, the colum(s)
SHOULD be popul ated with the "N A" value (Not Applicable). However,
the "N A" value MJUST NOT be used by any netric in the foll ow ng



columms: ldentifier, Name, URI, Status, Requester, Revision, Revision
Date, Description. |In the future, a new category of netrics could
require additional colums, and addi ng new columms is a recogni zed
formof Registry extension. The specification defining the new
columm(s) MJST give general guidelines for populating the new
columm(s) for existing entries.

The colums of the Perfornance Metrics Registry are defined bel ow
The colums are grouped into "Categories" to facilitate the use of
the Registry. Categories are described at the "Section 7.x" headi ng
| evel, and columms are described at the "Section 7.x.y" headi ng
level. The figure belowillustrates this organization. An entry
(row) therefore gives a complete description of a Registered

Per f ormance Metri c.

Each col um serves as a checklist itemand hel ps to avoid om ssions
during registration and Expert Review [ RFC8126].

Regi stry Categories and Colums are shown below in this format:

Cat egory

Col um | Col umm |
Sunmmary
Identifier | Name | UR | Desc. | Reference | Change | Ver |

| | | | | Controller |

Metric Definition
Reference Definition | Fixed Parameters |
Met hod of Measurenent
Reference | Packet | Traffic | Sanpling | Runtime | Role |
Met hod | Stream | Filter | Distribution | Paraneters | |

| Generation |

Type | Reference | Units | Calibration |
| Definition | | |

Status | Requester | Rev | Rev. Date |

Comments and Remar ks

There is a blank tenplate of the Registry tenplate provided in
Section 11 of this neno.

7.1. Summary Category
7.1.1. ldentifier

This colum provides a nuneric ldentifier for the Registered
Performance Metric. The ldentifier of each Regi stered Perfornmance
Metric MUST be unique. Note that revising a Metric according to the
process in Section 8.2 creates a new entry in the Performance Metrics
Registry with the sane identifier.

The Regi stered Performance Metric unique Identifier is an unbounded
integer (range O to infinity).



The Identifier O should be Reserved. The ldentifier values from
64512 to 65535 are reserved for private or experinental use, and the
user may encounter overl apping uses.

When addi ng new Regi stered Perfornmance Metrics to the Perfornmance
Metrics Registry, | ANA SHOULD assign the | owest available ldentifier
to the new Regi stered Performance Metric.

If a Performance Metrics Expert providing review determnes that
there is a reason to assign a specific nuneric ldentifier, possibly
| eaving a temporary gap in the nunbering, then the Performance
Metrics Expert SHALL inform | ANA of this decision.

. 2. Name

As the Nane of a Registered Performance Metric is the first thing a
potential human inplementer will use when determ ning whether it is
suitable for their neasurenment study, it is inportant to be as

preci se and descriptive as possible. In the future, users wll
review the Names to determine if the netric they want to neasure has
al ready been registered, or if a sinilar entry is available, as a
basis for creating a new entry.

Nanes are conposed of the followi ng el enents, separated by an
underscore character "_":

MetricType_Met hod_SubTypeMethod ... Spec_Units_ Qutput

MetricType: A conbination of the directional properties and the
metric neasured, such as and not limted to:

S o e e e e e e e e e e m e ao- - +
| RTDel ay | Round-Trip Del ay |
Fom e oo o m m e e e e e e e e e e e e eaao o +
| RTDNS | Response Time Domain Name Service |
N o m e e e e e e e e e e e e e e e e e e o +
| RLDNS | Response Loss Donmain Nanme Service |
S o e e e e e e e e e e m e ao- - +
| OwvDel ay | One-Vay Del ay |
Fom e oo o m m e e e e e e e e e e e e eaao o +
| RTLoss | Round-Trip Loss |
N o m e e e e e e e e e e e e e e e e e e o +
| OWLoss | One-Vay Loss |
S o e e e e e e e e e e m e ao- - +
| OWPDV | One-Way Packet Delay Variation |
Fom e oo o m m e e e e e e e e e e e e eaao o +
| OW PDV | One-Way Inter-Packet Delay Variation |
N o m e e e e e e e e e e e e e e e e e e o +
| OAReorder | One-Way Packet Reordering |
S o e e e e e e e e e e m e ao- - +
| OADuplic | One-Way Packet Duplication |
Fom e oo o m m e e e e e e e e e e e e eaao o +
| ONBTC | One-Way Bul k Transport Capacity |
N o m e e e e e e e e e e e e e e e e e e o +
| OAWBM | One-Vay Mbddel - Based Metric |
S o e e e e e e e e e e m e ao- - +
| SPMonitor | Single-Point Monitor |
Fom e oo o m m e e e e e e e e e e e e eaao o +
| MPMonitor | Multi-Point NMonitor |
N o m e e e e e e e e e e e e e e e e e e o +
Table 1

Met hod: One of the nethods defined in [ RFC7799], such as and not
limted to:



| Active | depends on a dedi cated nmeasurenent packet |
| | stream and observations of the stream as |
| | described in [ RFC7799] |

I e +
| Passive | depends *sol el y* on observation of one or |
| | nore existing packet streanms as described in |
| | [RFC7799] |
. . +

| HybridTypel | Hybrid Type | observations on one stream |
| that combi ne both Active Methods and Passive
| | Methods as described in [ RFC7799] |

| HybridType2 | Hybrid Type Il observations on two or nore |
| streans that conbine both Active Methods and
| | Passive Methods as described in [ RFC7799] |

| Spati al | spatial netric as described in [ RFC5644] |

Table 2

SubTypeMet hod: One or nore subtypes to further describe the features
of the entry, such as and not limted to:

S oo mm e e e e e e e e e e e e e e e e e e e e oo oo +
| ICWwP | I'nternet Control Message Protocol |
o a o o m e e e e e e e e e e e e e e e e e e e e e mee—ooon +
| IP | I'nternet Protocol |
oo o - o m o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ee e oo +
| DSCPxx | where xx is replaced by a Diffserv code point |
S oo mm e e e e e e e e e e e e e e e e e e e e oo oo +
| ubP | User Datagram Protocol |
o a o o m e e e e e e e e e e e e e e e e e e e e e mee—ooon +
| TCP | Transport Control Protocol |
oo o - o m o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ee e oo +
| QUC | QUIC transport protocol |
S oo mm e e e e e e e e e e e e e e e e e e e e oo oo +
| HS | Hand- Shake, such as TCP's 3-way HS |
o a o o m e e e e e e e e e e e e e e e e e e e e e mee—ooon +
| Poisson | packet generation using Poisson distribution

oo o - o m o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ee e oo +
| Periodic | periodic packet generation |
S oo mm e e e e e e e e e e e e e e e e e e e e oo oo +
| SendOnRcv | sender keeps one packet in transit by sending |
| | when previous packet arrives |
o a o e m m e e e e e e e e e e e e e e e e e e e e e ee— oo - +
| Payl oadxxxxB | where xxxx is replaced by an integer, the |
| | nunber of octets or 8-bit Bytes in the Payl oad |
S oo mm e e e e e e e e e e e e e e e e e e e e oo oo +
| SustainedBurst | capacity test, worst case |
o a o o m e e e e e e e e e e e e e e e e e e e e e mee—ooon +
| Standi ngQueue | test of bottl eneck queue behavi or |
oo o - o m o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ee e oo +

Tabl e 3
SubTypeMet hod val ues are separated by a hyphen "-" character,

whi ch indicates that they belong to this element and that their
order is uninportant when considering Nane uni queness.

