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Abst ract

YANG- based service APIs are widely used to expose network and service
abstractions to external systens such as controllers, orchestration
pl atforns, and OSS/ BSS applications. Despite the availability of
nunerous YANG data nodel s and YANG-to- APl tools, operators continue
to face significant challenges in operationalizing these APIs in a
consi stent, scal able, and interoperable manner. APlIs derived from
simlar YANG nodels often differ in semantics, |ifecycle behavior,
observability, and consunption patterns, conplicating autonmation and
cross-vendor integration. This docunment describes the problem space
associated with operationalizing YANG based service APls, draw ng on
operator experience, |AB workshop findings, and | ETF applicability
studies to highlight gaps in current practices and notivate
requirenents for inproving APl predictability and operationa

ef fecti veness, w thout defining specific solutions, protocols, or
tool s.

Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I ETF). Note that other groups nmay also distribute

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

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

This Internet-Draft will expire on 3 July 2026.
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1. Introduction

Despite the availability of YANG data nodel s and numerous YANG t o- API
tools, operators continue to face significant challenges in
operationalizing YANG based service APIs in a consistent, scal able,
and interoperabl e manner. As highlighted by the | AB Next Era of

Net wor k Management Qperations (NEMOPS) wor kshop, operationa

wor kfl ows that rely on these APIs remain fragnented and difficult to
automate end to end. In practice, APIs generated fromsimlar YANG
nodel s often differ in structure, semantics, |ifecycle behavior, and
f eedback mechani sns, conplicating integration across systens,
vendors, and depl oynent environnents.

These chal l enges are further evidenced by recent |ETF applicability
studi es that exam ne the use of existing YANG nodels for emnerging
operational scenarios. Applicability drafts focusing on unequal - cost
mul tipath, traffic-engi neered services, and network service nodel s
for telco cloud environments (e.g.,

[1-D. dunbar - neot ec- ac- pe2pe-ucnp-applicability],

[1-D. dunbar-oni ons-ac-te-applicability], and [neotec-ns-nodel s-
telcocloud]) identify recurring issues such as anbi guous semanti cs,
weak alignment between service intent and realizabl e network

behavi or, insufficient lifecycle handling, and |linited observability
when services are exposed through APIs. Wile these studies address
specific technical contexts, they collectively denonstrate a broader
probl em current YANG based service APIs | ack consistent operationa
semanti cs and gui dance required for reliable automati on and
interoperability.

The Operationalizing Network and service abstract| ONS ( ONl ONS)
Working Group is chartered to address this problem space by focusing
on the operational aspects of YANG based service APIs, rather than
defining new protocols or APl technologies. The goal of ONNONS is to
i nprove automation, operational efficiency, and interoperability by

i dentifying common problens, clarifying requirenents, and providing
gui dance on how YANG based service APIs shoul d be structured,

exposed, and consunmed by external systens in a predictable and

i nt eroper abl e manner.

Thi s docunent describes the probl em space addressed by the ONI ONS

Working Goup. It consolidates operator-observed chall enges rel ated
to YANG based service APls, explains why existing approaches and
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tools are insufficient when considered in isolation, and frames the
requirenents that ONIONS is chartered to exanmne to inprove the
operationalization and consunpti on of YANG based service APIs. This
docunent does not propose specific solutions, protocols, or data
nodel s.

1.1. Requirenents Language

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in BCP
14[ RFC2119] [ RFCB8174] when, and only when, they appear in al

capitals, as shown here

2. Term nol ogy
The following terns are used in this docunent:

* Abstraction: refers to the definition of sinmplified, high-Ieve
constructs that represent network and service capabilities, while
hiding the details of their underlying realization. Such
abstractions enable interaction between managenent and aut onati on
systens without requiring direct exposure of device-specific
configurations or protocol behaviors.

* Cloud DC. Third party data centers that host applications and
wor kl oads owned by different organi zati ons or tenants.

3. Use Cases Highlighting Chall enges

The foll owi ng use cases illustrate operational scenarios in which
YANG- based service APIs are increasingly used to request, operate,
and evol ve network services. They highlight common chal | enges
encount ered by operators and automati on systens when attenpting to
consune these APIs in a predictable, interoperable, and scal abl e
nmanner .

