
 

 

Mid-term 5G implementation strategy for 
telecom operators 
Master thesis  

 

 

 

 

 

 

 

 

 

 

Author: Zoltan Kukhely 

Student number: 115647 

Date of submission: 15.09.2019 

Supervisor: Qiqi Jiang 

Number of characters: 129.998 

Number of pages: 57.1  



1 
 
 

 

 

 

 

 

 

 

“The number one benefit of information technology is that it empowers people to do what they want to do. 

It lets people be creative. It lets people be productive. It lets people learn things they didn't think they could 

learn before, and so in a sense it is all about potential. “ 

Steve Ballmer  
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Abstract 

The next generation of wireless network will drastically change the future of various industries and the 

society. To provide greater capacity and performance, the end-to-end signalling and process management 

has to be reconsidered. Using new spectrums, signalling solutions and network virtualisation on cloud 

infrastructure, telecommunication companies have to build a new network on the top of the currently used 

4G appliances. 5G’s complexity is challenging the carriers, regulators and technology vendors all over the 

World, so they need to collaborate to develop the network effectively.  

Telecommunication companies play a leading role in the implementation, and they are responsible to target 

customer segments, and find use cases for application. Building a standalone commercial network is 

financially expensive, therefore operators might consider to collaborate with municipalities or build the 

infrastructure together with other operators, depending on their market position and their back- and 

fronthaul network. Deployment of small cells shall not begin until regulators publish the available 

frequencies, which heavily influences the developments, test cases and industry collaborations. The main 

customer focus in the 5G era moves towards the B2B channels, since the new network functionalities are 

mainly designed for machines. Early engagement of industrial partners enables quick standalone network 

deployment, creating local access network for industry specific use cases, which generates return in the 

upcoming years. In contrary, commercial demands are not yet decisive due to the lack of available 5G 

compatible devices and performance critical applications. Therefore, operators need to focus on industrial 

applications of 5G and at the same time continuously build 5G appliances in dense areas to serve customer 

demands when appears. The research shows that the size of the market heavily influences the pace of the 

innovation and deployment, therefore bigger markets are expected to evolve the network earlier. Operators 

shall also drive the innovation and create use cases for either commercial, industrial and municipal segments. 

Hence, involvement of industrial partners, OTT players and start-ups needed either by collaboration or merge 

and acquisition. While deploying the infrastructure, operators need to consider if solvent demand is in place 

and ultimately, whether the enhanced 4G network is able to supply the required performance. In conclusion, 

the 5G implementation have to take place indisputably, however, operators shall avoid too early deployment 

and also too late commitment to network evolution. Standalone 5G operation enables operators to reduce 

operating cost by dismounting 4G appliances.  

Overall, 5G will change the operating and business models of telecom companies, and this transformation 

requires huge innovation engagement, collaboration across industry boundaries and adaption to demands 

of different customer segments. 
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1 Introduction 

1.1 Background 

Wireless networks are fundamental parts of our everyday life, and nowadays a person has more than 1 

portable device with internet connection. The number of mobile subscriptions were around 7.9 billion 

worldwide, it grew by 44 million new subscribers in the first quarter of 2019, reaching 2 percent increase per 

year (Ericsson, 2019). With the introduction of 2G, a limited internet connection has been enabled on mobile 

devices, and all the upcoming generations increased the network capacity and speed, providing faster 

broadband services for the increasing demand. Networks provided a framework for certain use cases: social 

media became popular at the time of 3G, and streaming is trending nowadays when the 4th generation LTE 

network is getting faster. However, there is an even higher expectation towards 5G, which is projected to 

revolutionise industries and transform whole societies (GSMA Intelligence, 2017). 

Official requirements towards the new radio (NR) generation has been published by Next Generation Mobile 

Networks community in 2015, which document also referred to as the 5G manifesto that addresses use cases, 

directions, complementary technologies and requirement issues. By definition “5G is an end-to-end 

ecosystem to enable a fully mobile and connected society. It empowers value creation towards customers and 

partners, through existing and emerging use cases, delivered with consistent experience, and enabled by 

sustainable business models” (Krüssel, 2019). A paradigm change will come with the new technology due to 

OTT (Over the Top) market players, surpassing the evolutional nature of technological developments to a 

fundamental revolution.  

1.2 Motivation 

The next generation of wireless network will drastically change the future of various industries and society. 

To provide greater capacity and performance, the end-to-end signalling and process management has to be 

reconsidered. Using new spectrums, signalling solutions and network virtualisation on cloud infrastructure, 

telecommunication companies are going to build a new network on the top of the currently used 4G 

appliances. 5G’s complexity is challenging for the carriers, regulators and technology vendors all over the 

World, hence, close collaboration is essential to reach the common goal of successful implementation.  

A recently trending mobile game, Pokémon GO has acquired 200 million players and has an income of $2 

million per day on global (Orlosky, Kiyokawa, & Takemura, 2017). The game is played on mobile phones and 

overlaying the content on the real world which captured by the camera of the device, using augmented reality 

and GPS. It was also an initial use case of edge computing, that moved the computing power closer to the 
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user (ITNOW, 2018). The game became a big success since the introduction, even though the AR was lagging 

and location accuracy was low. Early example of enhanced network capabilities are presented in the movie 

Ready Player One, where people spend their time in a digital world by using virtual reality technology 

(Fourtané, 2018). AR and VR technologies are already on the markets, but haven’t reached the full potential 

due to the limitations of the current LTE network. 5G promised to meet the performance requirements of 

the technology of the future which has been slightly introduced through movies and applications. A market 

research conducted by Gartner (Gartner, 2019) gathers all the decisive technology inventions and predicts 

the interest rates. By August of 2019, 5G has reached the top of the hype cycle, and is expected to reach 

plateau within the next 2-5 years. 

 

Figure 1 - Gartner's Hype Cycle for emerging technologies (Gartner, 2019) 

The author’s personal motivation is driven by his work experience at Telekom Hungary telecommunication 

company, and the interest in the business and technological opportunities of 5G. Furthermore, the launch of 

the new network is advertised in many platforms, the popularity and hype attract researchers and makes it 

a prospecting research topic.  
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1.3 Scope 

Despite the collaborative network development, telecom companies in North-East Asia are implementing 5G 

solutions, targeting different use case scenarios: SK Telekom intends to provide higher data rates to the users, 

KT is focusing on low latency services (Waring, 2019). A different approach applies to India, where the 

government heavily invests and supports the network evolution (Krüssel, 2019). The implementation strategy 

could be decisive in highly competitive markets: deployment and business strategy heavily effects how 

customers select telecom service provider, which evidently influences future revenues.  

Investigable: For this study a wild range of professional resources, solution white papers and research 

studies are accessible. Furthermore, many areas and industries are involved in the network evolution, 

therefore the topic can be analysed from many points of view. After completing the implementation of 

5G, the study is no longer persistent for telco industries in the countries where the network is already 

ubiquitously developed. 

Acceptability: Beneficiaries of this research are telecommunication companies in countries where 5G 

network is not yet developed, and currently are in hardware installation phase or setting up the software 

defined E2E network.  

Frequency and Recency: ITU has released the 5G design specifications in 2015, but the initial plan will be 

modified and probably additional spectrum waves will be considered after the World 

Radiocommunication Conference in 2019 (Nokia, 2016). From 2020, 5G is expected to be used in most 

developed and developing countries. It will probably get mainstream when manufacturers will start the 

mass production of 5G-compatible devices, which will probably not be a case in the early phases (same 

pattern observed at the introduction of 4G). 

Intensity: According to the professional opinions, the applied new technologies will revolutionize the 

mobile network and enable new, disruptive business models. Recently, many mediums has expressed 

high expectation towards 5G and its game changing nature, but the implementation is still in progress 

and many pilots are ongoing (Krüssel, 2019). 

Delimitations  

The study focuses on the initial implementation stages, so it excludes economies where 5G implementation 

is not taking place in the upcoming years. Further limitation is that the professionals who will be interviewed 

are from Central Europe, therefore the results of the study will bring possible business value to companies 

which are operating in the same economical area. Further, supporting technologies to extend performance 
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on the top of the basic network are not investigated in this paper, such as VoLTE, FWA, LiFi and LTE-B, or use 

cases of IoT. 

1.4 Objective 

The thesis is focusing on telco companies’ implementation and business strategies in the early stages of 5G, 

aims to select the best focus area in the upcoming years where carriers can exploit the business opportunities 

the most effectively; with the consideration of implementation costs, user demands, early adoption benefits 

and possible future perspective. Three user categories will be analysed with different performance 

requirements that are matching with the official use case classification model published by ITU (ITU, 2015). 

A general view of 5G is going to be established through literature review to understand the fundamental 

design of the new network. This view will be extended with insights of industry professionals by gathering 

primary data via semi-structured interviews. The study aims to analyse the circumstances of 5G introduction 

and draw attention to important strategic steps that influence the success of the implementation, suggesting 

strategic approaches for telecom operators in the initial phase of 5G development. 

 

1.5 Research question 

Network evolution and 5G introduction is an emerging topic in 2019, since the first test network have been 

launched in 2017 and most go-lives are expected to take place in 2020 (Krüssel, 2019). Advantages of 5G is 

inevitable, however Telecom operators will face many challenges. 5G will not only brings more value to the 

end users but also to the carriers, affecting their value chain and disrupting the whole network operation. 

Therefore, it is important to wisely select the implementation strategy and choose the future business model. 

Based on the theoretical grounding, an initial theory will be developed which later will be validated with 

experts’ opinion from different companies, market segments, from various positions and expertise areas. 

Conclusion will be drawn to find the best business strategy for telecommunication companies to implement 

5G in the next 1-4 years, considering the recently unstable circumstances related to available spectrums, 

Enhanced Mobile Broad Band 

Implementation costs 1 

User demands 2 

Early adoption benefits 3 

Future perspectives 4 

Commercial (Entertainment) 

Ultra Reliable & Low Latency 

Implementation costs 1 

User demands 2 

Early adoption benefits 3 

Future perspectives 4 

Industrial automation 

Massive Machine Type Communication 

Implementation costs 1 

User demands 2 

Early adoption benefits 3 

Future perspectives 4 

Municipal & Ecosystem 
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technologies, regulations and lack of commercial test cases. Furthermore, in this period the non-standalone 

(NSA) operation of 5G is expected, with interoperation of LTE network. In this regard, the thesis is aiming to 

answer the following research question: 

How telecommunication companies shall choose their mid-term 5G strategy to exploit the most out of 

the evolving network? 

In order to answer this question, literature review will be conducted to summarize prior research, examine 

contributions of past studies, explain the findings and clarify alternative views (Schwarz, Mehta, Johnson, & 

Chin, 2007). The literature review process starts with searching the selected databases with the pre-defined 

keywords, such as “5G”, with its combination with “network evolution”, “IoT”, “telecom”, “strategy” and 

other keywords that refer to specific focus areas. In order to maintain the recency of the study, sources that 

are older than 3 years have been excluded. Subsequently, the academic papers issued based on the keywords 

selected are screened through regarding their titles until the results loose relevance. In the next step, the 

abstracts of the selected papers are read. If the abstract can be identified as valuable, the entire paper is 

selected and read in detail. “Sometimes, enough information is provided in the abstract to know whether the 

study meets the inclusion criteria and does not meet any of the exclusion criteria. In other cases, full copies of 

the paper have to be obtained so that details such as the method, can be checked.” (Briner & Denyer, 2012). 

Multiple iterations have been made during the research project in order to include the most recent findings 

and literatures and statements in the study, by using database driven and snowballing approaches.     

1.6 Outline 

In order to answer the research question, the existing literatures will be reviewed and evaluated. First, the 

importance of network evolution will be reviewed historically. Then, the analysis of technological 

improvements will be conducted to understand 5G’s complexity and advantages. These innovations define 

three different user scenarios that have been defined by ITU. On the top of improved performance, many 

industries will take advantage of the new network capabilities that section 2.4 presents. Considering the 

complexity of the network, the next chapter examines the current challenges of the implementation. The 

final section of theoretical grounding is going to investigate the operator’s point of view in the 

implementation, gaining insight to their biggest challenges by considering the deployment status, investment 

costs and possible use cases. 

Chapter “Findings” describes the results of semi-structured interviews through the help of NVIVO. 

Afterwards, literature review will be compared and extended with the findings of the primary data analysis. 

In the conclusion section, the data is analysed, and implications are derived to propose an effective strategic 
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approach for telecommunication companies. The methodical approach based on the hourglass model has 

been visualized and can be seen in Appendix 1.  

2 Literature review 

2.1 Wireless network evolution (1G to 4G) 

In the last decades, wireless communication networks made a huge impact on people’s daily life, but also 

revolutionized various industries and created new business opportunities. Information and communication 

technologies (ICT) went through a rapid, exponential evolution by enhancing the available bandwidths 

around the globe.  

The 1st generation of wireless mobile 

networks (1G) have been used between 

1970 and 1984, which had around 20 

million users. This technology was based on 

analogue technologies, which enabled 

cordless telephone services with data 

bandwidth of 2Kbps, on the frequency of 4 

MHz. In the 1980’s, the second generation 

has been rolled out, which substituted the analogue technology with its digital counterpart. Amongst the 

wide range of additional functionalities, the most commonly known revolution of 2G was the GSM service. 

The Global System for Mobile communication linked the cells together to one, aggregated network that 

enabled users to move freely while they are making the call: radio transmitter stations handed over the call 

to the other station, which technology created the basic conditions for the real wireless mobile 

communication. Before the millennium, 3G has been developed which enabled high-speed communication 

services that correspond to newly established international standards. The 2Mbps bandwidth paved the 

penetration of new, value-added services like mobile TV and video calls. This network on the bandwidth of 5 

MHz can provide users a stable service, however, the coverage and the quality were not consistent. 4G 

launched in 2015, which mostly overcame the weaknesses of the previous generation: it provides high quality 

and secure network, seamless interoperability, up to 1 Gbps speed for a fair price. The growing data 

consumption pushes network providers to improve network capabilities, since LTE is not able to meet the 

increasing demands (Telcoma, 2018). The NR (new radio) compared to the current 4G will support 1.000 

times higher capacity and 100 times density, operate more energy efficiently, and provide data rate up to 10 

Gbit/s (bmvit, 2018). The 5th generation mobile is planned to be implemented by 2020, and is estimated to 

Figure 2 - Cell data rates under different network generations 

(DotEcon Ltd & Axon Partners Group, 2018) 
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cover 12% of total mobile connections by 2025. The new network will combine various technological 

solutions to provide high broadband services with ultra-low latency to massive number of devices. 

Historically, each network evolution transformed societies, enabled new business models and increased 

interconnection of humans and/or machines. However, 5G will provide way more opportunities than the 

previous network generations (ITU, 2018). 

Generally, the income from new network development outweighs the huge investment cost that has been 

issued. Digital communications also contribute to the GDP positively: the economic benefits includes job 

creation due to network deployment tasks, business improvements by enhance productivity and increasing 

household income (Oughton & Frias, 2016). On the top of that, 5G will set the ground for more innovation, 

prosperity and security, which will be realized by digital factories, smart energy systems, improved healthcare 

and medical monitoring, education, and automated mobility (bmvit, 2018).  

 

Figure 3 - Economic impact of digital communications (Katz & Berry, 2014) 

2.2 Key technological enhancements of the network evolution 

5G is way more complex than the previous network generations. In order to utilize the full potential of the 

network, new technological components have been introduced. These improvements transform the rigid 

network to dynamically serve multiple user needs without human interaction. Ericsson defines 5 main 

domains of the network evolution, which have been enabled by the cloudification of the telecommunication 

industry. (Ericsson, 2017) 
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Figure 4 - The 5G main components and their evolution (Ericsson, 2017) 

2.2.1 Wireless Access evolution 

5G network will operate with a new, innovated air interface referred to as New Radio (NR), which has been 

designed for new network bands: below 6Ghz (low frequency) and above 24 GHz (high frequency). The 

currently used LTE network will be an essential complementary network to 5G and continuous developments 

are projected, such as LTE-M or Narrowband IoT. The orchestration of low- and high-frequency channels has 

utmost importance to provide uninterrupted, continuously high-performance service: user plane aggregation 

will bridge different radio bandwidths of LTE and 5G, providing multi- or dual connectivity for the users 

(Ericsson, 2017).  