Spec: An i mutabl e docunent ldentifier conbined with a docunent
section ldentifier. For RFCs, this consists of the RFC nunber and
maj or section nunber that specifies this Registry Entry in the
form " RFCXXXXsecY", e.g., RFC7799sec3. Note: The RFC nunber is
not the primary reference specification for the metric definition



(e.g., [RFC7679] as the primary reference specification for one-
way delay nmetrics); it will contain the placehol der "RFCXXXXsecY"
until the RFC nunber is assigned to the specifying docunent and
would remain blank in Private Registry Entries without a
corresponding RFC. Anticipating the "RFCLOK" problem the nunber
of the RFC continues to replace "RFCXXXX", regardl ess of the
nunber of digits in the RFC nunber. Anticipating Registry Entries
from ot her standards bodies, the formof this Nane El ement MJUST be
proposed and revi ewed for consistency and uni queness by the Expert
Revi ewer .

Units: The units of neasurenent for the output, such as and not
limted to:

S e +
| Seconds | |
S ISRy L -, +
| Ratio | unitless |
R o e e e e e e e e a oo - +
| Percent | value multiplied by 100% |
S TR e +
| Logi cal | 2 or O |
S TR L -, +
| Packets | |
R o e e e e e e e e a oo - +
| BPS | bits per second |
S TR e +
| PPS | packets per second |
S ISRy L T +
| EventTotal | for unitless counts |
R o e e e e e e e e a oo - +
| Multiple | nmore than one type of unit |
S T e +
| Enunerated | a list of outcones |
S ISRy L -, +
| Unitless | |
R o e e e e e e e e a oo - +
Tabl e 4

Qutput: The type of output resulting from neasurenent, such as and
not limted to:

R o e m e e e e e e e e e e +
| Singleton | |
oo s o m e e e e e e e e ee e +
| Raw | multiple singletons |
S o e e e e e e e e e e e e e e e e e o +
| Count | |
R o e m e e e e e e e e e e +
| M ninmum | |
oo s o m e e e e e e e e ee e +
| Maxi mum | |
S o e e e e e e e e e e e e e e e e e o +
| Medi an | |
R o e m e e e e e e e e e e +
| Mean | |
oo s o m e e e e e e e e ee e +
| 95Percentile | 95th percentile |
S o e e e e e e e e e e e e e e e e e o +
| 99Percentile | 99th percentile |
R o e m e e e e e e e e e e +
| StdDev | standard devi ation |
oo s o m e e e e e e e e ee e +
| Variance | |



| PFI | pass, fail, inconclusive |

R o e m e e e e e e e e e e +

| FlowRecords | descriptions of flows observed |

oo s o m e e e e e e e e ee e +

| LossRatio | lost packets to total packets, <=1 |

S o e e e e e e e e e e e e e e e e e o +
Table 5

An exanpl e, as described in Section 4 of [RFC8912], is
RTDel ay_Acti ve_I| P- UDP- Peri odi c_RFC8912sec4_Seconds_95Percentil e

Note that private registries followi ng the format described here
SHOULD use the prefix "Priv_" on any Name to avoi d uni ntended
conflicts (further considerations are described in Section 10).
Private Registry Entries usually have no specifying RFC, thus, the
Spec: el enment has no clear interpretation.

7.1.3. UR

The URI columm MJST contain a URL [ RFC3986] that uniquely identifies
and |l ocates the Metric Entry so it is accessible through the
Internet. The URL points to a file containing all of the hunman-
readabl e information for one Registry Entry. The URL SHALL reference
a target file that is preferably HTM.-formatted and contains URLS to
referenced sections of HTM.ized RFCs, or other reference
specifications. These target files for different entries can be nore
easily edited and reused when preparing new entries. The exact form
of the URL for each target file, and the target file itself, will be
determ ned by | ANA and reside on <https://ww.iana.org/>  Section 4
of [RFC8912], as well as subsequent mmjor sections of that docunent,
provide an exanple of a target file in HIM. form

7.1.4. Description

A Regi stered Performance Metric descriptionis a witten
representation of a particular Performance Metrics Registry Entry.
It supplenents the Registered Performance Metric Nanme to help
Performance Metrics Registry users select relevant Regi stered

Per f ormance Metri cs.

7.1.5. Ref er ence

This entry gives the specification containing the candi date Registry
Entry that was reviewed and agreed upon, if such an RFC or other
speci fication exists.

7.1.6. Change Controller

This entry nanmes the entity responsible for approving revisions to
the Registry Entry and SHALL provide contact information (for an
i ndi vi dual , where appropriate).

7.1.7. Version (of Registry Format)

This columm gives the version nunber for the Registry format used, at
the time the Performance Metric is registered. The format conplying
with this meno MUST use 1.0. A new RFC that changes the Registry
format will designate a new version number corresponding to that
format. The version nunber of Registry Entries SHALL NOT change

unl ess the Registry Entry is updated to reflect the Registry format
(following the procedures in Section 8).

7.2. Metric Definition Category



This category includes colums to pronpt all necessary details
related to the netric definition, including the inmutable docunent
ref erence and val ues of input factors, called "Fixed Paraneters",
which are left open in the i mutabl e docunent but have a particul ar
val ue defined by the Perfornmance Metric.

7.2.1. Ref erence Definition

This entry provides a reference (or references) to the rel evant
sections of the docunment or docunents that define the metric, as well
as any suppl erental informati on needed to ensure an unanbi guous
definition for inplenmentations. A given reference needs to be an

i mmut abl e docunent, such as an RFC, for other standards bodies, it is
likely to be necessary to reference a specific, dated version of a
speci fication.

7.2. 2. Fi xed Paraneters

Fi xed Paraneters are Paraneters whose val ues must be specified in the
Performance Metrics Registry. The neasurenent system uses these
val ues.

