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Abstract

5G continues to develop as a key technology for digital transformation in production. This wireless, fast and
secure transmission technology with long range, low latency and the ability to connect a large number of
devices will enable companies to gradually overcome the hurdles of the fully connected enterprise of the
future. At the same time, as a new and innovative technology, 5G still presents companies with a number of
challenges. In particular, the issue of non-transparent cost calculation is still causing uncertainty for
companies, especially in the decision-making process. The uncertainty of companies regarding the cost
factors of private 5G networks, known as private 5G-Campus networks, results from limited experience. The
lack of knowledge about aspects such as license fees, hardware costs and maintenance expenses make
budgeting difficult. A systematic analysis is necessary to make informed decisions and maximize the benefits
of 5G-technologies. This article presents an overview of the cost factors of private 5G-campus networks,
including the implementation phases and the stakeholders involved, through case study research.
Furthermore, in addition to identifying the specific characteristics of the 5G-cost factors and implementation
phases and stakeholders, the dependencies between these are also evaluated. The aim is to verify the
identified 5G-cost factors so that a precise and transparent calculation is possible and well-founded decisions
can be made regarding the implementation and use of 5G-technologies.
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1. Introduction

The digital transformation entails a multitude of new requirements in which the communication network
plays a decisive role [1]. It is leading to the networking of machines, tools, products and the people involved
in the value chain. This fundamental change makes up-to-date knowledge and insights about processes,
production and products available throughout the entire company, while computing power is reliably routed
to where it is needed [2]. The exponential growth in the number of intelligent devices and systems as well
as the evolution of business applications require significantly increased bandwidth to provide more
comprehensive information on the system status and the operating environment. Business-critical
applications that require remote access - such as the control of production systems in industrial automation,
as well as the control of autonomous vehicles - demand much higher reliability of communication services
and significantly lower latency times [3]. In order to meet these requirements and achieve industrial
productivity gains, communication networks must further develop fundamental properties [4].

5G offers a level of security, reliability and speed that did not previously exist in mobile networks, so that it
can be used for Industry 4.0 [5]. The upcoming era of 5G as an advance over 4G/LTE Advanced is no longer
limited to conventional telephony and data services as in previous mobile communications standards [6].
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Instead, the 5G-standard opens up new horizons for the networking of devices that go far beyond previous
smartphone applications. The aim is to realize the concept of the Internet of Things with 5G, so that devices
such as sensors, motors and controllers can communicate with their direct and indirect environment [7]. The
service-based architecture of 5G-networks will also make it possible to quickly and efficiently provide
differentiated communication services that meet the diverse requirements of industry. This is done by
providing users with customized "network slices" that can be operated on a shared physical infrastructure.
As a result, the different requirement profiles for network communication can be met without conflict and
at the same time in an integrative manner [8].

In addition to the multitude of potentials that are repeatedly mentioned in the scientific literature, there are
also several challenges that companies have to overcome with 5G-campus networks (definition of
terminology in chapter 2). Typical challenges in implementing 5G-campus networks include selecting
suitable sites and infrastructure, managing high investment costs, complex integration with existing
networks, security and privacy concerns, potential interference and coverage issues, managing and
maintaining the network as well as complying with regulatory requirements. Overcoming these challenges
requires careful planning, technical expertise and collaboration with various stakeholders. [9]

The introduction of 5G-campus networks poses a variety of challenges, particularly in terms of costs.
Companies are often faced with the difficulty of fully understanding the total cost of building and operating
such a network [10]. This is partly because the complexity of 5G-networks and the large number of variables
that influence the costs make it difficult to estimate the costs accurately. Requirements for hardware,
infrastructure, skilled personnel, licenses and ongoing operational costs can vary greatly depending on a
company's specific needs and requirements [10]. In addition, there may be unexpected costs associated with
integrating 5G into existing IT infrastructures or addressing security and privacy concerns. To address these
challenges, a thorough cost analysis and planning is essential to avoid potential budget overruns and ensure
the financial feasibility of the 5G-campus network [11].

2. Basic terminology

In the following, an overview of the most relevant terms within the paper is listed and briefly described
individually.