A key enabler of the network evolution is the usage of new spectrums. While 4G is capable to provide 

relatively high data rates with big coverage, 5G will also utilize other, millimeter wave bands between 24 and 

86 GHz (GSMA, 2018) and also sub-6 GHz bands (Nokia, 2016). As figure 5 represents, spectrums below 6 

GHz has good penetration characteristics: it tends to provide wide coverage, high mobility and continuous, 

reliable service via macro cells. Band waves above 24 GHz are utilized to handle massive throughput and 

provide higher capacity in small areas, using micro cells. Sub 1 GHz will extend the network coverage and 

support mobility that high frequency bands can’t provide. In conclusion, 5G will need spectrums in high-, 

mid- and low-frequencies to provide continuous and high-quality service. The new spectrums will play an 

essential role in the network evolution (GSMA Intelligence, 2017). 
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Figure 5 - New spectrum assets for 5G (Nokia, 2016) 

In the upcoming WRT congress in 2019, further bands above 24 GHz will be evaluated to support the 

development of 5G networks. Priority frequencies above 6GHz are differ between countries and continents, 

represented on figure 6. The currently available frequencies differ amongst countries leading to possible 

interference issues and more complex device design (ITU, 2015). Therefore, separate frequencies shall be 

dedicated to certain, mission critical application such as autonomous vehicle connection. In the United 

States, initiative have been signed by member states to reserve 5.9 GHz spectrum for transportation services 

exclusively (AASHTO, 2019). 

  

Figure 6 - Priority frequencies for 5G over the World (GSMA, 2018) 

Hence, the bandwidth and the data transfer capacity increased to provide 10 Gbps data rates in indoor or 

dense outdoor areas. In urban or suburban areas where the density is lower, data rate can vary around 100 

Mbps. Rural and economically less developed areas can expect the minimum of 10 Mbps speed on the new 

network (Ericsson, 2016a). Even though high frequency bands have better radio propagation characteristics 

in terms of performance, the signal is more susceptible to transmit through buildings, even rain- and oxygen 

attenuation have to be taken into consideration while planning the sites (Huawei Technologies Co., 2018). 
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MIMO has been already implemented on LTE networks to improve signalling efficiency. With 5G, Massive 

MIMO will be introduced, which will greatly improve the wireless transmission – comparing to the previous 

network generations the beams are not distributed on a cell or sector level, but narrowing the signals to the 

user’s direction using beamforming technology. This way, multiple devices can communicate on the same 

frequency simultaneously, without any interference (Huawei Technologies, 2018). Narrowed beams tend to 

increase the transmissions distance and compensate path loss (Nokia, 2016). Further solutions are getting 

implemented to improve network accuracy, such as ray-tracing propagation models or 3D modelling 

techniques, which have high importance since the 2D model is not considering the height factor, neither the 

outdoor-to-indoor penetration loss (Huawei Technologies, 2018). 

 

Figure 7 - Key technology components in 5g (Nokia, 2018) 

Hence, incorporation of new frequencies raise challenges to both operators and vendors, companies might 

consider  later adaption to avoid uncertainty: “Although economic benefits are greater in the early adopting 

economies over the period studied, the rate of contribution of mmWave in later adopting economies outpaces 

that of early adopters in the later years of the study” (GSMA, 2018). 

2.2.2 Signal transportation 

Transport domain is responsible for the connectivity of the user devices to the different network sites. 

Backhaul stands for the transmission between base stations to the central office, and Fronthaul describes 

the connection from Base stations and baseband units. Both back- and fronthaul has to be improved to meet 

the increasing bandwidth and latency demands (Ericsson, 2017).  

Since the new high-frequencies range can cover smaller areas than mid-range frequencies of 4G, dense 

antenna installation is needed to optimise fronthaul to 5G. Moreover, it is indispensable to evolve backhaul 

by fibre-optic transformation, which is a prerequisite to provide higher network performance (bmvit, 2018). 
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2.2.3 Cloudification 

Cloudification of network functions will increase the network performance and allow more efficient resource 

allocation. One of the most beneficial capability of 5G network is the end-to-end flexibility, which is enabled 

by the software defined network (ITU, 2018). Many network functions and applications will be installed as 

virtualised instances on the data centres or even directly to the access site cloud. For example, in case of 

factory automation that requires low latency and high reliability, the application processing has to operate 

on the cloud edge, closer to the user in order to reduce transmission timeframe as much as possible (Ericsson, 

2017). The following virtualised network solutions are the drivers of the dynamic network operation: 

Software Defined Network (SDN) – Separation of network plane and data plane enables more simple data 

plane architecture and better control through centralised network plane (Ericsson, 2017). It also allows 

software driven dynamic adjustment of network elements, which improves network resilience, performance 

and service quality (ITU, 2018). User plane separation, component based functions and unified database 

management reduces the complexity of the core network architecture (Huawei Technologies Co., 2016). 

Network Function Virtualization (NFV) – NFV enables the network functions to run on virtual instances on 

the same off-the-shelf hardware, for example firewalls, load balancers and routers. The network capabilities 

can be dynamically tailored, that reduces the network maintenance, change and upgrade costs (ITU, 2018).  

Network Slicing – Virtual resource allocation of the physical network in order to serve different customer 

segments. This dynamic resource allocation provides more efficient performance distribution, and ultimately 

reduces the network construction costs (ITU, 2018). 

Cloud or Centralised RAN (C-RAN) – C-RAN is a cloud-based radio network architecture that replaces signal 

processing units in mobile base stations by centralising the processing unit and using virtualisation in base 

station instead. This reduces the installation and maintenance costs. Cloudification of RAN is an essential 

disruption which is crucial to realise 5G. (ITU, 2018) 

Implementation of SDN and NFV will enable automatic network resource allocation, which means the whole 

infrastructure can dynamically adapt to the user demands and able to increase or decrease instances by its 

own. Moreover, cloud will enable comprehensive PaaS provision to simplify network application 

developments (Ericsson, 2017). Other technological advancements such EDGE computing is important for 

latency sensitive applications, that brings data and computing resources closer to the end user (ITU, 2018). 

Services placed on the EDGE compute system reduce reaction time that has positive effect on latency. Some 

of these new concepts are predicted to be implemented even before the introduction of 5G: EDGE computing 

can be introduced with limited functionality, enabling operators to experience projected performance in an 



16 
 
 

early phase, which is financially feasible. New use cases can be identified to find useable scenarios of 5G, and 

to get the partners persuaded to develop E2E services. In order to realise these benefits, early engagement 

is required from industrial partners (Krüssel, 2019).  

2.2.4 Network applications 

Cloud native development of applications in PaaS environment will be used, where the network performance 

can be defined by the application. For example, in case of augmented reality (AR) or virtual reality (VR), the 

network will be optimized to provide high bandwidth with low latency (Ericsson, 2017). Further scenarios are 

represented in chapter 2.4. 

2.2.5 Network management 

The whole end-to-end network will be automated to be able to provide “full lifecycle management of network 

resources, services and products, and to support more complex value chains where an increasing number of 

players are assuming different roles” (Ericsson, 2017). The gathered network data will be analysed and 

evaluated in order to increase automation and predict insights for future use cases (Ericsson, 2017). Dynamic 

resource allocation solutions (through automatic network slicing and agile operation & maintenance) will 

reduce the operating expenses drastically. However, operators are still facing difficulties to digitalise their 

processes that has been implemented and maintained manually in the past. (Huawei Technologies Co., 2016). 

2.3 5G user scenarios 

5G represents the next generation of radio systems and network architecture which utilizes the wireless 

networks to meet the emerging performance and connectivity demands of new technologies. In practice, it 

will provide better customer experience by greater data throughput, almost zero latency and enable massive 

connections. Unfortunately, the currently used 4G (or LTE) network is not capable to dynamically adapt and 

serve the multiple service requirements, therefore the entirety of network and processes have to be 

revolutionized. (Huawei Technologies Co., 2018) 

In 2015, the International Telecommunication Union defined the objectives of future developments for 2020 

and beyond. This serves as a guideline for the 5G requirements for the communication and infrastructure 

providers, and defines three usage scenarios and applications (ITU, 2015): 

1. Enhanced Mobile Broadband (eMBB) – Use cases of user access for multi-media contents, data and 

services using continuously increasing amount of data, including wide area coverage, larger 

bandwidth and lower latency to increase performance and ultimately improve user experience. It 
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supports HD and UHD video streaming, Cloud gaming, Virtual reality (VR) and Augmented Reality 

(AR) technologies. 

2. Ultra-Reliable and Low Latency Communication (uRLLC) – This scenario requires almost “zero” 

latency and uninterrupted availability. Automated areas such as industries and self-driving cars rely 

on the continuous connection. Latency delay can be fatal, especially in dense traffic situations and in 

case of remote surgery. This scenario addressed to meet the requirements of demanding digital 

industries. 

3. Massive Machine Type Communication (mMTC) – The use case is defined by large number of 

connected devices, where network has to transfer non delay sensitive data on low cost. mMTC meets 

the demands of Digital societies, where vertical industries and Internet of Things (IoT) will build up 

an interconnected network, such as smart city or smart agriculture. (Huawei Technologies Co., 2016) 

 

Figure 8 - Usage scenarios defined by ITU, (ITU, 2015) 

Over the network evolution in the last decades, telecom companies provided the same network 

functionalities for each and every connected device. 5G network capabilities will be distributed based on user 

demands: the cloudified network will be able the slice the network and provide the most crucial network 

functions prior to the less important functionalities in case of specific use case scenario, and also, dynamically 

charge the user based on the used performance(ITU, 2015). The following diagram shows how ITU defined 

the performance requirements for the above-mentioned scenarios: 
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Figure 9 - Key capabilities of different usage scenarios, (ITU, 2015) 

Latency and data rate requirement differ amongst provided services and industry verticals. The prerequisites 

for increased network performance in dense urban areas are new cell deployments. Small (micro) cell 

deployment can boost the existing LTE network capabilities without the utilization of additional high-

frequency spectrums. These cells are being implemented by many operators to boost LTE networks and are 

anticipated to support 5G networks (ITU, 2018). The densification and improvements by small cell 

deployment make the legacy network capable to support various performance critical applications, but some 

applications will require capabilities that only 5G can provide. 

 

Figure 10- GSMA - Bandwidth and latency requirements for 5G applications (GSMA Intelligence, 2014) 
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Performance of 5G network will depend on the backhaul and fronthaul infrastructure, which varies based on 

the location. GSMA differentiate 3 usage scenarios that the infrastructure will support (GSMA Intelligence, 

2017):  

1) Indoor – Using micro cells, WiFi and D2D communication channels 

2) Outdoor in dense urban areas – Using micro cells and 5G RANs, supported by fibre backhaul 

3) Outdoor in economically challenging areas – Using 5G and 4G RANs in combination with satellites 

and alternative network technologies, without available fibre backhaul. 

 

Figure 11 – Connecting different geographic and economic areas (GSMA Intelligence, 2017) 

 

2.4 5G Revolution – affected industries 

The implementation of 5G will enable the development of new technologies and evolution of existing, but is 

currently limited by technological solutions. LTE network with legacy design is intended to provide high speed 

MBB, while the purpose of 5G is to support diversity of use-cases, for both enterprises and industries. 

The next industrial revolution (referred as Industry 4.0) is in the corner which will be enabled by key 

technologies such as Artificial Intelligence (AI), Cloud, Digitalization and 5G (Wong, 2018). According to a 

research conducted by Ericsson, industries are aiming to invest in the development of communication 

technology with the intention to increase innovation, revenue, and reduce costs. Many industries which 

never relied on network capabilities until now will be affected by the introduction of 5G, and most of them 

will radically transform. The improved network performance results in five key capabilities which will 

fundamentally change the operating models of many industries (Ericsson, 2016b): 
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Figure 12 - 5G capabilities' effect on industries (Personal collection; based on Ericsson, 2016) 

According to the research, conducted by Ericsson with company representatives across 8 different industries, 

the new mobile network upgrade is an important strategic development for more than 90% of the 

respondents (Ericsson, 2016b). This chapter aims to analyse how industries will be transformed by the 

network evolution, showing possible revolutionary developments in the upcoming years, and presenting the 

opportunities of industry verticals and ecosystems. 

2.4.1 Industry verticals  

Vertical industries appear as business customers in the 5G era. Massive IoT and Broadband IoT are currently 

operating on the LTE network, however, new use cases such as Critical IoT and Industrial IoT requires higher 

network performance that only 5G can support, such as automation, interactive transportation or real-time 

control (Ericsson, 2019).  

Early engagement of operators with verticals is critical to understand the required technology architecture 

and what role 5G will fill in their operation. Important assumption to consider how the implementation 

approach will “differ from country to country and from operator to operator depending on the maturity level, 

size of the country and local market conditions.” (Krüssel, 2019)  

Automotive 

Car manufacturers are already planning with the next generation of mobile networks, and try to utilize its 

benefits to attract customers by providing new products and services. On the top of that, 5G can increase 

productivity and efficiency on the production line and in the supply chain. Real business values are expected 

mainly in performance improvement, increased security and device-to-device communication by automotive 
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car executives. Companies can utilize low latency to develop autonomous and semi-autonomous vehicles, 

which in combination with device-to-device communication (with other vehicles, the infrastructure or the 

pedestrians) can improve safety. The most important business driver to implement 5G network for this 

industry is to improve customer service – however, company executives prefer to enhance GPS and location 

services in the first place (Ericsson, 2016b).   

On 5G network, self-driving cars can be interconnected, so each 

car will know the exact location of every other vehicles in real 

time. This way, cities can minimise traffic accidents and save 

millions of lives every year (Nokia, 2016). Even though many 

manufacturers already have self-driving car prototypes, and are 

expected to launch their first models in 2021, this is just the 

beginning of the automotive evolution: “Automakers are 

essentially getting into the software/hardware and utility business 

as future profits will depend less on manufacturing, selling and 

financing automobiles and more on monetizing driving and the 

free time passengers will have on their hands” (Solis, 2017). 

However, this use case requires high performance, ubiquitous network availability, making the 

technology depending on city infrastructure (Solis, 2017). 

Utilities 

5G can help utility sectors to cut costs and increase security. Executives see business value of the new 

network in productivity, time-to-market reduction and increased efficiency. Nevertheless, these companies 

can monitor valuable assets remotely to protect from destruction or from other threats (Ericsson, 2016b), 

overlook their services, detect errors and provide reparation to the exact location even preventively, without 

the need of human interaction and maintenance analysis (Nokia, 2016).  

  

Figure 13 - Autonomous driving applications 
(Solis, 2017) 
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High-Tech manufacturing 

The next industrial evolution (Industry 4.0) is 

currently on the way, which will revolutionize 

production lines in every aspect. Comparing to the 

previous industry features, it doesn’t only 

automate procedures but self-organizing itself by 

the intercommunication of connected devices 

(RMIT University, 2019). Application of smart 

devices such as IoT sensors will digitally disrupt the 

industry, and 5G will serve as a platform in this transformation (Sørlie, 2019). 

Smart, cyber-physical manufacturing systems (CPMS) has become a trend amongst manufacturers, which 

requires high data rates, low latency with high reliability that only 5G can provide. As a part of CMPS, 

Industrial internet of things (IIoT) will provide automated and smart control with real time monitoring. 