Where referenced metrics supply a list of Parameters as part of their
descriptive tenplate, a subset of the Paraneters wll be designated
as Fixed Paraneters. As an exanple for Active Metrics, Fixed
Paraneters determ ne nost or all of the | PPMfranmework convention
"packets of Type-P" as described in [RFC2330], such as transport
protocol, payload Iength, TTL, etc. An exanple for Passive Metrics
is for an RTP packet |oss calculation that relies on the validation
of a packet as RTP, which is a multi-packet validation controlled by
the M N_SEQUENTI AL vari abl e as defined by [ RFC3550]. Varying

M N_SEQUENTI AL val ues can alter the loss report, and this variable
coul d be set as a Fixed Paraneter.

Par anet ers MJST have wel | -defined nanes. For hunan readers, the
hangi ng-i ndent style is preferred, and any Paraneter nanes and
definitions that do not appear in the Reference Method Specification
MUST appear in this colum (or the Runtinme Paraneters col umm).

Par amet ers MJUST have a wel | -specified data fornmat.

A Paraneter that is a Fixed Paraneter for one Performance Metrics
Regi stry Entry may be designated as a Runtinme Parameter for another
Performance Metrics Registry Entry.

7.3. Method of Measurenent Category

This category includes colums for references to rel evant sections of
the i mmut abl e docunent (s) and any suppl enental information needed to
ensure an unanbi guous net hod for inplenentations.

7.3.1. Reference Method

This entry provides references to rel evant sections of inmutable
docunents, such as RFC(s) (for other standards bodies, it is likely
to be necessary to reference a specific, dated version of a

speci fication) describing the Method of Measurenent, as well as any
suppl enental information needed to ensure unanbi guous interpretation
for inplenentations referring to the immutable docunment text.

Specifically, this section should include pointers to pseudocode or
actual code that could be used for an unanbi guous inpl enentati on.

7.3.2. Packet Stream CGeneration

This columm applies to Performance Metrics that generate traffic as



part of their Measurement Method, including, but not necessarily
limted to, Active Metrics. The generated traffic is referred to as
a "streant, and this colum describes its characteristics

Each entry for this columm contains the follow ng infornation:
Val ue: The name of the packet stream scheduling discipline

Ref erence: The specification where the Paraneters of the streamare
defi ned

The packet generation stream may require Paraneters such as the
average packet rate and distribution truncation value for streans
wi th Poi sson-distributed inter-packet sending tines. |f such

Par aneters are needed, they should be included in either the Fixed
Paranmeters colum or the Runtinme Parameters col um, dependi ng on
whether they will be fixed or will be an input for the netric.

The sinpl est exanple of stream specification is singleton scheduling
(see [ RFC2330]), where a single atom c nmeasurenent is conducted

Each atoni c nmeasurenent coul d consist of sending a single packet
(such as a DNS request) or sending several packets (for exanple, to
request a web page). Qher streans support a series of atomc
measur enent s using pairs of packets, where the packet stream foll ows
a schedul e defining the timng between transmtted packets, and an
at om ¢ measurenent assesses the reception tinme between successive
packets (e.g., a neasurenent of Inter-Packet Delay Variation). More
conpl ex streans and neasurenent relationships are possi bl e.
Principally, two different streans are used in | PPM Metri cs:

(1) Poisson, distributed as described in [ RFC2330] and (2) periodic,
as described in [RFC3432]. Both Poisson and periodic have their own
uni que Paraneters, and the rel evant set of Parameter names and val ues
shoul d be included in either the Fixed Parameters columm or the
Runtime Paraneters col um.

7.3.3. Traffic Filter

This columm applies to Performance Metrics that observe packets
flowi ng through (the device with) the Measurenent Agent, i.e.,
packets that are not necessarily addressed to the Measurenent Agent.
This includes, but is not linited to, Passive Metrics. The filter
specifies the traffic that is neasured. This includes protocol field
val ues/ ranges, such as address ranges, and flow or session

I dentifiers.

The Traffic Filter itself depends on the needs of the nmetric itself
and a bal ance of an operator’s measurenent needs and a user’s need
for privacy. Mechanics for conveying the filter criteria mght be
the BPF (Berkel ey Packet Filter) or PSAMP (Packet Sanpling) [RFC5475]
Property Match Filtering, which reuses | PFIX [RFC7012]. An exanple
BPF string for matching TCP/ 80 traffic to renpte Destination net
192.0.2.0/24 would be "dst net 192.0.2.0/24 and tcp dst port 80"

More conplex filter engines may allow for matching using Deep Packet
I nspection (DPl) technol ogy.

The Traffic Filter includes the followi ng infornmation

Type: The type of Traffic Filter used, e.g., BPF, PSAMP, OpenFl ow
rule, etc., as defined by a normative reference

Val ue: The actual set of rules expressed
7.3.4. Sanpling Distribution

The sanpling distribution defines, out of all of the packets that
match the Traffic Filter, which one or nore of those packets are



actually used for the neasurenent. One possibility is "all", which
inplies that all packets matching the Traffic Filter are considered,
but there nmay be other sanpling strategies. It includes the
follow ng information:

Val ue: The nanme of the sanpling distribution

Ref erence definition: Pointer to the specification where the
sanpling distribution is properly defined

The sanpling distribution may require Paraneters. |f such Paraneters
are needed, they should be included in either the Fixed Paraneters
columm or the Runtine Paraneters col um, dependi ng on whether they
will be fixed or will be an input for the netric

PSAMP is documented in "Sanpling and Filtering Techniques for IP
Packet Sel ection" [RFC5475], while "A Framework for Packet Sel ection
and Reporting" [RFC5474] provides nore background information. The
sampling distribution Paraneters mght be expressed in ternms of the
nodel described in "Information Mddel for Packet Sanpling Exports”

[ RFC5477] and the process provided in "Fl ow Sel ecti on Techni ques"

[ RFC7014] .

7.3.5. Runti me Paraneters

In contrast to the Fixed Parameters, Runtinme Parameters are
Paranmeters that do not change the fundanental nature of the

measur enent and their values are not specified in the Performance
Metrics Registry. They are left as variables in the Registry, as an
aid to the nmeasurement systeminplenenter or user. Their values are
supplied on execution, configured into the neasurenent system and
reported with the Measurenent Results (so that the context is

conpl ete).

Where netrics supply a list of Parameters as part of their
descriptive tenplate, a subset of the Paranmeters wll be designated
as Runtinme Parameters.

Par anet ers MJUST have wel | -defined nanes. For hunan readers, the
hangi ng-indent style is preferred, and the names and definitions that
do not appear in the Reference Method Specification MJST appear in
this col um.

