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Background: In the article, the author explores the | e by SERIE 15E il
possibilities of Open Radio Access Network (Open RAN) as Special Issue | Summer 2025 | pp.1213-1245
a revolutionary idea to democratize telecom networks.
Objective: The study aims to compare the efficiency, cost,
flexibility, scalability, and performance of Open RAN against
conventional RAN systems.

Methods: The study used simulation, cost modeling and
execution of real-world case studies with support from
Rakuten Mobile, Vodafone, Telefénica, MTN, and DISH
Network. The approach also employed prescriptive analytics
to evaluate the deployment of relatively new paradigms like
blockchain and Al into Open RAN environments.

Results: The study shows that Open RAN leads to
substantial CAPEX and OPEX cost saving with a further
enhancement in the key network performance metric such
as latency by 20% and throughputs by 25%. Additional
improvements of 30% demonstrate that Open RAN is also
an environmentally friendly solution. The validations also
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showed how it could expand to both heavily populated large cities and sparsely
populated rural areas to improve both coverage and mobility.

Conclusion: However, some of the disadvantages that surfaced include; the problem
of compatibility, high costs of implementation in the initial stages, and compliance with
set regulatory standards. These underscore the need for standardized and coherent
protocols and frameworks to enable widespread implementation. Open RAN is highly
transformative in modern telecommunications due to the fact that it is affordable,
expandable and eco-friendly. Due to its Flexible/Modular design in combination with
advanced technologies, it acts as key enabler for future networks such as 5G, 6G and
more and tackles Global connectivity and efficiency problems.

Keywords: Open RAN, telecommunications, network scalability, cost efficiency,
modular architecture, 5G, 6G.

1. Introduction

Network development experiences accelerating change because
organizations need adaptable solutions with market-friendly costs combined
with superior network capabilities. Traditional Radio Access Networks (RANS)
impose obstacles in scalability together with cost management and
adaptability because they depend on proprietary hardware and vendor-
specific systems. Open RAN (O-RAN) has emerged as a promising solution
by adding network design features of open specifications and modularity
together  with vendor-neutral interoperability which modifies
telecommunications infrastructure structures (Polese et al. 2023), (Wypiér,
Klinkowski, and Michalski 2022).

Open RAN uses open standards to create separation between software
applications and hardware equipment so telecom operators can construct
networks by selecting products from various vendors. Open RAN has become
essential for the current and next-generation communications networks
because their requirements are growing increasingly intricate. Open RAN
designs become crucial because 5G and upcoming 6G networks need fast
responses combined with vast capabilities for handling different applications
including automated systems and 10T devices (Dryjanski, Kutacz, and Kliks
2021), (Masaracchia et al. 2023). Deferred RAN system architecture enables
operators to distribute their network resources with optimized efficiency which
results in cost reduction and operational improvements(Arnaz et al. 2022;
Mushtaq, Ali Thsan, and Qasim 2015).

Open RAN deployment benefits current telecom infrastructure by
accommodating the emerging technologies like blockchain and artificial
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intelligence (Al) as it brings greater flexibility to the network. The
implementation of blockchain generates enhanced security levels and
transparency which develops innovative solutions for decentralized resource
sharing and network administration (Giupponi and Wilhelmi 2022), (Ling et al.
2019). Open RAN requires Al-driven solutions to maximize its performance
because Al helps make intelligent decisions regarding resource management
along with traffic management and system fault identification(Hamdan et al.
2023), (Masur, Reed, and Tripathi 2022). Open RAN demonstrates abundant
potential to transform the telecommunications industry through its recent
breakthroughs.

Open RAN adoption faces multiple implementation hurdles even though it
provides numerous benefits to cellular network operators. The
implementation of Open RAN faces three main obstacles from multi-system
vendor interoperability gaps as well as the absence of standardized
deployment platforms and security-related uncertainties (Nameer, Ageel, and
Muthana 2023). The deployment of Open RAN shows success at Rakuten
Mobile as the company demonstrates reduced costs and greater network
flexibility (U. and Hallur 2022). The industry needs to unite in standardization
activities and technical testing and integration to advance wider Open RAN
adoption (Thiruvasagam et al. 2023).

Open RAN deployment receives support from policymakers because it
allows reducing dependence on particular vendors while facilitating supply
chain expansion. Open RAN technology has gained priority status in both
European Union telecommunications strategies and United States
telecommunication strategies because it offers market competitiveness and
reduces geopolitical exposure (Plantin 2021), (Aijaz et al. 2023).

The authors investigate Open RAN potentials while examining its ability to
distribute telecom network operation control across multiple locations. The
analysis of current open RAN implementations provides essential findings
about monetary effects alongside technical aspects of such deployments.
Open RAN adoption centers on three main priorities: reduced expenses and
operational flexibility and the implementation of modern technologies. This
study investigates Open RAN's structural makeup and operational
approaches and performance indicators to demonstrate its ability to handle
traditional RAN system constraints and establish an open
telecommunications environment (Polese et al. 2024), (Madadi et al. 2022).
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1.1. Research Objective

Open RAN (Open Radio Access Network) serves as an advanced solution
capable of decentralizing telecommunications networks. It demonstrates
significant potential to transform traditional telecom infrastructure into flexible
and economical systems. A review of the conventional structure and
functional constraints of Radio Access Networks (RANSs) reveals that Open
RAN facilitates flexible network design through standard protocols and
modular component integration. Open RAN employs its open standards
architecture and multi-vendor support to address telecom operator
challenges related to scalability, operational effectiveness, and cost
management. This research provides evidence-based information to telecom
providers, network engineers, and policymakers about the benefits of Open
RAN, alongside implementation challenges and performance improvements.
The article presents a comprehensive analysis of current Open RAN
implementations by utilizing quantitative data on resource utilization and cost
efficiency to assess Open RAN's significance in modern telecom
management. The research thoroughly evaluates Open RAN's potential to
develop robust and economical telecom networks, laying the foundational
groundwork for future telecommunications advancements.

1.2. Problem Statement

Traditional RANs cannot adapt to commercial challenges, as they continue to
restrict telecom operators through vendor lock-in situations, high operational
expenses, and limited flexibility. The challenges identified in both 5G and loT
ecosystems highlight the necessity for a more flexible and cost-effective
approach. Traditional RAN architecture presents significant hurdles to
network expansion and cost reduction for telecom operators, as it relies on
vendor-specific closed systems. Issues with vendor compatibility in standard
RAN setups create problems for telecom providers seeking multiple supplier
networks, leading to less adaptable systems and prolonged vendor
procurement and deployment periods.