Manufacturers are aiming to implement so called “Digital Twins”, where the physical production line is 

synchronized in the cyber space and can be managed in real time (Cheng, Chen, Tao, & Lin, 2018). Besides, 

manufacturers are pressured by disruption of new entrants and new processes, therefore the main business 

driver for innovation is to increase productivity. On the top of the business value, executives concerned with 

the safety of employees and producing assets (Ericsson, 2016b). Industries, operators and technology 

vendors are working together to transform whole industries, driven by industrial demands (Ericsson, n.d.).  

Internet/Digital Natives 

Companies are doing most of their businesses online, such as social networks, online stores, digital 

organizations or online sharing economies. Currently, the main projected goals of these companies to 

improve customer experience, reduce time-to-market time, increase their productivity and find more 

opportunities to innovation. (Ericsson, 2016b). On user side, mobile traffic is expected to grow continuously, 

30% per year until 2024, and video traffic is covering approximately 60% of the data transfer including VOD 

services, streaming and other online contents in higher resolution (Ericsson, 2019). Even though today’s 

mobile networks can support many applications in “a Smartphone-centric eco-system”, some use cases will 

require explicit performance improvement (Krüssel, 2019). The first step to increase performance for 

streaming is LTE-B, which propagates signals by one-to-many logic instead of one-to-one (Ericsson, 2019).  

Healthcare 

Healthcare systems will be drastically revolutionised in many fields. In 2019, Fujian China Unicom Southeast 

Research Institute performed the first 5G remote hepatic lobectomy surgery on animal with the association 

Figure 14- Industrial Revolutions (RMIT University, 2019) 
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of Huawei. The 60 minutes long surgery, which took place in a hospital 50 km away was completely successful 

thanks to the zero latency signal transmission. Companies are working on medical appliances and 

applications that will enable remote care, remote diagnoses and remote surgery to improve health quality of 

people (Huawei Technologies Co., 2019). IoT products connected to a single network, such as skin embedded 

chips, can monitor health rates, detect unusual signs and prevent health condition to get worse by notifying 

the doctor or adapt the medication automatically. (Nokia, 2016). Wearable devices can revolutionize patient 

monitoring, and help in disease prevention, enabling proactive actions opposing to reactive treatments 

(GSMA, 2018). 

Augmented Reality and Virtual Reality 

Augmented reality is the technological solution that alters real world view with overlays of computer-

generated information, and Virtual Reality places the user to a virtual world. Both technologies rely on high 

network speed, ultra-low latency and high quality of service. Even though the concepts have been made 

decades ago and AR and VR products are already released (e.g. Google Glass, Oculus Rift), the success of AR 

and VR was low because of the poor network performance. Probably the most benefits of these technologies 

will be realised in entertainment and gaming industry verticals, but it’s also expected to influence healthcare, 

education and office virtualisation amongst many other use cases. (Orlosky et al., 2017). Highly responsive 

suits merged with VR bring new dimension to consumption, to touch and feel the content. There are some 

initiatives already: Teslasuit aims to bridge the virtual and real world (Fourtané, 2018). According to a report 

conducted with industry representative predicts that AR market will surpass the revenues of VR market (70%) 

within the next five years (81%) (PerkinsCoie, 2019). However, with the evolution of wireless networks, the 

virtual and augmented reality content market together expected to grow by almost 69% from 2018 to 2025, 

reaching $3264 Million within the digital content market. 

Cloud gaming  

Cloud gaming system is basically the virtualisation of gaming consoles and PCs. The user doesn’t have to 

purchase the hardware to play with various games, they can pay a subscription fee to play on a virtual console 

running in the cloud. This way, service providers bridge the software-hardware dependency or 

incompatibility, and reduce production cost. From the user side, the performance issues connected to weak 

hardware performance is no longer applicable, moreover, the software is accessible on multiple platforms 

(Huang, Hsu, & Chen, 2013). Expensive hardware upgrade cost is an existing issue amongst gamers: more 

than half of  Steam users do not meet the hardware requirements to play the latest AAA games. The reduced 

hardware dependency triggers higher performance requirements from the network which connects the user 
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to the virtual console. Cloud gaming will be an ideal use case for 5G, where the latency and broadband 

performance is more crucial than other entertainment areas (Intel Corporation, 2019). 

Media and Entertainment 

The media consumption is expected to double up in the next 10 years by the effect of 5G release. Report 

conducted by Intel highlights that 5G will fundamentally change the way how users consume media contents 

with the help of AR and VR. Increased online content consumption and virtual presence indicates that digital 

advertisers will oppress the traditional display advertising models. Full transformation potential from 2022 

will affect the following revenue streams (Ovum, 2018): 

• Enhanced Mobile Media - Use of traditional media on 5G network such as video, music and gaming  

• Enhanced mobile advertising - Digital advertising on social media, in-game ads, also in VR and AR 

environment 

• Home broadband and TV - Home internet connection bundled with TV package on 5G network 

• Immersive media - AR and VR contents, cloud gaming services, where 5G unleash the full potential 

of these technologies to mass markets 

• New media - new applications that do not exist today such as haptic suits, 3D hologram 

In conclusion, 5G will disrupt the media industry, paving the ground for the above-mentioned use cases by 

utilizing the following network functionalities: high capacity, ultra-low latency; mobile edge computing, 

virtualized network and network slicing. Adapting to the evolved network is inevitable in order to stay 

competitive in this rapidly changing industry environment. (Ovum, 2018). 
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2.4.2 Society and ecosystems 

Smart Cities 

Cities are continuously growing by 2 people per 

second, and urbanization trends will gradually rise in 

the upcoming years. Research reveals that natural 

resource waste and carbon emission rates are wasted 

in the highest degree in urban areas, which could be 

improved by the implementation of the previously 

described technologies, making a Smart city 

ecosystem. Smart City can be defined as “an ecosystem 

of ecosystems where the underlying communications 

infrastructure is critical for economic growth and 

quality of life”. (Chiasserini et al., 2018) 

IoT, Machine learning and AI can be a solution to 

handle the massive urbanisation trends and sustain 

the quality of life in cities. 5G plays an essential role in 

this process, providing a framework for these 

technological improvements, creating opportunities 

for various verticals such as healthcare, utilities, 

transportation and public safety (Chiasserini et al., 2018). With the implementation of 5G, city management 

and traffic control systems can be dynamically orchestrated: smart road infrastructure can reduce accidents, 

manage traffic lights to avoid traffic jams. (Nokia, 2016).  

By implementing smart technological solutions, cities will improve the quality of life by more efficient and 

sustainable operation, assist individual’s life and increase safety through the improved communication 

network (Singapore News Center, 2016). In practice, it’s expected to increase communication performance 

in case of urgent cases, such as emergencies, accidents, crimes or disasters. Interconnected IoT devices and 

video surveillance devices can use priority channels and respond to events more quickly (Ericsson, 2016b). 

Smart Agriculture 

According to United Nation’s report, the continuously growing population will reach 9.1 billion by 2050, 

whereas the rate of growth (in yields of the major cereal crops) steadily declined since 1960. With the 

involvement of new tech solutions, agriculture can be revolutionised to meet the growing food needs, 

Figure 15 - Smart city in a box solution by Surbana Jurong 
(Singapore News Center, 2016) 
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ensuring the quality and security despite the weather conditions (Food and Agriculture Organization of the 

United Nations (FAO), 2009). 

IoT solutions are already in use in agriculture such as greenhouse automation, crop management, cattle 

monitoring or End-to End farm management systems. The huge amount of data gathered from IoT devices 

can be transferred through 5G network, improving the quality of planning and predictive analysis. This gives 

better production control to farmers, lowering production risks and improve efficiency by waste reduction 

and automation (Aleksandrova, 2018). An initiative in the UK called “Hands-Free Hectare” seized the 

opportunities of automation, and successfully planted, trended and harvested crops with autonomous 

machines. Automation is unavoidable in agriculture due to the gradually decreasing price of the technology, 

contrary to the rising labour costs (Feingold, 2017). 

 Digital divide 

The objective of ITU IMT vision is to close the digital divide with the application of 5G: “IMT will continue to 

help closing the gaps caused by an increasing Digital Divide. Affordable, sustainable and easy-to-deploy 

mobile and wireless communication systems can support this objective while effectively saving energy and 

maximizing efficiency.” (ITU, 2015). Even though 5G promises to increase coverage and decrease divide, 

research and calculation shows that it might not become a reality. The basis of high-speed network lays on 

stable fibre backhaul, which would be too expensive to cover large rural areas with small user base. Fixed 

wireless backhaul can substitute the fibre in these areas, but high bandwidths have attenuation problems. In 

order to close digital divide between urban and rural areas, huge financial investments have to be made with 

expected low ROI (Koziol, 2019). 

2.5 Challenges of the new network 

Despite of the wide range of benefits, operators are currently facing barriers and challenges with the 

implementation. This section is going to examine what are the difficulties that telecommunication companies 

are dealing with in the current implementation phase. 

Regulators and local authorities 

Development of small network antennas over the city is regulated by local authorities. Excessive 

administration and financial obligations have to be done by the operators in many countries which is 

withholding the network development. It includes prolonged permitting process, long procurement 

procedures, high fees and local regulations that prohibits access to certain places. Telecom providers 

experienced many regulatory barriers from authorities that drastically increased the deployment time, which 
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usually took 18 to 24 months for one cell, from the start to completion. The procurement process takes 6 to 

18 months to provide rights for the installation. On the top of the long procurement process authorities 

charge operators for using street furniture with a high cost: an American city imposed USD 45.000 fee to 

attach a small cell to a utility pole. Some authorities even prohibit to install cells on public or private lands 

(ITU, 2018). Other barrier to enhance network capabilities is the lack of fibre backhaul. The United Kingdom 

has the lowest fibre coverage rate in the European Union with 6% (Jackson, 2018). Wireless backhaul could 

be considered as a substitute in cases where fibre deployment wouldn’t be cost effective, but it does not 

provide the same performance as a fibre optic cable.  

In developed countries, the initial 5G deployment has been made on 700 MHz, 3.4 GHz and 24 GHz bands. 

National legislators shall consider to harmonize the spectrums (that previously allocated to one telecom 

operator exclusively) in order to serve growing needs and use the spectrums efficiently. It is important to co-

operate with the local authorities in order to keep the cell deployment cost low and the process less difficult 

(ITU, 2018). 

Security of the network 

Comparing to the previous network generations, 5G uses new technological components to enhance service 

performance. Network virtualisation and slicing make the service dynamic and scalable but also more 

vulnerable (ITU, 2015): 

 “Future IMT systems need to provide robust and secure solutions to counter the threats to security and 

privacy brought by new radio technologies, new services and new deployment cases.” 

Some of the latest emerging security treats for users are: unauthorized access, identity thefts or cloning, 

fraudulent usage of shared resources. The complex 5G network requires automated, more advanced security 

protocols across multiple levels. “Having large segmented security zones can create significant attack 

surfaces and enable threats to move across large portions of the mobile network unrestricted”. (5G PPP 

Security Work Group, 2017) On the top of that, possible infrastructure sharing amongst operators will require 

effective isolation (5G PPP Security Work Group, 2017) 

Health issues 

Due to the new frequencies that 5G will use, authorities and researchers are investigating the health effects 

of millimeter waves. Hypothesis has been made also by the release of previous network generations that 

continuous electromagnetic radiation causes diseases, and triggers cancer in human bodies (BBC News, 

2019). In 2011 WHO classified the waves as “possibly carcinogenic to humans” based on research conducted 
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about how wireless phone usage contributes to increased glioma risks. Biologist share different views on the 

topic, and since no long-term test data are available in 5G usage, the concern about negative health effects 

of RF-EMF (Radiofrequency Electromagnetic Field) can’t be disproved, neither confirmed (Ciaula, 2018).  

Cost of implementation, site planning and coverage 

The commercially most attractive regions, to begin the implementation, are the dense cities, urban areas 

(ITU, 2018). Operators have to consider various factors when they plan the network to decrease the link loss 

due to greater signal attenuation. Huawei proposed a high-precision propagation model - by using static and 

dynamic beams, beamforming and multi-path identification - in order to automatically identify 

electromagnetic wave propagation paths which results more accurate network plans. In addition, in the 

previous generations the site planning has been made in 2D because of the good attenuation features of 

lower band frequencies. Height of the buildings and environmental elements have to be considered during 

5G network planning, as well as outdoor-to-indoor penetration loss. Telecom executives expressed their 

issues regarding network planning, and referred as a “great concern to the entire industry” (Huawei 

Technologies, 2018). 

The cost of implementation therefore is high, especially in case of commercial usage. According to ITU 

reports, the deployment of small-cell ready 5G network can range from 6.8 million dollars (small city, 

Scenario 2) to 55.5 million dollars (large city, Scenario 1), assuming that the fibre backhaul is feasible in the 

area. Implementation cost is the most expensive cost component which can take up 50% of the total costs 

(ITU, 2018). 

 

Figure 16 - CAPEX cost breakdown (ITU, 2018) 

Therefore, policy makers and telecom operators shall consider the enhancement of current 4G network 

capabilities instead of implementing 5G, in regions where robust commercial cases and high user demands 

are not expected in the upcoming years (ITU, 2018).  
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Operators will face even more challenges in rural areas: Features of the new signalling waves can be only 

used on low range, without any blocker material between the transmitting antenna and the users’ device. In 

these regions the implementation of NR is less likely to take place in the upcoming years, which will probably 

increase the digital divide between urban and rural areas. ITU proposes to use sub-1 GHz frequency 

spectrums if available to cover wide areas on low cost, even though the data rates are significantly lower 

than on higher spectrum bands (ITU, 2018). 

Developing the backhaul and fronthaul cause excessive costs to the network operators. While fibre backhaul 

is preferred, many cities struggle with their backward fibre network. Implementation of small cells to public 

place (street furniture) could be also financially burdensome. National legislators promoting network sharing 

and re-use of current network infrastructures amongst operators with the intention of lowering costs and 

increasing coverage. The sharing of backhaul took place in many countries already, but telecommunication 

companies shall prepare a well-considered pact while sharing the infrastructure (bmvit, 2018). 

5G compatible devices 

Availability of 5G compatible devices are the main driving factors behind user demands. The currently used 

mobile phones can’t seize the advantages of 5G because the devices released before are not capable to 

transfer data on high frequencies. Manufacturers started to release 5G enabled devices in 2019, but only a 

few models will be released in this year. Samsung CEO DongJin Koh expects that “When carriers expand 5G 

coverage, customers [will make the switch] when they come to renew [their phone contract] in two to three 

years” (McCann, 2019). 5G networks has already been rolled out in some American cities (Dove, 2019), 

however, Apple as one of the biggest phone manufacturer in the U.S. will release the next model without 5G 

compatibility (Rogerson, 2019). 5G compatible chipsets are expected to be released in late 2019 (Ericsson, 

2019). This will indicate that user demands won’t pressure the 5G deployment in the near future.  

Organizational culture and transformation 

Digitalization of E2E processes in a telco company implies structural changes in the operating model. Deputy 

CTO of Deutsch Telekom, Arash Ashouriha explained that the barriers in the transition to reach the cloud 

native vision is mainly associated with fundamental organizational changes, including people, processes and 

procurement (90%). A paradigm change has to take place in many areas, and “brutal automation” is needed 

in order to facilitate the change. Brutal automation mainly relates to the people dimension, where employees 

are going through an individual paradigm shift as well. The “technology organizations” has to transform and 

become innovation drivers, where culture, skills and value chain evolution will bring the new era. (Krüssel, 

2019). 
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2.6 Current implementation status and predictions 

Initial deployment took place in many countries to test different 5G capabilities.  The following table 

summarize some of the pilots that have been launched in various countries to test specific functionalities of 

the 5G network (ITU, 2018). 

 

Table 1 - Test cases over the World, focusing on different network functions 

The implementation of 5G networks for commercial use are expected to start after 2020 when the official 

5G standards will be finalised. In North America, the first commercial launch expected to take place in 2019, 

while in Europe Deutsche Telekom and Orange plan the first commercially available network launch in 2020. 