A data format for each Runtine Parameter MJST be specified in this
columm, to sinplify the control and inplenmentation of measurenent
devices. For exanple, Paraneters that include an | Pv4 address can be
encoded as a 32-bit integer (i.e., a binary base64-encoded val ue) or
"i p-address” as defined in [ RFC6991]. The actual encoding(s) used
must be explicitly defined for each Runtine Paraneter. |Pv6
addresses and options MJUST be accombpdat ed, all owi ng Regi stered
Performance Metrics to be used in that address famly. Oher address
famlies are perm ssible.

Exanpl es of Runtime Parameters include | P addresses, measurenent
poi nt designations, start tines and end tinmes for measurenment, and
other information essential to the Method of Measurenent.

7.3.6. Role

In sone Methods of Measurenent, there may be several Rol es defined,
e.g., for a one-way packet delay Active Measurenent, there is one
Measur enment Agent that generates the packets and anot her Agent that
recei ves the packets. This colum contains the nane of the Rol e(s)
for this particular entry. |n the one-way del ay exanpl e above, there
shoul d be two entries in the Registry’'s Role colum, one for each
Rol e (Source and Destination). Wen a Measurenment Agent is
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instructed to performthe "Source"” Role for the one-way delay netric,
the Agent knows that it is required to generate packets. The val ues
for this field are defined in the Reference Method of Measurenent
(and this frequently results in abbreviated Rol e nanes such as
"Src").

When the Role colum of a Registry Entry defines nore than one Rol e,
the Role SHALL be treated as a Runtinme Paraneter and supplied for
execution. It should be noted that the LMAP franework [ RFC7594]

di stinguishes the Role fromother Runtime Paraneters.

4. CQutput Category

For entries that involve a stream and many singl eton nmeasurenents, a
statistic may be specified in this colum to sumarize the results to
a single value. If the conplete set of neasured singletons is
output, this will be specified here.

Sone netrics enbed one specific statistic in the reference netric
definition, while others allow several output types or statistics.

4.1. Type

Thi s columm contains the nane of the output type. The output type
defines a single type of result that the nmetric produces. It can be
the raw results (packet send tinmes and singleton netrics), or it can
be a sunmary statistic. The specification of the output type MJST
define the format of the output. |In sonme systens, format
specifications will sinplify both nmeasurenent inplenentation and
collection/storage tasks. Note that if two different statistics are
required froma single neasurenent (for exanple, both "Xth percentile
mean" and "Raw'), then a new output type nust be defined ("Xth
percentile mean AND Raw'). See Section 7.1.2 above for a list of
out put types.

4. 2. Ref erence Definition

This columm contains a pointer to the specification(s) where the
output type and format are defi ned.

4.3. Metric Units

The neasured results nmust be expressed using sonme standard di nension
or units of neasure. This colum provides the units.

When a sanpl e of singletons (see Section 11 of [ RFC2330] for
definitions of these terns) is collected, this entry will specify the
units for each measured val ue.

4.4. Calibration

Sone specifications for Methods of Measurenment include the ability to
performan error calibration. Section 3.7.3 of [RFC7679] is one
exanple. In the Registry Entry, this field will identify a method of
calibration for the nmetric, and, when avail able, the neasurenent
system SHOULD performthe calibration when requested and produce the
output with an indication that it is the result of a calibration
method. In-situ calibration could be enabled with an interna

| oopback that includes as much of the neasurenment system as possi bl e,
perfornms address mani pul ati on as needed, and provi des sone form of
isolation (e.g., determnistic delay) to avoid send-receive interface
contention. Some portion of the random and systematic error can be
characterized in this way.

For one-way del ay neasurenents, the error calibration rmust include an
assessnent of the internal clock synchronization with its externa



reference (this internal clock is supplying tinestanps for
measurenent). In practice, the time offsets of clocks at both the
Source and Destination are needed to estinmate the systematic error
due to inperfect clock synchronization (the tine offsets are

smoot hed; thus, the randomvariation is not usually represented in
the results).

Both internal | oopback calibration and cl ock synchroni zati on can be
used to estimate the *avail abl e accuracy* of the Qutput Metric Units.
For exanpl e, repeated | oopback delay neasurenents will reveal the
portion of the output result resolution that is the result of system
noi se and is thus inaccurate.

7.5. Administrative Information
7.5.1. Status

This entry indicates the status of the specification of this
Regi stered Performance Metric. Allowed values are "Current’,
"Deprecated’, and 'Cbsolete’. Al newy defined Registered
Performance Metrics have 'Current’ Status.

7.5.2. Requester

This entry indicates the requester for the Registered Performance
Metric. The requester MAY be a docunent (such as an RFC) or a
person.

7.5.3. Revi si on

This entry indicates the revision nunber of a Registered Performance
Metric, starting at O for Registered Performance Metrics at the tine
of definition and increnented by one for each revision. However, in
the case of a non-backward-conpatible revision, see Section 8.3.

7.5. 4. Revi si on Dat e

This entry indicates the date of acceptance of the nobst recent
revision for the Registered Performance Metric. The date SHALL be
determined by | ANA and the reviewi ng Perfornance Metrics Expert.

7.6. Comments and Remar ks

Besi des providing additional details that do not appear in other
categories, this open category (single columm) all ows unforeseen
i ssues to be addressed by sinply updating this informational entry.

8. Processes for Managi ng the Performance Metrics Registry Goup

Once a Performance Metric or set of Performance Metrics has been
identified for a given application, candi date Performance Metrics
Regi stry Entry specifications prepared in accordance with Section 7
shoul d be submitted to IANA to follow the process for review by the
Performance Metrics Experts, as defined below This process is also
used for other changes to a Performance Metrics Registry Entry, such
as deprecation or revision, as described later in this section.

It is desirable that the author(s) of a candidate Performance Metrics
Regi stry Entry seek review in the relevant | ETF working group or
of fer the opportunity for review on the working group mailing list.

8.1. Adding New Performance Metrics to the Performance Metrics Registry
Requests to add Regi stered Performance Metrics in the Perfornmance

Metrics Registry SHALL be subnitted to | ANA, which forwards the
request to a designated group of experts (Performance Metrics



Experts) appointed by the |ESG these are the reviewers called for by
the Specification Required policy [ RFC8126] defined for the
Performance Metrics Registry. The Performance Metrics Experts review
the request for such things as conpliance with this docunent,
compliance with other applicable Performance Metrics-rel ated RFCs,
and consistency with the currently defined set of Registered
Performance Metrics. The nost efficient path for subm ssion begins
with preparation of an Internet-Draft containing the proposed
Performance Metrics Registry Entry using the tenplate in Section 11,
so that the submi ssion formatting will benefit fromthe normal |ETF
Internet-Draft subnission processing (including HTM.i zation).

Submi ssion to | ANA may be during I ESG review (|l eading to | ETF

St andards Action), where an Internet-Draft proposes one or nore

Regi stered Performance Metrics to be added to the Performance Metrics
Regi stry, including the text of the proposed Registered Performance
Metric(s).

