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I nt roducti on

Wth the rise of Al-driven applications, network digital tw ns, and

i ncreasingly dynam c network environnments, there is grow ng demand
for performance nanagenent (PM streaning capabilities. PM stream ng
enabl es proactive issue detection, allow ng network operators to
identify and address potential problens before they affect service.
It also hel ps optinize resource allocation, ensuring efficient use of
bandwi dt h and ot her network resources.

[ITU- T _Gr710] provides a foundational franmework for nanagi ng
transport network el enents, addressing requirenments, paraneters, and
measur enent net hods for performance nanagenent. However,
[ITUT_Gr710] does not define YANG data nodel s or specific protocols
needed for PM stream ng, which are essential for nbdern network
managenent. To support PM stream ng, various |ETF documents and
protocol s [ RFC8639], [RFC8640], [RFC8641] can be utilized. This
docunent provides a YANG data nodel for PM stream ng in network

equi prent based on [I TU T _Gr710], denpnstrating how to subscribe to
t he YANG nodel using the | ETF push nodel.

PM St reani ng

oo + ho---- + Fommmooo- +
| O | | NDT| ... | Al APP |
e T e
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Fomm e o m e S
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CS: (Qperations System
NDT: Network Digital Tw ns
APP:  Appli cation

Figure 1: Stream ng Network Architecture
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3.

3.

PMstreaming is a real-time nethod for neasuring and transnmitting
data to nonitor the performance and health of network devices and
systens. It provides valuable insights into key metrics like errored
seconds (ES), |atency, and packet |oss, helping to optim ze networks,
detect anonmlies, and nanage faults proactively. Unlike traditiona
periodic data collection, PM streaning delivers continuous updates,
enabling faster, nore responsive network adjustments.

Using telenetry protocols |ike YANG Push, PM streaning allows for
nmore frequent and detailed perfornance nonitoring. By integrating
this data into Al-driven analytics, it supports preenptive

i nterventions, enhancing overall network reliability. Additionally,
it keeps digital twins synchronized with the physical network,
offering real-time insights for predictive maintenance, planning, and
optim zation.

The procedures for Perfornmance Managenent stream ng between a network
node and clients such as operations system (0S), Al applications,
network digital twins (NDT) involve continuous neasurenent of
performance netrics on PM paraneters using three nethods: counts
(tracking event occurrences), snapshot (instantaneous netric val ues),
and tidemarks (extreme val ues over a period). Cients can initiate
the process by sending a subscription request specifying the netrics,
measur enent met hods, intervals, and filtering criteria. Once the
node confirms the subscription, it collects and aggregates PM data
based on the requested netrics and intervals. Notifications with PM
data, including tinmestanps, metrics, and measurenent nethods, are
sent to clients at each interval via protocols |ike NETCONF or
RESTCONF. Clients then process the data, using it for real-tine

moni toring, historical analysis, or triggering alerts based on
threshol ds. They can al so manage subscriptions by nodifying
paraneters or suspendi ng them as needed.

PM paraneters
1. Types

Performance nmonitoring (PM in networks enconpasses a wide variety of
paraneters that reflect operational health, service quality,
reliability, and environnental conditions. These paraneters are used
across many technol ogies, network |ayers, and functional donmains to
enabl e fault management, SLA conpliance, trend analysis, predictive
mai nt enance, and operational optim zation.

PM paraneter types include but are not limted to:
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* (Cassical transport and packet |ayer netrics: such as errored
seconds (ES), severely errored seconds (SES), unavail abl e seconds
(UAS), background bl ock errors (BBE), background bl ock counts
(BBC), delay, jitter, and packet |oss, as defined in standards
like [ITUT _Gr710], and ot hers.

* Layer-specific metrics:

- Physical layer: optical power levels, laser bias current, |oss
of signa

- Data link layer: Ethernet frane errors, FCS errors
- Network |ayer: dropped packets, route flaps

- Transport/Service layers: MPLS LSP statistics, OIN TCM BI P
counters

*  Network environment paraneters: including tenperature, humdity,
fan speed, voltage, and airflow. These are essential for
equi prent safety, energy managenment, and predictive failure
anal ysi s.

* Energy and sustainability metrics: such as power consunption,
energy efficiency indicators, and cooling utilization, aligned
with energing sustainability standards and operational efficiency
goal s.

* Security and integrity paraneters: such as pointer justification
events (PJE), synchronization |oss, or intrusion anonaly fl ags.

* Application-aware or SLA nmetrics: such as service availability,
t hroughput consi stency, and application-Ilayer |atency.

*  NMbbile network-specific netrics: including radio link failures,
handover success/failure rates, RRC connection setup tine, PDCP
discard rate, and throughput per bearer. These netrics are
critical for nmonitoring the performance of RAN, core, and edge
net wor k conponents in 4G 5G nobil e environments.

These paraneters nay be grouped flexibly within the YANG nodel using
paraneter profiles that reflect shared characteristics, purpose, or
appl i cabl e network donmi ns. The architecture supports extension
through identity-based typing to acconmpdate future paraneter
definitions introduced by standard bodies like ITU T, |EEE, |ETF,
MEF, and TM Forum
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3. 2. Profiles

+--rw paraneter-profil e* [nane]

+--rw nane profil e- nanmes
+--rw pm paraneter* [nane]
+--rw name string

Figure 2: Parameter Profile Subtree

The YANG nopdel defines the concept of a paraneter profile to

| ogically group performance paraneters that are commonly neasured
together for a specific operational purpose. Each paraneter profile
is represented as a list entry keyed by a nane of type profil e-nanes
(a string conforming to the format defined in the nodel). These
profiles serve as naned col |l ections of performance parameters and are
intended to facilitate stream ined configuration, nmanagenent, and
reporting of measurenent data across network el ements and nmanagenent
syst ens.

The use of parameter profiles inproves operational efficiency by

all owi ng operators, applications, and controllers to activate or
reference a coherent set of paraneters using a single profile
identifier. For exanple, the itu-transport-nmaintenance-15mn profile
may include paraneters such as errored seconds (ES), severely errored
seconds (SES), and unavail abl e seconds (UAS), which are typically
moni t ored together for network maintenance and fault detection
purposes. Simlarly, the ietf-qos-ip-24hr profile may include del ay,
jitter, and |l oss paraneters used in service quality reporting.
Paranmeter profiles support rol e-based access control, operationa

al i gnment, and measurenent policy abstraction, enabling network
operators and anal ytics systens to tailor data collection and
reporting according to the needs of different users and services.

The profile abstraction also aligns with [ITUT_G/710], which
identifies multiple classes of performance nonitoring (e.g.,

mai nt enance, service-level, and conpliance nonitoring), each
requiring specific sets of perfornmance paraneters

By nodeling profiles as list entries keyed by a structured name
(profile-names type), the YANG design ensures extensibility and
vendor interoperability, allowing future profiles to be defined

wi t hout changes to the core data structures. This approach pronotes
consi stent configuration and integration across mnulti-vendor
environments and supports dynami c service assurance use cases where
paraneter sets may vary by service type, SLA, or operational context.
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3.2.1. Nam ng
Paraneter profiles are named to reflect their operational purpose,
origin, applicable network domain, and, optionally, the primary
nmeasurenent interval. This nam ng structure supports clarity,
nmodul arity, and automation across diverse network and service | ayers.
The nami ng follows this format:
<sour ce>- <net wor k>- <pur pose>[ - <char acteri sti c>]
Wher e:
* <source>: Standards body or organization
- Exanples: itu, ieee, ietf, vendorX

* <network>: Network donmain or |ayer

- Exanples: transport, access, core, ip, npls, ethernet, otn,
wdm fl exo

* <purpose>: Intended use or function

- Exanpl es: mai ntenance, qos, availability, sla, conpliance,
anal ytics

* <characteristic> (optional): Optional qualifying information
- Exanples: 15min, 24hr, high-priority

Exanpl es:

* jtu-transport-nmaintenance-15mn

* jtu-transport-qos-24hr

* jeee-access-availability

* jetf-ip-qos-24hr

* vendorx-otn-sla

"transport’ neans that the profile applies to nultiple technol ogies
(e.g., OIN, MPLS-TP, Transport Ethernet, etc.).
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The 15-mi nute interval provides granular, real-time nonitoring,

all owi ng network operators to quickly detect and address short-term
i ssues such as spikes in latency or packet loss. It is particularly
useful for ensuring conpliance with Service-Level Agreenents (SLAs)
and for managi ng hi ghly dynam c networks where rapid changes can
occur. |In contrast, the 24-hour interval is used for long-term
performance nonitoring and trend anal ysis, hel pi ng operators
under st and overall network health, detect slow devel oping issues, and
plan for future capacity needs. This longer interval offers a
broader view of the network’s performance over a full day, naking it
i deal for strategic planning and infrastructure nmai ntenance.