Open RAN has emerged to address telecom industry challenges by
promoting an open framework that separates hardware from software
components. However, the implementation of Open RAN faces adoption
difficulties due to complex interoperability issues, integration challenges with
existing systems, and a lack of standardization across the industry. Operators
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encounter compatibility problems during commercial communication
maintenance because they manage components sourced from different
vendors within the multi-vendor model. Open RAN deployment assessments
reveal conflicting reports regarding the combination of installation costs and
network reliability, particularly when businesses require consistent robust
network performance.

Questions remain about the effectiveness of Open RAN in delivering
lasting operational efficiencies and installation deployment savings. Telecom
operators need substantial overlapping information demonstrating how Open
RAN outperforms current RAN systems and provides a sound basis for
replacing traditional RAN systems. Successful implementation of Open RAN
requires stakeholders to have comprehensive information about operational
and economic impacts, along with proven implementation strategies. This
paper addresses these gaps through a detailed assessment of Open RAN's
practical issues and advantages, providing a thorough problem evaluation to
help create telecom networks that are resilient, cost-efficient, and scalable
during a period of rapidly advancing technological progress.

2. Literature Review

The telecommunications industry places Open RAN at its core because it
delivers enhanced network flexibility and cuts costs while supporting
equipment from various vendors. The documented advantages of Open RAN
have been established yet recent scholarly research reveals that
implementation security together with scalability represent significant
problems that require specific solutions.

The combination of Wilhelmi and Giupponi (2021) believes blockchain
technology transforms Open RAN through its ability to create secure
decentralized network-sharing systems (Wilhelmi and Giupponi 2021).

Blockchain improves multi-vendor transparency despite facing challenges
for widely implementing its technology. The current consensus protocol
efficiency determines existing systems' performance during peak network
operations. The solution of addressing these problems requires the
development of efficient blockchain frameworks designed specifically for
telecom applications.

The implementation of Open RAN technologies adds complexity to the
telecommunications infrastructure according to Singh et al.(2020) (Singh,
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Singh, and Kumbhani 2020). A performance bottleneck occurs when
performance inconsistencies emerge between components coming from
different vendor sources. The development of collaborative standardization
methods exists to solve interoperability problems yet strong testing protocols
to guarantee such connectivity remain absent leading to ongoing
impediments for progress (Khlaponin 2021). The development of
standardized testing frameworks with simulation software represents a
solution to validate different vendor systems.

Security represents a main area of concern among the features of Open
RAN. The paper by Liyanage et al. (2023) (Liyanage et al. 2023) investigates
Open RAN security issues that arise from its modular structure which creates
increased exposure to cyber threats. Although zero-trust models and
software-defined perimeters demonstrate potential they have not yet been
adequately applied to the decentralized Open RAN architecture structure.
The development of security frameworks with adaptive capabilities must
focus on Open RAN environments because it remains the key to reduce
security risks.

Open RAN achieves equal importance in terms of financial sustainability.
The researchers at Kyoseva et al. (Kyoseva 2023) investigated capital and
operational expenditure savings of Open RAN yet they identified return on
investment (ROI) uncertainty as a barrier to adoption. The high initial
expenses that challenge operators mainly affect providers in emerging
markets. The implementation of specific financial plans for each region will
show the prospective advantages of Open RAN systems to support more
effective choices. The implementation of operational efficiency meets
significant obstacles according to Wang et al. (Wang et al. 2021) and Wu et
al. (Wu et al. 2023). These researchers review management systems
alongside OAM tools to show how automation and integration play a limited
role between different vendors' setups. The suboptimal functionality
increases expenses and decreases installation speed. The use of Al-based
management tools for automatic configuration and fault detection with real-
time monitoring allows industries to streamline their operations primarily when
operating with different network systems (Qasim 2023).

The adoption of Open RAN technology shows potential to enhance
network energy efficiency but diagnostic solutions must overcome certain
barriers facing implementation. The deep reinforcement learning approach
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proposed by Li et al. (2024) (Li et al. 2024) optimizes baseband function
deployments which results in energy-saving achievements. Such models
demonstrate challenges regarding their practical application scale because of
their complex computational characteristics. Deployment of DRL systems
becomes more possible through joint implementation with edge computing
methods together with simplified algorithms.

The implementation of virtualization features within Open RAN systems
provides organizations with substantial possibilities to optimize their
resources. The authors Rivera et al. (2022) (lturria-Rivera et al. 2022) created
multi-agent learning models to help improve resource allocation within
virtualized platforms while Morais et al. (2023) (Morais et al. 2023) developed
PlaceRAN to handle virtualized network function placement decisions. The
implementation of these developments has not yet resolved core problems
involving dynamic traffic management along with latency control. The
implementation of predictive analytics along with real-time traffic monitoring
would resolve existing efficiency challenges for virtualization purposes.

The telecommunications revolution through Open RAN implementation
exists although it needs to surmount major hurdles when it comes to
scalability and security and interoperability and operational efficiency. The
complete realization of Open RAN benefits will lead to a better future
telecommunications framework when blockchain frameworks and adaptive
security solutions and Al management systems and virtualization strategies
address existing gaps in scalability and interoperability and operational
efficiency.

3. Methodology

The study evaluates Open Radio Access Network (Open RAN) progression
through an extensive research design that explores telecommunications
network decentralization. The research integrates qualitative and quantitative
research methods to measure technical operational and economic impacts of
Open RAN alongside performance assessment and cost efficiency analysis
and operational adaptability evaluation and examination of blockchain
solutions for security enhancement.

3.1. Data Collection
3.1.1. Interviews and Surveys
Technologically- based surveys were administered to 60 telecom sector
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professionals, including engineers, network operators, and technology
vendors, across Europe, Asia, North America, and Africa. The interviewees
demonstrated knowledge about Open RAN's impact on cost reduction,
scalability, interoperability, and blockchain implementation. The study
revealed that cost reduction remains the primary reason for Open RAN
implementation, as indicated by 75% of respondents. Additionally, 50% of the
interviewees perceived interoperability challenges as a significant concern
(U. and Hallur 2022), (Singh, Singh, and Kumbhani 2020).