If an RFC-to-be includes a Performance Metric and a proposed
Performance Metrics Registry Entry but the Performance Metrics
Expert’'s review deternines that one or nore of the criteria listed in
Section 5 have not been net, then the proposed Performance Metrics
Regi stry Entry MJST be removed fromthe text. Once evidence exists
that the Performance Metric nmeets the criteria in Section 5, the
proposed Performance Metrics Registry Entry SHOULD be subnmitted to

I ANA to be evaluated in consultation with the Performance Metrics
Experts for registration at that tine.

Aut hors of proposed Regi stered Perfornmance Metrics SHOULD revi ew
compliance with the specifications in this docunment to check their
submi ssi ons before sending themto | ANA

At | east one Perfornmance Metrics Expert should endeavor to conplete
referred reviews in a tinely manner. |If the request is acceptable,
the Performance Metrics Experts signify their approval to | ANA, and

| ANA updates the Performance Metrics Registry. |If the request is not
acceptabl e, the Performance Metrics Experts MAY coordinate with the
requester to change the request so that it is conpliant; otherw se,

| ANA SHALL coordinate resolution of issues on behalf of the expert.
The Performance Metrics Experts MAY choose to reject clearly

frivol ous or inappropriate change requests outright, but such
exceptional circunstances should be rare.

If the proposed Metric is unique in a significant way, in order to
properly describe the Metric, it nmay be necessary to propose a new
Nanme El enent Registry, or (nore likely) a new Entry in an existing
Nane El enent Registry. This proposal is part of the request for the
new Metric, so that it undergoes the same | ANA revi ew and approval
process.

Deci sions by the Performance Metrics Experts may be appeal ed per
Section 10 of [RFC8126].

8.2. Backward-Conpati bl e Revision of Registered Performance Metrics

A request for revisionis only permtted when the requested changes
mai ntai n backward conpatibility with inplenmentations of the prior
Performance Metrics Registry Entry describing a Registered
Performance Metric (entries with | ower revision nunbers but having
the sane ldentifier and Nane).

The purpose of the Status field in the Performance Metrics Registry
is to indicate whether the entry for a Regi stered Performance Mtric
is 'Current’, 'Deprecated’, or 'Cbsolete’'. The term’ ' deprecated is
used when an entry is replaced, either with a backwards-conpati bl e
revision (this sub-section) or with a non-backwards-conpati bl e



revision (in Section 8.3).

In addition, no policy is defined for revising the Perfornance Metric
Entries in the | ANA Registry or addressing errors therein. To be

cl ear, changes and deprecations within the Performance Metrics

Regi stry are not encouraged and shoul d be avoided to the extent

possi ble. However, in recognition that change is inevitable, the
provisions of this section address the need for revisions.

Revi sions are initiated by sending a candi date Regi stered Performance
Metric definition to | ANA, per Section 8.1, identifying the existing
Performance Metrics Registry Entry, and expl ai ni ng how and why the
exi sting entry shoul d be revised.

The primary requirenent in the definition of procedures for managi ng
changes to existing Registered Performance Metrics is avoi dance of
measur enent interoperability problems; the Perfornance Metrics
Experts nust work to maintain interoperability above all else.
Changes to Registered Performance Metrics may only be done in an

i nt eroperabl e way; necessary changes that cannot be done in a way
that allows interoperability with unchanged inpl enentati ons MJST
result in the creation of a new Registered Performance Metric (with a
new Nare, replacing the RFCXXXXsecY portion of the Nane) and possibly
the deprecation of the earlier metric.

A change to a Registered Performance Metric SHALL be determ ned to be
backward conpati bl e when:

1. it involves the correction of an error that is obviously only
editorial, or

2. it corrects an anbiguity in the Registered Performance Metric’s
definition, which itself leads to i ssues severe enough to prevent
the Registered Performance Metric's usage as originally defined,
or

3. it corrects missing information in the netric definition w thout
changing its neaning (e.g., the explicit definition of 'quantity’
semantics for nunmeric fields without a Data Type Senantics
val ue), or

4. it harnpnizes with an external reference that was itself
corrected, or

5. if the current Registry format has been revised by adding a new
colum that is not relevant to an existing Registered Performance
Metric (i.e., the new colum can be safely filled in with "Not

Appl i cabl e").

If a Performance Metric revision is deened perm ssible and backward
conpati ble by the Performance Metrics Experts, according to the rules
in this docunent, | ANA SHOULD execute the change(s) in the
Performance Metrics Registry. The requester of the change is
appended to the original requester in the Perfornmance Metrics

Regi stry. The Nanme of the revised Registered Performance Mtric,

i ncludi ng the RFCXXXXsecY portion of the Nanme, SHALL renmi n unchanged
even when the change is the result of |IETF Standards Action. The
revised Registry Entry SHOULD reference the new i nmut abl e docunent,
such as an RFC. For other standards bodies, it is likely to be
necessary to reference a specific, dated version of a specification,
in an appropriate category and col um.

Each Regi stered Performance Metric in the Performance Metrics

Regi stry has a revision nunber, starting at zero. Each change to a
Regi stered Performance Metric following this process increments the
revi si on nunber by one.



When a revised Regi stered Perfornmance Metric is accepted into the
Performance Metrics Registry, the date of acceptance of the nobst
recent revision is placed into the Revision Date colum of the
Regi stry for that Registered Performance Metric.

Where applicable, additions to Registered Performance Metrics in the
formof text in the Comments or Remarks col um shoul d include the
date, but such additions nay not constitute a revision according to
this process.

O der versions of the updated Metric Entries are kept in the Registry
for archival purposes. The older entries are kept with all fields
unnodi fied (including Revision Date) except for the Status field,

whi ch SHALL be changed to ’'Deprecated .

Thi s process should not in any way be construed as allow ng the
Performance Metrics Experts to overrule | ETF consensus.
Specifically, any Registered Performance Metrics that were added to
the Performance Metrics Registry with | ETF consensus require | ETF
consensus for revision or deprecation.

8.3. Non-Backwar d- Conpati bl e Deprecation of Registered Performance
Metrics

Thi s section describes how to nake a non-backward-conpati bl e update
to a Registered Performance Metric. A Registered Performance Metric
MAY be deprecated and repl aced when:

1. the Registered Performance Metric definition has an error or
shortcom ng that cannot be pernissibly changed per Section 8.2
("Revi sing Registered Performance Metrics"), or

2. the deprecation harnonizes with an external reference that was
itself deprecated through that reference’ s accepted deprecation
met hod.

