
 

Journal of Advances in Developmental Research (IJAIDR) 
 

E-ISSN: 0976-4844   ●   Website: www.ijaidr.com   ●   Email: editor@ijaidr.com 

 

IJAIDR25011622 Volume 16, Issue 1, January-June 2025 1 

 

The Role of Private 5G Networks in Enterprise 

Digital Transformation Strategies 
 

Rahul Bangera 
 

Ellicott City, MD, USA. 

rahulmbangeragmail.com 

 

Abstract: 

This paper investigates the pivotal role private 5G networks play in facilitating enterprise digital 

transformation. As organizations modernize operations and seek greater value delivery, they encounter 

the limits of conventional connectivity solutions such as public cellular and Wi-Fi networks. The study 

defines enterprise digital transformation and examines the architectural complexities of private 5G. It 

highlights core technical strengths—unparalleled bandwidth, ultra-low latency, enhanced security. It 

compares these with public cellular networks and Wi-Fi by evaluating maximum throughput, latency, 

quality of service, network slicing, and device density. Use cases in manufacturing, healthcare, and 

logistics demonstrate how private 5G outperforms other connectivity options for real-time automation and 

massive IoT requirements. The analysis also addresses deployment challenges, such as spectrum 

acquisition, capital expenditure, and the skills gap, and compares these to those associated with Wi-Fi and 

public cellular. The report concludes that Private 5G provides a strategic, though not universal, solution 

and delivers compelling ROI for mission-critical applications. As service models and deployment 

approaches evolve, enterprise adoption of private 5G is expected to rise to future-proof strategies. 

 

Keywords: Private 5G, Digital Transformation, Enterprise, Industrial IoT, Industry 4.0, Edge Computing, 
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I. INTRODUCTION 

The modern business landscape is undergoing a profound shift. Enterprise digital transformation is now a 

core strategic imperative for lasting competitiveness and growth [1]. This transformation involves more 

than adopting new software. It requires the deep, holistic integration of digital technologies into all areas 

of an organization, reshaping operations, workflows, and value delivery [2]. This process covers every 

aspect of business, including sales, marketing, logistics, and human resources. Success depends on 

creating new operational models and moving from slow analog processes to fast digital methods [1]. 

 

However, the rise of data-intensive and mission-critical applications such as advanced automation, the 

Internet of Things (IoT), and real-time analytics has revealed the limits of legacy network infrastructures. 

Traditional wireless solutions like standard Wi-Fi, which operates on shared spectrum and is prone to 

network congestion, and public cellular networks, which lack dedicated resources and often have less 

stringent security protocols, usually fail to meet modern needs; they deliver inconsistent performance, 

introduce security vulnerabilities, and prevent enterprises from exercising granular control over network 

resources [3]. In contrast, enterprises now require high-performance, dedicated, and secure connectivity 

to unlock the full potential of these digital initiatives. 

 

This paper provides a comprehensive analysis of the role of private 5G networks as a critical enabler for 

enterprise digital transformation [4]. First, the study defines the foundational concepts of both digital 

transformation and private 5G and then outlines the architectural and technical differences between private 

and public networks by directly contrasting their performance, security, and scalability. It explores the 
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strategic relationship between private 5G and digital transformation, showing how private 5G’s unique 

capabilities—ultra-low latency, high bandwidth, and strong security—outperform public networks and 

Wi-Fi as the connectivity backbone for Industry 4.0. The analysis will reference specific case studies in 

manufacturing, logistics, and healthcare to illustrate where private 5G delivers advantages. Finally, the 

paper clarifies deployment challenges and costs by comparing them with those faced in implementing 

alternative technologies, before addressing future trends that are simplifying adoption. 

 

II. FOUNDATIONAL CONCEPTS 

A. Understanding Enterprise Digital Transformation 

Enterprise digital transformation is a long-term, multi-faceted process. It modernizes an organization's 

operations by integrating digital technologies into all business activities [7]. This initiative is more than a 

technological upgrade. It fundamentally reshapes and optimizes workflows, processes, and the delivery of 

value to customers [8]. The benefits include greater efficiency through automation, improved customer 

experience with data-driven approaches, and increased innovation using new technologies like AI, IoT, 

and blockchain [24]. 

 

A crucial aspect of this transformation is that success relies not just on technology, but on how people 

adapt to new ways of working [23]. Such a transformation requires a cultural shift. Individuals must 

change their daily routines and practices [1]. Technology should be aligned with a clear vision, supported 

by a robust change management strategy. Early employee involvement brings insights into pain points and 

builds stronger commitment to new processes [1]. 