(Krüssel, 2019). Research conducted by GSM Association forecasts 1.1 billion 5G connections by 2025, which 

would be 12% of the global connections. Compound annual grow rate (CAGR) of mobile operators expected 

to grow at 2.5%, reaching $ 1.3 trillion revenue by 2025 (GSMA Intelligence, 2017). According to other report, 

by 2024 the average smartphone data usage will exceed 30 GB per month in developed regions, and 5G will 

serve 35 percent of the traffic globally. By this year, the new network expected to cover 45-65% of World’s 

population, while supporting 4G coverage will increase to 90% approximately (Ericsson, 2019).  

The global output of the NR has been measured and expected to reach USD 12.3 trillion by 2035 (4.6% of 

overall global output), which refers to the potential global sales activities across various industries (Campbell 

et al., 2017). The following chart shows the impact of network functionalities on the industries and to what 

extent it affects the overall industry output. 

Functionality Country Test case 

Network speed 
Australia 

Telstara and Optus, collaborating with Ericsson have been reached 18-22 Gbit/s and 35 
Gbit/s download speed respectively 

Japan 
DOCOMO, by using Huawei base stations on 1.2 km distance has reached 4.52 Gbit/s 
download speed  

Latency United Kingdom 
The government awarded a consortium led by the University of Warwick to implement 
and test connected autonomous vehicles 

Massive user 
base 

Russia 
MegaFon deployed 5G pilot network in and around Kazan Arena stadium for the FIFA 
World Cup 2018 

Rep. of Korea The Korean government established a pilot network for the 2018 Winter Olympics 

Technical 
capabilities 

Italy 
Wind Tre and Open Firbre, in collaboration with ZTE have been deployed 5G network on 
3.6-3.8 GHz. The companies are collaborating with local researchers to test network 
functionalities and future use cases 



31 
 
 

 

Figure 17 - Economic outputs of industries in 2035, enabled by 5G (Campbell et al., 2017) 

The report shows that in 2035 the average global output enabled by 5G will reach 4.6%. The highest impact 

observed in information and communications sector, where 11.5% of the output will come from the NR. 4.2% 

output of manufacturing industry is slightly below the overall industrial average, but this sector is expected 

to generate the most output with USD 3.364 Million. The infographic also highlights that from the three 

network capabilities Enhanced Mobile Broadband (eMBB) and Mission Critical Services (uRLLC) forecasted to 

generate the same output, while Massive Internet of Things (mMTC) will have less economic impact. 

5G will target individual user mainly through media and entertainment, which is expected to double up in 

the next decade, reaching $420 billion by 2028 with almost 10% of CARG, thanks to new network capabilities. 

Fundamental change is expected in gaming sector, where cloud gaming, VR and AR brings new functionalities. 

5G mobile games’ revenue will exceed $100 billion per year in 9 years (Ovum, 2018).  

Various in-depth analysis have been made in order to determine the economic impact of 5G implementation, 

however, the benefit for each country will vary depending on “the market structure and the availability of 

digital and supporting economic infrastructure” (ITU, 2018). Moreover, the wage levels differ significantly 

within a continent, which also have to be taken into consideration (ITU, 2018).  
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European markets  

According to the European Commission’s estimation, the 5G deployment in the EU countries will cost more 

than the 4G investment, reaching total cost of EUR 56 billion in EU member states, and this implementation 

will result EUR 113.1 billion benefit per annum and create 2.39 million jobs by 2025. Most of the benefits are 

expected in the automotive sector amongst industry verticals by EUR 42.2 billion per annum, which is more 

than 67% of the total vertical benefits. Environmental benefits predicted to reach EUR 50.6 billion per annum, 

most of the benefits resulted by smart workplaces (European Commission, 2016). 

Austria aims to be a pioneer when it comes to 5G. The motivation behind this goal is to maintain the country’s 

economic competitiveness by the early adoption of NR as a framework for innovation. In the case of 

manufacturing, other countries can be more attractive destination for companies because of lower labour 

cost. The Austrian government is supporting the implementation to achieve economic growth and create 

more jobs: the pioneering role would generate 1% increase in GDP and estimated to create 35.000 additional 

jobs. Even though the country is lagging behind most of the European countries in backhaul coverage, fast- 

and ultra-fast broadband connections, Austria realised the potential that 5G can bring, and willing to invest 

billions of euros to launch 5G as one of the first country in Europe, with full 5G architecture by 2025 (bmvit, 

2018). 

First initial tests started to take place in Hungary with different 5G scenarios in the year of 2019. Magyar 

Telekom in cooperation with Ericsson and Technical University of Budapest launched a test network in 

Zalaegerszeg, called ZalaZONE. The project demonstrated the reliability of the NR network with self-driving 

and parking car. ZalaZONE provides a test environment for car manufacturers to test newly developed 

autonomous vehicles (Magyar Telekom, 2019). 

2.7 Projected mid-term business goals for telecom operators 

Telecommunication companies are extensively challenged by 5G implementation in many fields. While 

current LTE network enhancement is in progress, NR capabilities have to be ready soon to support future 

business cases and fulfil upcoming user demands: “Service providers need to ensure their 4G networks 

continually evolve to cope with growing mobile traffic demands, and to continue addressing and monetizing 

existing use cases, while preparing for the future by having an evolutionary path to 5G in place today. It is 

important to both meet short-term business objectives and have a longer-term strategic direction planned.” 

(Ericsson, 2019) Therefore we can expect the coexistence of 4th and 5th network generations as 

complementary networks to provide high capacity and at the same time, high coverage and mobility 

(Ericsson, 2018a). 
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Deployment of 5G network is a complex process that entails huge amount of physical and financial resources. 

As a “Quick win”, carriers shall utilize the existing network capabilities which can be the basis of the NR 

development. In urban, dense areas small cell installation would enhance capacity, coverage and overall 

network quality. This investment is not only boosting the 4G network, but also a prerequisite of 5G that can 

be utilised in the new network infrastructure. Therefore, as Ericsson proposes, the first milestone on the 

roadmap is enabling advanced LTE that supports existing use cases (Ericsson, 2018a). Implementation of 5G 

capabilities which will interwork with 4G is the next step, which is expected to take place in 2020. Later on, 

standalone (SA) 5G platforms will be established that will support evolved use cases. As last steps of the 

implementation roadmap are densification and mainstream service provision, that address multiple new use 

cases across industries (Ericsson, 2018a). Countries which are playing a pioneering role in 5G adoption are 

currently at the second stage. 

 

Figure 18 - 5G roadmap (Personal collection, based on Ericsson, 2018a) 

The basic core network architecture models are the followings (Krüssel, 2019): 

1. Non-Standalone (NSA) – By utilizing the existing LTE network for mobility management and 

coverage purposes, the legacy network will serve as a complementary product to 5G.  

2. Standalone (SA) – The core network architecture is defined by new 5G appliances, implies full user 

and control plane capability for 5G. 

 

Russian operator MTS is focusing on latency minimisation, which is projected to be achieved on LTE network 

by using mobile edge computing and network slicing on the modernised transport network. The enhanced 

4G network will be a solid basis for smooth evolution to 5G in the next 3 years. Building on existing network 

infrastructure is more beneficial, as a standalone network requires more investment to build the necessary 

functionalities. However, industry verticals expected to use their own standalone 5G network. In 2019, the 

company is aiming to build pilot networks for 5G while parallelly develop LTE-Advanced in the country. MTS 

is planning to foster its own innovation efforts by creating IoT Laboratory and launch innovation incubators 
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to prepare product ideas for pilot. Furthermore, the company would focus on innovations by collaborating 

with business partners and acquire resources through M&A. Services provided to industry verticals will be 

developed case-by-case to address specific needs with new solutions (Ericsson, 2019). 

The main challenge for operators is to figure out how to challenge new business opportunities, and how to 

monetize on 5G (Ericsson, 2018b). In the last years, Ericsson collaborated with many operators around the 

world to deploy various use cases. These telecommunication companies initiated strategic and operational 

activities with the intention to successfully improve their offerings (Ericsson, 2018b): 

Partnering: Operator has low influence in the value chain. In order to overcome the specific challenges, they 

make partnerships with market players with the necessary sales or distribution channels to the target 

industry (Go-to market channels). The other approach is to collaborate with a company which provides large 

part of the offered value to the target industry (Complete solution). 

Double sided business models: A cost saving approach, where operator charges both end users and service 

provider because of the provided platform. 

Merges and acquisitions: “operators choosing to acquire, or make investments in, companies that play critical 

roles in the service value chain, such as suppliers of critical end-user hardware and suppliers of important 

platforms“ (Ericsson, 2018b). 

Value chain role: Appear in the value chain by having different role (network developer/service 

enabler/service creator) for specific clusters. 

Ambition of operators has key importance that “ultimately determine whether these cluster value 

opportunities are harnessed” (Ericsson, 2018b). Operators need to choose which cluster they would like to 

invest into, considering the technical and operational challenges, go-to-market perspectives, and considering 

the current operator capabilities in this area. Figure 20 shows the growth opportunities of the identified 

clusters in terms of the previously mentioned dimensions. 
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Figure 19 - Clusters' relative growth opportunities (Ericsson, 2018b) 

Apparently, carriers are facing huge CAPEX investment costs which could be lowered by the sharing of 

network infrastructure, and governments shall also consider to contribute in implementation via public 

private partnership (PPP) programmes, granting low-cost loans to either local authorities (to upgrade passive 

network assets) or to operators. Collaboration with the local authorities could ease financial pressure from 

carriers, however, their intervention is not essential where the project can be financed and managed 

privately (ITU, 2018).  

Considering the previously analysed uncertain circumstances and huge investment costs, operators shall 

carefully select their implementation strategies in the upcoming years. Currently, many pilots are running 

focusing on different network capabilities, but broadly available network deployment for commercial use has 

not taken place in many countries. Furthermore, the lack of individual user demands and available 5G 

compatible end-user devices might delay the return on investment in case of an early launch of NR. 

Moreover, the investment-friendly climate, fibre-optic infrastructure, spectrum availability are also 

important pre-requisites to the successful 5G implementation (bmvit, 2018).  

CEO’s point of view 

Even though mobile operator CEOs highest priority is the enhanced broadband in the new network, they 

mostly agree that the primary source of the revenues will come from B2B transactions. Full urban coverage 

is in the focus for many operators in early phases, and hotspot coverage of specific in-building areas is just 

secondary priority. 5G release is expected to increase revenues, but CEO’s predictions are diversified to what 

extent. Most operators share the vision that the NR will transform telco business models, extending the 

current connectivity provider role, and adjusting to the new market situation is important. Infrastructure 

sharing can be an option in many countries to provide widespread coverage and reduce deployment costs, 

however, the same ratio of telco CEOs expect individual infrastructure for each operator. The biggest risk 
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is clearly the issue of non-existent business cases, ranked over spectrum availability and fragmentation. 

Main services that 5G will support include AI services, D2D communication and Voice & Video calling, ranked 

on top by more than 70% of the interviewees (GSMA Intelligence, 2017). 

3 Methodology 

The methodological framework of the thesis is going to be defined by using the “Research Onion” developed 

by Saunders et al. (2016). Research philosophy can be defined as “a system of beliefs and assumptions about 

the development of knowledge”, in other words, how to develop the necessary knowledge in a particular 

research area  (Saunders, Lewis, & Thornhill, 2016). The onion framework excludes the assumptions of 

Ontology, Epistemology and Axiology (University of Derby, n.d.), however, it has vital importance in order to 

be able to differentiate amongst research philosophies. 

Epistemology concerns assumptions about the nature, sources and limits of knowledge, and whether it 

constitutes as valid, legitimate and acceptable (Saunders et al., 2016). Ontology, however, challenges the 

nature of reality, referring to the difference between reality and preconceptions. The philosophical 

positioning categorized under ontology: objectivism, constructivism and pragmatism. (University of Derby, 

n.d.). Axiology defines how people think about the research topic, and how their beliefs or values can 

influence the research. Axiological philosophy could be different between the researcher’s value and the 

research participants. The values and ethics of the author will play a fundamental role in each step of the 

research process (Saunders et al., 2016). The above-mentioned research assumptions “create a holistic view 

of how knowledge is viewed and how we can see ourselves in relation to this knowledge, and the 

methodological strategies we use to un/discover it” (Patel, 2015). Research philosophies are scattered on a 

set of continua between objectivist and subjectivist extremes. The technological nature of the study would 

imply that the research is objectivist, however, the intention to understand different viewpoint and consider 

different values and realities of experts drives the paper to subjectivism. Ideological dimension of the paper 

is also positioned between two extremes, the sociology of radical change- and regulation perspectives. The 

focus of the research to propose a strategic crutch, that helps to steer companies on the path of 5G 

introduction and adjust their strategies to market needs, not questioning the need of the network evolution. 

Therefore, the study rather have the characteristics of a regulation perspective, suggesting improvements 

instead of fundamentally challenge everything (Saunders et al., 2016). Therefore, the research follows both 

functionalist and interpretive paradigm characteristics based on the matrix defined by Burrell and Morgan 

(Burrel & Morgan, 1979). 
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Due to the complexity of research studies, coexistence of philosophies, paradigms and approaches and 

methodologies can be observed in academic literatures (Saunders et al., 2016). 

Saunders proposes 5 research philosophies, including Positivism, Critical realism, Interpretivism, Post-

modernism and Pragmatism. Since the findings of the literature review will be compared with professionals’ 

experience from various positions and expertise area, the most suitable philosophy to apply on this research 

is the interpretivist, which philosophy “emphasises that humans are different from physical phenomena 

because they create meanings. Interpretivists study these meanings.” (Saunders et al., 2016). Different people 

from different cultural and professional background might address the research area differently, data 

collection (ideally) shall aim to include wide range of opinions, in order to consider more interpretation of 

the topic. The more the inputs are scattered, the more detailed analysis can be made by considering more 

viewpoints. 

Theory development can be derived amongst three reasoning approaches. Deductive reasoning shall be 

applied when the research is conducted on an existing theory, and data analytics aims to derive logical 

conclusion to a set of premises. Conversely, inductive reasoning generates a theory based on collected data 

about the observed phenomenon. The purpose of this approach is to “feel of what was going on, so as to 

understand better the nature of the problem” (Saunders et al., 2016). Abductive approach has to be applied 

when surprising fact is being observed, and the findings modify or generate new theory that could be tested 

through additional data collection (Saunders et al., 2016). This research study analyses existing research 

papers and professional viewpoints in order to find the best implementation approach for the 

telecommunication companies.  In the current status, the implementation of 5G is in the initial phase, 

therefore the theory that will be developed by the findings of this paper cannot be tested. Consequently, 

inductive theory development approach will be applied in this study. 

The next three levels of the research onion will define the research design, which is a general plan how to 

answer the research question. The 3rd level defines the methodological choice of the study, more clearly if 

the thesis is using quantitative, qualitative or mixed set of data. Quantitative research uses numeric data 

(numbers) while qualitative collects non numeric data (words, pictures, videos etc.).  This study will examine 

qualitative data from various types of literatures and thoughts of experts about the topic. The research type 

is also referred as interpretive because the investigated phenomenon is analysed through subjective 

opinions, which going to be evaluated by the researcher. Data collection will not consider quantitative data 

due to the predictive nature of the research topic, hence the methodology only uses mono method 

qualitative sources. Purpose of the research project is clearly exploratory, targeting to “ask open questions 

to discover what is happening and gain insights about a topic of interest” (Saunders et al., 2016). Exploratory 
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research starts with the understanding of research phenomenon through literature review and conduct 

relatively unstructured, individual interviews for comparison. This type of research study has the advantage 

of flexibility, able to change the direction of the results based on the new inputs, but at the same time 

indicates broad focus at the beginning of the research.  