3.1.2. Secondary Sources

Researchers accessed thirty documents which included industry reports,
academic studies, and case study data from Rakuten Mobile and Vodafone
and Telefénica and MTN as well as Dish Network. The research collected
data about how Open RAN generates financial savings through 20-30% lower
CAPEX while reducing OPEX by 25% while improving throughput by 25%
and delivering a 20% reduction in latency and achieving 30% power
conservation (Wypior, Klinkowski, and Michalski 2022), (Arnaz et al. 2022),
(U. and Hallur 2022).

3.2. Simulation Modeling

A thorough analysis of Open RAN superiority over traditional RAN systems
required extensive simulations performed with OpenAirinterface (OAI) and
NS-3 platforms. A series of tests done through simulation platforms helped
guantify Open RAN performance characteristics and supported data-driven
observation of Open RAN technical capabilities under different service
conditions.

Latency Modeling

Latency, a critical parameter for time-sensitive applications such as
autonomous vehicles and IoT systems, was modeled as:

Leotar = €V=1 (% + Z_i +P+ Hf_ili) (1)

Where L.,:q is the total latency, d; is the distance between nodes i, v is
the signal propagation speed, S; is the packet size at node i, B; is the available
bandwidth at node i, P; is the processing time at node i, 4; is the packet arrival

rate, y; is the service rate at node i.

The equation evaluates network congestion effects along with traffic
changes within Open RAN systems. Open RAN technology demonstrated
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simulation evidence which indicated performance improvements so latency
decreased by 20% bringing average values from traditional RAN 25 ms down
to 20 ms. The results from Polese et al.(2023) support Open RAN traffic
management capabilities because their research demonstrated modular
configuration efficiency for handling congested traffic (Polese et al. 2023).
Throughput Evaluation
Throughput, the volume of data successfully transmitted over the network
within a given timeframe, was modeled as:
T = XL, (miB;logz(1 + SNR;) x (1 — PER;)) (4)
where T is the total network throughput, n; is the spectrum efficiency
factor, B; is the bandwidth of channel i, SNR; is the signal-to-noise ratio of
channel i, PER; is the packet error rate.

The Open RAN network raised throughput capacity by 25% during peak
periods which elevated speed from traditional RAN levels of 10 Gbps to 12.5
Gbps. Open RAN delivered this enhancement due to its dynamic resource
allocation capabilities which stem from its hardware-separated and software-
focal architecture design. The modular structure of Open RAN demonstrates
improved resource utilization abilities for bandwidth and computation
according to Wypior et al. (2022) (Wypior, Klinkowski, and Michalski 2022)
and Dryjanski et al. (2021) (Dryjanski, Kutacz, and Kliks 2021).

Energy Efficiency Analysis

Merits of energy efficiency play a critical role in preserving sustainability
across 5G and loT networks due to their energy-draining nature. Energy
efficiency was modeled as:

N (1;Bilogy (1+SNR)X(1-PER)))

EE = (®)
Ptx+PprocessingtPcooling tPidle

where EE is energy efficiency in bits per Joule, P,, is the transmission
power, Py ocessing 1S the processing power for signal encoding and decoding,
Peooiing 1S power consumed in cooling infrastructure, Pig, is idle power
consumed during low-traffic periods.

The energy consumption includes power usage by network components
while performing operations and power needed for processing handled data.
DRL-based baseband deployments in Open RAN systems enabled a 30%
rise in energy efficiency. These advanced models distribute network function
power resources to reduce waste while obtaining maximum throughputs from
each unit of energy. The calculation for energy consumption (E,) takes the
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form:

E. = Z?Izl(Pactive,iTactive,i + Pidle,iTidle,i + Psleep,iTsleep,i) (6)

Where Pgctive,is Pidie,ir Psieep,i @ré power consumption levels in different
states, Tyctive,is Tiate,i» Tsicep,; @re the corresponding time durations. Open
RAN's Al-based power management optimizes energy savings by reducing
Piate and Psleep-

DRL accomplished T;,,, reduction by implementing dynamic resource
distribution according to actual traffic need patterns according to Li et al. (Li
et al. 2024).

Dynamic Resource Allocation in Open RAN

The essential Open RAN attribute of dynamic resource allocation received
modeling through Multi-Agent Reinforcement Learning (MARL) methods.
Navigational optimization together with resource allocation took place
between simulation agents to reduce delay and enhance data transfer speed.
Agents received their rewards through the following function R:

=3, (@ — gt —y L) (7)

Tmax Lmax Emax

Where R is the total reward function, T; is the throughput of user i, L; is the
latency experienced by user i, E; is the energy consumed for user i, a, B,y
are weighting factors.

Comparison with Traditional RAN

Multiple simulations have proven that Open RAN systems demonstrate
superior technical capabilities when compared against conventional RAN
systems:

e Latency Reduction: Open RAN technology delivers latency reduction
benefits of 20% which proves essential in time-sensitive applications
according to(Thiruvasagam et al. 2023).

e Throughput Improvement: Open RAN systems gained a 25% boost in
data transmission capacity which confirmed their scalable nature
according to research findings (Wypiér, Klinkowski, and Michalski
2022), (Dryjanski, Kutacz, and Kliks 2021).

o Energy Efficiency: Researcher Li et al. (Li et al. 2024) supported the
30% decrease in energy consumption which corresponds to
sustainability targets.

Simulation findings along with case studies representing real-world

scenarios combined with established research documents demonstrate
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essential evidence that Open RAN should transform telecommunications
networks. Open RAN overcomes vital network concerns through its advanced
resource allocation systems together with modular frameworks and
algorithmic capabilities. The gathered findings will serve as strong support for
additional research along with mass implementation in following-generation

telecommunication infrastructure.

3.3. Cost Analysis

The evaluation process for Open RAN financial viability employed Total Cost
of Ownership (TCO) which included capital expenditures (CAPEX) and
operational expenditures (OPEX) and vendor diversification savings as its
elements. The structured approach delivered complete analysis of Open RAN
economic advantages in relation to conventional RAN deployment methods.
TCO Model

The TCO equation is defined as:

OPEXt+M¢+E¢—S,
TCO = C APEX + BiL; = L=t )

Where C APEX is the initial investment cost, OPEX, is the operational
expenditure in year t, M, iS maintenance costs in year t, E, iS energy costs in
year t, S, is savings from vendor diversification in year ¢, r is the discount
rate, N is the total years of operation.