 

B. Architecture of Private 5G Network 

A private 5G network is a wireless network dedicated to a specific area and purpose [26]. Enterprises use 

cellular technology to meet mission-critical needs in a single organization, industry, or government. 

Unlike public 5G, which mobile carriers share and operate, a private 5G network gives the enterprise 

dedicated resources and complete control. Usually, organizations install it behind their existing IT 

firewalls, ensuring compliance with IT and security policies. 

 

The architecture of a private 5G network consists of four main key components: 

1. 5G Core: The heart of the network, which manages data, network functions, and user authentication. 

2. Radio Access Network: A Combination of baseband units, radios, access points, and antennas to 

deliver coverage using dedicated, shared, or leased spectrum. 

3. 5G Client Devices: End-user devices with physical or eSIM credentials [10] that run enterprise 

applications on the network. 

4. Network Management System (NMS): A cloud or locally hosted network orchestrator for post-

deployment configuration, monitoring, troubleshooting, and SIM/user management. 

 

 
Figure 1: Private 5G Network architecture deployed behind the enterprise firewall 

 

Enterprises can deploy these networks in several models, each offering a distinct level of control and 

operational complexity. In an isolated private network, the user fully hosts and operates the network, 

separating it from the public network to maximize security and data privacy. Sectors handling sensitive 
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data, such as the military, healthcare, and industry, favor this model [10]. Alternatively, a company can 

lease part of a mobile operator’s infrastructure through network slicing for an end-to-end private 5G 

connection, which works better for wide-area deployments like autonomous vehicles but provides less 

direct control. In a third model, Network as a Service (NaaS), a third-party provider or system integrator 

manages the network for the enterprise, simplifying the process and helping address the industry’s skills 

gap. 

 

Every private 5G network requires radio spectrum, which can be licensed, unlicensed, or lightly licensed. 

Organizations secure licensed spectrum, which allows exclusive access but costs more and requires strict 

regulatory compliance. Unlicensed spectrum, such as 2.4 GHz and 5 GHz used by Wi-Fi, is available 

worldwide but may introduce interference [11]. Lightly licensed or shared spectrum has helped 

organizations make private 5G more accessible [11]. In the U.S., organizations can use Citizens 

Broadband Radio Service (CBRS) to run private networks. They rely on a spectrum access system to 

prevent interference. Organizations are increasingly leveraging the rise of globally allocated spectrum for 

private use to spread these solutions. 

 

III. THE STRATEGIC NEXUS: PRIVATE 5G AS AN ENABLER 

A. Unleashing Industry 4.0 with Private 5G 

Industry 4.0 unites automation, IoT, and AI in manufacturing. It needs robust, reliable connectivity [12]. 

Private 5G networks now provide this foundation. They offer the performance required for smart factories and 

advanced technology [12]. Industrial applications need high availability, low latency, and support for many 

devices. These needs often exceed what private LTE and other wireless options can provide [12]. 

 

The primary technical characteristics of private 5G that enable Industry 4.0 are: 

• Ultra-low Latency and Real-Time Control: Private 5G enables direct, instant machine-to-machine 

communication. This supports real-time manufacturing process control. It is essential for advanced 

automation systems, like robots and Autonomous Guided Vehicles (AGVs), which need speed and 

precision. 

• High Bandwidth and Massive IoT Connectivity: The network supports a vast array of IoT devices, from 

sensors that track machine wear to high-resolution cameras for machine vision and quality checks [13]. 

5G’s high throughput handles the extensive data these dense deployments generate. This allows real-time 

defect recognition and fast production adjustments [13]. 

• Enhanced Reliability and Predictable Performance: Private 5G gives enterprises a dedicated network, 

ensuring consistent and reliable performance [13]. This is critical for maintaining industrial processes and 

supporting applications that cannot tolerate network interruptions [13]. 

Combined, these features allow enterprises to optimize and redesign business processes that remained 

impractical with wired or Wi-Fi networks [13]. 

 

B. Case Studies Across Key Industries 

The true value of private 5G is not tied to a single "killer use case" but rather a combination of 

interconnected operational and financial benefits that compound over time [14]. A careful assessment of 

these applications and their specific requirements is essential for a successful investment [14]. The 

following examples illustrate how private 5G serves as a transformative technology across various sectors. 