A request for deprecation is sent to | ANA, which passes it to the
Performance Metrics Experts for review. When deprecating a
Performance Metric, the Performance Metric Description in the
Performance Metrics Registry MJST be updated to explain the
deprecation, as well as to refer to the new Performance Metric
created to replace the deprecated Performance Metric.

When a new, non-backward-conpati bl e Perfornmance Metric replaces a
(now) deprecated netric, the revision nunber of the new Registered
Performance Metric is incremented over the value in the deprecated
version, and the current date is entered as the Revision Date of the
new Regi stered Performance Metric.

The intentional use of deprecated Regi stered Perfornance Metrics
should result in a log entry or human-readabl e warni ng by the
respective application.

Nanes and Metric | Ds of deprecated Registered Perfornmance Metrics
nmust not be reused.

The deprecated entries are kept with all Administrative columms
unnodi fi ed, except the Status field (which is changed to
"Deprecated’ ).

8.4. (bsolete Registry Entries

Exi sting Registry Entries may becone obsol ete over time due to:

1. the Registered Performance Metric is found to contain
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consi derable errors (and no one sees the value in the effort to
fixit), or

2. one or nore critical References (or sections thereof) have been
desi gnat ed obsol ete by the SDO, or

3. other reasons brought to the attention of 1 ANA and the Registry
Experts.

When a Performance Metric Registry Entry is declared obsolete, the
Performance Metric Description in the Perfornance Metrics Registry is
updated to explain the reasons the Entry is now obsol ete and has not
been repl aced (Deprecation always invol ves repl acenment).

obsol ete entries are kept with all Administrative columms unnodifi ed,
except the Status field (which is changed to ' Cbsolete’).

5. Registry Format Version and Future Changes/ Extensions

The Registry Format Version defined in this meno is 1.0, and
candi date Registry Entries conplying with this nmeno MJST use 1.0.

The Registry Format can only be updated by publishing a new RFC with
the new format (Standards Action).

When a Regi stered Perfornmance Metric is created or revised, then it
uses the nost recent Registry Format Version

Only one form of Registry extension is envisaged:

Addi ng columms, or both categories and colums, to accommodate
unanti ci pated aspects of new neasurenents and netric categori es.

If the Perfornmance Metrics Registry is extended in this way, the
version nunber of future entries conplying with the extension SHALL
be incremented (in either the unit or the tenths digit, depending on
the degree of extension).

Security Considerations

Thi s docunent defines a Registry structure and does not itself

i ntroduce any new security considerations for the Internet. The
definition of Performance Metrics for this Registry may introduce
sonme security concerns, but the nmandatory references should have
their own considerations for security, and such definitions should be
reviewed with security in mnd if the security considerations are not
covered by one or nore reference standards.

The aggregated results of the Performance Metrics described in this
Regi stry mght reveal network topology information that nmay be
consi dered sensitive. |f such cases are found, then access contro
mechani sms shoul d be appl i ed.

| ANA Consi der ati ons

Wth the background and processes described in earlier sections, |ANA
has taken the actions described bel ow.

1. Registry G oup

The new Regi stry group is named Performance Metrics. This docunent
refers to it as the "Performance Metrics G oup" or "Registry G oup",
meani ng all registrations appearing on

<https://ww. i ana. or g/ assi gnnent s/ perf or mance-netri cs>

(https://ww. i ana. or g/ assi gnnent s/ perf ormance-netrics).
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For clarity, note that this document and [ RFC3912] use the foll ow ng
conventions to refer to the various I ANA registries related to
Per f or mance Metri cs.

| | RFC 8911 and RFC 8912 | 1 ANA Wb page |
[} e ———— e ——_—————————_——_————————— Ll p—p—r o
| Page Title | Performance Metrics Group | Performance Metrics |
oo T T TSy +
| Main Registry | Performance Metrics | Perfornmance Metrics |
| | Registry | Registry |
o m e e e oo - Tt Tt +
| Registry Row | Performance Metrics | registration (also |

| Registry Entry | tenplate) |
oo e e e e e e e eaea oo n Fom e e e e e oo s +

Table 6

Regi stration Procedure: Specification Required
Ref erence: RFC 8911

Experts: Performance Metrics Experts

2. Performance Metrics Nane El ements

This nmeno specifies and popul ates the Registries for the Performance
Metric Nanme El enents. The Nanme assigned to a Perfornance Metric
Regi stry Entry consists of multiple El enents separated by an "_"
(underscore), in the order defined in Section 7.1.2. |ANA has
created the follow ng registries, which contain the current set of

possibilities for each Element in the Performance Metric Nane.
MetricType
Met hod
SubTypeMet hod
Spec
Units
Qut put

At creation, | ANA has popul ated the Regi stered Perfornance Metrics
Name El enents using the lists of values for each Name El ement |isted
in Section 7.1.2. The Nane Elenments in each Registry are case
sensitive.

When preparing a Metric Entry for registration, the devel oper SHOULD
choose Nane El enments from anong the registered el enents. However, if
the proposed netric is unique in a significant way, it may be
necessary to propose a new Name El ement to properly describe the
metric, as described bel ow

A candidate Metric Entry proposes a set of values for its Nane

El ements. These are reviewed by | ANA and an Expert Reviewer. It is
possible that a candidate Metric Entry proposes a new value for a
Nanme El enent (that is, one that is not in the existing list of
possibilities), or even that it proposes a new Name El enment. Such
new assi gnnments are adm nistered by I ANA t hrough the Specification
Required policy [RFC8126], which includes Expert Review (i.e., review
by one of a group of Performance Metrics Experts, who are appointed
by the | ESG upon recomrendati on of the Transport Area Directors).



10.3. New Performance Metrics Registry

Thi s docunent specifies the Performance Metrics Registry. The
Regi stry contains the following colums in the Sunmary category:

I dentifier

Name

UR

Descri ption

Ref erence

Change Controller
Ver si on

Descriptions of these columms and additional information found in the
tenplate for Registry Entries (categories and colunmms) are further
defined in Section 7.

The ldentifier O should be Reserved. The Regi stered Performance
Metric unique ldentifier is an unbounded integer (range O to
infinity). The ldentifier values from 64512 to 65535 are reserved
for private or experinental use, and the user nmay encounter

overl appi ng uses. When addi ng new Regi stered Performance Metrics to
the Performance Metrics Registry, | ANA SHOULD assign the | owest
available lIdentifier to the new Regi stered Performance Metric. |If a
Performance Metrics Expert providing review determnes that there is
a reason to assign a specific nuneric ldentifier, possibly leaving a
tenmporary gap in the nunbering, then the Performance Metrics Expert
SHALL inform | ANA of this decision.

Nanmes starting with the prefix "Priv_" are reserved for private use
and are not considered for registration. The Nane colum entries are
further defined in Section 7.