Toget her, these intervals enable both i medi ate responses to network
condi tions and | ong-term network optim zation

3.3. Transport Common PM Paraneters

Metric value of PM paraneters is neasured for mai ntenance and QS
moni toring over networks. Quality of Service (QS) paraneters are
desi gned to assess the network’s long-termability to consistently
del i ver agreed-upon service quality to customers. They primarily
verify performance agai nst contractual obligations defined in

servi ce-level agreenents (SLAs) over longer intervals (24 hours,
mont hly periods). By simultaneously neasuring both directions of a
bi directi onal connection, QS paraneters provide a holistic view of
the sustained quality experienced by users, ensuring stability and
predictability.

Mai nt enance parameters focus on short-termnonitoring and detail ed
anal ysis for operational reliability. Mintenance paraneters, over
intervals such as 15 minutes or 24 hours, facilitate swift responses
to intermittent faults, bursts of errors, and subtle performance
changes. Mai ntenance paraneters typically involve unidirectiona
anal ysis, where each direction of transm ssion is nonitored

i ndependently. This unidirectional approach hel ps network operators
preci sely pinpoint faults, troubleshoot internmttent issues, and
perform preventive nai ntenance effectively.

Key PM parameters focused on circuit networks such as OTN are |listed
as follows. Additional parameters will be needed for packet

net wor ks.

* ES Errored Seconds

* SES Severely Errored Seconds

* BBE Background Bl ock Errors

*  BBC Background Bl ock Count
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* UAS Unavai |l abl e Seconds
* SEP Severely Errored Period
*  PJE Pointer Justification Events

According to the types of the measurenent nethods, purposes, and tine
intervals, different paraneters are used. The follow ng three
transport profiles provide conprehensive coverage for maintenance and
QS nonitoring across different tenporal resol utions:

3.3.1. itu-transport-nmai ntenance-15m n Profile

The itu-transport-mai ntenance-15mn profile is designed for short-
term operational monitoring and rapid fault detection. This profile
utilizes all three nmeasurenent nethods (counts, snapshot, and

ti demarks) over 15-nminute intervals to provide granular visibility
into network performance. The profile includes core maintenance
paraneters: ES, SES, BBE, BBC, and UAS

The 15-m nute interval enables operators to quickly detect and
respond to performance degradation, naking it ideal for proactive

mai nt enance and i mmedi ate troubl eshooting. The conbination of counts
(for cunul ative event tracking), snapshot (for instantaneous state
capture), and tidemarks (for extreme val ue nonitoring) provides a
conmpr ehensi ve vi ew of network behavior w thin each neasurenent

period. This profile is particularly valuable for network operations
centers (NOCs) requiring real-tinme visibility into transport network
health and for automated systens that need to trigger inmediate
responses to performance anonali es.

3.3.2. itu-transport-nmai ntenance-24hr Profile

The itu-transport-nai nt enance-24hr profile extends the mai ntenance
nmoni toring capabilities to |longer-termanalysis and trend
identification. Similar to the 15-mnute profile, it enploys al
three neasurenent methods (counts, snapshot, and tidemarks) but over
24-hour intervals. The paraneter set includes ES, SES, BBE, BBC
UAS, and additionally PJE
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The 24-hour neasurement interval allows for conprehensive daily
performance anal ysis, enabling operators to identify patterns,

trends, and recurring issues that may not be apparent in shorter
intervals. The inclusion of PJE provides additional insight into
synchroni zati on-rel ated perfornance i ssues that are nore rel evant
over |onger observation periods. This profile supports strategic

mai nt enance pl anni ng, capacity nmanagenment, and historical performance
analysis. It conplements the 15-mnute profile by providing the

br oader context needed for |long-termnetwork optinization and
preventive nai ntenance strategies.

3.3.3. itu-transport-qos-24hr Profile

The itu-transport-qos-24hr profile is specifically designed for
Quality of Service nonitoring and SLA conpliance verification.

Unli ke the maintenance profiles, this profile focuses exclusively on
the counts neasurenent nethod over 24-hour intervals, enphasizing
sust ai ned performance assessnent rather than detail ed operationa
monitoring. The paraneter set includes ES, SES, BBE, BBC, SEP, and
UAS.

The QoS profile’ s exclusive use of counts neasurenent nethod reflects
its focus on cunul ative performance over extended periods, which is
essential for SLA conpliance and service quality reporting. The
24-hour interval aligns with typical SLA neasurenent periods and
provides the statistical basis for service quality assessnments. The
inclusion of SEP is particularly relevant for QoS nonitoring as it
represents sustained periods of degraded performance that directly

i mpact service quality conmmtnents.

3.3.4. Profile Relationships and Operational Integration

These three profiles work together to provide a conprehensive
performance nonitoring framework. The itu-transport-nai ntenance-
15min profile serves as the prinmary operational tool for immediate
net wor k managenent, while the itu-transport-maintenance-24hr profile
provi des the anal ytical foundation for strategic planning and trend
anal ysis. The itu-transport-qos-24hr profile ensures that service
quality commtnents are net and provi des the data necessary for SLA
reporting and customer assurance.
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4.

4.

1.

The hierarchical rel ationship between these profiles enables
operators to correlate short-term operational events with |long-term
performance trends and service quality metrics. For exanple, a spike
in ES detected by the 15-m nute mai ntenance profile can be correl ated
with daily trends fromthe 24-hour maintenance profile and assessed
agai nst SLA thresholds defined in the QS profile. This integrated
approach supports both reactive troubl eshooting and proactive network
optinization while ensuring conpliance with service quality

commi t nent s.

Peri odi ¢ Measur enent
Measur enent Ti mi ng

+--rw sanmpling-interval * [id]

+-rwid string
+--rw interval -val ue? ui nt 32
+--rw unit? time-interval -unit
+--rw nmeasurenent-i nterval * [id]
+--rwid string
+--rw interval -val ue? ui nt 32
+--rw unit? time-interval -unit

Figure 3: Sanpling and Measurenent Intervals Subtree

Measurenent timng paraneters are key conmponents of network
performance managenent, offering standardi zed definitions for the
time-rel ated aspects of sanpling, neasuring, and reporting
performance data. These paraneters apply to the three nmain

measur enent net hods for network equi pnment: counts, snapshot, and
tidemarks. They include the sanpling interval, neasurenent interval,
and uniformtine, all of which support consistent, accurate, and
systemati c performance nonitoring and managenent.

Sanpling interval defines the period at which network perfornmance
data is collected at consistent, predetermined time points. It
ensures the continuous and tinmely capture of perfornmance netrics,
enabl i ng accurate assessnments of network conditions.

Measurenent interval specifies the duration over which sanpled
performance data is aggregated or statistically processed. It helps
manage | arge vol unes of data by summarizing it into neani ngful
i ndi cators for analysis, anonaly detection, and resource nmanagenent.
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Uniformtinme is a fixed, predefined point within each nmeasurenent
interval at which a snapshot neasurenent is taken. It enables a
consi stent and i nstantaneous view of network perfornmance across
intervals, without requiring data aggregation. This approach
facilitates quick diagnostics and synchronizati on across nonitoring
syst ens.

4.1.1. Use Cases

The hierarchical design of the ietf-pmneasurenments YANG nodul e,
wherein a perfornmance paraneter supports multiple sanpling intervals
and each sanpling interval nay be associated with nmultiple
measurenent intervals and methods, is notivated by a set of
operationally validated use cases as shown in the follow ng table.

In these use cases, a single logical client-whether a human operator,
networ k application, or analytics engine-requires sinultaneous access
to multiple views of the sane performance paraneter, differentiated
by tenmporal resolution and anal ysis objective.

In network operations centers (NOCs), an operator may require
performance nonitoring based on high-frequency sanples (e.g.,
1-second sanpling with 15-m nute nmeasurenent intervals), while
concurrently assessing |onger-termservice-level agreenment (SLA)
conpliance through | onger neasurenent w ndows (e.g., 24-hour
aggregation). It aligns with the perfornmance nonitoring functions
and applications on performance nonitoring paraneters such as errored
seconds (ES), etc. described in [ITUT_Gr710].

A singl e dashboard or planning tool rmay correlate short-term
utilization spikes with long-termtrends using different sanpling and
measur enent conbi nati ons on the same paraneter. Network Performance
Monitor for Critical Link Stability nonitor tracks |atency using the
counts method at nultiple time resolutions to address i medi ate
service degradation and long-termpath reliability. A single

moni toring platformbenefits fromconsistent sanpling while

| everaging different nmeasurement intervals to informshort-term
action and | ong-term optim zation.

An Al/M analytics system may ingest the same paraneter, such as ES
at different granularities for nultiple purposes: high-resolution
data for anomaly detection, nmediumresolution tidemarks for real-tine
nodel updates, and |owresolution tidemarks for daily or nonthly
training. Al of these operations may be perfornmed within the scope
of a single analytics application.

A digital twin platformcontinuously mrrors the real-time behavior

of a physical network using packet delay variation (pdv). To
accurately represent dynanic conditions, the systemuses very fine-
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grained sanmpling with nultiple count-based neasurenment intervals to
feed simul ati on nodels and predictive engines in real tine.
Measurenent data is ingested at short intervals (e.g., 1 mnute) to
mai ntai n near-instantaneous synchroni zation with the physica
network’s current perfornmance, supporting accurate digital mrroring.
A slightly longer interval (e.g., 5 minutes) allows the twin to
detect and buffer small fluctuations, supporting feedback | oops that
snoot h reactive behavior and adapt to transient changes. Long-term
intervals (e.g., 1 hour) feed higher-order analytics and Al -based

| earning nodel s that detect drift, optim ze resource allocation, and
i mprove future sinulation fidelity.