 

1) Manufacturing and Logistics 

In the manufacturing sector, private 5G is a key enabler for the smart factory, supporting applications such 

as collaborative and autonomous mobile robots, augmented reality (AR), and remote operations using 

digital twins [14], [15]. For example, AR applications can be used to guide workers through complex 

tasks, provide remote expert assistance, or offer interactive training scenarios, leading to reduced errors 

https://www.ijaidr.com/


 

Journal of Advances in Developmental Research (IJAIDR) 
 

E-ISSN: 0976-4844   ●   Website: www.ijaidr.com   ●   Email: editor@ijaidr.com 

 

IJAIDR25011622 Volume 16, Issue 1, January-June 2025 4 

 

and improved worker safety [15]. The use of private 5G has also been shown to provide seamless roaming 

for fast-moving autonomous vehicles over large areas [16]. 

A compelling case study from a logistics hub in Icheon City, South Korea, demonstrates the tangible 

benefits of a private 5G network [16]. By deploying 22 indoor access points, the logistics company 

achieved the same coverage that would have required an estimated 300 Wi-Fi access points [16]. This 

resulted in a 15 percent savings in infrastructure investment (CapEx) and a 20 percent increase in 

productivity for over 100 handheld scanners due to the instant acknowledgment received after scanning, 

as opposed to the several-second response times experienced with Wi-Fi [16]. 

 

2) Healthcare 

In healthcare, private 5G is creating a robust connectivity framework that is essential for modern medical 

practices, particularly in the context of telemedicine and the seamless handling of massive health data sets 

[11], [17], [24]. The superior security measures of a private 5G network, including advanced encryption 

and secure data handling, are a significant advantage, providing an extra layer of protection for sensitive 

patient data and ensuring compliance with stringent healthcare regulations [17]. This is especially 

important for hospitals and medical facilities that require dedicated networks to connect medical devices 

and carry confidential data [17]. 

Specific use cases include: 

• Remote Patient Care: Private 5G enables continuous remote monitoring of patients' vital signs 

and health status, which is particularly beneficial for managing chronic diseases and post-operative 

care [17], [27]. 

• Telemedicine and Virtual Consultations: High-speed, reliable connectivity facilitates efficient 

telemedicine services through video calls, reducing the need for physical visits and enabling timely 

medical advice [11], [17]. 

• AR/VR for Training: The network provides the low-latency and high-bandwidth connectivity 

needed to support immersive AR and VR tools for surgical training, enhancing skill development 

and surgical precision [17]. 

 

3) Energy and Utilities 

The energy and utilities sectors are leveraging private 5G to enhance the management of smart grids and 

monitor distributed energy resources through digital twins [14]. The reliable, low-latency connectivity is 

particularly valuable in remote or hazardous locations where traditional networks are insufficient [14]. 

Private 5G networks enable real-time monitoring of equipment, remote-controlled autonomous vehicles, 

and drone inspections of remote pipelines, all of which minimize the need for on-site personnel and 

significantly reduce travel expenses and safety risks [14]. This automation helps to optimize energy use, 

reduce waste, and meet regulatory demands for emissions tracking more efficiently [14]. Table I elaborates 

on the key applications and benefits of private 5G across these industries, providing a clear overview of 

how technology’s unique characteristics directly drive business value. 
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TABLE I - SUMMARY OF PRIVATE 5G USE CASES BY INDUSTRY 

 

Manufacturing 

Autonomous Guided 

Vehicles (AGVs), 

Machine Vision, AR for 

training 

Ultra-low latency, High 

bandwidth, Reliable 

connectivity 

Improved operational 

efficiency, Reduced 

downtime, Enhanced 

workforce safety 

Logistics 

Real-time asset tracking, 

Automated sorting, 

Drone inventory 

High mobility, Wide area 

coverage, Consistent 

performance 

Increased productivity, 

Lower infrastructure 

costs, Optimized supply 

chain 

Healthcare 

Remote patient 

monitoring, 

Telemedicine, AR/VR 

surgical training 

Enhanced security and 

privacy, High-speed data 

transmission, Low 

latency 

Improved patient 

outcomes, Regulatory 

compliance, Reduced 

physical visits 

Energy & 

Utilities 

Smart grid management, 

Remote inspections, 

Predictive maintenance 

Wide area coverage, 

Reliable connectivity, 

Real-time data analytics 

Enhanced safety, 

Optimized energy use, 

Reduced operational 

expenses 

 

 

IV. DEPLOYMENT CONSIDERATIONS AND CHALLENGES 

A. Technical and Operational Hurdles 

Despite the transformative potential, the adoption of private 5G has been slower than initially predicted 

due to a mix of financial, technical, and operational hurdles [18]. A primary obstacle is the acquisition of 

the necessary radio spectrum [11]. Enterprises must navigate the complex and time-consuming process of 

obtaining a government license for dedicated spectrum or manage the technical challenges of avoiding 

interference in shared spectrum, such as the CBRS band [11]. 