The URI colum will have a URL to each conpleted Registry Entry. The
Regi stry Entry text SHALL be HTM.ized to aid the reader (similar to
the way that Internet-Drafts are HTM.i zed, the same tool can perform
the function), with links to referenced section(s) of an RFC or

anot her inmut abl e docunent.

The Reference colum will include an RFC nunber, an approved
speci fication designator from another standards body, or sone other
i mmut abl e docunent.

New assi gnnents for the Performance Metrics Registry will be

admi ni stered by | ANA through the Specification Required policy

[ RFC8126] (which includes Expert Review, i.e., review by one of a
group of experts -- in the case of this docunment, the Performance
Metrics Experts, who are appointed by the | ESG upon recomendati on of
the Transport Area Directors) or by Standards Action. The experts
can be initially drawmn fromthe Wrking G oup Chairs, docunent
editors, and nenbers of the Performance Metrics Directorate, anong
ot her sources of experts.

Extensions to the Performance Metrics Registry require | ETF Standards
Action. Only one formof Registry extension is envisaged:

* Adding colums, or both categories and columms, to accommodate
unanti ci pated aspects of new nmeasurenents and netric categori es.

If the Perfornmance Metrics Registry is extended in this way, the
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versi on nunmber of future entries conmplying with the extension SHALL
be increnmented (in either the unit or the tenths digit, depending on
the degree of extension).

Bl ank Registry Tenpl ate

This section provides a blank tenplate to help | ANA and Registry
Entry witers.

1. Sunmmary

This category includes multiple indexes to the Registry Entry: the
el ement 1D and Metric Nane.

1.1. ID (ldentifier)
<insert a nuneric ldentifier, an integer, TBD>
1.2. Nane

<insert the Nanme, according to the nmetric nanmi ng convention>

1.3. URI
URL: https://wwv. iana. org/ assi gnment s/ performance-netrics/ ... <Name>
1.4. Description

<provi de a descripti on>
1.5. Reference

<provi de the RFC or other specification that contains the approved
candi date Registry Entry>

1.6. Change Controller

<provide information regarding the entity responsible for approving
revisions to the Registry Entry (including contact information for an
i ndi vi dual , where appropriate)>

1.7. Version (of Registry Format)

2. Metric Definition

This category includes colums to pronpt the entry of all necessary
details related to the metric definition, including the imutable
docunent reference and val ues of input factors, called "Fixed

Par amet er s".

2.1. Reference Definition

<provide a full bibliographic reference to an inmutabl e docunment>

<provi de a specific section reference and additional clarifications,
i f needed>

2.2. Fixed Paramneters

<list and specify Fixed Paraneters, input factors that nust be
determ ned and enbedded in the nmeasurenent system for use when
needed>

3. Method of Measurenment

This category includes colums for references to rel evant sections of
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the i mmut abl e docunent (s) and any suppl enental information needed to
ensure an unanbi guous net hod for inplenentations.

3.1. Reference Method

<for the metric, insert relevant section references and suppl enenta
i nf o>

3.2. Packet Stream Generation

<provide a list of generation Paranmeters and section/spec references
i f needed>

3.3. Traffic Filtering (Cbhservation) Details

This category provides the filter details (when present), which
qualify the set of packets that contribute to the neasured results
from anong all packets observed

<provi de a section reference>

3.4. Sanpling Distribution

<insert tinme distribution details, or howthis is different fromthe
filter>

3.5. Runtime Paraneters and Data Fornat

Runtine Paranmeters are input factors that nust be deternined,
configured into the nmeasurenent system and reported with the results
for the context to be conplete.

<provide a list of Runtine Paraneters and their data formats>

3.6. Roles

<list the nanes of the different Roles fromthe Measurement Method>

4. CQutput

This category specifies all details of the output of neasurenents
using the netric.

4.1. Type

<insert the name of the output type -- rawresults or a selected
summary statistic>

4.2. Reference Definition
<describe the reference data format for each type of result>
4.3. Metric Units

<insert units for the nmeasured results, and provide the reference
speci fication>

4.4. Calibration

<insert information on calibration>

5. Administrative Itens

This category provides administrative information.

5. 1. St at us
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<provide status: 'Current’ or 'Deprecated >

5.2. Requester

<provi de a person’s name, an RFC number, etc.>

5.3. Revision

<provi de the revision nunber: starts at 0>

5.4. Revision Date

<provi de the date, in YYYY-MWDD fornat>

6. Comments and Renarks

<list any additional (informational) details for this entry>
Ref er ences

1. Normative References

[ RFC2026] Bradner, S., "The Internet Standards Process -- Revision
3", BCP 9, RFC 2026, DA 10.17487/ RFC2026, October 1996,
<https://ww.rfc-editor.org/info/rfc2026>.

[ RFC2119] Bradner, S., "Key words for use in RFCs to Indicate
Requi rement Level s", BCP 14, RFC 2119,
DA 10.17487/ RFC2119, March 1997,
<https://www. rfc-editor.org/info/rfc2119>.

[ RFC2330] Paxson, V., Alnmes, G, Mhdavi, J., and M Mathis,
"Framework for | P Performance Metrics", RFC 2330,
DO 10.17487/ RFC2330, May 1998,
<https://ww.rfc-editor.org/info/rfc2330>.

[ RFC3986] Berners-Lee, T., Fielding, R, and L. Masinter, "Uniform
Resource ldentifier (URI): Generic Syntax", STD 66,
RFC 3986, DO 10.17487/ RFC3986, January 2005,
<https://ww.rfc-editor.org/info/rfc3986>.

[ RFC5644] Stephan, E., Liang, L., and A. Mrton, "IP Perfornmance
Metrics (IPPM: Spatial and Miulticast", RFC 5644,
DO 10.17487/ RFC5644, Cctober 2009,
<https://www. rfc-editor.org/info/rfc5644>.

[ RFC6390] dark, A and B. daise, "Quiidelines for Considering New
Perf ormance Metric Devel opnent”, BCP 170, RFC 6390,
DO 10.17487/ RFC6390, Cctober 2011,
<https://www. rfc-editor.org/info/rfc6390>.

[ RFC6576] Geib, R, Ed., Morton, A, Fardid, R, and A Steinmtz,
"I P Performance Metrics (I PPM Standard Advancenent
Testing", BCP 176, RFC 6576, DO 10.17487/ RFC6576, March
2012, <https://ww.rfc-editor.org/info/rfc6576>.

[RFC7799] Morton, A, "Active and Passive Metrics and Methods (with
Hybrid Types |n-Between)", RFC 7799, DO 10.17487/RFC7799,
May 2016, <https://ww.rfc-editor.org/info/rfc7799>.