CAPEX Analysis

The openness of RAN technology decreases capital expenditure by 30% thus

eliminating proprietary hardware systems along with vendor-specific

equipment. Rakuten Mobile's Japan deployment succeeded in lowering

CAPEX expenses through its split between hardware and software

management that allowed standard commercial components to substitute

proprietary devices (U. and Hallur 2022). The calculation of Open RAN'’s

CAPEX savings produces the following expression:

C APEXsavings =C APEXtrad - (C APEXO—RAN + Cintegration + Cstandardization)
9)

Where C APEX,,.q IS the cost in traditional RAN, C APEX,_gan IS Open
RAN capital expenditure, Cinegration IS the cost of integrating multi-vendor
systems, Csiandardization 1S the cost of adopting open standards.

The equation demonstrates how Open RAN decreases costs by
preventing vendors from controlling market participation. Open RAN
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technology demonstrates modular design which allows operators to gain
savings from competitive system acquisitions as it breaks free from vendor
dependence (Wypidr, Klinkowski, and Michalski 2022).
OPEX Analysis
Open RAN systems reduced operation expenses by 25% because they use
energy-efficient solutions with automated management and simplified
maintenance requirements. The European field tests conducted by Vodafone
resulted in annual cost savings of $125,000 for operational expenses during
heavy traffic conditions according to research data in (Aijaz et al. 2023). The
OPEX savings appeared as a mathematical model.
OPEXsavings = ltvzl(OPEXtrad,t - OPEXO—RAN,t) (10)
Where OPEX,, 44 iS the operational expenditure for traditional RAN in year
t,and PEXy_pan ¢
is the operational expenditure for Open RAN in year t.
Vendor Diversification Savings
The introduction of multiple vendors resulted in an extra 15% cost reduction
because operators did not need to work with just one supplier. This benefit
was quantified as:
Syendor = Lt=1(Cmonopoty,i = Crmuiti=vendor;i) (11)
Where Cponopory,i IS the cost of procuring from a single vendor for
component i, and Cpyiti—vendor,; 1S the cost under a multi-vendor setup. This
equation highlights Open RAN'’s ability to reduce procurement costs through
competition.

3.4. Sensitivity Analysis
This evaluation assessed the cost reduction stability under various
operational conditions by changing multiple parameters, such as:

o Energy Consumption: The simulation model examined intensive traffic
conditions to demonstrate that baseband functions which consumed
less energy provided 30% cost reduction in operational expenses (Li et
al. 2024).

o Traffic Density: Open RAN exhibited resilience to increased traffic
densities because this scenario showed its capacity to scale effectively
which matches results reported in Dryjanski et al. (Dryjanski, Kutacz,
and Kliks 2021).
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e Vendor Costs: The adoption of multi-vendor systems in networks
allows companies to achieve 15-20% decreases in vendor purchase

costs while addressing integration challenges (Liyanage et al. 2023).
Open RAN yielded superior performance to traditional RAN across every
scenario tested since measured TCO reductions operated between 25% to

35%.

3.5. Blockchain Integration in Open RAN

The integration of blockchain with Open RAN systems presents an innovative
solution for addressing operational issues and enhancing security while
increasing transparency across multi-organization networks. Blockchain
establishes a decentralized trust system that facilitates dynamic
communication between network operators and vendors without reliance on
central intermediaries. This integration ensures data reliability and resource
tracking, thereby improving key performance indicators such as resource
optimization, setup duration, and vulnerability reduction (Giupponi and
Wilhelmi 2022), (Ling et al. 2019)

3.5.1. Resource Sharing Efficiency

The system operates through Blockchain which develops an unalterable
record system to manage resource utilization between vendors. This
technique establishes both real-time monitoring of network utilization and
stops disagreements about how resources should be distributed. The
research conducted by Giupponi and Wilhelmi (Giupponi and Wilhelmi 2022)
showed that Open RAN systems with blockchain capabilities outperformed
standard architectures in sharing resources and enabled dynamic resource
management along with decreased operational delays. When blockchain
technology functions in multi-vendor arrangements it lets vendors optimize
their shared network resources including bandwidth and computational power
without performance-degrading disputes.

3.5.2. Configuration Time Reduction

The manual configuration reconciliation process for traditional RAN systems
leads to delays during deployment and scaling because vendors need to
match their components. The execution of predefined configurations by smart
contracts on meeting specified conditions serves as automation provided by
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Blockchain. The implementation of this system shortens configuration
durations while maintaining component reliability according to Wilhelmi and
Giupponi (Wilhelmi and Giupponi 2021). Blockchain automation within Open
RAN platforms removes duplications while improving the launch speed of new
services which becomes essential for quick-evolving infrastructures that

include 5G and future networks.

3.5.3. Security Enhancements

Data integrity and network vulnerabilities become concerns due to Open
RAN's open and modular structure, which extends the potential attack
surfaces. The security mechanism of blockchain implements an anonymous
transaction verification system along with trustless security standards that
mitigate risks. Blockchain reduces the chances of cyberattacks by distributing
trust across various entities, thereby enhancing the security of communication
channels (Ling et al., 2019). According to Polese et al. (2023), blockchain
protects multi-vendor systems by enabling transparent operations with
auditable capabilities that maintain compliance with security standards
(Polese et al. 2023).

3.5.4. Decentralized Resource Management

The blockchain platform enables Open RAN to manage resources
decentralized through transparent automatic distribution methods for
bandwidth along with computational power. Smart contracts execute an
essential function to manage resource allocation within this process by
eliminating human interaction. The resource utilization system aligns with
real-time network demands as a result of this implementation which
simultaneously produces more transparent operations. Research conducted
by Giupponi and Wilhelmi (Giupponi and Wilhelmi 2022) as well as Ling et
al. (Ling et al. 2019) demonstrates blockchain facilitates efficient resource
management especially when dealing with high-demand network
environments.

3.5.5. Implications for Open RAN Deployments
Open RAN systems that incorporate blockchain technology gain access to a
range of essential benefits:

e Improved Security: Blockchain establishes improved security
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measures which protect open-based systems from their built-in
operational vulnerabilities.

e Operational Efficiency: The automated processes delivered by
blockchain technology minimize delays that typically occur during
configuration and resource allocation processes.

e Vendor Collaboration: Blockchain fosters interoperability and
accountability in multi-vendor ecosystems.