 

Another significant barrier is the industry's pervasive skills gap [18]. Unlike previous generations of 

wireless networks, private 5G requires a denser infrastructure, complex coverage mapping, and 

sophisticated orchestration that demand specialized expertise [18]. Traditional enterprise IT staff may lack 

the skills to manage this unfamiliar cellular infrastructure, leading to significant delays and complications 

[18]. This challenge is being addressed by companies turning to external partners or service providers that 

offer network-as-a-service (NaaS) solutions, which can manage the setup and maintenance more cost-

effectively than an in-house team [18]. 

 

Finally, the ecosystem for industrial-grade 5G end-user devices is still in its early stages, with a limited 

variety of specialist (non-smartphone) devices and high costs for 5G IoT modules [18]. Compatibility with 

existing industrial systems, rugged tablets, and AGVs can also be a problem, often requiring expensive 

bridging gateways to connect to the private network [18]. 

 

B. Economic and Strategic Analysis 

1) Cost-Benefit Justification: 

The cost of deploying a private network is often cited as the most significant barrier to its implementation 

[19]. While a full 5G rollout for telecom operators is a massive global investment, with estimates 

suggesting spending will surpass $1.1 trillion by 2025 [19], specific private 5G solutions are becoming 

more accessible. For instance, open source 5G lab network kits can be purchased for a one-time cost 

starting from €11,900, with an additional yearly fee [20]. A high-power mobile private 5G network for 

outdoor use can cost from €39,900, with an annual fee of €6,384 [20]. These figures illustrate the 

significant initial capital expenditure (CapEx) required for full deployment. 
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However, a proper cost-benefit analysis reveals that the return on investment (ROI) is derived from a 

"basket of interconnected financial and operational benefits" rather than a single use case [14]. The long-

term value is realized through: 

• Reduced Infrastructure Costs: Private 5G can cover a large area with a fraction of the physical 

infrastructure required by Wi-Fi, leading to lower installation and ongoing maintenance expenses [21]. 

• Minimized Unplanned Downtime: Continuous, reliable coverage enables real-time monitoring of 

critical equipment, which can shorten maintenance turnarounds and save millions in lost production 

[14]. 

• Enhanced Productivity: By enabling full-scale automation and providing instant access to data for 

frontline workers, private 5G can lower labor costs and significantly improve productivity and 

efficiency [16]. 

 

2) A Comparative Analysis with Alternatives: 

The decision to deploy a private 5G network is a strategic one that requires a careful comparison with 

other wireless technologies [22]. For many businesses, especially those with limited mobility requirements 

and environments where Wi-Fi coverage performs well, alternatives like private 4G LTE or even Wi-Fi 

6/7 could be sufficient and more economical [21]. However, for organizations where the highest levels of 

privacy, security, and deterministic performance are non-negotiable, such as those in military, healthcare, 

or industrial sectors, private 5G remains a clear step up [21]. 

 

Another compelling option is using a 5G network slice from a public carrier [22]. This dedicated portion 

of a carrier's network can deliver many of the same benefits as a private 5G setup, such as low latency and 

tailored service-level agreements (SLAs), and offers a more cost-effective, lower-maintenance solution 

than building a private network from the ground up [22]. 

 

The best network option is therefore a strategic choice that depends on an organization's specific 

requirements, budget, and risk tolerance [22]. Table II provides a comparative analysis to guide this 

decision-making process. 
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TABLE II - COMPARATIVE ANALYSIS OF PRIVATE 5G, PUBLIC 5G, AND WI-FI 

 

Security 

Highest. Dedicated 

resources, superior 

access controls, 256-bit 

encryption. Data can 

remain on-site [22]. 

High. Data isolation and 

quality ensured by the 

operator [22]. 

Variable. Security 

depends on network 

settings, making it more 

vulnerable to cyber-

attacks [22]. 

Control 

Complete control over 

network settings, quality 

of service (QoS), and 

coverage [22]. 