[ RFC8126] Cotton, M, Leiba, B., and T. Narten, "Guidelines for
Witing an | ANA Consi derations Section in RFCs", BCP 26,
RFC 8126, DO 10.17487/ RFC8126, June 2017,
<https://www. rfc-editor.org/info/rfc8126>.



12.

[ RFC8174]

Lei ba, B., "Anbiguity of Uppercase vs Lowercase in RFC
2119 Key Words", BCP 14, RFC 8174, DO 10.17487/ RFC8174,
May 2017, <https://ww.rfc-editor.org/info/rfc8174>.

2. Infornmtive References

[ RFC2681]

[ RFC3432]

[ RFC3550]

[ RFC3611]

[ RFCA148]

[ RFC5474]

[ RFEC5475]

[ RFC5477]

[ RFC6035]

[ RFC6248]

[ RFC6991]

[ RFC7012]

[ RFC7014]

Almes, G, Kalidindi, S., and M Zekauskas, "A Round-trip
Delay Metric for IPPM, RFC 2681, DO 10.17487/ RFC2681,
Sept enber 1999, <https://ww. rfc-editor.org/info/rfc2681>.

Rai sanen, V., Gotefeld, G, and A Mrton, "Network
performance neasurenment with periodic streans", RFC 3432,
DA 10.17487/ RFC3432, Novenber 2002,
<https://ww.rfc-editor.org/info/rfc3432>.

Schul zrinne, H, Casner, S., Frederick, R, and V.
Jacobson, "RTP: A Transport Protocol for Real-Tine
Applications", STD 64, RFC 3550, DO 10.17487/ RFC3550,
July 2003, <https://ww.rfc-editor.org/info/rfc3550>.

Friedman, T., Ed., Caceres, R, Ed., and A. dark, Ed.,
"RTP Control Protocol Extended Reports (RTCP XR)",

RFC 3611, DO 10.17487/ RFC3611, November 2003,
<https://www.rfc-editor.org/info/rfc3611>.

Stephan, E., "IP Performance Metrics (I PPM Metrics
Regi stry", BCP 108, RFC 4148, DO 10.17487/ RFCA148, August
2005, <https://ww.rfc-editor.org/info/rfc4148>.

Duffield, N., Ed., Chiou, D., Caise, B., Geenberg, A,
G ossgl auser, M, and J. Rexford, "A Framework for Packet
Sel ection and Reporting", RFC 5474, DO 10.17487/ RFC5474,
March 2009, <https://ww. rfc-editor.org/info/rfc5474>.

Zseby, T., Mlina, M, Duffield, N., Niccolini, S., and F.
Raspal |, "Sanpling and Filtering Techni ques for |P Packet
Sel ection", RFC 5475, DO 10.17487/ RFC5475, March 2009,
<https://ww.rfc-editor.org/info/rfc5475>.

Dietz, T., Caise, B., Aitken, P., Dressler, F., and G
Carle, "Informati on Model for Packet Sampling Exports"”,
RFC 5477, DO 10. 17487/ RFC5477, March 2009,
<https://www. rfc-editor.org/info/rfc5477>.

Pendl eton, A, dark, A, Johnston, A, and H Sinnreich,
"Session Initiation Protocol Event Package for Voice
Quality Reporting", RFC 6035, DO 10.17487/ RFC6035,
Noverber 2010, <https://ww. rfc-editor.org/info/rfc6035>.

Morton, A., "RFC 4148 and the | P Performance Metrics
(IPPM Registry of Metrics Are Obsol ete", RFC 6248,
DA 10.17487/ RFC6248, April 2011,

<https://ww. rfc-editor.org/info/rfc6248>.

Schoenwael der, J., Ed., "Commobn YANG Data Types",
RFC 6991, DA 10.17487/ RFC6991, July 2013,
<https://www. rfc-editor.org/info/rfc6991>.

Claise, B., Ed. and B. Trammell, Ed., "Infornmation Mdel
for 1P Flow Informati on Export (IPFIX)", RFC 7012,

DA 10.17487/ RFC7012, Septenber 2013,
<https://ww.rfc-editor.org/info/rfc7012>.

D Antonio, S., Zseby, T., Henke, C., and L. Peluso, "Flow
Sel ecti on Techni ques", RFC 7014, DO 10. 17487/ RFC7014,
Sept enber 2013, <https://www. rfc-editor.org/info/rfc7014>.



[ RFC7594] Eardley, P., Mrton, A, Bagnulo, M, Burbridge, T.,
Aitken, P., and A Akhter, "A Framework for Large-Scal e
Measur enment of Broadband Perfornmance (LMAP)", RFC 7594,
DO 10. 17487/ RFC7594, Septenber 2015,
<https://ww.rfc-editor.org/info/rfc7594>.

[ RFC7679] Al nes, G, Kalidindi, S., Zekauskas, M, and A Mbdrton,

Ed.,

"A One-Way Delay Metric for I P Performance Metrics

(I1PPM", STD 81, RFC 7679, DO 10. 17487/ RFC7679, January

2016,

<https://www. rfc-editor.org/info/rfc7679>.

[ RFC8912] Morton, A., Bagnulo, M, Eardley, P., and K D Souza,
"Initial Performance Metrics Registry Entries", RFC 8912,
DO 10.17487/ RFC8912, Novenber 2021,
<https://www. rfc-editor.org/info/rfc8912>.

Acknowl edgrent s

Thanks to Brian

Trammel | and Bill Cerveny, |PPM co-chairs during the

devel opment of this meno, for |eading several brainstorm ng sessions

on this topic.

Thanks to Barbara Stark and Juergen Schoenwael der for

the detail ed feedback and suggestions. Thanks to Andrew MG egor for
suggestions on metric nam ng. Thanks to Mchelle Cotton for her
early I ANA review, and to Amanda Baber for answering questions
related to the presentation of the Registry and accessibility of the
conplete tenplate via URL. Thanks to Roni Even for his review and
suggestions to generalize the procedures. Thanks to all of the Area
Directors for their reviews.

Aut hors’ Addr esses

Mar cel o Bagnul o

Uni versidad Carlos Il de Madrid

Av. Uni ver si dad

30

28911 Leganes Madrid

Spai n

Phone: 34 91 6249500

Email: marcel o@t.uc3mes

URI : http://ww.it.uc3mes

Benoit C aise
Huawei

Emmi | : benoit. cl ai se@uawei . com

Philip Eardl ey
BT

Adastral Park, Martl esham Heath

| pswi ch
United Ki ngdom

Enmai | : philip.eardl ey@t.com

Al Mbrton
AT&T Labs

200 Laurel Avenue South
M ddl et own, NJ 07748
United States of Anerica

Emmil : acnorton@tt.com



Aamer Akht er

Consul t ant

118 Ti nber Hitch

Cary, NC

United States of Anerica

Enai | : aakhter @mail.com