In all these cases, the hierarchical list structure-where paraneters
contain multiple sanpling intervals, and each sanpling interva
defines one or nmore neasurenent intervals and nethods-supports
operational flexibility, avoids configuration duplication, and
enabl es fine-grained control of neasurenent strategies.

R R R R o
| dient Type | Sanpling | Measurenment | Measurenent | Purpose

| (paraneter) | Interval | Interval | Met hods |

S M S S R
| NOC | 1s | 15mn | tidemarks | Mai ntenance

| (ES) | e e R
| | | 24hr | tidemarks | QoS

o e e e e oo o o m e e e - o e e e e oo o o e e e e oo o o e e e e e o
| NOC | 500ns | 1Imn | counts | Del ay spikes

| (Iatency) | A A e
| | | 30mn | counts | Recurring bursts|
| | - - e m e e
| | | 24hr | counts | Trends

o e e e e oo o o m e e e - o e e e e oo o o e e e e oo o o e e e e e o
| Al/M | 1s | 1Imn | tidemarks | Anonaly detect

| Analytics | [------------- A e
| System | | 15mn | tidemarks | Trend

| (ES) | [------------- oo L
| | | 24hr | tidemarks | Mbdel training

o e e e e oo o o m e e e - o e e e e oo o o e e e e oo o o e e e e e o
| Digital | 100ns | 1Imn | counts | Synchronization |
| Twin | R R R
| (pdv) | | 5mn | counts | Feedback | oop

| | - - e m e e
| | | 1hr | counts | Learning nodel

o e e e e oo o o m e e e - o e e e e oo o o e e e e oo o o e e e e e o

Figure 4: Use cases of sanpling and neasurenent intervals
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4.2. Measurenent ©Methods

+--rw measur enment - met hods

+--rw counts

| +--rwtransient-condition-config

| | +--rwtransient-threshol d? ui nt 32

| +--rw standi ng-condition-config

| | +--rw standing-threshol d? ui nt 32
| | +--rwreset-threshol d? ui nt 32
I
+

+--ro measurenent -val ue? ui nt 32
--rw snapshot

| +--rwuniformtime-config
| | +--rwinterval-val ue? ui nt 32
| | +--rwunit? time-interval -unit
| +--rw threshold-config
| | +--rw high-threshol d? ui nt 32
| | +--rwlowthreshol d? ui nt 32
| +--ro nmeasurenent-val ue? ui nt 32
+--rw tidemarks
+--rw threshol d-config
| +--rw high-threshol d? ui nt 32

| +--rwlowthreshol d? ui nt 32
+--ro hi gh-nmeasur enent - val ue? ui nt 32
+--ro | ow neasur enent - val ue? ui nt 32

Figure 5: Measurenment Met hods Subtree

The neasurenent nethods defined based on [I TU-T_Gr710] establish a
focused and efficient framework for network perfornance nonitoring by
specifying three core nethods: counts, snapshot, and tidemarks.

This intentional limtation supports key objectives such as
i mpl ementation sinplicity, operational efficiency, and cross-vendor
interoperability. It enphasizes real-tinme network nonitoring,

favoring i nstantaneous or interval-based netrics over conpl ex
statistical calculations. Counts and snapshot nethods provide

i medi at e operational data without incurring the processing overhead
associated with nmetrics |like averages and variances etc. These
statistical measures require significant aggregation |ogic, which can
vary across inplenentations and devices. By keeping conputation
within network el enents nmininmal, the approach reduces both processing
and nmenory overhead, nmintaining |ightweight inplenentations. It
establishes a clear separation between raw data collection (handl ed
by network el ements) and deeper analysis (del egated to externa
managenent systens). This separation not only sinplifies device
requirenents but al so enabl es nore consistent and flexible anal ytics
in centralized systens, which are better equipped to apply
standardi zed anal ytical franeworks

Yoon & You Expi res 19 August 2026 [ Page 14]



I nternet-Draft PM Stream ng YANG February 2026

Li m ting nmeasurenent nethods al so contributes to energy efficiency by
reduci ng the operational burden on Network El enents (NEs), while

of fl oadi ng data anal ysis to external managenent applications.

Despite the sinplicity, the sel ected nmeasurenent nethods offer
sufficient expressiveness to support conprehensive performance
nmonitoring w thout excessive resource use. So, they are specifically
optinmized for Southbound Interface (SBI) between Physical Network
Controllers (PNCs) and NEs to ensure as foll ows:

* Lightweight to inplenent
* Consistently supported across vendors
* FEfficient for transport and storage in network nanagement systens

The neasurenent nethods are applicable to a wi de range of nonitored

obj ects, including both network topol ogy elenents (e.g., links,
tunnel s) and physi cal equi pnent paraneters(e.g., tenperature,
vol t age) .

4.2. 1. Count s

Counts neasurenent in network perfornmance nonitoring tracks the
cumul ati ve occurrences of specific events over a defined neasurenent
interval, such as 15 minutes or 24 hours. This method captures how
frequently certain network activities, like errors or transm ssion

i ssues, occur, providing a historical view of recurring probl ens.
Counts reset at the end of each interval, ensuring that every period
starts with a fresh count for accurate nonitoring.

The primary purpose of counts is to identify trends and patterns in
net wor k behavi or over tinme, hel ping operators detect anomalies or
areas where issues frequently arise. This type of neasurenent is
particularly useful for long-termanalysis, enabling preventive

mai nt enance and optim zi ng network perfornmance. Unlike instantaneous
measur enents, counts focus on aggregation over tine, making it easier
to understand the persistence or recurrence of faults. The data
gathered through counts helps in fault managenent and pl anni ng by

hi ghl i ghting repeated errors, congestion, or performance degradation
that may affect service delivery. As a result, counts provide
network operators with actionable insights for troubl eshooting and
capacity planning, ensuring snmooth operation and reliability across

t he networ k.
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4.

4.

5

5.

2.2. Snapshot

Snapshot is an instantaneous measurenent taken at a specific point in

time. It captures the instantaneous val ue of specific performance
paraneters at a regular, predefined point (uniformtinme) wthin each
time interval. Snapshot provides a "nonentary view' of network

conditions, allow ng operators to observe the network’s status at
specific intervals. The data fromthese uniformtime snapshots is
then aggregated and anal yzed to understand the i medi ate state across
the entire network. By taking snapshots sinultaneously across al
network el enments, operators can correl ate data between different
parts of the transport network. Snapshots are collected at pre-
determined uniformtimes within fixed neasurenment intervals. The
uniformtinme and fixed intervals can be configured based on the needs
of the network.

2.3. Tidenarks

Ti demar ks measurenents record the maxi mrum (hi gh tidemarks) and

m ni mum (|l ow tidemarks) val ues that a performance paraneter reaches
during a specified neasurenent interval. This approach captures the
extrene val ues and perfornmance fluctuations, highlighting the best
and worst conditions that occur within the nonitoring period.

Ti demar ks nmeasur enents provi de deeper insights by capturing
performance spi kes or drops that nay go unnoticed in average or
cumul ati ve data, enabling precise troubl eshooting of intermttent or
extreme conditions. For instance, while the average error rate over
a period nay appear acceptable, a high tidemarks could revea
intermttent spikes in errors that require attention. Conversely, a
| ow tidemar ks may expose periods of severely degraded signal quality
or throughput.

Thr eshol di ng
1. Periodic Threshol ding

Periodic threshold events are triggered when the counts or gauge
val ue reaches a pre-defined threshold during periodic measurenents
i ncludi ng counts, snapshot, and tidemarks for performance paraneters.

The counts neasurenent has two types of threshold reporting nethods:
transi ent and standi ng condition nmethods. The transient condition
met hod treats each nmeasurenent period separately. As soon as a
threshold is reached or crossed in a neasurenent interval for a given
performance neasurenent, a threshold report (TR) is generated. The
standing condition nethod is optional. The standing condition is

rai sed, and a TR (Threshold Report) is generated, when the set
threshold is reached or crossed. The standing condition is cleared,
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and a reset threshold report (RTR) is generated at the end of the
peri od when the current value is below or equal to the reset
threshol d, provided that there was no unavailable tinme during that
peri od.

For gauge neasurenents ("snapshot" and "tidemarks"), an overfl ow
condition is determined and an out-of-range report is generated as
soon as the gauge val ue reaches or crosses the high threshold. An
underflow condition is determ ned and an out-of-range report is
generated as soon as the gauge value is at or below the | ow

t hr eshol d.

5.2. Non-Periodic Threshol di ng

Non- periodic threshold events are triggered regardl ess of the
measur enent net hods (counts, snapshot, or tidemarks). The follow ng
paraneters are used for non-periodic events.

*  BUT (Begin Unavailable Tinme): The event marking the start of a
peri od when a network el enent or connection is unavail abl e.

* EUT (End Unavailable Tine): The event marking the end of a period
when a network el enent or connection was unavail abl e.

