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Abstract:

The evolution towards Open Radio Access Network
(O-RAN) architecture  promises unprecedented
flexibility through disaggregation and open interfaces.
However, it introduces significant complexity in
achieving seamless multivendor interoperability and
transitioning from static configurations to intelligent,
automated operations. This paper investigates the
architectural and operational journey for implementing
closed-loop  orchestration within an O-RAN
framework. We analyze the critical path, beginning
with the foundational challenge of standard-compliant
integration of components from multiple vendors to
establish a functional, interoperable system. The core
focus then shifts to the deployment of an intelligent
near-real-time RAN Intelligent Controller (RIC),
enabling data-driven policy control. We examine how
this infrastructure facilitates the final leap to closed-
loop automation, where continuous observability data
fuels AI/ML models to dynamically steer network
performance—optimizing  resources, preempting
failures, and fulfilling service-level intents
autonomously, thereby realizing the full promise of a
self-driving, agile RAN.

Keywords: O-RAN, Closed-Loop Automation, RAN
Intelligent Controller, Multivendor Interoperability,
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I. INTRODUCTION

The Radio Access Network (RAN), a critical
component of mobile telecommunications, is
undergoing a  fundamental  architectural
transformation driven by the principles of
openness, intelligence, and cloud-native design.
The emergence of the Open RAN (O-RAN)
paradigm aims to dismantle traditional monolithic,
proprietary RAN systems by promoting
standardization, disaggregation of hardware and
software, and open interfaces between network
components. This shift promises to foster a
competitive multi-vendor ecosystem, accelerate
innovation, and reduce operator costs. However,
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this newfound flexibility introduces significant
operational complexity. Integrating disaggregated
components from diverse vendors into a cohesive,
high-performing system presents a formidable
initial  challenge, moving beyond mere
connectivity to  ensure true  functional
interoperability. Achieving stable interoperability
is merely the foundational step. The strategic
imperative for operators is to evolve from static,
manually configured networks to intelligent, self-
optimizing systems that can autonomously meet
stringent performance demands. This evolution is
enabled by the O-RAN Alliance’s architectural
innovation: the RAN Intelligent Controller. The
RIC platform introduces a  standardized
framework for closed-loop control, where near-
real-time data from the RAN is analyzed by
applications to drive automated decisions and
policy enforcement. This capability marks the
transition from basic interoperability to
sophisticated performance steering the continuous,
automated adjustment of network parameters to
optimize metrics like throughput, latency, and
reliability based on service-level intents.This
paper explores the critical journey within an O-
RAN ecosystem, tracing the path from the initial
challenge of establishing robust multivendor
interoperability to the ultimate goal of
implementing  closed-loop orchestration for
automated performance steering.

II. LITERATURE SURVEY

The evolution towards Open Radio Access
Networks -RAN represents a significant paradigm
shift, with foundational concepts established by
industry alliances and early research. The O-RAN
Alliance's white papers define the core
architectural principles of open interfaces,
disaggregation, and the RAN Intelligent
Controller (RIC), setting the stage for a
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multivendor ecosystem. Initial research, such as
the comprehensive survey by M. Polese et al.
(2019) in IEEE Communications Surveys &
Tutorials, explored the potential and challenges of
this transition, highlighting the critical gap
between theoretical openness and practical, multi-
supplier integration. This foundational work
frames multivendor interoperability as the primary
initial hurdle, moving beyond simple interface
compliance to ensuring functional performance
and stability in a disaggregated
environment.Subsequent literature, including
contributions in the IEEE Journal on Selected
Areas in Communications, has focused on the
architectural and operational implications of the
RIC. Studies examine the RIC's role as a platform
for intelligence, detailing the function of near-
real-time (near-RT) and non-real-time (non-RT)
controllers and the development of applications
(xApps/rApps) for specific optimization tasks. For
instance, research on load balancing and mobility
robustness showcases early use cases for policy-
driven control. However, this body of work often
treats individual automation cases in isolation. As
noted in works like S. B. D. G. Mendonga (2022)
and recent IEEE Access surveys, a significant gap
exists in the literature regarding the holistic, end-
to-end journey from achieving baseline
interoperability to deploying a fully integrated
closed-loop automation framework. Few studies
provide a structured analysis of the transitional
path where interoperable components become
instrumented,  data-aware, and  ultimately
governed by a higher-layer intent to form an
autonomously  steering  network.This  gap
underscores the need for research that connects
discrete technical milestones—from standards-
based integration and RIC deployment to the
implementation of AI/ML-driven closed loops—
into a cohesive operational continuum. This
survey aims to synthesize these domains, focusing
on the progression from a functional multi-vendor
O-RAN to a truly intelligent and self-optimizing
system capable of automated performance
steering.