3.1. Inter-Data-Center Connectivity

Enterprises and service providers frequently operate across nultiple
data centers and hybrid cloud environnents. In such deploynents,
applications and services rely on reliable, high-speed, and secure
connectivity between geographically distributed data centers or cloud
resource pools. Typical scenarios include service data
synchroni zati on, cross-cloud disaster recovery, and dynan c scaling
of application services across |locations. In operational practice,
orchestrati on and nmanagenent systens expect to request inter-data-
center connectivity as a service, specifying endpoints and desired
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characteristics while relying on YANG based service APIs to
instantiate, nmodify, and nonitor the service. However, existing APlIs
of ten expose network configuration constructs rather than a coherent
service abstraction, making it difficult to express service intent,
track service lifecycle, or confirmthat connectivity objectives are
being met. This use case highlights challenges related to lifecycle
handl i ng, semantic consi stency, and observability when YANG based
service APls are used to support inter-data-center services across
vendors or adm nistrative domai ns.

3.2. Data Transm ssion for Data-Intensive Wrkl oads

As the industry enters the Al era, data has becone a primary driver
of productivity growth, leading to a sharp increase in data
processing and transfer demands. To inprove efficiency and contro
costs, conputing resources are increasingly centralized in cloud or
| arge-scal e data center environments, while data sources may renain
di stri but ed.

In this context, massive datasets are routinely transferred to
centralized conputing and storage infrastructure for anal ysis and
processing. These transfers may involve |arge vol unes of data,
require predictable conpletion tines, and denand bandw dt h that
varies significantly over tinme. From an operational perspective,
orchestration systens rely on YANG based service APlIs to request
connectivity that can support these data transfers.

Qper ational experience shows that existing YANG based service APls
often | ack the senantics needed to express such data-driven
connectivity needs in a service-oriented manner. As a result,

aut omati on systems nust conpensate with additional |ogic to nmanage
bandwi dt h changes, track progress, or determ ne when a transfer-
oriented service has conpleted, conplicating integration and reducing
interoperability.

3.3. On-Orbit Networking with Dynanic | nterconnection

Emer gi ng on-orbit networking environnents introduce highly dynanic
operational conditions. Networks with steerabl e beans may depend on
infrastructure provided by other networks, such as third-party ground
stations or additional on-orbit assets. Connectivity requirenents
can change rapidly based on orbital novenent, coverage availability,
and ni ssi on needs.
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In these environnments, network services nmust be instantiated,

nodi fied, and torn down on short tinmescales. Constructs such as
bearers or attachnent circuits may need to be dynamically established
to interconnect infrastructure at orbital speeds. YANG based service
APls are a natural interface for exposing such services to planning
and control systens.

However, nost existing YANG based service APls are designed for
relatively static terrestrial networks and | ack cl ear semantics for
short-lived services, rapid reconfiguration, or coordination across
het erogeneous infrastructure. This use case highlights the
difficulty of operationalizing YANG based service APIs in highly
dynanic, nulti-operator environments.

3.4. Summary

Across these use cases, YANG based service APls are expected to serve
as the primary interface between network infrastructure and externa
aut omati on systems. The scenari os denonstrate that while APIs and
nmodel s exi st, operators continue to face challenges related to

i fecycl e management, semantic clarity, observability, and
interoperability. These challenges notivate the problem statenents
di scussed i n subsequent sections and informthe requirenents outlined
later in this document.

4. QOperational Challenges with Network and Service Abstractions

To support the use cases described in previous section, operators
increasingly rely on service and network abstractions exposed through
YANG based service APIs. VWhile these abstractions are wdely

depl oyed, operators report persistent challenges in operationalizing
themin a consistent, scal able, and automatabl e manner. As

hi ghl i ghted by the 1 AB Next Era of Network Managenent Operations
(NEMOPS) wor kshop [ NEMOPS], these chall enges are systenic and
operational in nature, arising fromfragnented tooling, inconsistent
abstraction senmantics, and |imted end-to-end coordination. They are
not confined to a specific technology or service type, but recur
across abstracti on domai ns and depl oynent environments.