Industry 4.0: Industry 4.0, also known as the fourth industrial revolution, marks a significant advance on
previous industrial upheavals. It is based on historical and technological concepts such as the smart factory
and computer-integrated production. At the heart of the fourth industrial revolution is the holistic connection
of people, machines, products, systems and companies across the entire value chain and product life cycle.
The overarching goal is to increase productivity and create added value for customers. [11,12]

Mobile radio: The definition of mobile radio encompasses wireless communication between different
nodes, at least one of which is mobile. This includes the transmission of data, voice or other information
between mobile and fixed units. Among the many challenges associated with this area, seamless handling of
network changes, continuity of communication after failures, integration with other layer protocols and
efficient scalability and resource utilization are of particular importance. [13]

5G: The current development in the field of wireless communication concerns the introduction of 5G, which
is considered the next generation of mobile communications and includes the New Radio (NR) standard.
Since 2016, the International Telecommunication Union (ITU) has defined comprehensive performance
requirements for 5G. These include improving download and upload speeds, reducing latency times and
supporting a higher number of devices per square kilometer. In addition, increased movement tolerance of
end devices and a reduction in energy consumption are also required. [11,14]
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5G-frequencies: In addition to the standard frequency ranges of 0.7 to 2.4 GHz, 5G can also access
frequencies of up to 100 GHz. However, the frequencies in the 3.4 to 3.7 GHz range, which are specifically
reserved for 5G, will be used first. In addition, the frequencies between 3.7 and 3.8 GHz will remain reserved
for use in private 5G-campus networks for companies or organizations and will not be used for public
networks. [15]

5G-campus network: The term "5G-campus network" refers to a geographically limited, local mobile
network adapted for special requirements such as industrial communication. Thanks to 5G-technology and
the use of dedicated frequencies, it can meet the highest quality of service requirements in terms of latency,
reliability and availability of communication networks. [16,17]

3. Research method

In this study, an exploratory multiple case study was chosen as the research method, with the research design
following the phenomenological approach of qualitative research. The study is based on a non-random,
purposive sample. Diversity was taken into account when selecting the participating companies to ensure
that all conflicts of interest were taken into account. A total of six SMEs, three large companies and two
telecommunications companies were interviewed, with the majority of interviewees belonging to middle and
senior management. The aim of the interviews conducted was to identify and validate relevant 5G-cost
characteristics, relevant implementation phases for 5G and all involved stakeholder. On this basis, a further
evaluation of 5G-campus networks can be carried out. The interviews followed a semi-structured approach
with a duration of 60 minutes per interview. Due to the extensive experience with video calls within the
pandemic, both virtual and non-virtual interviews were conducted.

A three-stage approach was chosen as the basis for the interview structure, in which the 5G-technology and
its description were first discussed in general terms. This was followed by an analysis of the 5G-cost drivers,
the implementation phases and all stakeholders. Finally, the relationships between the cost drivers, the
implementation phases and the stakeholders were considered and evaluated. This research method was
chosen in order to fully capture the specific expert knowledge of the individual test subjects and to be able
to determine their individual perspectives.

4. Results

In the following, the 5G-cost items collected on the basis of the case study research are presented and
described in more detail. In a second step, the 5G-implementation phases identified on the basis of the case
study research are outlined and thoroughly explained. Subsequently, the stakeholders involved in the
process, as identified from the case study research, are described. Finally, the 5G-cost items are assigned to
both the 5G-implementation phases and the stakeholders in the form of strong and weak dependencies on
each other.

4.1 5G-cost characteristics

Once the cost factors for the construction of a private 5G-network have been recorded in detail, various
analytical and planning tools are available. A precise budget can be drawn up, risks can be identified and
weighed up, various options can be compared and an ROI analysis can be carried out. This data enables well-
founded decisions to be made about the viability and profitability of a private 5G-network. In addition, the
recorded cost factors can be used for long-term planning of the operation and maintenance of the network.
Overall, the comprehensive recording of cost factors enables effective strategic planning and implementation
of a private 5G-network. The following table lists and describes the 5G-cost items including the various cost
drivers

855



Table 1: 5G-cost characteristics

5G-cost item Cost drivers

Planning costs [18,19] All costs incurred for preparatory processes

License costs [20,21] Costs for issuing the licenses

Implementation costs [22] Costs for the implementation and administration of network

management tools and systems
Commissioning of the network, including testing, verification and
optimization
Training costs for IT staff to manage the 5G-network
Infrastructure costs [23] Number and type of base stations and antennas

Setting up data centers and implementing core network components
such as routers and switches

Operating costs [24] Costs for the energy consumption of base stations, antennas and other
network components

Personnel costs for monitoring, maintaining and troubleshooting the
network

Costs for software updates and patches to maintain security and
performance

Costs of operating mobile infrastructure, including backhaul
connections and core network components

Cost of insurance covering various aspects of network operations,
including damage, outages and liability

Use case costs [2,9] Costs for the implementation & operation of use cases
Use case identification
Use case implementation

Use case operation & maintenance training

4.2 Phases of 5G-implementation

The introduction of 5G-campus networks requires a strategic approach that is tailored to the specific
requirements and objectives of the respective company or organization. Such an approach is crucial to make
the most of the full range of opportunities that 5G offers while overcoming potential challenges. The
introduction of a 5G-campus network usually goes through four different main phases. The following table
introduces and describes the different phases of 5G-implementation.