* CSES (Consecutive Severely Errored Seconds): A sequence of
severely errored seconds (SES) detected consecutively within a
specified tinme interval. The reporting netrics include BUT, EUT
and the count of errors during that period.

6. Subscriptions

Clients can receive a stream ng of values of the PM paraneters (PM

data) by the nmeasurement nethods of counts, snapshot, and tidemarks
with various tinme intervals, after subscribing to themin equipnent.
The stream ng data neasured on the PM paraneters are used for

mai nt enance and Quality of Service (QS) nmonitoring in networks

Bel ow are practical use cases demponstrating different subscription
scenarios. These exanples illustrate periodic and non-periodic
subscriptions, including notifications triggered by threshold
breaches. Each exanple aligns with | ETF YANG Push protocol s,
showcasi ng how network el ements generate and stream perfornmance data
based on subscription paraneters.
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6. 1. Peri odi c Events

The YANG Push subscription nodel, as defined in [ RFC8641], enables
clients to subscribe to periodic perfornmance neasurenent data from
network el enments. This nodel supports dynam ¢ subscription
establishment, nodification, and term nation for real-time stream ng
of PMdata. Cients can specify subscription paranmeters including
the target datastore (operational), encoding format (XM./JSQN), and
filtering criteria to receive only relevant performance netrics. The
subscription nmechanismallows for configurable update periods,
enabl i ng both hi gh-frequency nmonitoring and long-termtrend anal ysis
(e.g., 24-hour intervals). Network elenments generate periodic event
notifications containing the requested PM data, which clients can
process for real-time nonitoring, historical analysis, or triggering
aut omat ed responses based on perfornmance threshol ds.

Figure 6 shows a subscription request for the ES parameter in the
itu-transport-mai ntenance-15nn profile. It requests counts

measur enent data sanpl ed every second and aggregated over a 15-minute
interval. The reporting period is set to 900 seconds, so a
notification is sent at the end of each nmeasurement interval

<rpc xm ns="urn:ietf:parans: xnl : ns: netconf: base: 1. 0"
xm ns:sn="urn:ietf:parans: xm :ns:yang:ietf-subscribed-notifications"
xm ns: pm neas="urn:ietf:paranms: xm :ns:yang:ietf-pm neasurenents”
message-i d="101">
<sn: est abl i sh-subscri pti on>
<sn: st reanPYANG PUSH</ sn: st r ean
<sn: encodi ng>encode- xnm </ sn: encodi ng>
<sn:filter>
<sn: dat ast or e>oper ati onal </ sn: dat ast or e>
<sn: xpath-filter>
/ pm meas: pm peri odi c- neasur enment /
paraneter-profil e[ nane="itu-transport-nai ntenance-15nn’]/
pm par anet er[ nane="es’' ]/
sanpling-interval [id="1s"]/
measurenent-interval [id="15m n’]/
measur enent - net hods/ count s/ measur ement - val ue
</sn:xpath-filter>
</[sn:filter>
<sn: peri 0d>900</ sn: peri od>
<sn: anchor-ti me>2024-07-01T00: 00: 00Z</ sn: anchor -t i me>
</ sn: establish-subscription>
</rpc>

Figure 6: Periodic Event Subscription Exanple

Yoon & You Expi res 19 August 2026 [ Page 18]



I nternet-Draft PM Stream ng YANG February 2026

Figure 7 This XM shows a notification for the ES paranmeter in the
i tu-transport-mai ntenance-15mn profile. It reports the counts
measur enent val ue sanpl ed every second and aggregated over a
15-mnute interval. The nmeasured value (10) represents the tota
errored seconds in that period.

<notification xm ns="urn:ietf:paranms:xm:ns:netconf:notification:1.0"
xm ns: pm meas="urn:ietf:paranms: xn : ns:yang:i etf-pm measurenent s" >
<event Ti me>2024- 07- 01T00: 15: 00Z</ event Ti me>
<pnm neas: pn peri odi c- measur enent >
<parameter-profil e>
<nanme>i t u-transport - nai nt enance- 15nm n</ nane>
<pm par anet er >
<nane>es</ nanme>
<sanpl i ng-interval >
<id>1ls</id>
<i nterval -val ue>1</interval - val ue>
<uni t >second</ uni t >
<measur ement -i nt erval >
<i d>15m n</id>
<i nterval -val ue>15</i nterval - val ue>
<uni t >m nut e</ uni t >
<measur enent - met hods>
<count s>
<measur ement - val ue>10</ neasur enent - val ue>
</ count s>
</ measur enent - net hods>
</ measur enent -i nt erval >
</ sanpling-interval >
</ pm par anet er >
</ paraneter-profile>
</ pm nmeas: pm peri odi c- measur ement >
</notification>

Figure 7: Periodic Event Notification Exanple
6.2. Threshold Events
Threshol d event subscriptions enable clients to receive i medi ate
notifications when performance netrics cross predefined thresholds,
provi ding proactive nonitoring capabilities. This subscription type,
based on [ RFC8639] YANG Push for datastore change notifications,
allows clients to define threshold conditions.

6.2.1. Peri odi ¢ Threshold Events
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+--ro0 counts-transient

| +--ro event-type? enumer ati on
| +--ro event-occurred? bool ean
| +--ro event-time? yang: date-and-ti ne
+--r0 counts-standing
| +--ro event-type? enuner ation
| +--ro event-occurred? bool ean
| +--ro event-tinme? yang: dat e-and-ti ne
+--ro0 snapshot
| +--ro event-type? enuner ation
| +--ro event-occurred? bool ean
| +--ro event-tinme? yang: date-and-ti ne
+--ro tidemarks
+--r0 event-type? enuner ati on
+--ro0 event-occurred? bool ean
+--r0 event-tinme? yang: dat e-and-ti ne

Fi gure 8: Periodic Threshold Events Subtree

When a performance paraneter exceeds or falls bel ow configured
threshol ds for the periodic nmeasurenent nethods of counts, snapshot,
and tidemarks, the network el enent generates event-driven
notifications containing the threshold crossing event type and
occurrence tinme (paraneter values at the tine of the event can be
read fromthe operational datastore if needed). This nechanism
supports four types of threshold events: count-transient-event for

i mmedi at e threshol d crossings, count-standi ng-event for persistent
threshol d viol ations, snapshot-event for instantaneous val ue
threshol d crossings, and tidenmark-event for extrene val ue threshold
crossings. These events enable rapid response to network performance
degradation and automated fault managenent. The threshold event
subscription conmpl enents periodic subscriptions by providing real -
time alerts for critical performance issues that require i nmedi ate
attention.

Figure 9 shows an exanpl e of the NETCONF request to subscribe to al
pmthreshol d-events notifications in the ietf-pmnmeasurenents nodel .
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<rpc xm ns="urn:ietf:parans: xm : ns: netconf: base: 1. 0"
xm ns:sn="urn:ietf:paranms: xm : ns:yang:i etf-subscribed-notifications"
xm ns: pm meas="urn:ietf:paranms: xm : ns:yang:ietf-pm nmeasurenents”
nmessage-i d="202">
<sn: est abl i sh-subscri pti on>
<sn: st reanPYANG PUSH</ sn: st r ean
<sn: encodi ng>encode- xml </ sn: encodi ng>
<sn:filter>
<sn: dat ast or e>oper at i onal </ sn: dat ast or e>
<sn: xpath-filter>
/[ pm neas: pmt hreshol d-events
</sn:xpath-filter>
</sn:filter>
<sn: peri od>1</sn: peri od>
<sn: anchor-ti me>2024-07-01T00: 00: 00Z</ sn: anchor -t i me>
</ sn: establish-subscripti on>
</rpc>

Figure 9: Threshol d Event Subscription Exanpl e

Figure 10 reports a high-oor-event threshold crossing for the
snapshot neasurenent of the ES paraneter in the itu-transport-
mai nt enance- 15min profile, with 1-second sanpling and 15-m nute
measurenent interval. 1t shows the event type, occurrence, and
timestanp as defined in the YANG nodel .
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<notification xm ns="urn:ietf:paranms:xm:ns:netconf:notification:1.0"
xm ns: pm meas="urn:ietf:paranms: xn : ns:yang:i etf-pm measurenent s" >
<event Ti me>2024- 07- 01T00: 05: 23Z</ event Ti me>
<pm neas: pmt hreshol d- event s>
<peri odi c- event s>
<paraneter-profile>
<name>i t u-transport - mai nt enance- 15m n</ nane>
<pm par anet er >
<nane>es</ nane>
<sanpl i ng-interval >
<id>1ls</id>
<i nterval -val ue>1</interval - val ue>
<uni t >second</ uni t >
<measur ement -i nt erval >
<i d>15m n</id>
<i nterval -val ue>15</interval - val ue>
<uni t >m nut e</ uni t >
<event-types>
<snapshot >
<event -t ype>H gh- OOR- event </ event -t ype>
<event - occurred>t rue</ event - occurred>
<event-ti me>2024-07-01T00: 05: 23Z</ event-ti me>
</ snapshot >
</ event-types>
</ measur enent -i nt erval >
</ sanpling-interval >
</ pm par anet er >
</ paraneter-profil e>
</ peri odi c- event s>
</ pm neas: pmthreshol d- event s>
</notification>