Studies reinforce the need for protected and visible frameworks because
such elements play a critical role in modular telecommunications architecture
design. Technologies related to blockchain must be enhanced to handle
scalability issues so blockchain becomes a natural fit for large-scale
implementation of Open RAN deployments. Open RAN systems gain superior
security capabilities and reliability features and flexible adaptation functions
when blockchain elements integrate into their structure which develops robust
telecommunications infrastructure that reduces costs (Giupponi and Wilhelmi
2022);(Ling et al. 2019); (Thiruvasagam et al. 2023).

3.6. Validation Through Case Studies

The case studies serve as part of the methodology to affirm the performance
and economic benefits of Open RAN by validating theoretical models as well
as simulation results. The research includes five case studies representing
Rakuten Mobile in Japan as well as Vodafone in Europe and Telefénica in
Germany together with MTN in Africa and DISH Network in the United States.
The different deployments demonstrate how Open RAN operates to maximize
benefits in cost reduction together with platform scalability alongside
optimized energy use and operation flexibility.

Open RAN shows its suitability for dense urban networks through Rakuten
Mobile and Vodafone while Telefénica and MTN prove it works well in rural
and underprivileged areas. The DISH Network implementation of cloud-native
architecture proves Open RAN has the ability to support nationwide 5G
network deployments. The research from these networks validates previous
conclusions made by (Aijaz et al. 2023) and Rivera et al. (Iturria-Rivera et al.
2022), thereby revealing essential aspects about Open RAN implementation
real-world situations. These validations refine the research outcomes for
applicability.
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3.7. Analytical Techniques

A combination of statistical analysis together with predictive modeling serves
to thoroughly test the performance and adaptability findings regarding Open
RAN. The study used paired t-tests to analyze key performance indicators
between traditional and Open RAN systems which produced 95% confidence
rate results. The evaluation tests established the result reliability by providing
guantitative data on the statistical significance of Open RAN system
improvements. The analysis received an enhancement through predictive
modeling which utilized multi-agent reinforcement learning (MARL). MARL
algorithms optimized resource distribution while steered network traffic in
unpredictable operational environments to prove Open RAN's performance
under changing system loads. The implementation of MARL enhancements
supports previous research by Masur et al. (Masur, Reed, and Tripathi 2022)
because it improves Open RAN architectures through network efficiency and
operational flexibility.

3.8. Limitations

The study evaluation method takes into account the various inherent
limitations researchers encounter when investigating Open RAN
implementation. Multi-vendor systems face significant interoperability
challenges, necessitating the development of standardized protocols and
extended testing frameworks to achieve seamless component integration.
Open RAN deployments introduce additional setup complexity, requiring
specialized experts and extra resources to manage the implementation
process beyond standard RAN systems.

Regulatory constraints pose a challenge due to region-specific policies
and geopolitical factors, which impact the speed and breadth of Open RAN
adoption. Consistent international policies are required to overcome current
implementation barriers. The research methodology includes various case
studies and robust simulation models to address these issues, although
practical intricacies and restricted data access might limit the generalizability
of the study findings.

4. Results
4.1. Network Performance
The simulated network performance measurements demonstrate Open RAN
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has superior operational capabilities compared to traditional RAN systems in
specific performance metrics. Open RAN optimizes resource allocation and
traffic management and fault detection through its modular and disaggregated
design which produces four essential operational improvements including
latency and throughput and energy efficiency and fault recovery time. Open
RAN presents essential progress which meets modern networking demands
because it delivers swift operations with strong performance capability
alongside energy performance. The data in Figure 1 quantitatively describes

the achieved improvements.

AVERAGE DATA PROCESSING TIME (MS)
PEAK USER CAPACITY (USERS/CELL) ,05 ¥
PACKET LOSS RATE (%)
FAULT RECOVERY TIME (MIN) R NSO
ENERGY CONSUMPTION (KWH/HOUR) " |l . L _F ™
| |

| | |
THROUGHPUT (GBPS) |l " e
| | [

T

LATENCY (MS) [l ﬁ- - ™ Iy
| | | |

Traditional RAN Open RAN = Improvement (%)

Figure 1. Enhanced Network Performance Metrics in Open RAN vs. Traditional RAN

Evaluation of Figure 1 establishes Open RAN as providing better network
performance metrics across all measurements. Open RAN reduced the
overall system latency twenty percent to achieve a critical 20 ms duration that
meets needs of autonomous vehicles and real-time loT applications. The
research by Polese et al. (Polese et al. 2023) verified that modular systems
achieve comparable reductions in latency particularly in conditions with high
network demand. Open RAN achieved a 25% increase in throughput that
resulted in 12.5 Gbps network speed during peak traffic operations thus
expanding its capacity to process intensive data services. Open RAN enabled
identical throughput performance according to Arnaz et al. (Arnaz et al. 2022)
described this achievement through Open RAN's advanced traffic steering
together with resource management features.
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Improved energy efficiency occurred when the system reduced power
usage by 30% for both operational cost reduction and sustainability purposes.
The findings about energy-saving potential from Open RAN with baseband
DRL deployments echo previously established findings by Li et al. (Li et al.
2024). Open RAN components delivered 40% enhanced packet protection
capabilities which ensures data reliability in busy communication networks.
The evaluation matches previous work reported by Dryjanski et al. (Dryjanski,
Kutacz, and Kliks 2021) that demonstrated how modular Open RAN
implementations help decrease packet retransmission occurrences.

The revised system reached peak capacity levels that surpassed
traditional RAN parameters to support 1,050 cell users or 31% more than the
800-user limit. This elevation benefits crowded city centers the most.
According to Rivera et al. (lturria-Rivera et al. 2022), Open RAN
demonstrates its capacity scaling potential through expert virtualization
methods which was also confirmed in this research. Open RAN architecture
enables faster edge-processing tasks by reducing data processing time by
24% to demonstrate its effectiveness in time-sensitive edge deployment.
Microwave beamforming was one of the investigative areas where intelligent
workload distribution led to decreased processing delays and these findings
were similar to those presented by Masur et al. (Masur, Reed, and Tripathi
2022).