ITII. PROPOSED WORK

The proposed work establishes a three-stage
framework to operationalize the journey from
multi-vendor integration to intelligent automation
within an Open RAN. The first stage focuses on
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Interoperability and Baseline Establishment. It

defines a reference O-RAN architecture with
disaggregated components and open interfaces. A
core deliverable is a comprehensive test and
validation methodology that moves beyond basic
connectivity to quantify functional interoperability
using metrics like control-plane latency and
handover success rates under multi-vendor
conditions, thereby establishing a clear
performance baseline.The second stage, Data
Fabric and Policy Engine Development, builds the
intelligence layer. This involves architecting the
data pipeline for the RAN Intelligent Controller
(RIC), specifying the ingestion, normalization,
and storage of near-real-time telemetry.
Concurrently, we will design an intent-based
policy framework, modeling how high-level
service goals are translated into declarative
policies and executed via XxApps on the near-RT
RIC to enable initial, policy-driven
automation.The  final  stage,  Closed-Loop
Orchestration and Validation, integrates the
infrastructure into a self-driving system. This
stage formulates a general Observe-Analyze-
Decide-Act control model and details specific,
implementable AI/ML use cases for autonomous
control, such as predictive load balancing or
dynamic interference management.

Interoperability and Baseline
Establishment

Define reference O-RAN architecture
with disaggregated components
and open interfaces

Establish performance baseline

Data Fabric and Policy Engine
Development

Architect data pipeline for RIC

Build intelligence layer

Closed-Loop Orchestration and
Validation

Formulate Observe-Analyze-Decide-Act
control model

Achieve closed-loop O-RAN

Fig 1: Proposed Architecture Diagram

IV. METHODOLOGY

This research will follow a systematic, four-phase
analytical methodology to develop and validate a
comprehensive  framework for closed-loop
orchestration in Open RAN.

1. Systematic Literature Review and Gap
Analysis:

The initial phase involves a comprehensive
review of existing literature. This includes
analyzing technical specifications from the O-
RAN Alliance, academic research on multi-
Page 10 of 13



International Journal of Engineering Science and Advanced Tec

vendor interoperability challenges, architectural
studies on the RAN Intelligent Controller (RIC),
and documented use cases for AI/ML in RAN
optimization. The objective is to synthesize
current knowledge and explicitly identify the
research gap concerning the integrated, end-to-end
operational journey from integration to
automation.

2. Conceptual
Modeling:
Building on the literature synthesis, this phase
involves the formal design of the proposed three-
stage progression model. Activities include
creating detailed architectural diagrams of a
reference multi-vendor O-RAN, defining the
components and data flows for the RIC platform,
and formally specifying an intent-based policy
schema. This stage translates the high-level
journey into concrete, structured models and
specifications.

3. Analytical Validation via Use Case
Simulation:

In lieu of physical deployment, the designed
framework will be validated analytically through
detailed use case simulation. This involves
selecting specific automation scenarios, such as
dynamic interference management or predictive
load balancing, and logically mapping each step
of the scenario through the three-stage framework.
We will trace data flow, decision triggers, and
control actions to assess the framework's logical
consistency,  completeness, and  practical
feasibility in steering network performance.