Figure 10: Threshold Event Notification Exanple

6.2.2. Non-Periodic Threshold Events
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+--r0 non-periodi c-events
+--ro BUT-event
| +--ro event-occurred? bool ean
| +--ro event-time? yang: date-and-ti ne
+--ro EUT-event
| +--ro event-occurred? bool ean
| +--ro event-tinme? yang: dat e-and-ti ne
| +--ro duration? ui nt 32
+--ro CSES-event
+--ro event-occurred? bool ean

+--ro start? yang: date-and-ti ne
+--ro end? yang: date-and-ti ne
+--ro duration? ui nt 32
+--ro error-count? ui nt 32

Figure 11: Non Periodic Threshold Events Subtree

Non- peri odic threshol d event subscriptions provide i nmedi ate
notifications for critical network availability and error conditions
that occur independently of regular measurement intervals. These
subscriptions nonitor for specific events such as BUT, EUT, and CSES
that indicate significant network perfornance degradati on or service
interruptions. Wen these events occur, the network el enent
generates imedi ate notifications containing event details, timng

i nformati on, and duration data. This subscription type enables
proactive network managenment by providing real-tine awareness of
critical network conditions that require i medi ate operator attention
or automated intervention. Non-periodic threshold events conpl enent
periodic nonitoring by capturing exceptional conditions that may not
be detected through regular interval-based neasurenents.

7. YANG Dat a Mbde
The YANG nodul e for PM neasurenents is defined bel ow

nmodul e ietf-pm neasurenents {
yang-version 1.1;
nanmespace
"urn:ietf:parans: xm :ns:yang:ietf-pmnmeasurenments”;
prefix pm neas;

import ietf-yang-types {

prefix yang;

reference "RFC 6991: Conmon YANG Data Types";
}

organi zati on
"I ETF Common Control and Measurenent Pl ane (ccanp)
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Wor ki ng G oup”;
cont act
"WG Web: <https://datatracker.ietf.org/wy/ ccanp/>
Editor: Bin Yeong Yoon <mailto: byyun@tri.re.kr>";
description
"Thi s YANG nodul e defines a conprehensive data nodel for
perf or mance nmanagenent (PM stream ng from network equi pnent
to clients, based on ITUT G 7710. It supports real-tinme
stream ng of performance neasurenents using three core
met hods: counts (cumul ative events), snapshot (instantaneous
val ues), and tidemarks (extrene val ues).

The nodul e enabl es proactive network nonitoring through
configurabl e sampling and nmeasurenent intervals, supporting
bot h hi gh-frequency real-time nonitoring and long-termtrend
anal ysis. It provides threshold event notifications for both
peri odi ¢ neasurenents and non-periodic events (BUT, EUT, CSES)

The desi gn supports Al-driven applications, network digita

twi ns, and dynam c network environnents by enabling multiple

si mul t aneous vi ews of the same performance paraneter with
different tenporal resolutions. This hierarchical structure
al | ows operators, analytics systens, and digital twin platforns
to access perfornmance data at appropriate granularities while
mai nt ai ni ng operational efficiency and cross-vendor
interoperability.

The nodul e integrates with | ETF YANG Push protocols for
subscription-based stream ng, enabling clients to receive
conti nuous perfornance data and threshold event notifications
for real-time nmonitoring, historical analysis, and automated
net wor k managenent.";

revisi on 2026-02-06 {
description
"Updat ed transient-condition-config to only support
transient-threshold, renoving | owthreshold support. Transient
threshol ds do not report | ow OOR (underflow) conditions,
unl i ke snapshot and tidemarks neasurements whi ch support
both high and | ow threshol ds.";
reference "RFC XXXX: A YANG Data Mdel of Performance Managenment Streani ng”;

}

/*

* TYPEDEFs

*/

typedef profile-nanes {
type string {
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pattern '[a-zA-Z][a-zA-Z0-9_-]*-[a-zA-Z][a-zA-Z0-9_-]*-[a-zA-Z][a-zA-Z0-9_-]

a-zA-Z][a-zA-Z0-9_-1%)?";
}

description

"Paraneter profile nane follow ng the format:
<sour ce>- <net wor k>- <pur pose>[ - <char act eri sti c>]

Wher e:

- <source>: Standards body or organization

(e.g., itu, ieee, ietf)
- <networ k>: Network donmi n or

| ayer

(e.g., transport, access, core)

- <purpose>: |Intended use or function
(e.g., maintenance, qos, availability)

- <characteristic> Optional qualifying informtion
(e.g., 15min, 24hr, high-priority)

Exanpl es:

- itu-transport-mai nt enance- 15m n
- itu-transport-mai nt enance- 24hr

- itu-transport-qos-24hr
- ieee-access-availability";

}

typedef time-interval-unit {
type enuneration {
enum m | lisecond {
description "Tinme interval in

enum second {
description "Time interval in
}

enum m nute {
description "Tinme interval in
}

enum hour {
description "Time interval in

}
oo .
description "Units for expressing
}
/*
* | DENTI TI ES
*/

identity periodic-events {
description

mlliseconds.";

seconds. ";

m nutes.";

hours.";

time intervals.";

"Base identity for periodic event notifications.";
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identity counts-transient {
base peri odi c-events;
description
"Notification for transient threshold events in counts
measurenents.";

}

identity counts-standing {
base peri odi c-events;
description
"Notification for standing threshold events in counts
neasurenents.”;

}

identity snapshot ({
base peri odi c-events;
description
"Notification for snapshot neasurenent threshold events.";
}

identity tidemarks {
base peri odi c-events;
description
"Notification for tidemarks neasurenent threshold events.";
}

identity non-periodic-events {
description
"Base identity for non-periodic event notifications.";
}

identity but {
base non-peri odi c-events;
description
"Notification for Begin Unavailable Time (BUT) events.";
}

identity eut {
base non-peri odi c-events;
description
"Notification for End Unavail abl e Tinme (EUT) events.";
}

identity cses {
base non-peri odi c-events;
description
"Notification for Consecutive Severely Errored Seconds
(CSES) events.";
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}

/*
*  COMMON GROUPI NGS
*/
groupi ng threshol d-config {
description
"Comon threshold configuration for snapshot and tidemarks
measur enent types (high and | ow thresholds).";
| eaf high-threshold {
type uint32;
description
"H gh threshold that triggers alerts when exceeded.";

| eaf | owthreshold {
type uint32;
description
"Low threshold that triggers alerts when performance falls
bel ow acceptable levels.";
}
}

groupi ng transient-threshol d-config {
description
"Threshol d configuration for transient conditions. Transient
threshol ds only support high threshold crossings and report
i medi at el y when the count val ue reaches or crosses the
configured transient threshold value. Transient thresholds do
not support |ow threshold (underflow) conditions, unlike
snapshot and tidemarks measurenents which support both high
and | ow threshol ds. ";
| eaf transient-threshold {
type uint32;
description
"Transient threshold that triggers alerts when exceeded.
Transi ent thresholds report i medi ately when the count val ue
reaches or crosses this threshold value.";
}
}

groupi ng event-state-info {
description
"Common event state information for all event types.";
| eaf event-occurred {
type bool ean;
description
"I ndi cates whether a threshold crossing or performance
event has occurred.";
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}

| eaf event-time {
type yang: date-and-ti ne;
description
"Precise tinestanp of when the event occurred."”;
}
}

groupi ng oor-event-type {
description
"Common out-of -range event type definition.";
| eaf event-type {
type enuneration {
enum Hi gh- OOR- event {
description "H gh OOR threshol d exceeded.";
}
enum Low OOR- event {
description "Low OOR threshold crossed.";
}
}

description
"Specifies whether the high or | ow OOR threshol d was
crossed. ";
}
}

groupi ng triggered-oor-event-info {
description
" Conbi ned threshold event type and event information.";
uses oor-event-type;
uses event-state-info;

}

groupi ng count-transi ent-event-type {
description
"Transi ent threshold event type definition for counts
measur enents. Transient thresholds report inmediately when
the count val ue reaches or crosses a configured threshold
val ue. ";
| eaf event-type {
type enuneration {
enum Thr eshol d- Cr ossed- Event {
description
"Threshol d crossi ng event generated when count val ue
reaches or crosses the configured threshold value.";
}
}

description
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"Specifies that a threshold crossing event occurred.";

}
}

groupi ng triggered-count-transient-event-info {

description
"Conbi ned transient threshold event type and event infornmation
for counts neasurenments. Transient thresholds are independent
threshol d mechani sns that report inmedi ately when count val ues
cross configured threshold val ues.";

uses count-transi ent-event-type;

uses event-state-info;

}

grouping tine-interval-config {
description "Common tine interval configuration.";
| eaf interval-value {
type uint32;
description "Numeric value for the interval.";
}
| eaf unit {
type tinme-interval -unit;
description "Time unit for the interval value.";
}
}