Research strategy defines a plan how the researcher will answer the research question, building a 

methodological connection between the philosophy and data collection. Various data collection methods 

have been examined to determine which approach fits the best to the study. For qualitative data analysis, 

case study, focus group and structured interview methods are recommended. Due to the exploratory 

purpose, semi-structured interviews will be conducted in this study which have a specific organizational 

context but enables open discussions with the respondents. Using this data collection method, the researcher 

is directly involved in developing measures, selecting data collection methods and supervising the process; 

that implies that primary data will be collected. Consequently, amongst the many availably research 

strategies the grounded theory fits the best, since the collected data is analysed and help to build the theory 

(inductive), rather than prove or reject an existing one (deductive). The goal of the sampling is to pursue 

theoretical lines instead of reaching high representativeness. This theoretical data collection continues until 

it reaches the envisioned saturation level (Saunders et al., 2016). The interviews shall be conducted with 

professionals working on the 5G implementation, if it’s possible from multiple areas to gain better insight 

from multiple point of view. Investigating the current status of 5G introduction and development, the time 

horizon will focus on a single point of time, providing a snapshot view on a particular situation (Lavrakas, 

2008). 

Data collection and analysis will be elaborated in section 3.1. 

3.1 Measurement 

3.1.1 Data collection 

Interviews have been conducted with professionals who are somehow connected to the network evolution. 

Wide range of interviewees has been approached from different countries, different company profile and 

different employee status. This sampling decision was important to understand different viewpoints and to 

build a comprehensive theory from various inputs. All the interviewees have deep knowledge about specific 

5G value chain area, as well have broad insight about the ongoing implementation in their country and some 

initial use cases that emerged and implemented worldwide. These professionals mainly employed by 

telecommunication companies, and one by a technology vendor. The suitability of the selected interviewees 

will be discussed in more detail in the Analysis section.  
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Semi-structured interview has been selected as the most suitable data collection technique to examine the 

research phenomena. Solely interviews have been gathered, therefore only primary data will be evaluated. 

The interviews developed with the intention to open unstructured discussion with the experts, which has 

been achieved by asking more generic questions. Hence, the amount and sort of response may vary based 

on the interviewee’s position and experience.  

Interview questions have been developed in English and then translated into Hungarian. 25% of the 

interviews have been recorded and transcribed in English, the rest have been conducted in Hungarian, then 

transcribed with translation into English. The last section of the interview opens a discussion to develop the 

interview questions further by addition or modification of questions. The interview guide and the transcribed 

interviews are attached in appendix 2 and 5. 

3.1.2 Data analysis method 

By using semi-structured interview to gather primary data and obtain complex, multi-layer data, the basis 

of the exploratory research study set. The raw interview data before the analysis have very little meaning 

to most readers (Saunders et al., 2016). The analysis of quantitative data executed in NVIVO by the 

classification of the answers. Two iteration steps applied on the gathered data in order to categorize the 

unstructured interview statements into nodes (appendix 3). The listings are clustered into an aggregated 

picture (appendix 4), which will be used to develop theory in section 4. 

3.1.3 Sampling 

This paper analyses the viewpoint of 4 experts from various business area (represented in the table below), 

using semi-structured interviews.  

Table 2 - Employment details of interviewees 

The sampling amount generally fits to the interpretivist research philosophy, to gather and consider more 

interpretations of the topic until data saturation reached. Both technical and business aspects investigated 

by the questions. The interviews conducted with professionals -even though pointing to the same direction- 

has to be handled cautiously, because in reality the circumstances might alter the envisioned future scenario. 

 

 Position Company 

Interviewee 1 Head of network evolution A1 Telekom Austria Group 

Interviewee 2 Enterprise Technical Product Manager Vodafone Hungary 

Interviewee 3 Software engineer Ericsson Hungary 

Interviewee 4 Radio Network Planning expert Telekom Hungary 
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4 Findings 

In this chapter data analysis performed to evaluate primary data, collected via structured interviews. The 

four interviews attached in appendix 5. The interviewees did not give their consent to disclose their 

personal profile in the study, therefore they are referred as interviewees. 

Interviewee 1 is the responsible for network operation for 7 countries in Europe, including network sites, 

network transport and call operations. He plays an essential role in the network evolution and has high 

authority over on the network architecture design and high-level network planning. He is working at the 

Austrian Head office, directly reporting to the group CTO. Interviewee 2 is working at the Technology 

Enterprise Services department of a Hungarian telecommunication company, supporting the business from 

technical side. He is a primary contact person between the business side and the technology vendor, 

managing how to integrate the new technological solutions to the company’s network infrastructure. 

Interviewee 3 is working for a multinational technology vendor’s Hungarian subsidiary as a developer of 

microwave devices. Interviewee 4 is also working for a telecommunication company in Hungary as a work 

group leader of wireless network development connected to 5G. Except interviewee 2 all the interviewees 

have more than a year experience in their current positions.  All these experts are closely involved in the 

network evolution from either technical or managerial side, employed by different companies. 

4.1 Expectations 

Expectations of the interviewees are positive towards the network evolution. All of them emphasized that 

the next network generation will be the “network of the machines”, because the low latency and high speed 

in combination with wide throughput will mostly be beneficial for the machines. 5G described as “technical 

revolution to the society and to various industries” (interviewee 1) that will play a key role in industrial 

revolution (Interviewee 1, 3 and 4) and the “evolution of mankind” (interviewee 3). The next generation 

network’s performance will target to “improve small nuances” to enable game changing technologies such 

as automation in industries (Interviewee 1). 

4.2 Timeline 

Due to the wide range of expertise areas presented in the dataset, each interviewee has different key 

milestones set for the implementation. However, all of them predicted that 5G will ubiquitously available in 

urban areas, also available for commercial users within the next 3-5 years. Roadmap starts with the official 

documentation published by ITU (Interviewee 3). Important milestones were the setting up target network, 



41 
 
 

design of the target architectures and the softwarization of the network (interviewee 1). Establishment of 

test networks are done in many countries, which was also a big step to initially try how standalone 5G 

networks operate. According to interviewee 2, the spectrum tender will be decisive in Hungary, expected to 

intensify the 5G related preparations after 2019 September.  After the start of the NSA networks, the network 

will be upgraded in stages, reaching the next big milestone of ubiquitously available, standalone 5G. This will 

require lot of resources, because operators have to build a brand-new network and decommission 4G 

appliances (interviewee 4). Interviewee 1 highlighted the upcoming era of autonomous drones and vehicles 

which will drastically affect quality of life in urban areas. Even though operators will continuously evolve their 

networks and society will use new applications and use cases, they won’t realise the big cornerstones of the 

evolution. For them, the realization of how far 5G led the society will happen later (interviewee 3).  

4.3 Opportunities 

Advantages of 5G are indisputable, and “only human imagination can set a limit to the development 

potentials” (Interviewee 3). All the interviewees emphasized the wide segmentation possibilities and range 

of new use case scenarios that 5G will enables, especially device-to-device communication (interviewee 2) 

that enables e.g. autonomous driving (interviewee 3). 

From technology point of view, the interviewees emphasized many, previously analysed technological 

improvements that shapes the future wireless network. The highlighted function by the experts were: 

• Low latency 

• Network slicing 

• SDN 

• Network virtualization 

• Throughput  

• Edge computing 

• Enhanced location accuracy 

Comparing to previous generations, 5G will be more well-thought-out according to Interviewee 4: while 

previous networks have been designed with more voice or more data focus and then adjusted retrospectively 

with the other function, the design of 5G already incorporated plans for both functions. Therefore, this 

network design avoids complicated upgrade of the implemented network, such as the inclusion of VoLTE in 

4G network (Interviewee 2).  
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4.4 Challenges of implementation 

5G complexity and the new technologies inevitably make the evolution difficult for operators. Interviewees 

working closer to business side emphasised the importance of new business cases and monetization on 5G 

implementation (Interviewee 1 and 2). Additionally, Interviewee 1 described challenges of fiberization of 

mobile sites, frequency migration and antenna upgrades which increase the size and power consumption of 

the stations. Planning of the network and design is more complex according to both Interviewee 2 and 3, as 

well as the interoperation with 4G network (interviewee 3 and 4): New radio antenna deployment is 

especially challenging because of the new spectrum’s bad signal propagation characteristics, low range and 

high signal interference. The listed problems have to be resolved by deployment of more antennas according 

to comprehensive site planning (Interviewee 2 and 4). 

Until the standalone 5G operation is not feasible, 4G has to serve as complementary network that leads to 

compatibility problems if the vendor of the legacy and new network is not the same (interviewee 4), or the 

legacy network is not configured properly, which is a case in developing countries (interviewee 3). Hence, 

technology vendor selection is utmost important (Interviewee 2). During the non-standalone operation of 

5G, operation and maintenance of legacy network is inevitable, consuming both physical and financial 

resources (interviewee 2). 

Performance requirements towards the network is high, which also challenges both vendors and operators. 

Interviewee 1 explained he foresee scenarios where more than 1000 network slices has to be handled, 

therefore machine learning and AI applications will be introduced to enable smooth operation. Furthermore, 

ultra-low latency and extremely accurate location also challenges the above-mentioned stakeholders 

(Interviewee 2). 

Many operators and technology providers established test cases, however, these standalone networks are 

not representing the exact future circumstances well, when the network will be used in dense, urban areas 

(Interviewee 3). Lower the demand from commercial users since there are only few 5G compatible devices 

available on the market, and phone manufacturers will not invest in 5G technology until the network is ready 

(interviewee 2). 

From technology vendor’s view, it is crucial to convince operators that they need 5G solutions (interviewee 

3) and thinks that involvement of the operator in the first test cases (Telekom Czech Republic) was already a 

big success. He emphasized, “At the beginning it caused a lot effort to convince operators why do they need 

5G, because it basically doesn’t give additional value especially on smaller markets such as Hungary.” 
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(interviewee 3). Interviewee 3 from vendor side thinks that the size of the Hungarian market might be the 

reason of the slow 5G evolution.  

On the other hand, operators are facing challenges to develop use cases to business customers, because of 

the slow developments from vendor side (interviewee 2). Even though engagement of industrial partners is 

successfully accomplished, the operators are lagging behind big markets in terms of making complex use case 

solutions. For technology vendor the main priority is to deliver solutions to big telecom companies like 

Deutsche Telekom, and small subsidiaries (like Hungarian operators) are waiting for the developments. 

Therefore, the operators “really depend on the vendors and what they can provide to us” (interviewee 2). 

While operators trying to find reasons to invest in 5G and prove that it will be useful (interviewee 2), they 

need to realize that network evolution is inevitable if other operators in the market start the implementation 

(interviewee 3). However, they both agreed that telecom companies are responsible to drive the use case 

development and find new industrial segments that they can involve as B2B customers (interviewee 2 and 

3).  

Even though media spread hoaxes about health effects of 5G, neither of the participants think that the new 

spectrums will have any effect on humans. It is not expected to affect the network evolution (interviewee 2), 

and those frequency waves going to be used, regardless the negative preconceptions. Interviewee 2 thinks 

that 5G usage will be restricted in many indoor usage scenarios, and optical cables will be used instead in 

order to decrease the already high level of electrical pollution.  

The main barrier of launching 5G is the frequency availability: operators are depending on the authorities 

who will decide when to launch tenders for which specific spectrum. This dependency primarily changes the 

implementation roadmap in the countries (interviewee 1). Stakeholders also have to consider the late returns 

due to the expensive and limited availability of 5G compatible devices (interviewee 1, 2).  

4.5 Financials 

Interviewees could not share concrete numbers about the cost of implementation, either because it’s 

confidential or don’t have access to the financials. Interviewee 1 estimated approximately “it will cost about 

the same as 4G”, however it is really dependent on the wage cost in the country of implementation. 

According to interviewee 2, 5G will be really expensive but the costs will rise when new implementation 

stages reached, with is difficult to predict financially. Both of them agreed that fiberization of backhaul was 

excessive, but also a prerequisite of the new network. The cost expected to be higher in the early phases by 

the reason that “mass production of the equipment has not started yet” (Interviewee 4). Contribution of 
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industrial sectors might distribute the costs, since this sector expected to be the main beneficial of the 

network (interviewee 2).  

Due to the excessive antenna deployments, the mobile operators might need to collaborate to build the 

network together. In rural areas the extreme performance can’t be ensured, here enhanced 4G network 

expected to operate (interviewee 2). As previously described, the interoperation of the two network 

generations increases the operation and maintenance cost. 

The return on investment has to take place before the deployed equipment gets outdated, which is (in case 

of telecommunication industry) 3-5 years (interviewee 4). The return expected to be realised after reaching 

new stages in the implementation. However, interviewees have different prediction from which area the 

revenue will come from, which is explained in the next chapter.  

4.6 User Scenarios 

Commercial users 

Radical change is expected in entertainment industry (including gaming, VR, AR, streaming and media 

content consumption) and transportation, that will affect commercial data consumption habits. However, all 

the interviewees emphasized that the difference between Advanced 4G and 5G won’t be identifiable – in 

case of most use cases, current LTE will provide the necessary performance. The main use cases for this user 

group are autonomous driving (interviewee 1 and 3), interconnected devices (interviewee 3), and 

entertainment (interviewee 1, 2 and 4). However, the lack of available 5G compatible devices postpones the 

adaption for commercial users (Interviewee 2). Interviewee 4 thinks commercial users will be the main 

beneficial on short term, whereas the other respondent predicts mid or long term.  

Industries 

NR will be a key enabler of the next industrial evolution, leading to industry 4.0 (interviewee 3 and 4). As 

already mentioned before, 5G expected to be the network of the machines, therefore industries will be one 

of the main beneficial of the network evolution, where most of the processes are already automated. 

Industrial focus implies that “B2B application will be the main focus of the new network” (Interviewee 1, also 

interviewee 4) which will generate the most revenue, earlier than other from commercial usage (interviewee 

2). Interviewee 2 and 4 emphasized the promising future of wireless factory, that not only gives flexibility to 

production lines but also eliminates wire-, and machine reallocation costs. In future scenarios, the wirelessly 

connected machines can be rearranged more quickly, which enables industries to adjust the production line 

to demand needs much earlier (Interviewee 4). On the top of wireless factory concept, automation of 



45 
 
 

processes and vehicles further increasing efficiency and reduce operating cost (Interviewee 1 and 3). Private, 

local access networks expected to be the first pioneer application of 5G where an area can utilize the 

enhanced performance capabilities of the network with their own devices (interviewee 2 and 3). 

Manufacturers, logistic companies and supply chains expected to seize the most opportunities (interviewee 

1 and 3), but also healthcare and smart agriculture will go through a fundamental change (Interviewee 2 and 

3). The main 5G feature that will help them to disrupt their operation is the ultra-low latency (interviewee 

2). 

Industrial customers are expected to adopt earlier to the 5G environment (Interviewee 2 and 3), and keep 

the main consumer role in longer terms as well (interviewee 1). Interviewee 4 thinks that uncertainty in 

industries postpone the recognition of the advantages of 5G, therefore they are only the mid-term beneficial 

of the technology. However, he admitted that some companies are already interested to use 5G even though 

the network infrastructure is not in place. The willingness from the industrial players is continuously 

increasing (interviewee 3 and 4), but uncertainty in the new technology and the lack of new use cases hinders 

the implementation (interviewee 2). 

Cities 

According to the respondents, the realization of 5G in cities will occur later, on long term by the adaption of 

AI assisted traffic management system (Interviewee 4), modernization of public transportation (interviewee 

1 and 4) and increased public safety system (interviewee 2). For emergency situations a dedicated slice will 

ensure signal transmission to the authorities (interviewee 2). Earlier adoption of the above-mentioned use 

cases will take place in cities where the society is more open to change, such as western countries. For 

example, developing African countries are still trying to settle their 4G network, but later 5G enables wide 

coverage for the rapidly increasing population (interviewee 3). 