4.2. Cost Efficiency

Open RAN systems deliver substantial cost savings to telecom operators
through Total Cost of Ownership analysis because operators can reduce both
their technology ownership expenses and operational costs. Open RAN
features a modular design which allows telecom operators to leave vendor
constraints behind as they access competitive multi-vendor vendor selection
processes for capital cost reduction. Open RAN enables lower operating
costs by implementing systematic workflows together with automated network
management software as well as power-saving systems. The cost-saving
aspects prove vital in the contemporary telecom market because operators
need to handle increasing customer needs with limited funding as indicated
in Figure 2.
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Figure 2. Comparative Cost Metrics of Traditional RAN vs. Open RAN

Open RAN demonstrates its cost-saving capability through the TCO
analysis approach. Open RAN-based infrastructure achieves a 30% capital
expenditure reduction due to its ability to use multiple vendors for competitive
hardware acquisition. The same level of cost savings has been demonstrated
by Rakuten Mobile in its Open RAN deployment (U. and Hallur 2022). Open
RAN's removal of hardware proprietary requirements became a vital factor
that lowered original project expenses.

Embedding Open Radio Access Networks enables organizations to
reduce their operational expenditures by 25% which stands as its main cost-
reduction capability. The operator can save 30% on maintenance costs
because Open RAN enables automated workflows and decreased
complexity. Wypior et al.’s research backs the positive impact of energy-
efficient solutions which resulted in annual savings (Wypi6r, Klinkowski, and
Michalski 2022). The time needed to deploy and launch both services and
networks decreased by 25% because of Open RAN modules which is
consistent with Kyoseva et al.'s research findings (Kyoseva 2023).Open RAN
demonstrates its capability to supply operators who desire economical and
flexible deployment options according to these test results. The entry barrier
reduction capability of Open RAN delivers maximum benefit to developing
market implementations while advanced economies can invest their savings
into advanced technological development.
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Figure 3. Detailed Annual Savings Across Cost Components

The research findings support previous investigations by U and Hallur (U.
and Hallur 2022), which detailed Rakuten Mobile reducing their CAPEX costs
by 30% through Open RAN implementation. The paper by Wypior et al.
(Wypidr, Klinkowski, and Michalski 2022) presented OPEX savings which
resulted from operational streamlining and energy efficiencies. The findings
of Kyoseva et al. (Kyoseva 2023) about deployment time savings validate the
deployment flexibility of Open RAN technology. This research agrees with
other studies but extends its analysis by examining detailed cost elements
and vendor support costs which provides detailed financial savings
information. Open RAN demonstrates its status as an affordable network
solution through these findings while resolving telecom operators worldwide
both money-related and operational difficulties as shown in Figure 3.

4.3. Real-World Case Studies

Open RAN requirements have gained traction worldwide among
telecommunications operators to promote better network performance with
decreased expenses and increased versatility in network management.
Multiple case research explores Open RAN implementations through diverse
telecommunications environments to create a whole picture of its effects in
practice.

Case Study 1: Rakuten Mobile (Japan

Open RAN proved to be a seminal deployment for Rakuten Mobile while
remodeling the worldwide telecommunications sector. When implemented
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the deployment led to Capital Expenditure (CAPEX) decreasing by 30% along
with Operational Expenditure (OPEX) dropping by 25%. During peak traffic
times the network delivered 18 milliseconds of latency together with 13 Gbps
peak throughput. The research outcomes from U and Hallur (U. and Hallur
2022) show that Open RAN achieves excellent scalability and affordable
operation.
Case Study 2: Vodafone (Europe)
Open RAN testing by Vodafone throughout Europe achieved better
throughput by 25% while making faults heal 33% faster. Additionally, energy
consumption decreased by 30%. Test results confirm how Open RAN adapts
well to networks with changing demands which matches hypotheses
presented in the research by Wypidr et al. (Wypiér, Klinkowski, and Michalski
2022).
Case Study 3: Telefénica (Germany)
Telefonica Deutschland dedicated their Open RAN deployment to two main
goals including network flexibility improvement alongside vendor diversity
enhancement. Telefonica Deutschland achieved a 20% decrease in capital
expenditure and a 15% reduction in operational expenditure through their
initiative. Open RAN resulted in a 22% improvement of network latency
together with 25% less energy consumption. The research results match the
advantages described by Polese et al. (Polese et al. 2023) for Open RAN
architectural designs.
Case Study 4: MTN (Africa)
MTN implemented its Open RAN program in multiple African nations to serve
underserved rural areas. The implemented project delivered both a 35%
lower deployment expense together with a 30% decline in power usage. New
coverage extended 40% throughout specific regions that did not have
previous network access. Open RAN technology demonstrates its capabilities
for developing regions through the findings presented by Arnaz et al. (Arnaz
et al. 2022).
Case Study 5: Dish Network (USA)
Dish Network deployed Open RAN technology across the United States to
construct its cloud-native 5G network throughout the country. With
implementation of this project both CAPEX costs decreased by 20% and
OPEX costs dropped by 25%. The network reached both 15 milliseconds of
latency while reaching peak throughput levels of 14 Gbps. Open RAN
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technology illustrates its capability for delivering high-performance 5G
services which is confirmed by Li et al. (Li et al. 2024).

35

CAPEXREDUCTION OPEX REDUCTION LATENCY (MS) THROUGHPUT ENERGY FAULT RECOVERY DEPLOYMENT SPEED
(%) (%) (GBPS) CONSUMPTION TIME (MIN) (MONTHS)
REDUCTION (%)

» Rakuten Mobile (lapan) = Vodafone (Furope) = Telefénica (Germany) MTN (Africa) = Dish Network (USA) I

|

Figure 4. Performance and Cost Metrics from Real-World Open RAN
Deployments

The case-based analysis confirms how Open RAN networks deliver
superior performance along with cost-effective benefits within multiple
operational settings worldwide. The financial advantages from Open RAN
technology become clear when operators cut CAPEX by 20% to 35% while
OPEX reductions fall within 15% to 30%. The technology demonstrates
potential in delivering speedier connections and improved speed because of
its ability to enhance user experience and offer advanced services.

The positive results from these studies match the findings discussed by
Polese et al. (Polese et al. 2023) and Arnaz et al. (Arnaz et al. 2022) regarding
Open RAN advantages for flexible solutions, scalability and reduced costs.
The experimental tests confirm the theoretical advantages which the literature
has predicted.

Future Open RAN implementations need to tackle issues with
interoperability standards along with solutions to enhance vendor diversity for
maximizing system potential. Multiple industry stakeholders should work
cooperatively including operators and vendors together with regulatory
bodies to address present challenges so widespread Open RAN adoption
becomes possible.