/*
* MEASUREMENT METHOD GROUPI NGS
*/
groupi ng count - measur enent - gr {
description
"Counts measurement for cumrul ative event tracking over a
measur enent interval. Supports transient and standing
threshold reporting, as defined in G 7710.";
contai ner counts {
description
"Cont ai ns counts neasurenent val ues and configuration.";
contai ner transient-condition-config {
description
"Configuration for transient threshold conditions. Transient
threshol ds report inmedi ately when the count val ue reaches
or crosses the configured transient threshold val ue.
Transi ent thresholds do not support |ow threshold
(underflow) conditions, unlike snapshot and tidemarks
measur enent s whi ch support both high and | ow thresholds.";
uses transient-threshol d-confi g;

}

cont ai ner standi ng-condition-config {
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description
"Configuration for standing condition nonitoring. Wen
both threshol ds are set, standing-threshold nust be
greater than or equal to reset-threshold (hysteresis).";
must "not (standi ng-threshold and reset-threshold) or "
+ "standi ng-threshold >= reset-threshol d" {
error-nessage
"Standi ng threshold must be >= reset threshold.”;

| eaf standing-threshold {
type uint32;
description
"Threshol d val ue that triggers standing condition
alerts.”;
}
| eaf reset-threshold {
type uint 32;
description
"Reset threshold value that clears standing conditions.";
}

}

| eaf measurenent -val ue {
type uint32;
config fal se;
description
"Current cunul ati ve count value for the nmeasurenent
interval .";

}
}
}

groupi ng snapshot - measur enent - gr {
description
"Snapshot neasurenents for instantaneous values at uniform
time within each nmeasurenent interval. Supports high/low
OOR threshold reporting, as defined in G 7710.";
cont ai ner snapshot {
description
"Cont ai ns snapshot neasurenent configuration and val ues.";
container uniformtime-config {
description
"Configuration for uniformtinme intervals between
shapshots.";
| eaf interval-val ue {
type uint32;
default 1;
description
"Nureric value for the sanpling interval between
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snapshots. ";
}
| eaf unit {
type tinme-interval -unit;
description
"Time unit for the snapshot sanpling interval.";
}

}

cont ai ner threshol d-config {
description
"Configuration for snapshot threshold nonitoring.";
uses threshol d-confi g;
}
| eaf measurenent -val ue {
type uint32;
config fal se;
description
"Current instantaneous snapshot val ue.";
}

}
}

groupi ng tidemar ks- neasurenent-gr {
description
"Ti dermar ks neasurenents for maxi num and m ni mum val ues over
the measurenent interval. Supports high/low OOR threshold
reporting, as defined in G 7710.";
contai ner tidemarks {
description
"Cont ai ns tidenmarks measurement val ues and threshold
configuration.";
cont ai ner threshol d-config {
description
"Configuration for tidemarks threshold nonitoring.";
uses threshol d-confi g;

| eaf hi gh-measurenent -val ue {
type uint32;
config fal se;
description
"Current nmaxi mum val ue recorded during the neasurenent
interval .";

| eaf | ow neasurenent-val ue {
type uint32;
config fal se;
description
"Current mni mum val ue recorded during the neasurenent
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interval .";

}
}
}

groupi ng neasur enent - met hods- gr {

description
"Grouping for the three core nmeasurenment methods (counts,
snapshot, tidemarks).";

cont ai ner neasur enent - net hods {
description

"Container for different neasurenent nethods.";

uses count - neasur ement - gr
uses snapshot - neasur enent - gr
uses tidemarks-neasurenent-gr

}
}

/*
* EVENT GROUPI NGS
*/
groupi ng counts-transi ent-event-gr {
description
"Transi ent threshold events for counts neasurenents. Transient
threshol ds are i ndependent threshold nechani sns that report
i medi at el y when count val ues cross configured threshold
val ues.";
contai ner counts-transient {
description
"Contains information about transient threshold events for
counts.";
uses triggered-count-transient-event-info;

}
}

groupi ng count s-standi ng-event-gr {
description
"Standi ng condition events for counts neasurenents."”;
cont ai ner counts-standing {
description
"Contains informati on about standing threshold events for
counts.";
| eaf event-type {
type enuneration {
enum Thr eshol d- Report {
description
"Threshol d Report (TR) generated when the count val ue
reaches or exceeds the standing-threshold configured
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i n standi ng-condition-config.";

}

enum Reset - Threshol d- Report {

description
"Reset Threshold Report (RTR) generated at the end of

the period when the count value is at or below the
reset-threshold (G 7710 standing condition clear).";

}

}

description
"Specifies the type of standing threshold event that
occurred, as defined in G 7710. A Threshol d-Report (TR
i s generated when the nmeasurenent-val ue reaches or
exceeds the standing-threshold. A Reset-Threshol d- Report
(RTR) is generated at the end of the period when the
measurenent-value is at or below the reset-threshold.";
}
uses event-state-info;
}
}

groupi ng snapshot -events-gr {
description
"Threshol d events for snapshot neasurenents.";
cont ai ner snapshot {
description
"Cont ai ns snapshot threshold event information.";
uses triggered-oor-event-info;
}
}

groupi ng tidemarks-events-gr {
description
"Threshol d events for tidenmarks nmeasurements."”;
contai ner tidemarks {
description
"Contains tidemarks threshold event infornmation.";
uses triggered-oor-event-info;
}
}

/*
* MEASUREMENT | NTERVAL STRUCTURES
*/
groupi ng periodi c-measurenent-intervals {
description
"Hi erarchical structure for periodic nmeasurenent timng and
met hods. ";
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list sanpling-interval {
key "id";
description
"List of sanpling intervals defining data collection
frequency.";
leaf id {
type string;
description
"Unique identifier for this sanpling interval
configuration.";

| eaf interval-value {
type uint32;
default 1;
description "Numeric value for the sanpling interval.";

| eaf unit {
type tinme-interval -unit;
default second;
description "Time unit for the sanmpling interval value.";
}
|ist measurenent-interval {
key "id";
description
"Li st of neasurenment intervals defining aggregation
periods.";
leaf id {
type string;
description
"Unique identifier for this measurenent interva
configuration.";

| eaf interval-val ue {
type uint32;
default 15;
description "Numeric value for the neasurenment interval.";

| eaf unit {
type time-interval -unit;
def aul t m nute;
description
"Time unit for the neasurenent interval value.";
}

uses mneasur enent - net hods-gr;
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groupi ng non-periodi c-events-gr {
description
"G ouping for non-periodic performance event parameters
(BUT, EUT, CSES).";
cont ai ner BUT-event ({
description "Begin Unavail able Time (BUT) event.";
uses event-state-info;
}
cont ai ner EUT-event ({
description "End Unavail able Tinme (EUT) event.";
uses event-state-info;
| eaf duration {
type uint32;
units "seconds";
description
"Total duration of unavailability in seconds.";
}
}

cont ai ner CSES-event {
description
"Consecutive Severely Errored Seconds (CSES) event.";
| eaf event-occurred {
type bool ean;
description
"I ndi cates whether a CSES event was generated.";

| eaf start {
type yang: date-and-ti ne;
description
"Ti mestanp indicating when the CSES period began.";
}
| eaf end {
type yang: date-and-ti ne;
description
"Ti mestanp indicating when the CSES period ended.";

| eaf duration {

type uint32;

units "seconds";

description "Duration of the CSES period in seconds.";
}
| eaf error-count {

type uint32;

description

"Number of errors during the CSES period.";
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groupi ng pm peri odi c- measuremnent -gr {
description
"Hi erarchical structure for periodic perfornmance
measurenments. ";
|ist paraneter-profile {
key "nane";
description "List of performance paranmeter profiles.";
| eaf nane {
type profile-nanes;
description "Name of the paraneter profile.";
}
list pmparameter {
key "nane";
description
"List of PMparaneters within the paraneter profile.";
| eaf nane {
type string;
description
"Name of the perfornmance paraneter being neasured.”;

}
uses peri odi c- measuremnent-i nterval s;
}
}
}
/*
* MAI N CONTAI NER
*/

cont ai ner pm periodi c- neasurenent {
description
"Mai n container for periodic perfornance nmeasurenents.";
uses pm periodi c- neasurenent - gr

/*
* NOTI FI CATI ONS
*/
notification pmthreshol d-events {
description
"Notification for periodic threshold crossing events and
non- peri odi ¢ performance events (BUT, EUT, CSES).";
cont ai ner periodic-events {
description "Container for periodic threshold events.";
list paraneter-profile {
key "nane";
description
"Li st of performance paraneter profiles for event
moni toring.";
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| eaf nane {
type profile-nanes;
description "Name of the paraneter profile."”;
}
list pmparaneter {
key "nane";
description
"List of PMparameters within the paraneter profile.";
| eaf nane {
type string;
description
"Narme of the perfornmance paraneter being nonitored.";