4.1. Fragnented Operational Lifecycles

Operational workfl ows associated with service abstractions, such as
service instantiation, nmonitoring, troubleshooting, nodification, and
deconmi ssi oni ng, are often fragmented and inconsistently handl ed.
Even when abstractions coexist within the sane network or service
offering, they frequently rely on different tools, data nodels, and
interfaces. NEMOPS di scussions highlighted that operators comonly
depend on a heterogeneous m x of managenent protocols, vendor-
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specific APls, and | egacy mechani snms to conpl ete these workfl ows,
significantly increasing operational conplexity and cost.

In practice, lifecycle actions initiated through YANG based service
APl's often require coordination across orchestration systens,
controll ers, and device configurations. However, these conponents
are rarely aligned in terns of lifecycle senmantics, data nodels, or
operational assunptions. This fragnentation limts end-to-end

aut omati on, conplicates validation and roll back, and increases the
I'i kelihood of configuration drift and operational errors. Existing
service and network abstractions generally |ack native constructs to
express lifecycle attributes such as activation tine, duration,
expiration, or rollback behavior. As a result, transient service
intents must be tracked and enforced outside the abstraction
framewor k, increasing operational conplexity and the risk of

i nconsi st ency.

.2. Msalignnment Between Abstraction Layers

Service abstractions are typically realized through a conbination of
service-level nodels, network-level nodels, control-plane behavior,
and nanagenent interfaces. These |layers are often devel oped

i ndependently, with |imted coordination across working groups or
operati onal donains.

Thi s m salignment can nmanifest as:

-Service abstractions that do not cleanly map to underlying
network capabilities.

-Network nodel s that expose paraneters w thout clear service-
| evel semantics.

- Control -plane behaviors that are difficult to correlate with
service-level intent.

As a result, operators face challenges ensuring that a service

behaves as intended throughout its lifecycle, particularly when
changes occur at one |layer wi thout corresponding visibility or

coordi nation at others.

4.3. Inconsistent Sermantics and Operational Assunptions

Servi ce and network abstractions frequently rely on metrics,
attributes, or paraneters whose semantics vary across nodel s,

i npl ementations, or consunption contexts. Concepts such as cost,
availability, or performance may be represented using different
definitions, units, scopes, or update npdels.
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These inconsi stencies conplicate integration between systens and
underm ne the reliability of automation. Consuners of YANG based
service APlIs cannot assune uni form behavior or interpretation,
forcing operators to introduce customlogic, static assunptions, or
manual intervention. Over tinme, this erodes interoperability and
limts scalability.

4.4. Limted Integration with Automation and External Systens

Servi ce abstractions are comopnly exposed to external systens, such
as orchestration platfornms and OSS/ BSS applications, through APIs
derived from YANG data nodel s. However, the |ack of consistent

gui dance on how abstracti ons shoul d be nodel ed, exposed, and consuned
results in APIs that vary significantly across vendors and

depl oynents. This variability makes it difficult for externa

systens to consunme YANG based service APlIs in a predictable and

i nteroperabl e manner. Integration often requires bespoke adaptations
and vendor-specific know edge, limting reuse and sl owi ng the
adoption of automation across donmai ns and admini strative boundari es.

4.5. (Gaps Reveal ed by Applicability and Depl oyment Experience

Recent | ETF applicability studies and depl oynent experience further
hi ghli ght these operational challenges across different abstraction
contexts. Recurring issues include unclear semantics, difficulty
aligning service intent with realizable network behavior, limted
I'ifecycle handling, and challenges integrating abstractions across
t echnol ogi es and donai ns.

Al 't hough these efforts focus on specific use cases or technica
areas, they expose comon operational gaps that extend beyond any
single abstraction or working group. Collectively, they reinforce
the need for inproved consistency, coordination, and operationa

gui dance when service abstractions are exposed and consuned t hrough
YANG- based service APIs.