4. Synthesis and Framework Formalization:

The final phase synthesizes insights from the
previous stages to formalize the complete
framework. This involves integrating the
architectural models, validated use case pathways,
and identified prerequisites into a cohesive
operational guide. The output is a detailed,
logically-verified reference model that outlines the
technical milestones, dependencies, and validation
criteria for transitioning an O-RAN system from
stable interoperability to closed-loop, intent-
driven performance steering.

VI. RESULTS AND DISCUSSION

The analysis of the proposed three-stage
framework reveals a measurable progression in
capability and automation maturity. The following
table summarizes the key technical objectives,
validation metrics, and operational characteristics
that define each phase of the O-RAN evolution
from basic integration to autonomous control.

Framework  Design  and
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Table 1: O-RAN Evolution Summary

The tabulated results demonstrate that each stage
delivers distinct and incremental value. Stage 1
establishes the essential foundation of reliability.
Stage 2 introduces the intelligence layer, shifting
operations from manual configuration to policy-
driven reaction, as evidenced by the activation of
the RIC and a reduction in manual tasks. The final
leap to Stage 3 is marked by the transition to
proactive, autonomous control, where sub-second
closed loops and Al-driven KPI improvements
fulfill the promise of intent-based networking.
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User Throughput Satisfaction Rate (%)

Stage 1 Stage 2 Stage 3
Static LTE/NSA Hybrid NSA Intent-driven

Fig 2: Performance Improvement Through the Evolution
Stages

This bar chart tracks the steady improvement in
User Throughput Satisfaction Rate across the
three evolution stages of the network. In Stage 1,
which relies on static LTE/NSA configurations,
performance starts at a foundational level of
around 85%, reflecting manual and pre-set
operations. Stage 2, the Hybrid NSA phase, marks
a clear leap satisfaction rises to approximately
92% as real-time data and policy-driven control
through the RIC are introduced. Peak
performance, nearing 98%, is achieved in Stage 3,
where intent-driven, AI/ML-powered closed-loop
systems proactively steer network resources. This
progression visually confirms how intelligent
orchestration transforms an O-RAN from a
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manually managed setup into a self-optimizing,
service-aware network
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Fig 3: Network Complexity vs. Operational Capability

This line graph charts the escalating demand on
network capabilities as operational complexity
increases through the three-stage evolution. In the
initial stage, low complexity from static
operations is managed by basic network functions.
The middle stage, Hybrid NSA, represents a
critical inflection point where complexity rises
sharply due to multi-vendor integration and
dynamic service demands. To bridge this gap, a
substantial enhancement in network capability is
essential,  delivered through policy-driven
automation on the RIC platform. Successfully
navigating this zone enables the transition to the
final stage. Here, the network operates under high
complexity but is equipped with the advanced
capability provided by autonomous, AI/ML-driven
closed-loop orchestration. This allows the system
to not only manage but also optimize performance
proactively to meet sophisticated service intents,
fulfilling the promise of a truly intelligent and
self-sustaining O-RAN.

CONCLUSION

This study has presented and validated a
structured, three-stage framework for realizing
closed-loop orchestration within Open Radio
Access Networks (O-RAN), charting a clear
operational journey from multi-vendor integration
to autonomous performance steering. The analysis
confirms that achieving robust functional
interoperability—establishing a stable, measurable
baseline—is an indispensable but preliminary
foundation. The true transformative potential of
O-RAN is unlocked in the subsequent stages
through the RAN Intelligent Controller (RIC),
which serves as the central nervous system for
network intelligence. The framework demonstrates
that policy-driven automation in Stage 2 delivers a
significant and immediate performance uplift by
enabling  reactive, data-informed  control,
effectively managing the complexity introduced

by disaggregation. The final transition to Stage 3,
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characterized by AI/ML-powered closed loops,

represents the culmination of this evolution. It
shifts operations from reactive to proactive,
allowing the network to autonomously interpret
high-level service intents, predict requirements,
and dynamically optimize resources, thereby
achieving unprecedented levels of efficiency and
agility.In conclusion, this phased model provides
a pragmatic and risk-mitigated roadmap for
network operators. It ensures that each step of
investment yields tangible improvements in
operational capability and service quality.
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