The deployment of examples confirm that Open RAN creates transformative
changes for telecommunications through its ability to deliver efficient
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networks with high flexibility and affordable costs.

4.4. Operational Adaptability

New developments in telecommunications require operational flexibility
because changing user requirements and technological transformations need
dynamic network formats. Open RAN'’s flexible modular design has shown
itself vital for speeding up new service deployments while ensuring
extendable operations. Open RAN provides operators with the capability to
combine components from various vendors through seamless integration
thus shortening deployment duration and improving capacity growth. Open
RAN architecture enables telecom providers to adapt to multiple market
demands because of its advantages which fit high-demand situations and
fluid environments effectively. The research findings for deployment speed
along with scalability and service provisioning enhancements appear in
Figure 5.
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*Scalability Flexibility Index is a derived metric indicating the ease of network scaling
based on component modularity and traffic adaptability.
Figure 5. Metrics of Operational Adaptability in Open RAN vs. Traditional RAN

The table demonstrates that Open RAN operates more effectively than
conventional RAN systems. The implementation of new network services
through Open RAN reduced deployment time by one-quarter, decreasing
average service times from twelve months to nine months. The study results
corroborate the findings of Kyoseva et al. (2023), who emphasized that
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modular structures decrease network rollout time. Open RAN exhibited
flawless integration between vendors, improving service activation time to 10
days from the original 15 days, representing a 33% reduction. Network
expansion time showed remarkable improvements through Open RAN
implementation, decreasing from 8 weeks to 5 weeks, a 38% improvement.
Open RAN provides dynamic environments with a 50% higher capacity to
support user growth, confirming its adaptability. Automated fault detection
and recovery allowed Open RAN to reduce system downtimes by 30%,
supporting research published by Rivera et al. (2022). The improvements in
the Scalability Flexibility Index reached 50%, indicating better system
capabilities for handling variable traffic load demands. The specific
characteristics of modular systems such as Open RAN demonstrate its
readiness to support high-traffic applications in smart cities and the industrial
internet of things implementations.

Open RAN effectively serves markets experiencing rapid expansion and
heavy resource use. It allows developing regions to expand their network
coverage at reduced costs, while cities use this technology to address dense
user populations and variable traffic needs. Multi-vendor ecosystems require
increased standardization from collaborative work to achieve stable
scalability. European trial performance from Wypiér et al. (2022) supports this
finding by demonstrating comparable deployment time decreases.
Rocketmass Open RAN simulations of urban areas revealed identical
scalability outcomes to those reported by Rivera et al. (2022). The evaluation
of these initial findings through industry data provides a comprehensive
description of Open RAN's operational adaptability and its direct impact on
future network implementations.

4.5. Blockchain Integration

The combination between blockchain technology and Open RAN
environments delivers substantial improvements regarding operational
security with increased resource transparency and better efficiency. The
decentralized approach of blockchain allows secure transparent
management of multi-vendor systems by providing resource sharing
capabilities that work with reduced configuration needs and improved incident
response systems. Open RAN implementations that incorporate blockchain
technology demonstrate particular importance for addressing security issues
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that affect interoperable multi-vendor systems. Figure 6 demonstrates how
blockchain solves operational blockers that secure network stability.
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*Vendor Collaboration Index measures the ease of collaboration among multiple
vendors based on shared data and operational transparency.
Figure 6. Operational Metrics of Blockchain-Enabled Open RAN

According to the data blockchain optimization enables Open RAN to reach
new levels of operational efficiency and security. Blockchain technology
increased resource sharing efficiency by 21% because it enabled secure and
transparent communication channels between vendors. Research results
confirm the analysis from Giupponi and Wilhelmi (Giupponi and Wilhelmi
2022) that blockchain technology offers key capabilities in managing multi-
vendor resource distribution. The implementation of blockchain technology
shortened configuration time from sixty minutes to fifty-one minutes while
maintaining a reduction of fifteen percent. The number of security incidents
decreased by 60% because decentralized trust models provide successful
protection against cyber threats. The verification of data integrity through
blockchain methods now takes 33% less time thus accelerating validation
procedures needed for real-time systems. Blockchain technologies resulted
in a 36% increase of the Vendor Collaboration Index which demonstrates
superior connectivity between vendors within supply chain operations. The
implementation of blockchain reduced annual network downtime due to
breaches by 60% reducing it from 20 hours per year to 8 hours only. This
resulted in advanced service availability and reliability. Ling et al.'s (Ling et al.
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2019) research agrees with these results because they documented equal
benefits in RAN resource sharing and security improvements when using
blockchain technology. Giupponi and Wilhelmi (Giupponi and Wilhelmi 2022)
demonstrated how blockchain operates to decrease configuration duration
and minimize operational vulnerabilities during operations across multiple
vendor segments. The study enhances knowledge of integrating blockchain
into Open RAN by providing quantitative data which creates a sound scientific
basis for operational enhancements. Implementation of Blockchain in Open
RAN needs to extend its scope for solving international deployment
interoperability problems. Future research must concentrate on designing
minimized blockchain platforms for telecom purposes which should increase
performance capabilities while minimizing computing overhead. The
successful deployment of blockchain in Open RAN environments requires
unified industry standards that industry players need to develop through
collaboration.

4.6. Challenges and Limitations

The widespread deployment of Open RAN faces challenges that prevent its
widespread implementation in telecommunications networks. The adoption of
Open RAN faces difficulties due to interoperability obstacles and expense in
setup and regulation obstacles. The inability to connect various vendor
systems remains the major obstacle according to 50% of study respondents
because vendors lack common standards for communication protocols.
Initiation expenses for 5G Open RAN exceed traditional wireless
infrastructure expenses by 25% which acts as a barrier mostly for small
telecom operators and developing countries. The adoption rates of 5G can
be varied worldwide because geopolitical factors influence regulatory
constraints in different regions. Table 1 below provides a detailed comparison
of these barriers and their impacts.
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Table 1. Challenges and Limitations of Open RAN Adoption Compared to

Traditional RAN
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single-vendor .
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. integration.
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ecosystems.
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. fewer attack security mechanisms to mitigate
Security concern due to Open L
) vectors butlack the | vulnerabilities intrinsic to
Concerns (%) | RAN's modular and - ) .
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security frameworks.