Table 2: phases of 5G-implementation

Phase of 5G-implementation Description
1. Planning and In this phase, the requirements of the campus network are defined and
preparation [25] the locations for the installation of the 5G-base stations are selected.
The required infrastructure is prepared and technical specifications are
defined.
2. Installation and The 5G base stations are installed and configured to meet the network
configuration [26,27] coverage and capacity requirements as specified in the planning
guidelines.
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3. Integration, testing and
application deployment
(28]

4. Training, user
acceptance and
maintenance [29]

The newly installed base stations are integrated into the network,
comprehensive tests are carried out and the specific applications and
services are deployed and optimized.

Training is provided to IT staff and end users to ensure effective use
of the network. User acceptance is monitored and regular maintenance
is carried out to ensure the operational readiness and security of the
network.

4.3 Stakeholder

Identifying the stakeholders in the implementation of 5G-campus networks is crucial, as the large number

of parties involved makes the task complex. In addition to technical aspects, interpersonal skills also play a

crucial role in successful implementation. Internal departments such as IT, engineering and management as

well as external groups such as regulators and suppliers have different interests and expectations. The
challenge is to identify all relevant stakeholders, understand their needs and coordinate them effectively to
ensure the project runs smoothly. This requires careful analysis, prioritization and proactive communication
to minimize potential conflicts and maximize support for the project. The following table introduces the 5G
stakeholders and describes them one by one.

Table 3: 5G-stakeholder

5G-stakeholder

Description

Company [30,31]

Funding consultant [32]

System integrator [33]

Consultant as control authority of
the system integrator [34]

Fiber optic provider [35]

IT and network team [36]

Management and executive level
[37,14]

End user/employee [38]

5G-suppliers and providers
[25,39,40]

Network
operators/telecommunications
companies [31,41]

Federal Network Agency [20,42—
44]

Main player that sets up and uses the 5G-network for internal
communication and applications

Expert who supports companies in identifying and applying for
funding for 5G expansion

Responsible for the integration of various network components and
technologies to implement the 5G-network

Monitors and controls the work of the system integrator to ensure
that standards and requirements are met

Responsible for the provision of fiber optic networks, which form an
important part of the 5G-infrastructure

Team responsible for the maintenance and operation of the 5G-
network and IT infrastructure

Decision-makers in the company who define the strategic guidelines
and investments for the 5G expansion

People who use the services of the 5G-network, e.g. employees of
the company

Companies that provide 5G-technology equipment and services

the and maintenance  of

telecommunications networks, including the 5G-network

Responsible  for operation

Regulatory authority responsible for the licensing and monitoring of
telecommunications services
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Consultant for application to the Expert who supports companies in the preparation and submission

Federal Network Agency [45] of applications to the Federal Network Agency
Suppliers of software and Companies that provide software solutions and applications for the
applications [46] 5G-network.

4.4 Merging of cost items into SG-implementation phase and stakeholder

For reasons of clarity, the dependencies between the cost factors and the implementation phases or
stakeholders were considered separately. In the following, the dependencies between the 5G-implementation
phases and the cost factors are presented first, while the dependencies between the cost factors and the
stakeholders are explained in the second step. A distinction is also made between strong and weak
dependencies. The presentation of strong and weak dependencies underlines the need for detailed analysis
to plan resources efficiently and avoid potential cost traps. The early recognition and consideration of
dependencies ultimately leads to the successful implementation of 5G-campus networks. Strong
dependencies between cost factors and implementation phases or stakeholders are reflected in direct and
immediate interactions that can have a significant impact on the success or failure of a project. Weak
dependencies, on the other hand, are less direct and can be regarded more as indirect influences.

4.4.1 Merging of 5G-implementation phases into cost items

In a first step, the dependencies between the 5G-implementation phases and the 5G-cost factors were
examined. It quickly becomes clear that all 5G-cost items are reflected in the planning and preparation phase.
The planning costs and license costs are particularly significant, as the comprehensive strategy development
and the application for the necessary licenses must take place in this phase. These costs form the basis for
the successful launch of the 5G-project and have a significant influence on the further course and efficiency
of the following phases. While the license costs are already incurred in the planning phase and the operating
costs only become relevant in later phases, the other cost items play a central role in the configuration and
installation phase. Once the configuration and installation phase is complete, only planning and
implementation costs are incurred in the integration, testing and application development phase. In this
phase, the already configured systems are integrated, comprehensively tested and specific applications are
developed to run on the 5G-network. The main focus here is on fine-tuning the systems, quality assurance
and adapting the applications to the 5G-environment. In the final phase, the training, user acceptance and
development phase, only planning and operating costs are incurred. Here, training is provided for operating
personnel to ensure that they are familiar with the new 5G-technology and can use it effectively. The
operating costs relate to the implementation of operating procedures and processes to ensure the smooth
operation of the 5G-network. Furthermore, it can be seen that use case costs arise in all phases. As the 5G-
campus networks are designed specifically for the use cases at hand, these are at the forefront in all phases
and represent a significant cost driver. An overview of the strong and weak dependencies can be seen in the
following figure.