Limited control over 

core network 

infrastructure [22]. 

Complete control over 

network settings, 

limited control over 

performance [22]. 

Performance 

High and deterministic. 

Guaranteed low latency 

and high reliability [22]. 

High, but performance 

is subject to the Service 

Level Agreement (SLA) 

with the operator [22]. 

Variable. Performance 

can be hampered by 

network congestion 

[22]. 

Coverage 

Customizable. It can be 

designed for specific 

areas, providing 

seamless mobility [22]. 

Broad. Leveraging the 

carrier's wide-area 

infrastructure [22]. 

Limited. Shorter range 

requires multiple access 

points for large areas 

[22]. 

Cost 

High initial CapEx, 

potential for long-term 

savings [21]. 

Lower CapEx, with 

ongoing operational 

costs (OpEx) for the 

leased slice [22]. 

Lower CapEx for 

small-scale 

deployments [21]. 

Ideal Use 

Case 

Mission-critical IoT, 

real-time automation, 

and applications in 

hazardous or secure 

environments [21]. 

Wide-area IoT 

connections and 

autonomous vehicles 

that require mobility 

across a large 

geographical area [22]. 

General office 

connectivity, indoor 

high-capacity 

deployments, and non-

mission-critical 

applications [21]. 

 

V. THE FUTURE OUTLOOK: TRENDS AND EVOLUTION 

A. The Rise of "Network as a Service" (NaaS) and Simplified Deployments 

The significant barriers to private 5G adoption, particularly high costs and the skills gap, are being 

addressed by new service models and simplified deployment technologies [10]. The market for private 5G 

is projected to grow at a compound annual growth rate (CAGR) of 38 percent, reaching 23,600 

deployments worldwide by the end of 2029 [18]. This growth is being facilitated by offerings such as 

NaaS and network-in-a-box (NIB) solutions [10]. 

NaaS solutions, offered by systems integrators, manage the setup and maintenance of private networks, 

making them more accessible and cost-effective than an in-house team [18]. Similarly, the NIB solution 

is a compact, mobile system that combines the 5G core and Radio Access Network (RAN) into a single, 

plug-and-play unit [10]. This simplified model is lowering the barrier to entry, particularly for mid-market 

enterprises, and is a key factor accelerating the adoption of private 5G [10]. 

B. Integration with Emerging Technologies 

The future value of private 5G lies not in its standalone capabilities but in its synergistic relationship with 

other emerging technologies [10]. Private 5G is the connective tissue for a broader digital ecosystem, 

enabling the seamless integration of AI, IoT, and edge computing to create knowledgeable and responsive 

systems [10]. IoT devices generate massive amounts of data that need to be processed quickly, and private 

5G provides the low-latency and high-capacity network required to handle this data in real time [10]. 

Edge computing, which moves processing resources from the core network to the edge, is a crucial 

complement to private 5G [10]. This combination allows for the rapid analysis of data generated by IoT 

devices at the source, which in turn enables AI and machine learning to power applications like machine 
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vision for quality control and predictive maintenance [10]. By consolidating networking, processing, 

intelligence, and security on the same server, private 5G with edge computing can decrease latency and 

response times, ultimately lowering the total cost of ownership [10]. 

 

V. CONCLUSION 

This paper has presented a comprehensive analysis of the vital role of private 5G networks in enabling 

enterprise digital transformation. The evidence indicates that while digital transformation is a multi-

faceted process requiring cultural and operational shifts, its technological foundation is increasingly 

dependent on a dedicated, high-performance network. Private 5G, with its unparalleled bandwidth, ultra-

low latency, and fortified security, provides the ideal connectivity fabric for a wide array of mission-

critical applications that are fundamental to Industry 4.0. 

The deployment of private 5G is not a universal solution but a strategic one, best suited for applications 

that demand deterministic performance, robust security, and control over a dedicated network. A careful 

cost-benefit analysis reveals that while the initial investment can be significant, the long-term ROI is 

realized through a combination of operational efficiencies, reduced downtime, and enhanced productivity 

[11]. As the market continues to mature and new service models like NaaS emerge, the barriers to adoption 

will decrease, making private 5G an increasingly accessible and critical component of forward-thinking 

enterprise strategies. 

Further research should focus on the continued maturation of the device ecosystem, the long-term 

operational and financial impact of private 5G deployments as they move from pilot programs to full-scale 

operations, and the development of standardized interoperability testing for complex hybrid and multi-

tenant network architectures. 
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