4.7 Telecom Business effect 

The network evolution will definitely affect business models of Telecom companies, and the new network 

structure will change the operation fundamentally, driven by digitalization (interviewee 2).  As the 

interviewees described, “we are not building the network to have faster internet, it has way more potential” 

(interviewee 4), influencing the provided service and leading to an era where operators “[…] won’t sell 

connectivity anymore; we would rather sell quality of service” (interviewee 1). SDN enables specific pricing 

strategies for business customers, where service quality will be offered by granting pre-defined SLAs 

(interviewee 1). Creating new use cases are utmost important in 5G era to target new customers/customer 



46 
 
 

segments and convince them to realize the potential of the network (interviewee 2, 3 and 4). Hence, defining 

use cases and offering complex, digital solutions will impact telco’s strategy decisively.  

Future competition amongst operators will highly depend on the provided service quality rather then pricing 

(interviewee 3). Availability of 5G can be also a decisive factor, but currently it depends on the current 

coverage status of 4G (interviewee 2). On the top of availability, the latency and throughput performance 

define network quality (interviewee 1). Differentiation from the competitors might result specialisation on 

certain customer segment (interviewee 4), but marketing approaches also influences the competition 

(interviewee 2) which is not in the focus of this study. 

Critical step in the implementation to select 5G technology vendor, since close collaboration will be needed 

in the deployment and configuration. Furthermore, if different vendor is selected as 5G technology supplier 

than for the legacy network, incompatibility issues might rise and thus make the implementation more 

difficult (interviewee 4). Many test-cases have been crated in these initial collaborations to test the 

performance of the system (interviewee 2 and 3), however, vendor selection haven’t taken place yet due to 

the uncertainty regarding the provided technology and available frequencies (interviewee 2). Interviewee 2 

proposes that “[…]at least 3 vendors’ solutions should be considered”. 

In conclusions, interviewees all agreed that after the network evolution the main customer focus will move 

to business customers instead of commercial customers, especially in the first years of the implementation. 

Operators invest in network deployment carefully due to the high uncertainty around the used frequency. 

Once the used spectrum length is agreed, antenna deployments will take place (interviewee 1 and 2). A 

reasonable approach would be the collaboration of operators in order to reduce the cost implementation 

(interviewee 2) and create a shared hardware platform (interviewee 1). As prerequisite, companies need to 

prepare the backhaul network (interviewee 1 and 4), digitalize and cloudify the network (interviewee 1 and 

2) and prepare the organization for the operation related changes with internal trainings (interviewee 2).  

First pilot networks have to be tested with industrial partners and dense, urban areas. Telekom Hungary 

made a test track for car manufacturers, while Vodafone implemented a smart parking solution in 

collaboration with Ericsson (interviewee 2). Industrial partners need to be involved to effectively test and 

build the network, because “One operator is not powerful enough to do the whole transformation by itself, 

and to test the developments” (interviewee 2). Here, SA network deployment expected for industrial 

customers (interviewee 3). Similarly, important to test the network in dense urban area with 5G compatible 

devices, to simulate real-life situations for commercial users (interviewee 3). The first urban implementation 

shall be carefully selected based on the historical data traffic records and where solvent demand is high 
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(interviewee 4). In order to perform this monumental test, operators might consider to provide discounts to 

commercial users, which approach is used by Digi to increase user base (Appendix 5, interviewee 3). 

The currently offered 5G features are mainly advanced 4G enabled services, because it covers most of the 

performance requirements of the currently existing applications (interviewee 1 and 2). In order to find 

revolutionary use case scenarios and target audience for 5G, telecom companies need to drive the 

development of applications in collaboration with industries and start-ups (interviewee 4). 
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5 Discussion 

This chapter is aiming to highlight the significance of the study by interpreting and discuss in the light of the 

research question, proposing a mid-term strategic approach for operators which helps them to utilize the 

evolving network and reach the envisioned market position. In the first section of the discussion, the general 

differences identified where industry professionals’ interpretation is different than the result of the literature 

review. Then, based on the user scenarios, three possible focus areas identified and analysed in the context 

of implementation cost, user demand, early adoption benefits and future perspectives. The analysis 

developed based on the previously collected primary data and literature review. 

5.1 Interpreting the result to theory 

Even though the literature review also highlighted that probably industrial users will be the first beneficial of 

the network evolution, the interpretation of interviews leading to the conclusion that commercial users are 

only slightly subjects to the high-performance service. Reason behind the difference might be that these 

central European companies not yet realised how to approach the commercial segment and what use cases 

can attract their attention. The deployment strategy is also way more conservative amongst the Hungarian 

representatives: even though the frequency tender will be finalized in September, the companies not yet 

started the implementation of micro cells, which could be also used to boost the existing LTE capabilities. 

The Austrian professional stated that initial deployments are taken place in the country, but not micro cell 

installations. Comparing to the literature review, it is a reasonable step, however, the implementation of 

standalone networks for industrial customers not started either. Furthermore, collaboration and 

involvement of industrial partners is not promising on these markets. Without early engagement of the 

industrial player, operators have to find another way to develop solution for the target industry which could 

be an excessively expensive process. In terms of vendor selection, the literature doesn’t highlight any 

strategic relevance, however, interviewees draw attention to the importance of the technology provider 

selection. The main difference what observed between literature review and interview results is while the 

literatures are suggesting to develop use cases together with wide collaboration of industry partners and 

vendors, the interview result shows that all the players are staying in their industry specific role and waiting 

for a solution from other parties: while industry verticals are waiting for an implementation ready solution 

from the operator and the vendor, the telecommunication company is demanding for use case ready 

technological solutions from the vendor. Because of the uncertain environment in Hungary, infrastructure 

planning is not yet considered amongst operators, which has to be planned upfront due to the complex 

sharing pact and security issues. 
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Interviewees think that 5G will only be a revolution in dense urban areas and won’t be implemented in rural 

areas, in spite of the ITU framework’s suggestion. Therefore, digital divide intends to increase as standalone 

5G is approaching. However, both resources highlighted the importance of fibre backhaul infrastructure 

which has been developed well in the CEE countries. From security point of view, none of the experts 

mentioned any challenge regarding the secureness of the network, which (according to the analysed 

researches) will certainly challenge operators due to the different network structure.  

Commercial launch of 5G expected to start in 2020 according to the studies, however, it won’t mean real 5G 

in case of the analysed CEE countries: only some 5G functionalities have been introduced and 4G networks 

have been transformed to Advanced LTE which will provide 5G like services, but high-frequency signal 

propagation is not yet feasible due to the uncertain frequency availability. 

5.2 Possible strategic focus 

5.2.1 Commercial (Entertainment) focus 

In this scenario carriers focusing on the commercial customers, providing the high downlink speed and lower 

latency to support massive media consumption. This focus area would focus entertainment related 

businesses such as VR and AR based technologies, Cloud gaming or full HD video streaming. This use case 

promises the most revenue: enhanced broadband will be widely used by individuals and industry verticals. 

Moreover, the network will be able to provide stable, high data rate to many users at the same time, charging 

them based on their consumption patterns. According to industrial professionals and the current data 

consumptions patterns, LTE-Advanced will be able to support all the user demands in the near future, and 

commercial customers won’t feel the difference on mid-term. 

1.1. Implementation cost 

Focusing on entertainment and service provision to individual users, the consumer devices are mainly mobile 

phones and tablets. Whereas users are moving around with portable devices, many micro cells shall be 

implemented to provide full 5G experience, both indoors and outdoors. Network planning and signal 

propagation models can cover areas in certain extend, but attenuation of different physical materials have 

to be taken into consideration as well. Therefore, standalone implementation of 5G network is barely feasible 

in mid-term. Non-standalone network which uses LTE and 5G parallelly can provide the necessary data rates, 

coverage and flexibility, but the enhancement of 4G is a short-term goal for the operators and 5G has not 

been tested in dense areas by multiple users. Furthermore, backhaul and fronthaul infrastructure costs are 

high, since multiple micro cells has to be implemented with fibre backbone. The deployment could be difficult 
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if local authorities are not supporting the infrastructure building with simplified processes or reasonable and 

predictable pricing for street furniture rental.  

Costs could be decreased if operators decide to make a shared infrastructure usage pact, however it would 

also influence the competitiveness. According to industry professionals, standalone 5G requires a whole new 

and more densely deployed network installation, which is highly excessive, therefore the collaboration 

should be the answer to reduce implementation cost. However, if the operator has a stable 4G network with 

high coverage that they build the new network on, the collaboration model might not be the best strategic 

choice.  

1.2. User demand 

In 2019 only 6 models have been rolled out which are 5G compatible, and only a few more are expected in 

the next year (Dove, 2019). Furthermore, the health and security issues arising online expressing their 

concerns to use 5G on a long run is increasing the insecurity amongst users. Since the new radio haven’t been 

commercially used for a long time, experts can’t predict what physiological effects the new spectrum waves 

would cause. Secureness could not be proven either because 5G is not used commercially yet.   

Interviewees, however emphasized that the currently used LTE network provides the necessary performance 

for commercial applications, and later on the users might be able to realize 5G benefits through 

entertainment (such as AR, VR and cloud gaming) and autonomous vehicles. Since these technologies are not 

yet commercially available in many countries or not widely used by this customer segment, the user demand 

is relatively low. Full network deployment and development of commercial applications might invoke higher 

interest. Experts are aware of the hoaxes around the new frequency waves, but they rebutted the theories 

about negative health effects. 

1.3. Early adoption benefits 

Early implementation of 5G can only gain competitive advantage if 5G compatible devices are accessible on 

the market. Until 5G is widely implemented, Advanced LTE shall cover the performance needs of users. Since 

this is the most complex use case, launch for commercial usage shall be tested comprehensively – fast time-

to-market may result errors which have been overlooked due to the short test period. In case the operators 

are contributing to build the network together and share the infrastructure, the early adoption won’t result 

any advantage to the operators individually. Experts also emphasized that comprehensive test phase 

required before the go-live, and testing commercial usage is excessive and more complex than testing of a 

SA, industrial use case. Early adoption benefit is defied by the user demands and weather they are solvent. 
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One of the interviewee predicted that commercial users will be earlier adaptors than industries due to the 

uncertainty of the companies in the wireless transformation. 

1.4. Future perspectives 

Even though the implementation cost is excessively expensive and has low ROI in the upcoming few years, 

this scenario is promising and expected to gain high revenue in long term. 5G compatible devices have been 

released already, but it takes few years for users for renew their assets. Widely accessible low latency 

network will be the basis of autonomous vehicles, which will probably use a dedicated network slice once 

the technology is well tested and safe. Latency improvement will revolutionise the AR and VR technology – 

even though the devices and the concepts are already released, 5G is needed to reach the full potential of 

these platforms. Moreover, the emerging market of gaming might be disrupted by cloud gaming services 

whether the network provides a high-performance communication frame. The expectation is that from 2025 

onwards this user scenario will steadily increase CAGR by every year, when the infrastructure and users reach 

the same level of readiness for 5G. As most of the interviewees predicted, commercial customers will be the 

main beneficial of the network evolution on mid-term. 

5.2.2 Industrial focus 

Industrial use case expected to be fundamental in 5G evolution, representing B2B service provision. Ericsson 

identified more than 200 use cases across 10 industries, and real-time automation is the biggest cluster of 

applications, expected to gain $101 billion for operators by 2026. Manufacturing and the energy sector 

expected to take advantage the most of the use cases, as represented in the figure below. Percentage 

indicates the share of the largest industry per use-case cluster (Ericsson, 2018b). 

 

Figure 20 - Industry breakdown per cluster (Ericsson, 2018b) 

In order to successfully introduce 5G to fulfil industries, it is important to understand problems and 

challenges of the industry, develop value proposition, bridge time-to-market challenges, deploy capabilities 
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and experiment the implemented solutions whether it fulfils digitalization needs (Appendix 6). Therefore, 

early engagement of industrial partner needed to realise the potentials of the network.  

Industrial experts consistently stated that 5G will be the network of the machines, and most of them 

nominated industry application as the main short-term beneficial of the network. Even though this customer 

segment is clearly beneficial of the new technology, many companies not yet take serious steps towards 

disruption. Operators are struggling to involve verticals in testing and create use cases that meets their 

demands, because of scepticism regarding the fast network. Willingness of industrial players to adapt 5G is 

probably higher in bigger markets where industrial activity is more vital. 

2.1. Implementation cost 

Industry verticals expected to be early adopters of 5G technology. The new network leads to fundamental 

disruption, bringing the new industrial revolution in the upcoming years. However, different segments have 

different needs and improvements strategies, therefore a general 5G deployment strategy can’t be applied 

for all the industrial players in terms of cost and complexity. Land Mobile Radio (LMR) modernization is 

expected where broadband connection is weak, in wide areas. These implies high deployment cost in order 

to provide the necessary coverage. Industry digitalization expected to take place in sectors where the main 

activity is focused on one geographic area, where experts predict quicker adaption of 5G. (Ericsson, 2019) 

 

Figure 21 - Private network evaluation by industry segments (Ericsson, 2019) 

Where deployment is focused on small area, the costs expected to be lower, and more 5G network 

implementation is predicted in the early years. Experts also predicted manufacturing and supply chains as 

main beneficial of 5G adoption, not only because of the low implementation cost but also for the quick and 

high revenue it generates. Further cost saving expected when algorithms reach the level to substitute human 

workforce. 
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2.2. User demand 

5G will stand as a platform for innovation, and will play a fundamental role to adjust production to 

dynamically changing demands. Industry 4.0 will bring flexibility for new technology adaption. Empowering 

humans’ seamless, wireless connectivity to machines will reduce complexity and increase efficiency (Sørlie, 

2019). Smart automation helps to reduce production errors, work-related accidents and at the same time, 

less human resource is needed in the whole value chain. This has vital importance in countries where labour 

cost is high, such as Austria (bmvit, 2018). 

On the top of industry 4.0, professionals highlighted the wireless factory concept, which enables flexible 

reorganization of the production line due to wireless connectivity. By wirelessly orchestrate the machines, 

companies able to adjust the production to the market demands, saving time to market time and the cost of 

expensive cables. Industries already started to realize the need of 5G, which will play a fundamental role in 

their growth.  

2.3. Early adoption benefits 

Transformation of value chains in the initial phases of 5G can gain advantages in competitions due to more 

efficient and quicker time to market processes. Disavowing the importance of disruption might put 

companies into disadvantaged position in competition. In many countries, industrial companies are working 

together with operators and infrastructure providers to create test beds for new use cases. Hence, industries 

expected to be the first beneficial of network evolution, with deployment of either SA or NSA solutions. 

Telecom companies currently experiencing new use cases with the involvement of technology vendors and 

industrial partners, and these companies are already ahead of the competitors.  

2.4. Future perspectives 

Industry 4.0 is expected to bring new opportunities, and dynamic capabilities will be vital important to serve 

rapidly changing market needs. 5G will enable many new automation and monitoring solutions such as Digital 

Twins, and improved value chains, like autonomous transportation methods.  Currently, human interaction 

is needed to configure and overlook automated processes. The final goal of industrial companies is to utilize 

the potentials of AI and machine learning to reduce human interactions as much as possible. With SA 5G 

deployment technologies will reach their full potentials, such as: E2E lifecycle management, fully 

autonomous robotics, immersive remote operations, real time machine learning and integrated AR (Ericsson, 

2018b).  
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According to the interviewees, only industrial players can utilize the full potential of the network, and “only 

human imagination can set limit to the development potentials”. 5G will be a key enabler of industry 4.0, 

disrupting the industries operating model in the next few years. 

5.2.3 Municipal and ecosystem focus 

5G will have a great effect on ecosystems and the society. Installation of macro cells expected to take place 

in busy areas, cities with high population where densification is higher. This use case refers to smart city 

concept, including smart traffic management, smart transportation, energy efficiency and security via 

upgraded video surveillance systems.  Ultimately, the new network infrastructure improves quality of life, 

sustainability and efficiency. Improved city infrastructure is not just an improvement for the government, but 

also make the area more attractive for people and industries (Lövehagen & Bondesson, 2013). In many 

countries, government supports the building of new infrastructure to recognise the benefits for its citizens 

as early as possible. Cooperation with cities to improve 5G coverage might be beneficial for operators where 

local authorities make the deployment expensive and time consuming. Experts forecasted a long-term 

change in case of smart city concept, and parallelly the increase of digital divide. 