4.6. Inpact on Qperational Efficiency and Interoperability

The chal | enges descri bed above directly inpact operationa

efficiency, automation, and interoperability. Operators are required
to invest significant effort in integration, validation, and

troubl eshooti ng, reducing the benefits that abstractions are intended
to provide. Wthout a nore coordi nated approach to abstraction
nmodel i ng and operational usage, these issues are likely to persist as
net wor ks continue to evol ve.
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4.7. Limted Feedback and Observability for Abstraction Enforcenent

Exi sting abstractions primarily focus on configuration and offer
limted standardi zed nmechani sns for reporting whet her requested
behavi ors have been successfully applied or remain valid over tine.
This lack of feedback inpedes closed-1oop automati on and increases
reliance on manual nonitoring and intervention

5. Limtations of Existing Approaches

A wi de range of nechani sns, nodels, and frameworks already exi st
within the | ETF to support service and network abstractions. These

i ncl ude protocol -specific control -plane mechani sms, devi ce- and

net wor k-1 evel YANG data nodel s, and managenent frameworks for service
configuration and nonitoring. Wile these efforts address inportant
aspects of abstraction definition and realization, operators report
that they are insufficient when applied independently to support

consi stent, end-to-end operational workfl ows.

5.1. Fragnentation Across Wrking G oups and Technol ogi es

Servi ce and network abstractions are defined and evol ved across

mul tiple | ETF working groups, each focusing on a specific technol ogy,
protocol, or layer. Although this separation is appropriate for
protocol devel oprment, it has resulted in abstraction nodels and
operational assunptions that are not well coordi nated across domai ns.
As a result, operators nmust integrate abstractions that were designed
with different scopes, semantics, and |ifecycle assunptions. This
fragnmentation increases integration effort and conplicates
automation, particularly when a service abstraction spans nultiple
technol ogi es or admi nistrative domai ns.

5.2. Insufficient Aignment Between Abstractions and Realization

Exi sting abstraction nodels often focus on configuration or control -
pl ane aspects without fully considering how abstractions are realized
operationally across networks. In practice, operators nust reconcile
service-level intent with network-1evel capabilities, control-plane
behavi ors, and devi ce-specific constraints. Wen abstraction
definitions do not align cleanly with realizabl e behaviors, operators
encounter difficulties validating service behavior, correlating
faults, or evolving services over time. These gaps are typically
addressed through custom | ogi c or manual processes, reducing
portability and interoperability.
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5.3. Lack of Consistent Operational Semantics

Many abstraction nodel s expose paraneters or metrics that are
syntactically simlar but semantically inconsistent across

technol ogies or inplenentations. Differences in interpretation,
updat e frequency, or scope can | ead to unpredictable behavior when
abstractions are consuned by automation systens.

Wt hout consistent operational semantics, it is difficult for
managenent and orchestration systens to reliably interpret
abstraction state, conpare information across donains, or nake
aut omat ed deci si ons based on abstracti on nodel s al one.

5.4. Limted CGuidance for API-Based Consunption

YANG dat a nodel s are commpnly used as the basis for APlIs that expose
service abstractions to external systens. However, existing work
provides limted gui dance on how t hese abstracti ons shoul d be
exposed, versioned, or consumed in a predictable and interoperable
manner. As a result, APIs derived fromsimlar abstraction nodels
may differ significantly across vendors or deploynents, requiring
bespoke integration by operators and OSS/ BSS systens. This
variability underm nes the portability and reuse that abstractions
are intended to provide.

5.5. Inconplete Support for End-to-End Automation

Whi | e individual mechani sns support autonmation at specific |layers or
points in the service lifecycle, they do not collectively provide a
coherent framework for abstraction-driven autonmation across systens.
Aut omat i on workfl ows frequently span service nodeling, network
configuration, monitoring, and fault managenent, yet existing
approaches treat these aspects in isolation

This lack of coordination linmits the effectiveness of automation and
makes it difficult to inplenment closed-1oop operational workflows
that adapt to changes in service requirenments or network conditions

5.6. Summary

Taken together, these |limtations denonstrate that existing

mechani snms, whil e necessary, are not sufficient to address the
operational challenges associated with service and network
abstractions. The gaps are not primarily due to m ssing protocols or
data nodels, but to the |ack of coordination, consistency, and
operational guidance across abstraction efforts. Addressing these

i ssues requires a holistic exam nation of abstraction nodeling and
operational usage, which is the focus of the ONI ONS WG
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6

Operational Evidence fromthe | AB NEMOPS Wor kshop

The operational chall enges described in this document are consi stent
with, and reinforced by, the findings of the | AB Next Era of Network
Managenent Qperations (NEMOPS) [ NEMOPS] wor kshop, whi ch exam ned t he
state of network nanagenent and automati on based on operator
experience across diverse depl oynent environments.