1239



1240

Iranian:Journal of
Information
Processing and
Manage Nt  Special Issue | Summer 2025

Standardization initiatives between stakeholders will solve interoperability
problems while optimizing operation of infrastructure set up by various
vendors. Regulatory frameworks developed by policymakers must maintain
global acceptance requirements with security protections so operators can
use Al automation and blockchain security for their solutions. The outlined
procedures will maintain Open RAN scalability thereby establishing itself as

the base for current telecommunications systems.

5. Discussion

The telecommunications industry is undergoing a transformation through the
adoption of Open Radio Access Network (Open RAN), which brings elements
such as modular design, diverse vendor presence, and flexibility to network
structures. Researchers utilized theoretical models, simulations, and real-
world case studies to evaluate Open RAN's capabilities, enabling the
description of its future operational potential and explanations of its
transformative features. Research findings are structured using theories that
explain the results and present recommendations for policy changes and
innovative directions. The modular Open RAN design separates hardware
from software components to support vendor-independent network
implementation. This structural modification allows operators to minimize
capital costs and operational expenses while improving the scalability of their
networks.

The architecture of Open RAN is well-suited for modern cellular
requirements, including 5G and |oT, as it offers critical dynamic resource
distribution capabilities (Polese et al. 2023). Open RAN becomes more
capable of optimizing traffic steering decisions through the combination of
blockchain and artificial intelligence systems for secure resource utilization
(Arnaz et al. 2022; Giupponi and Wilhelmi 2022). Open RAN has
demonstrated practical effectiveness through trials conducted by Rakuten
Mobile and Vodafone. Its implementation enables businesses to choose
various vendor solutions for cost-cutting benefits. However, practical
applications expose challenges with interoperability, which frequently appear
in both theoretical and practical evaluations (Thiruvasagam et al. 2023).

The modular structure and decentralized design of Open RAN create
obstacles during its adoption process, primarily due to interoperability
problems and security-related concerns. Research by Singh et al. (2020)
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demonstrates the need for stable standardization methodologies to resolve
integration problems that occur in systems operated by multiple suppliers
(Singh, Singh, and Kumbhani 2020). Open RAN differs from traditional RANs
because it introduces complexity, requiring sophisticated testing methods and
collaborative industry standards. The open architecture of Open RAN creates
wider attack surface areas, making security a vital concern. According to Ling
et al. (2019), introducing blockchain systems helps protect against
cryptographic vulnerabilities, but organizations should develop further
security architectures for decentralized networks (Ling et al. 2019). Plantin
(2021) states that worldwide Open RAN adoption faces additional obstacles
due to geopolitical conditions that create regional regulatory limits (Plantin
2021). The article outlines possible solutions accessible through the
implementation of adaptive protocols and decentralized management
systems. Al-driven optimization stands out as a promising solution, as it
addresses compatibility and security challenges to boost network
performance (Masur, Reed, and Tripathi 2022).

Open RAN network development will follow general telecommunications
patterns toward 6G network implementations. According to Polese et al.
(2023), Open RAN's modular structure will serve as the foundation for 6G
system designs, delivering unprecedented low latency and dynamic resource
management to support autonomous technologies and smart urban
environments. Digital twins, as described by Masaracchia et al. (2023), will
enhance Open RAN capabilities by providing real-time modeling simulations
for network management routines and optimization activities (Masaracchia et
al. 2023).

The development of Open RAN depends heavily on worldwide
standardization efforts and policy realization among nations. Regulatory
frameworks promoting vendor diversity and collaborative innovation need to
be encouraged by legislation to facilitate equitable adoption (Kyoseva 2023).
The proof of concept from MTN Africa shows that Open RAN technology can
efficiently connect remote regions by providing budget-friendly and adaptable
solutions to areas lacking connectivity (lturria-Rivera et al. 2022). The findings
recommend new inquiries into Open RAN technology, including efforts to
minimize blockchain framework weight while simultaneously developing Al
models for dynamic resource management and protocol standardization for
vendor cooperation integration. Fundamental research on Open RAN
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adoption should include studies of region-specific factors affecting these
decisions to develop customized strategies for diverse markets. Open RAN
can reshape telecommunications networks by resolving challenges and
leveraging its built-in strengths. The combination of versatility, operational
excellence, and cost efficiency positions Open RAN technology to serve as
the backbone of telecommunications infrastructure for business continuity
worldwide. This discussion provides both a theoretical summary of Open RAN
and an examination of its potential to establish a resilient and open
telecommunications domain.

6. Conclusion

The article demonstrates how Open RAN technology provides solutions to
fundamental telecommunications network issues. The results from the study
validate its stated objectives because Open RAN demonstrates proven
capability in decentralizing networks and lowering costs and improving
operational flexibility. Open RAN has evolved into a functional solution to
traditional RAN systems because it allows modular designs that support multi-
vendor environments to promote network flexibility and innovative
management options.

The remarkable aspect from this study shows how the modular Open RAN
approach allows flexible network provisioning across diverse demand
requirements while optimizing resource utilization and scalability. The study
proves how Open RAN benefits cost-efficiency goals when it reduces reliance
on proprietary systems along with competitive vendor options. Open RAN
establishes itself as a foundational modern telecommunications approach
because it combines advanced technologies from artificial intelligence and
blockchain that control security and operational transparency concerns.

Open RAN operates as a sustainable network framework through its
combination of scalable operations with energy savings designs. Its
importance in network extension becomes vital because it enables access to
areas not connected before and supports rapid growth of 5G and loT
applications. The research points out interoperability and regulatory obstacles
as main obstacles to open RAN system adoption. A standardized framework
together with stakeholder collaboration needs to be developed because these
implementation challenges remain.

This research serves to answer the research objectives and provides
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foundational knowledge for upcoming investigation efforts. The
interoperability standards should receive attention for generating simpler
procedures connecting different vendors while reducing system
implementation difficulties. Open RAN testing should expand to analyze
lightweight blockchain platforms together with Al resource allocation systems
for distributed system efficiency enhancement. It is essential to research
regional implementation procedures to establish equal adoption throughout
global areas.

This analysis demonstrates that Open RAN has the potential to transform
telecommunications networks through its open, efficient, and adaptable
nature. Open RAN platforms are poised to establish themselves as
foundational elements for developing robust and economical networks that
resist change through ongoing advancements and collaborative efforts.
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