3.1. Implementation cost 

Depending on the size and structure of a city, the cost of implementation varies. However, this kind of 

investment is the most expensive, since full coverage of the city is needed to support services like 

autonomous driving or smart traffic control. Therefore, close collaboration with authorities is needed to ease 

the complexity and cost of deployment. Furthermore, B2G service provision gives a stable market position 

with a highly reliable customer: In cities where operators are not sharing the physical infrastructure, 

telecommunication company which is contracted by the government will take a big step towards the market 

leading position. 

Most of the services - except autonomous driving – are able to run on 4G advanced. Digitalization of cities is 

a new concept and cities are slowly realizing the potentials they have. Here, the implementation cost will 

depend on the size of the city, and when it’s going to take place. 

3.2. User demand 

Transformation of cities is a long-term process, requiring many resources from both operators and 

governments. Cities expected to be late adopters of 5G, because most smart solutions can be provided on 

the current LTE network. In small cities, the need for 5G is even lower because of the lower density. Currently, 

there is no ongoing negotiation with the municipalities according to the interviewees, thus the low interest 
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implies late adoption in cities. However, dense public places such as airports are interested in the benefits 

that 5G provide, and aiming to implement local access networks to handle the heavy throughput.  

3.3. Early adoption benefits 

Cities expected to run more efficiently, and high-speed network coverage would attract both individuals and 

industries. Earlier introduction of 5G would require more CAPEX spending, but the operating costs of cities 

would be lowered sooner. On the top of that, industry professionals highlighted that using automated 

vehicles for traffic monitoring and implementation of dynamic traffic management system not only enables 

efficient road utilization but also reduces pollution, which is extremely vital topic in the current years. 

Western societies expected to be earlier adaptors of the smart city concept, because the society is more 

open to change. 

3.4. Future perspectives 

Smart city concept is very exciting and has a lot of potentials for the ecosystem. Smart interconnected 

building, vehicles and public areas will fundamentally change societies. Ultimately, the quality of life will be 

improved, for example: increased safety, reduced pollution and waste, faster transportation, proactive city 

management, and many other benefits are expected which are now just rumours. Interviewees also 

highlighted the emergence of AI assisted traffic management and public transportation systems, and 

dedicated network slice in case of emergency situation. 
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6 Conclusion 

The goal of this research study was to provide an insight of the currently ongoing network evolution 

processes and define a mid-term implementation approach for telecommunication companies to enhance 

the most out of the evolving, non-standalone network. In the initial part of the paper, various studies have 

been analysed to understand the disruptive nature of 5G, from both technological and business point of view, 

which later been compared and extended with the result of interviews, conducted with industrial experts. 

Prior to any investment, operators need to understand their role in the network evolution which will differ 

from the previous ones. In the 5G era, operators need to differentiate themselves by the quality of service 

and the provided, complex solutions instead of coverage and price competition. Considering the three user 

scenarios and targeting the mid-term revenue stream, telecom companies need to focus on industrial 

customers first while parallelly start the commercial implementation. Short term beneficial of the network 

evolution are the industry verticals, where also standalone, local access network can be implemented. 

However, it is utmost important to involve the industrial partner and create the use case scenario together, 

resolving the main issue of non-existent business cases.  

Interviews gathered with industry professionals pointed out that telecom companies are responsible to find 

new use cases and sell solutions to customer segments, which is a great challenge for the operators. The size 

of the market fundamentally defines the pace of the network evolution, because lack of demands indicates 

difficult use case creation and at the same time, receive less attraction from technology vendors. 

While B2B stream allows telecom companies to gain revenue in the early stages, continuous deployment of 

5G micro cells has to take place in urban areas, and has to be ready within 2-3 years to serve the increasing 

demand of commercial users. Interest of this customer group is continuously growing by the greater 

availability of 5G compatible devices and developing new use cases. In order to move ahead from network 

provider role in this segment, operators need to push the innovation by the involvement, or through merge 

or acquisition of commercial use case developers, Over the Top companies or start-ups. The implementation 

cost might be lower in cities where the society is more open for the change and the city is willing to 

collaborate with the intention to create a smart city ecosystem. Therefore, approaching municipalities as 

partners might be a good strategic approach to lower cost and increase income from another use case.  

Shared network infrastructure might be beneficial in countries where deployment is excessive and telecom 

companies have poor front- and backhaul. If the operators decide to collaborate, site planning, security and 

network sharing agreement have significant relevance. 
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Cloudification of the core network is essential to provide 5G-like service on the advanced LTE channels, which 

will meet the performance requirement of many use case scenarios before the start of 5G deployments. On 

the top of that, companies will be able to operate more effectively with virtualised E2E processes, reducing 

operation and maintenance costs. Even though companies already sell it as 5G feature, most of the 

performance will come with the full antenna deployment and the utilization of new frequencies. On the top 

of the enhanced fronthaul capabilities of the network, backhaul infrastructure has to be fiberized where it’s 

possible. Primary research showed that new micro-cell antenna developments shall not begin until regulators 

publishes the available frequencies, which heavily influence the developments, test cases and industry 

collaborations. 

Complex solutions created for different use cases have to be tested comprehensively, especially mission 

critical applications. Many test cases have been conducted with the industrial applications in the focus, but 

only a few commercial tests took place which increases the uncertainty in this use case scenario. Involvement 

of commercial users via special discounts could help the operators to understand the consumption patterns 

of certain areas and test the standalone network. In case data consumption can be supported by the current 

LTE network, or there is no solvent demand in the area, operators might consider not to deploy 5G appliances 

for cost saving purposes. 

When 5G reaches almost standalone operation, the complementary 4G network will be no longer necessary 

in many areas. Hence, operators continuously need to monitor 4G usage dismantle the legacy network as 

soon as possible with the purpose of operation cost saving. Ultimately, telecom companies have to 

understand the disruptive role of 5G in their operating model, and provide high quality, digital services 

instead of connectivity. 

7 Future research 

The research examined the mid-term business goals of telecom operators, considering many aspects of the 

implementation. However, supplementary technologies that will run on the 5G platform such as IoT or LiFi 

have been excluded, which could be analysed to what extend it contributes to the 5G implementation. 

Operators might also consider to create off-the-self solutions after many successful implementations in a 

specific industrial segment, gaining differentiation value in the competition.  

As slightly introduced in the research, operators will go through a paradigm change with the network 

evolution, which effects their operations. Further research study potential shall examine to what extent 

internal change affects 5G implementation, process transformation and the organization.  
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Since the study only focusing on the mid-term strategy within the next 1-4 years, other studies have potential 

to analyse the business strategy of telecommunication companies after standalone 5G networks are 

deployed, commercially available and many use cases are implemented. 
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Appendices 

Appendix 1 – Hourglass model 

 

Resource: https://jimproctor.us/envs/wp-content/uploads/sites/4/2017/09/HourglassRubric-Fa17.png, 

Downloaded: 15.09.2019 
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Appendix 2 

Semi-Structured interview: 

Warm up (10 minutes): 

1. What role do you have in your organization, and how are you related with the topic of 5G 

implementation? 

2. How long are you working with this topic? 

3. What comes to your mind first, when you think about 5G? 

Timeline and planning (15 min): 

4. What are the milestones from the planning to the usage (Roadmap)? 

5. When do you see that the new network will be ubiquitously available, with its full functionality? 

6. What are your estimations for the cost of the implementation? When it’s going to overcome the huge 

initial investment? 

5G implementation (20 min): 

7. What do you see as the biggest challenge of the implementation? Do you have any concerns with the 

new network? 

8. Which industries will be mostly affected, and why? 

9. When do you see that the new network will transform whole cities and societies, and to what extent? 

10. What do you think, who will be the main beneficial of the new network in short, mid and long term? 

Telco companies (15 min): 

11. How the new network will affect the business models of mobile operators? 

12. How can telco companies differentiate themselves in the 5G era? 

13. How should operators test and implement their first networks in the county? Which area should they 

focus on (and why)? 

Improvements (5 minutes) 

14. What improvements can be made?  

# of question Topic Object 

1 Warm-up Role 

2 Warm-up Experience 

3 Warm-up Preconceptions 

4 Timeline & plan Roadmap 

5 Timeline & plan Roadmap 

6 Timeline & plan Costs 

7 5G implementation Obstacles 

8 5G implementation Benefits (for industries) 

9 5G implementation Benefits (for cities and society) 

10 5G implementation Benefits (time perspective) 

11 Telco companies Business model 

12 Telco companies Competition 

13 Telco companies Strategy 

14 Improvements Improvements 
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Appendix 3 – Nodes of qualitative data analysis in NVIVO 
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Appendix 4 – Classification of nodes in NVIVO 
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Appendix 5 – Transcribed interviews 

Interview 1: 

Q: What role do you have in your organization, and how are you related with the topic of 5G implementation? 
How long are you working with this topic? 

A: I’m responsible for Telecom operation in 7 different countries, including Austria, Luxemburg, Bulgaria, 
Slovenia, Croatia, Macedonia and Serbia. I’m responsible for the network sites, network transport (traffic 
on the network) and call operation in these countries. My further responsibilities are the design of network 
architecture, high level network planning – local companies are responsible physical infrastructure. I’m 
directly reporting to the CTO. 

Q: What comes to your mind first, when you think about 5G?  
A: 5G is not only technology. It will bring technical revolution to the society and to various industries. Other 

than the previous network generations (3G, 4G), it is not a new generation because it is way different than 
the previously used network structures. It will bring much more differentiation, segmentation and 
possibilities. B2B application will be the main focus of the new network, thanks to the low latency 
functionality. We see that automation will also be a game changer in various industries. It is really about 
quality differentiation. 

Q: What are the milestones from the planning to the usage (Roadmap)?  
A: I would say the first milestone was to set up access network for specific target application, and differentiate 

cluster types to urban, sub-urban and rural areas. The second milestone was the design of the target 
architecture. Here we decided to not move the data centers to the edge (edge computing), which is a 
completely different approach to other operators. (…) The next important milestone was the shared 
hardware platform concept, which will run an open source software layer. In regards the transport, the 
definition of Software Defined Network (SDN) was an important and crucial step, which enables network 
slicing. Also, the virtualisation of the core network was important task, and this is ongoing currently as 
well. The fiberization of mobile sites were important, where we reached 80-90% of fibre coverage, and 
the rest is supported by high-speed wireless access. These, I would say are the main architectural 
milestones. Other than that, autonomous drones, autonomous driving will play a big role and set a 
milestone, which will be used (amongst other advantages) for traffic monitoring. 

Q: When do you see that the new network will be ubiquitously available, with its full functionality?  
A: In Austria it’s expected to be available by January (2020) after the new frequency can be utilised officially. 

Slovenia is expected to go live in Q3 (2020 Autumn), Croatia Q3 or Q4 (2020 Autumn – Winter), and 2022 
in Bulgaria. It is really depending on the frequency availability. New frequencies are essential components 
for low latency service. 

Q: What are your estimations for the cost of the implementation? When it’s going to overcome the huge 
initial investment? 

A: It's really country specific, mainly because of the wage cost. I can’t tell you concrete figures, but we 
estimate that it will cost about the same as 4G. This includes the deployment of fibre network but excludes 
the small cell deployment costs, since it is not applicable not for the reason that mm waves are not yet 
available. Therefore, it wouldn’t make sense to implement new cells now until it’s under discussion. A 
problem with the implementation of smaller cells is that street furniture are not state owned, but owned 
by the local municipalities. 

Q: What do you see as the biggest challenge of the implementation? Do you have any concerns with the new 
network?  

A: Definitely, the frequency migration which is a difficult element of the network evolution. The infrastructure 
has to be upgraded, and the new antennas are way heavier (30 kg), plus the modernised infrastructure is 
consuming a lot of power (200W) which leads to efficiency problems. Last, but not least, the network 
automation: we expect that at the same time many users will be connected to the network where 1.000 
slices are expected. This is impossible to handled manually, therefore we studied how to use machine 
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learning and AI to enable 5G ecosystem. This is already tested and expected to be rolled out to the live 
network. 

Q: Which industries will be mostly affected, and why?   
A: Manufacturers will be the main beneficial, but entertainment industry, including gaming, streaming 

services and media content consumption is also expected to change radically. Transportation will also go 
through a big change by autonomous driving. 

Q: When do you see that the new network will transform whole cities and societies, and to what extent? 
A: Faster than we think. For the society I expect the change in 3-4 year, when more 5G compatible devices 

will be available and cheaper, also wearables like glasses and other smart devices. City is depending on 
the political environment, but in Austria it will be quick, approximately 2-3 years.   

Q: What do you think, who will be the main beneficial of the new network in short, mid and long term?  
A: Definitely business customers in every phase, and on long term also autonomous driving. I wouldn’t say 

the residential usage would be main beneficial, because they will only experience the advantages of high 
download speed and they can even fully use its full potential. 

Q: How will the new network affect the business models of mobile operators?  
A: We won’t sell connectivity anymore; we would rather sell quality of service. Specific price models will be 

defined and with business customer the level of service quality will be offered through pre-defined SLAs.  
Q: How can telco companies differentiate themselves in the 5G era?  
A: As I mentioned before, with the quality of the service. It also means the availability, latency and throughput 

of the network.  
Q: How should operators test and implement their first networks in the county? Which area should they 

focus on (and why)? 
A: First, they need to establish a test site to test the beams, the throughput. Measurement method to analyse 

data shall be implemented, in order to monitor the performance and the radio coverage of these site. 
Then, E2E test has to be performed with available 5G compatible devices, testing of user experience and 
network latency. The core, service-based architecture should be tested, with E2E processes. 

Q: What improvements can be made? 
A: Monetization of 5G will be interesting for telecommunication companies. 

 

Interview 2: 

Q: What role do you have in your organization, and how are you related with the topic of 5G implementation? 

How long are you working with this topic? 

A: I’m working for Vodafone, in the department of Technology Enterprise Service, which means that we are 

supporting the business from technical side. We are not typing codes, rather supporting the projects of 

technical areas. With 5G and IoT, I’m working as a product development manager for 5G and IoT since this 

area is growing extensively these days. Vodafone has no internal developers; therefore, external partners 

are contracted for network upgrade projects. My task is to find and manage the works of vendors, and 

how to integrate the new developments to the company’s network. For example, Ericsson made an IoT 

Cloud for Vodafone, and the project has been introduced through a Smart parking project, but this IoT 

platform is an enabler for many other IoT applications, not only for smart parking, metering and asset 

tracking. Different vendor provides sensors, another is responsible for the operation, and the coordination 

of these technical areas is my duty. IoT is well known technology, whereas 5G is a field where we are kept 

in the dark: our main task is to find use cases, demos that can we present for the partners. 

At Vodafone, I’ve been working for 5 months, but in my last workplace I was working with spectrum 

tenders, frequency planning and Narrowband IoT, which will be a key technology in 5G introduction. 

Previously I worked for Magyar Telekom, which company is quite restricted in terms of network planning, 

since the infrastructure is shared with another operator, Telenor.  
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Q: What comes to your mind first, when you think about 5G?  

A: Wide open eyes… When 4G was a technological transition, 5G will be a viewpoint transition. So far, all the 

operators tried to improve the network for individual user, but the changes that 5G can bring won’t be 

sensible for them, because 4G development will reach the level that we can stream 4K videos, with wide 

coverage in Hungary. 5G targets to improve small nuances such as low latency, network slicing for example 

to create emergency slice. The cell distribution will be different, the technology itself will work differently 

on the high frequency, which terrifies many people. This will be a transition to a world where billions of 

devices will be connected. 