The NEMOPS wor kshop identified that, despite significant progress in
protocol devel opnent and data nodeling, operational workflows remain
fragmented and difficult to autonate end-to-end. Operators reported
continued reliance on a heterogeneous m x of tools, protocols, and

i nterfaces, including YANG based nanagenent protocols, vendor-
specific APls, |egacy nechani sns such as CLI and SNWP, and bespoke
orchestration logic to deploy and operate services. This
fragnmentation increases operational conplexity and linmts the

ef fectiveness of abstraction-driven automation.

A key observation fromthe workshop is that nodel -driven network
managenment is generally successful, yet insufficient onits ow to
address hi gher-1evel operational needs. 1In particular, the workshop
hi ghl i ght ed gaps between devi ce-level and service-level abstractions,
noting that existing nodels often | ack the semantic alignnent and
contextual information required by orchestration and OSS/ BSS syst ens.
As a result, operators rust perform extensive nodel mapping, data
transformation, and systemspecific integration outside the scope of
st andardi zed abstractions.

The wor kshop further enphasized chall enges related to observability,
verification, and feedback. While configuration nechanisns are
relatively mature, operators reported limted ability to validate
whet her service intent is being net over time or to correlate
operational state across abstraction layers. This lack of consistent
f eedback underm nes cl osed-| oop automati on and conplicates

troubl eshooting, particularly in multi-vendor and nulti-domain

envi ronnent s.

Anot her recurring thene fromthe NEMOPS di scussions is the |ack of
architectural docunentation and operational guidance expl ai ni ng how
exi sting abstractions, nodels, protocols, and tools are intended to
work together as a system (Qperators expressed difficulty
under st andi ng whi ch abstractions to use, how they shoul d be conbi ned,
and how responsibilities are divided across |ayers and worki ng
groups. This absence of cohesive gui dance | eads to divergent
interpretations and inconsistent depl oyments.
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These findings closely align with the linitations identified in the
applicability studies discussed earlier and reinforce a broader
operational problem while many of the necessary technical conponents
for service and network abstractions exist, they are not sufficiently
coordi nated, aligned, or docunmented to support consistent,

i nt eroperabl e, and aut onatabl e operati ons. Addressing these systenic
i ssues requires a focus on abstraction coherence, |ifecycle
semanti cs, and operational consunption concerns that fall squarely
within the scope of the ONI ONS Wirki ng G oup

7. Requirenents to Network Operation

Based on the illustrations above, the foll owi ng requirenents have
been identified.

- Application and Network Coordi nation

The network operation nust be aware of the requirenents for
supporting services, including: establishing Overlay connections
for specific service needs, providing on-demand underl ay

physi cal resource guarantees, and achi eving coordination between
the network and servi ces.

On- Demand Set up, Teardown, and Fl exi bl e Networki ng

The network operation and mai nt enance system nust be capabl e of
rapidly establishing real-tine service connections between the
user-specified start and end points based on user requirenents.
Upon service conpl etion, connections should be di smantl ed and
resources rel eased, providing users with on-denmand connectivity
and billing. This meets users’ sudden service demands and
reduces their expenses.

El astic Provision of Super high-Bandw dth Services

The network must possess the capability to elastically provide
super hi gh bandw dth, neeting users’ elastic resource
requirenents and enabling full utilization of network resources.

Ubi qui t ous Access Provi sioning

To facilitate user convenience in accessing conputationa
resources, the network nust support ubiquitous access and wi de
coverage, allowi ng users to flexibly connect through various
met hods and ensuring conputational resources are readily
avai | abl e on demand.

- Trustworthiness and Reliability
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10.

11.

11.

11.

The network nust be trustworthy and reliable, strictly ensuring
the security and dependability of user data transm ssion

- Cross-Donmai n Coordi nation
For user data transm ssion needs across domai ns or even across
different operators, the network nmust possess cross-domain
coordi nation capabilities, enabling flexible end-to-end
schedul i ng of network resources and services.
The above requirenents need the network operation system needs to
dynani caly coordi nate behavi or across nultiple network segnents,
expose the YANG based network and service capabilities through open
APl's, driven by service-level events, workload changes, or short-
I'ived operational needs.
Manageabi |l ity Consi derations
TBD.
Security Considerations
TBD.
I ANA Consi derations
No Action is needed.
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