858



5G-Implementation phase 5G-Cost item

Planning and preparation Planning costs

Installation and configuration License costs

Integration, testing and application

Infrastructure costs
deployment

Training, user acceptance and

. Implementation costs
maintenance

(0] ti t
strong dependence perating costs

weak dependence
P Use case costs

Figure 1: Dependencies between implementation phase and cost item

442 Merging of cost items into 5G-stakeholders

In this step, the dependencies between the 5G-cost factors and the 5G-stakeholders are examined. It quickly
becomes clear that the company is involved in all 5G-cost factors as a stakeholder. Although the company
can outsource work, the responsibility remains with the company itself, meaning that the company must at
least maintain an overview of all cost factors. Furthermore, it quickly becomes apparent that the planning
costs are distributed across all stakeholders. This study therefore also confirms that careful planning is an
essential basis that is of great importance for all stakeholders. Compared to the planning costs borne by all
5G stakeholders, the license costs are incurred only when applying for frequency bands from the Federal
Network Agency. These license costs are therefore an one-off expense at the start of the project and can be
regarded as part of the regulatory requirements, while the planning costs are incurred continuously
throughout the entire implementation process. The infrastructure costs for the implementation and operation
of 5G arise primarily from the expansion and maintenance of fiber optic provider, as well as the provision
of 5G-hardware by suppliers and service providers. These investments are crucial for the provision of a
reliable and high-performance 5G-infrastructure. In addition, the implementation costs of 5G-technology are
incurred in particular by the system integrator, who is responsible for the seamless integration of various
components, and by the 5G-supplier, who provides the hardware and technical solutions. However,
implementation costs are also caused by the IT and the network team of the respective company.
Nevertheless, as these only represent a small proportion of the costs, they are only shown here as a weak
dependency. In terms of operating costs, the system integrator, the 5G-supplier, the network operator and
the providers of software and applications are primarily responsible for the main costs, as they are
responsible for the operation and maintenance of the 5G-infrastructure and services. In addition, fiber optic
providers, the company's IT team, the employee himself and the management team bear secondary costs that
relate to specific support functions and strategic decisions. Finally, the suppliers of software and applications
in particular account for the majority of 5G-use case costs, as they are responsible for the development,
implementation and maintenance of the specific applications that are operated on the 5G-network. A detailed
overview of the dependencies between the 5G-cost parameters and the 5G-stakeholders is summarized in
the figure below to provide a comprehensive understanding of the role and relationship of the stakeholders
to the cost factors.
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i compan
Planning costs pany

Funding consultant
License costs System integrator

Consultant for system integrator

Infrastructure costs . ) .
Fiber optic provider

. IT and network team
Implementation costs

Management
Operating costs End user/employee

5G suppliers and providers

Use case costs
Network operators

strong dependence Federal Network Agency (FNA)
weak dependence Consultant for FNA

Suppliers of software and applications

Figure 2: Dependences between cost items and 5G-stakeholder

5. Discussion, conclusion, and outlook

The six 5G-cost items identified in this paper could be linked in strong and weak dependencies with both
5G-implementation phases and 5G-stakeholders. By clearly linking the 5G-cost items to the 5G-
implementation phases and the 5G-stakeholders, it was possible to show that assessing the financial cost of
introducing a 5G-campus network is a complex undertaking. Not only are monetary expenses required across
the entire 5G-implementation items, but the various stakeholders are also involved in the different phases
and cause further monetary expenses. This complexity leads to a multi-layered analysis of the financial effort
involved in the introduction of 5G-campus networks. In order to be able to fully measure the cost of 5G in a
company, the individual 5G-implementation phases must not be viewed in isolation, but must always be seen
in the context of all 5G-stakeholders involved. This requires a holistic approach that takes into account both
the technical and interpersonal aspects of implementation and enables a comprehensive cost assessment.
However, even in an already implemented and functioning system, the study shows that the company will
continue to work with many 5G-stakeholders long after the rollout of a 5G-network. In addition to the system
integrator, these include in particular the 5G-equipment supplier and provider, the network operator and the
provider of software and applications. This shows that the complexity of cost considerations is not only
carried over into the introduction phase, but also well into the operational phase. Simultaneously, dynamic
changes are currently taking place in the further development of 5G-technology, which in turn have an
impact on cost factors. An example of this are new providers with open RAN solutions and open source
solutions, some of which no longer charge license fees. The integration of new stakeholders leads to
increased complexity in the short term and results in a need for further research, but is enormously important
for reducing the costs of 5G-technology in the long term.
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