}
list sanpling-interval ({
key "id";
description
"List of sanpling intervals for event nonitoring.";
leaf id {
type string;
description
"Unique identifier for this sanpling interval
configuration.";
}
uses tine-interval-config;
list nmeasurenent-interval ({
key "id";
description
"List of nmeasurenent intervals for event
aggregation.";
leaf id {
type string;
description
"Unique identifier for this measurenent interva
configuration.";
}
uses tine-interval -config;
cont ai ner event-types {
description
"Container for different threshold event types.";
uses counts-transient-event-gr;
uses counts-standi ng-event-gr;
uses snapshot-events-gr;
uses tidemarks-events-gr;
}
}
}
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}

cont ai ner non-periodi c-events {
description
"Cont ai ner for non-periodic performance events (BUT, EUT, CSES).";
uses non-periodi c-events-gr;
}
}
}

8. YANG Data Trees

modul e: i etf-pm measurenents
+--rw pm peri odi c- neasur enent
+--rw paraneter-profil e* [nane]

+--rw nane profil e- names
+--rw pm paraneter* [nane]
+--rw name string
+--rw sanmpling-interval * [id]
+--rwid string
+--rw interval -val ue? ui nt 32
+--rwunit? time-interval -unit
+--rw neasurenent-interval * [id]
+-rwid string
+--rw interval -val ue? ui nt 32
+--rwunit? time-interval -unit

+--rw measur enent - net hods
+--rw counts
| +--rwtransient-condition-config
| | +--rwtransient-threshol d? ui nt 32
| +--rw standi ng-condition-config
| | +--rw standing-threshol d? ui nt 32
| | +--rwreset-threshol d? ui nt 32
| +--ro measurenent-val ue? ui nt 32
+--rw snapshot
| +--rwuniformtime-config
| | +--rwinterval-val ue? ui nt 32
| | +--rwunit? time-interval -unit
| +--rw threshold-config
| | +--rw high-threshol d? ui nt 32
| | +--rwlowthreshol d? ui nt 32
| +--ro nmeasurenent-val ue? ui nt 32
+--rw tidemarks
+--rw threshol d-config
| +--rw high-threshol d? ui nt 32

| +--rwlowthreshol d? ui nt 32
+--ro hi gh-nmeasur enent - val ue? ui nt 32
+--ro | ow nmeasur enent - val ue? ui nt 32
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notifications:
+---n pmthreshol d-events

+--ro periodic-events

PM Stream ng YANG

+--ro paraneter-profile* [nane]

+--T0

namne

profil e- nanmes

+--ro0 pmparaneter* [nane]
+--1ro0 nane
+--ro sampling-interval* [id]

string

February 2026

+--roid

+--ro unit?

+--ro interval -val ue?

string
ui nt 32
time-interval -unit

+--ro measurenent-interval* [id]

+--roid string
+--ro interval -val ue? ui nt 32
+--ro0 unit? time-interval -unit
+--ro event-types
+--ro counts-transient
| +--ro event-type? enuner ation
| +--ro event-occurred? bool ean
| +--ro event-time? yang: dat e-and-ti ne
+--ro0 counts-standing
| +--ro event-type? enuner ation
| +--ro event-occurred? bool ean
| +--ro event-tine? yang: date-and-ti ne
+--ro0 snapshot
| +--ro event-type? enumer ati on
| +--ro event-occurred? bool ean
| +--ro event-time? yang: dat e-and-ti ne
+--ro tidemarks

+--ro event-type?
+--ro0 event-occurred?
+--ro event-tinme?

enuner ati on
bool ean
yang: dat e-and-ti ne

+--1r0 non-periodic-events
+--ro BUT-event
| +--ro event-occurred?
| +--ro event-tinme?
+--ro EUT-event
| +--ro event-occurred?
| +--ro event-tinme?
| +--ro duration?
+--ro CSES-event

+--ro event-occurred?
+--ro0 start?

+--ro end?

+--ro duration?

+--ro error-count?

bool ean
yang: date-and-ti ne

bool ean
yang: dat e-and-ti ne
ui nt 32

bool ean
yang: dat e-and-ti ne
yang: dat e-and-ti ne
ui nt 32
ui nt 32

Figure 12: Tree of pm nmeasurements nodul e
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9. PMIiInterval Capabilities

The ietf-pminterval -capabilities YANG nodul e provi des conprehensive
capability discovery for interval configurations, enabling clients to
under stand the supported tenporal resolutions before configuring PM
measurenents. This nmodule is designed to work seam essly with the

i etf-pm measurenents nmodul e, supporting both real-tine nonitoring
scenarios requiring high-frequency sanpling and | ong-termtrend

anal ysis requiring extended measurenent intervals.

The advertisenent of interval capabilities follows standard | ETF
procedures for capability discovery in network managenent systens,
based on the principles outlined in [ RFC9195] for YANG nodul e
capability advertisenment, [RFC8525] for YANG library, and [ RFC9196]
for YANG nodul e adverti senent.

9.1. Mdtivation

The need for interval capabilities discovery arises fromsevera
critical factors that affect the configuration and operation of
performance nonitoring systens. Different types of performance
paraneters inherently require different sanpling and neasur enent
intervals based on their characteristics and neasurenent objectives.
For exanple, error-based paraneters such as errored seconds (ES) nmay
require frequent sanpling to capture transient events, while
availability metrics mght be adequately nonitored wi th | onger
intervals. Simlarly, latency neasurenents often need hi gh-frequency
sanpling to detect m crosecond-1|evel variations, whereas throughput
statistics can be effectively captured with | ess frequent sanpling.

Vendor dependenci es represent another significant factor
necessitating interval capabilities discovery. Network equipnent
manuf acturers inplenment different hardware architectures, processing
capabilities, and neasurenment engines, resulting in varying support
for sanpling and nmeasurenent intervals. Sonme vendors nay support
very fine-grained intervals (e.g., millisecond-1evel sanpling) for

hi gh-preci sion applications, while others may be optimnzed for |onger
intervals suitable for operational nonitoring. Additionally,
different vendors may have different constraints on the relationship
bet ween sanpling and neasurenent intervals, with sone supporting only
specific nultiples or ranges.

The conplexity of nodern network environments further underscores the
i mportance of interval capabilities discovery. Milti-vendor networks
require clients to adapt their nonitoring strategies based on the
specific capabilities of each network el ement. Wthout proper
capability discovery, clients risk configuring unsupported intervals,
| eading to configuration failures, suboptinal nonitoring, or even
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systeminstability. The interval capabilities franmework addresses
these chal l enges by providing a standardi zed nechani sm f or

di scovering and understanding the tenmporal resolution capabilities of
network el enents, enabling clients to nmake inforned decisions about
interval configuration and ensuring interoperability across diverse
net wor k envi ronnents.

The interval capabilities nodule follows a hierarchical structure
that mrrors the measurenent configuration nmodel, ensuring

consi stency between capability discovery and actual neasurenent
configuration. The architecture consists of three |evels: Paraneter
Profiles (collections of related perfornance paraneters such as itu-
transport-mai nt enance-15mi n), PM Paraneters (individual perfornmance
paraneters within profiles such as es, ses, bbe), and Interva

Capabi lities (sanmpling and nmeasurement interval capabilities for each
par aneter).

The nodul e defines a critical relationship between sanpling and
measur enent intervals: neasurenent intervals nust be nultiples of
their corresponding sampling intervals. This constraint ensures that
measur enent aggregation periods align with data collection frequency,
preventing configuration errors and ensuring accurate perfornmance
moni toring. For exanple, if a device supports a 5-second sanpling
interval, valid measurenent intervals would be 5s, 10s, 15s, 30s,
60s, etc. This relationship is enforced through the hierarchica
structure where measurement intervals are defined within their
correspondi ng sanpling intervals.

9.2. Capability Discovery and Configuration Workfl ow

A NETCONF client can discover the sanpling and nmeasurenment interva
capabilities of a server by follow ng the standard | ETF procedures
for capability and nodul e di scovery. This process involves multiple
steps, beginning with the session establishnent and extending to
operational data retrieval

Upon initiating a session, the client receives the server’s <hell o>

message as defined in [ RFC6241]. This message includes a list of
capability URIs, indicating the supported YANG nodul es and protoco
extensions. |f the server includes entries for both ietf-pm

nmeasurenents and ietf-pminterval -capabilities, the client infers
that the server supports performance neasurenent with paraneter-
specific intervals, and also advertises its supported interva

val ues.
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To confirm nodul e support and retrieve nmetadata such as revision
dates and feature availability, the client queries the YANG Library
as defined in [ RFC8525]. This step allows the client to verify that
bot h the neasurenent nodel and the interval capability nodel are

i mpl ement ed and di scover abl e.

The client then queries the pminterval -capabilities container, which
is defined with config fal se and thus resides in the operationa

dat astore per the Network Managenment Datastore Architecture (NVDA)
described in [RFC8342]. By querying this container, the client can
retrieve a list of supported sanpling and nmeasurenent intervals for
each performance paraneter and profile. The structure includes
constraints such as nini nrumand maxi nrum val ues, allowed tine units,
and granularity. This live runtinme exposure of capability
information follows the nodel described in [ RFC9196] for advertising
telenmetry and notification capabilities in operational state.

Alternatively, the sane interval capabilities may be published as
static data files using the format defined in [RFCO195]. This allows
vendors or standards bodies to docunment the supported nmeasurenent
intervals of a device or profile without requiring a live connection
to the system

At this point, the client uses the retrieved interval capabilities to
configure a performance neasurenent subscription using the pm
measurenents nmodel. This configuration is made in alignnent with the
update intervals supported by the server, ensuring conpatibility and
preventing errors such as period-unsupported, as outlined in

[ RFC8641] .

Thi s end-to-end process ensures that perfornmance nmeasurenent
configurations are both valid and optinized for the server’s
capabilities, |leveraging both static publication and runtinme
i ntrospection using standardi zed nodel s and procedures.

9.3. Interval Capabilities Exanple
The foll owi ng exanpl e denonstrates how a client can discover interva
capabilities for the ES parameter in the itu-transport-mai ntenance-

15min profile, specifically requesting 1-second sanpling with
15-mi nute measurement intervals
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<rpc xm ns="urn:ietf:parans: xm : ns: netconf: base: 1. 0"
xm ns: pmint-cap="urn:ietf:params: xm :ns:yang:ietf-pminterval -capabilities"
message-i d="301">

<get >
<filter>
<pmint-cap:pminterval -capabilities>
<paraneter-profile>
<name>i t u-transport - mai nt enance- 15m n</ nane>
<pm par anmet er >
<nane>es</ name>
<interval -rel ati onshi ps>
<sanpl i ng-interval >
<i d>1s</id>
<m n-val ue>1</ m n-val ue>
<max- val ue>1</ max- val ue>
<uni t s>second</ uni t s>
<def aul t - val ue>1</ def aul t - val ue>
<def aul t - uni t >second</ defaul t-uni t >
<granul arity>1</granul arity>
<measur enment -i nt erval >
<i d>neasur enent - r ange</i d>
<m n-val ue>5</ ni n-val ue>
<max- val ue>1440</ max- val ue>
<uni t s>m nut e</ uni t s>
<def aul t - val ue>15</ def aul t - val ue>
<def aul t -uni t >m nut e</ defaul t-uni t >
<granul arity>5</granul arity>
</ measur enent -i nt erval >
</ sanpling-interval >
</interval -rel ati onshi ps>
</ pm par anet er >
</ paraneter-profil e>
</pmint-cap:pminterval -capabilities>
</filter>
</ get >
</rpc>

Figure 13: Interval Capabilities Discovery Exanple

Thi s exanpl e shows how a client can discover that the network el enent
supports 1l-second sanmpling with a flexible neasurenent interval range
(5-1440 minutes) with 5-minute granularity. The response confirns
unit support for seconds in sanpling and minutes in nmeasurenent
intervals, with a default recomrendati on of 15 minutes, enabling the
client to choose any appropriate nmeasurenent duration within the
supported range for their PMnonitoring requirenents.
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9.4. YANG Dat a Mde

modul e ietf-pminterval -capabilities {
yang-version 1.1;
nanespace
"urn:ietf:parans: xm :ns:yang:ietf-pminterval -capabilities";
prefix ipc;

import ietf-pm neasurenents {
prefix pm neas;
ref erence "draft-yoon-ccanp-pm streani ng-03";

}

organi zati on
"I ETF Common Control and Measurenent Pl ane (ccanp)
Wor ki ng Group”;
cont act
"WG Web: <https://datatracker.ietf.org/wy/ ccanp/>
Editor: Bin Yeong Yoon <nmumilto: byyun@tri.re.kr>";
description
"Thi s YANG nodul e defines a data nodel for
di scovering and expressing perfornmance nmanagenent (PM
interval capabilities in network equi pnent. The nodul e
enables clients to discover what sanpling and neasurenent
intervals a server can support for different perfornmance
paraneters wi thin various paraneter profiles.

Thi s nodul e provides hierarchical interval capability discovery
where neasurenent intervals nust be multiples of their
correspondi ng sanpling intervals, and each paraneter can have
different interval capabilities within paraneter profiles.

This nodule is designed to work with ietf-pm nmeasurenments
for conplete PM stream ng solutions and supports both
real-tinme nonitoring and long-termtrend analysis.";

revision 2025-10-17 {
description
"Initial version.";
reference "RFC XXXX: A YANG Data Mdel of Performance Managenent Streani ng";

}

/*
* TYPEDEFs
*/
typedef interval-unit {
type enuneration {
enum millisecond {
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description "Time interval in nilliseconds.";

}

enum second {
description "Time interval in seconds.";

enum m nute {
description "Time interval in mnutes.";

enum hour {
description "Time interval in hours.";

enum day {
description "Time interval in days.";
}
Yoo .
description "Supported units for expressing tine intervals.";
}
/*
* | DENTI TI ES
*/

identity interval -capability-type {
description
"Base identity for different types of interval capabilities.";
}

identity sanpling-interval-capability {
base interval -capability-type;
description
"Capability for sanpling intervals - how frequently
data is collected.";

}

identity neasurenent-interval-capability {
base interval -capability-type;
description
"Capability for measurenment intervals - how | ong
measur enents are aggregated.”;

}

/*
*  GROUPI NGS
*/
grouping interval -constraints {
description
"Constraints for supported intervals including mn/mnmx
val ues and supported units. This groupi ng defines the
capability constraints for both sanpling and neasurenent
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intervals, allow ng devices to express their supported
interval ranges, units, and granularity.";
| eaf m n-val ue {
type uint32;
description
"M ni mum supported value for this interval type.";
}

| eaf max-val ue {
type uint32;
description
" Maxi mum supported value for this interval type.";

leaf-list units {
type interval -unit;
description
"List of supported time units for this interval type.";
}

| eaf default-value {
type uint32;
description
"Default value recomended for this interval type.";

| eaf default-unit {
type interval -unit;
description
"Default unit recommended for this interval type.";

| eaf granularity {
type uint32;
description
"Granul arity step for interval values. For exanple,
if granularity is 5, then only values that are
multiples of 5 are supported.”;
}
}

groupi ng paraneter-interval -capabilities {
description
"Interval capabilities for a specific paraneter within
a profile, including hierarchical interval relationships

where all interval infornmation is contained within the
sanmpling-interval structure.";

| eaf nane {
type string;

description
"Nanme of the performance paraneter (e.g., es, ses, bbe).";
}

contai ner interval-relationships {

Yoon & You Expi res 19 August 2026 [ Page 46]



I nternet-Draft PM Stream ng YANG February 2026

description
"Defines hierarchical relationships between sanpling
and neasurenent intervals for this paraneter
Measurenent intervals nust be multiples of their
correspondi ng sanpling intervals.";
list sanpling-interval {
key "id";
description
"Maps sanpling intervals to their conpatible
measurenent intervals with conplete capability
i nformation.";
leaf id {
type string;
description
"Unique identifier for this sanpling interval
capability.";
}
uses interval -constraints;
list nmeasurenent-interval ({
key "id";
description
"Detailed informati on for each conpatible
measurenent interval within the sanpling interva
structure."”;
leaf id {
type string;
description
"Unique identifier for this measurenent
interval capability.";
}
uses interval -constraints;
}
}
}
}

groupi ng profil e-paraneter-capabilities {
description
"Capabilities for all parameters within a specific
paraneter profile. This grouping defines the conplete
capability information for a parameter profile, including
the profile name and all performance paraneters with their
respective interval capabilities.";
| eaf nane {
type pm neas: profil e-nanes;
description
"Nanme of the paraneter profile (e.qg.
i tu-transport-mintenance-15nin).";
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}

list pmparaneter ({
key "nane";
description
"List of paraneters with their specific interva
capabilities within this profile.";
uses paraneter-interval -capabilities;

/*
* MAI N CONTAI NER
*/
contai ner pminterval -capabilities {
description
"Mai n container for hierarchical PMinterval capabilities.
Thi s contai ner provides conprehensive information about
the sanpling and nmeasurenent intervals that a server can
support for different parameters within different
paraneter profiles.”;
config fal se;

list paranmeter-profile {
key "nane";
description
"List of parameter profiles with their paraneter-specific
interval capabilities. Each profile represents a collection
of parameters that share common neasurenent requirenents
but may have different interval capabilities.";
uses profile-paraneter-capabilities;

}

9. 5. YANG Data Trees
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modul e: ietf-pminterval -capabilities
+--ro pminterval -capabilities
+--ro paraneter-profile* [nane]

+--r0 nane pm neas: profil e- names
+--ro0 pmparanmeter* [nane]
+--ro nane string

+--ro interval -rel ati onships
+--ro sampling-interval* [id]

+--ro id string
+--ro m n-val ue? ui nt 32
+--ro max-val ue? ui nt 32
+--ro0 units* interval -unit
+--ro defaul t-val ue? ui nt 32
+--ro default-unit? interval -unit
+--ro granularity? ui nt 32
+--ro0 measurenent-interval* [id]
+-roid string
+--ro mn-val ue? ui nt 32
+--ro max-val ue? ui nt 32
+--r0 units* interval -unit
+--ro default-val ue? ui nt 32
+--ro default-unit? interval -unit
+--ro granularity? ui nt 32

Figure 14: Tree of pminterval capabilities nodul e
10. Manageability Considerations
<Add any manageability considerations>
11. Security Considerations
<Add any security considerations>
12. | ANA Consi derations
<Add any | ANA consi der ati ons>
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