Q: What are the milestones from the planning to the usage (Roadmap)?  

A: In Hungary, the spectrum tender in September will be decisive, which will determine which spectrums 

operators can get. Vodafone already has 60 MHz on 3500, that’s why our company has a better position 

in the competition. Since extensive investment is needed for 5G, it is important to involve manufacturers 

in the development to move ahead with industry 4.0. There were some concepts when I was working for 

Telekom that the telco companies shall build the country-wide infrastructure together because of the cost 

distributions. First, cities will be covered with 5G on higher frequencies (mushroom structure), and then 

by the decommission of 2G and 3G new frequencies will be free and later on used for 4G/5G. In rural 

areas, 4G will be the maximum quality of service, because the functionalities of 5G can’t be secured.  

We already have collaboration with industrial partners, and they are interested in the value proposition 

that 5G and Narrowband IoT can provide. Wireless factory concept is in focus, that enables them to 

dynamically adjust the production lines. Mobility is crucial to make transformations within hours instead 

of weeks, that costs millions of forint. One operator is not powerful enough to do the whole 

transformation by itself, and to test the developments. Collaboration of telecom companies would be the 

logical solution, but it hasn’t been executed yet in Hungary. I think after the frequency tender the situation 

will be clearer and decisions will be made how to move forward with the Hungarian deployment. 

Deployment of small cells is not started yet, only some pilots. 5G hasn’t been finalised and standardised 

completely yet, that’s why companies are not deploying in this uncertain environment. The products that 

vendors are offering are not tested yet with the telcos’ infrastructure, from Ericsson, Huawei and Nokia. 

The vendor is not selected yet, and maybe more vendor will be selected: some vendor might have better 

solution to certain technology than other, and vis-a-versa. I’m not certain about Huawei’s market position 

because of the American scandal, but Deutsche Telekom in Germany is committed to work with them. In 

Hungary, it is still uncertain, but at least 3 vendors’ solutions should be considered. Yet, the physical 

network has been cloudified which was less complicated than it sounds. All the telecom operators are 

aiming to digitalise the network, in order to avoid the manual adjustment.  

Q: When do you see that the new network will be ubiquitously available, with its full functionality?  

A: Not before 2020, and in Hungary I would say 1 year is needed to launch 5G in the capital. I expect heavy 

interest increase after the tender in September. Problem with the implementation is that vendors are 

promising many things, but those are not yet tested. Telecom companies has to start preparing for the 

implementation – network architects are heavily involved, and internal trainings has already taken place 

to prepare the colleagues for the transition.  

The ubiquitous availability will have certain stages, and is really depending on the location. The internal 

(indoor) network will heavily influence network performance. I think 2022 will be the year when 5G will 

be distributed to major areas, to cities, which will be sensible for individuals as well. However, the 

availability of 5G devices is a blocker for this transition, as it was the case with 4G – 2G could not be 

decommissioned because of wide range of used 2G devices. Mobile manufacturers, like Apple, are not 

willing to sacrifice resources for 5G compatible device development if the network is not widespread. 
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Q: What are your estimations for the cost of the implementation? When it’s going to overcome the huge 

initial investment? 

A: The implementation will be really expensive. What I see the revenue would rather come from the industrial 

segments than from commercial. Industries will invest a lot to enhance 5G network capabilities, especially 

the latency, D2D, so on… However, many functionalities could run on 4G+ network and 5G is not needed 

at all, but we are trying to sell it as a 5G feature. For example, private networks in places like airport, 

where the user and control pane are separated: the control pane in in the mobile network, and the user 

pane will be stored in place, therefore the sensitive data stays in the private network. It can also run on 

the core network with 4G+, but will be prerequisite in 5G network by default on the core network. 

The cost can’t be determined now, our company made the necessary resource allocation to support the 

implementation. First the network will be developed to places where customers pay for it, then will be 

deployed to cities. I think it has many levels which is difficult to financially define.  

Currently there is not connection with the governments in terms of 5G, probably change after frequency 

tender. I think it’s also goal of the city to make itself smart. 

I think after each level/checkpoint that we reach will return investments for telco companies, within 3-5 

years. We will start with industries, so there maybe earlier. If a use case is well implemented, we might 

be able to use the know-how for other industrial implementation, so the return can be realised earlier 

than in commercial side. 

Q: What do you see as the biggest challenge of the implementation? Do you have any concerns with the new 

network?  

A: The mentioned hoaxes are gaining but does not affect the implementation, many concerns are spreading 

also in regards of self-driving cars. Designing the network is challenging and many work comes with it. 

CSON technology at Telekom is already able to orchestrate itself, and the responsible department has 

been reduced from 40-50 to 3 people. The biggest challenge is the development of business models: 

Should we use only one vendor? How can we orchestrate different technologies? 

5G is not simpler, but more complex than 4G therefore this synchronization is the biggest challenge. This 

was an example of VoLTE in 4G case, that has been hacked into the network afterwards. Creating business 

cases is also difficult, because even the network will be ready the users are business consumer won’t be 

able to realize what it can provide for them. 

Q: Which industries will be mostly affected, and why?   

A: Industries, where many trackable devices are working, tons of data is available and many physical things 

are tracked – here many things are moving, which can be optimised. For example: Container usage 

monitoring, production line processes gain many data over the operating time, which can be handled and 

analysed together. The wireless connected device concept is already a big advantage of industries, 

because 1m of cable costs enormous money. In case of self-driving cars 5G deployment is crucial, but for 

that a really dense deployment pattern has to be applied to support the intercommunication of vehicles 

(every 100m). Healthcare will be also influenced, like remote surgery. Smart agriculture is already 

developed in Hungary, farmers are using many technological improvements to support harvesting, but it 

won’t be decisive in case of agricultural production. Public safety will be also improved by wireless 

communication, granting more flexibility. Entertainment (VR, AR, Cloud gaming) will not really influence 

5G, because optical cable supports the needs of these applications at home in many cases. AR will be used 

mainly in industries and human trainings. I think in buildings the optical solution will be used, 5G would 

increase the already high level of electrical pollutions. Base station has to be reached by fibre backhaul, 

but within the house it can reduce cable usage. Fibre to the building (FTTB) has to be developed. 

Q: When do you see that the new network will transform whole cities and societies, and to what extent? 

A: 2022-2025 
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Q: What do you think, who will be the main beneficial of the new network in short, mid and long term?  

A: Short term the industrial partners, mid-term the users and long term the cities. 

Q: How will the new network affect the business models of mobile operators?  

A: Telecom companies need to consider which infrastructure needs to be implemented – fix or wireless? 

Where 5G coverage is good, then we don’t need to deliver expensive wired solutions. The company won’t 

work differently, but we will have a fix network as well that previously we just rented. We will have many 

more digital services offers, not only for business segments but also for commercial. Digitalization will 

drive the operation of the company. 

Q: How can telco companies differentiate themselves in the 5G era?  

A: Quality of services and coverage, which is quite developed in Hungary. 

Q: How should operators test and implement their first networks in the county? Which area should they 

focus on (and why)? 

A: First the industrial introduction should be the goal because of the quick return. Because this network is 

designed for the machines, this segment can utilize the full potential of 5G. On user side, only self-driving 

cars be the beneficial, other devices won’t be heavily involved by the network evolution. But this 

autonomous driving solution expected to come later, with solutions when the steering wheel is not 

needed. 

Q: How exactly? E.g. Magyar Telekom’s test bed in Zalaegerszeg… 

Yes, Telekom created a test track and equipped a city district with 5G technology which serve as a test 

bed for car manufacturers. It is important to test the interoperation of the cells in dense urban areas. The 

capabilities of new frequencies need to be tested (low and high freq). 3GHz is expected to widespread in 

the country. 

Q: What improvements can be made? 

A: Is there any commitment from the companies or the users to use 5G? Do they need it or not? Is it a useless 

development? What I mentioned in the beginning shortly, we are still looking for the purpose of 5G, and 

how its going to be useful for us, and explain why we invest a lot of money in this. This is very interesting, 

because its not that straight forward, we have to think with both business and technical mindset. 

Q: So is there any uncertainty in this area currently? 

A: Yes, also because of the standards, we really depend on the vendors and what they can provide to us, 

therefore we are “standing on multiple unstable legs”. We need to find proper use cases prove that it is 

going to be useful. No one else can do this, we are [operator] responsible for that. 

Q: Could you find use cases that you mentioned? 

A: We found, yes, but everyone is working on the solution and many business areas are interested. Firstly, 

the big telecom companies, such as Deutsche Telekom served by the vendors in Europe, and the small 

subsidiaries are not that important for vendors like Nokia or Ericsson unfortunately - Hungarian market is 

too small to be ranked high in terms of priority. However, in September we would like to show a pilot in 

our Headquarter. 

 

Interview 3: 

Q: What role do you have in your organization, and how are you related with the topic of 5G implementation? 

How long are you working with this topic? 

A: I’m working in the R&D center of Ericsson, which is the innovation center of new products. Currently I am 

involved in the development of a microwave device, which is designed to data transmission. This area is 

explicitly important in the whole product portfolio, because this device is responsible for the whole data 
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communication for telco operators and for transmitting data to the end users. Since the beginning of 2016 

this is the product I’m working on. 

Q: What comes to your mind first, when you think about 5G?  

A: Something new and cool, but we are quiet far now to form any concrete assumptions about it. 5G is barely 

used and testing is just started on low level, with small amount of test devices and small coverage. But 

this technology is key for the evolution of mankind. It will be really interesting opportunity how 5G will 

connect with Industry 4.0, and help each other to develop. 

Q: What are the milestones from the planning to the usage (Roadmap)?  

A: The first big milestone was the official specification published by ITU (maybe 2017), even though there 

were many experimentations with 5G or advanced 4G, where regulators knew that many improvements 

can be made to overcome the limitations of the current network. These initiatives already indicated the 

developments. The expectations are different towards 5G, which focus is not necessarily the upgrade of 

down- and uplink speed, at least it’s not as importantly as it was between the 3G to 4G transition. The 

next milestone was the launch of test networks, that Ericsson launched as far as I remember 1-1,5 year 

ago in collaboration with Czech Telekom. It was already a success, because the telecom operators have 

been involved. When 5G will be ready from technology point of view and telco operators realise the need 

of 5G, a new checkpoint would be reached. At the beginning it caused a lot effort to convince operators 

why do they need 5G, because it basically doesn’t give additional value especially on smaller markets such 

as Hungary. 

Q: When do you see that the new network will be ubiquitously available, with its full functionality?  

A: I think the widespread investment in 5G will start in 2020 Q2, but when 5G will be fully available on global 

level, also available for individuals, might be 2022-23. Bigger cities and dense, crowded places will be 

deployed first, and deployment in urban area will take longer. 

Q: What are your estimations for the cost of the implementation? When it’s going to overcome the huge 

initial investment? 

A: It depends on the telecom operators and their pricing strategy. Their interest is to involve industry 4.0, 

and provide opportunities and options to business customers. 5G is not only a solution for mobile usage 

but would be perfect for extremely accurate location, which would be a key enabler for industry 4.0, 

therefore operators need to figure out how to involve possible business partners who were not involved 

in telecommunications so far.  

Q: Who are your potential customers? Who do you target with your products? 

A: We have many customers from 3rd world countries, from Africa, where the population is dramatically 

increasing, by approximately a half of Hungary.  

Q: Are they trying to increase coverage or increase throughput? 

A: Many operators are trying to create a proper 4G network, their network model is not well designed and 

has many errors. On long term they would probably evolve the network in order to cover big cities. In 

these countries, cities where economy is not based on agriculture but industrial production it will apply 

exponentially, and 5G coverage expected to take place earlier. Other than that, we are on the market on 

every continent, in almost every country.  

Q: What about your potential customers? Only telecom companies or you are directly approach industries 

as well? 

A: In terms of our customers, we are only targeting telecom companies as far as I know. Our company is big 

enough to not only focus on operators, but other businesses as well. I don’t think that we don’t have any 

initiative like this, since we are one of the biggest suppliers. In case of the test in Zalaegerszeg, Ericsson 

and T-Systems provided the test network which project might not involve the telecom company.  

Q: Do you think that the 5G implementation is going well in Hungary, or is it slowly emerging? 
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A: I have no comprehensive overview, but I think it is rather slow in the Hungarian market. It is maybe because 

of the smaller market; however, we already have a pilot network in Zalaegerszeg, therefore we have some 

practical experience. 

Q: What do you see as the biggest challenge of the implementation? Do you have any concerns with the new 

network?  

A: In terms of the physical part, the new frequency usage is a big challenge. When high frequencies has been 

involved in the network plan, we had no experience if this could be used for telecommunication. By the 

time, all the other frequency slices got reserved, therefore it is a must to use these waves. The coverage 

of mm waves are smaller, therefore way more antennas have to be installed. Because of the lot of devices, 

the chance of interferences is higher, and attenuation is challenging, like in bad weather conditions such 

as raining, snowing or even foggy weather. Latency goal to reach 1-5 ms latency has to be solved, the 

current network can provide around 10 ms. Building of multiple antenna systems MIMO is a prerequisite, 

for both micro and macro cells. Current location accuracy is not precise enough in 4G, which has to be 

solved to support IoT where accuracy has to be lower than 1m. This will improve value chains, and increase 

the in-building location accuracy. These are all related to antenna related challenges. In term of cost, until 

the widespread distribution of 5G compatible devices not taken place, the current 4G network has to be 

used and maintained.  

In case of network planning, the height of the buildings and other factors also have to be taken into 

account which was not the case in the previous generations.  

Q: Which industries will be mostly affected, and why?   

A: Not on short term, but in few years I think it will affect every industries, from supply chains to automotive 

industry. As I mentioned, there will be many time more connected devices: practically every device at 

home such as fridge and washing machine can be smart. These are not necessarily connect to the mobile 

network, but to WiFi, however cars must use the operator’s network. Vodafone UK already has a business 

(and maybe also commercial) solution called Mobile-in-the-car, where the car uses the SIM card, and the 

GPS system can use live data retrieved from the network, which data comes from other connected cars. 

Industry 4.0 is a big innovation, and everyone is trying to take a slice from it. Right now, I can’t imagine 

any industry which can’t take advantage of 5g. 

The main beneficial might be the supply chains, many costs savings are expected here due to optimization 

and replacing humans with algorithms. Using algorithm is more effective and way more cost efficient. 

Effectiveness also means that pollution may be reduced from transportation vehicles. Practically, only 

human imagination can set limit to the development potentials. Possibly it will completely revolutionise 

transportation, either cars of aerial traffic. At the same time, telco companies need to have a well-built 

plant in order to convince users that they need it.  

Operators are establishing local test-beds for industrial areas, that only the company can use with its 5G 

compatible devices. This is a smaller standalone network, called Local Access Network that can support 

the whole facility during manufacturing.  

Q: When do you see that the new network will transform whole cities and societies, and to what extent? 

A: I think it really depends on societies, and the extend it allows to be transformed. A more tolerant area 

(like western societies), where the financial background and the willingness for transformation is in 

place, I think in 3-5 years. It doesn’t mean immediate change but a process, when cities will look back 

and realise the advantages they acquired during these years. The type of the society really influences the 

acceptance level. 

Q: What do you think, who will be the main beneficial of the new network in short, mid and long term?  

A: Individual users will be targeted with the marketing of fast network, but they can’t realise the difference. 

I think commercial users won’t feel the difference with their current internet consumption habits, but new 
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habits will come with the network, and then individuals can be also a big winner of the evolution on mid-

term. On short term the big manufacturers and logistic companies can utilise the power of 5G, reducing 

operating costs drastically. In healthcare it is already in experimentation, performing small operations 

remotely would be a big success as well. On long term anyone, who willing to invest in the technology, 

and build a service that can be sold to businesses or users. E.g. self-driving cars. It really depends on the 

society, and the number of users in the network. 

Q: How will the new network affect the business models of mobile operators?  

A: They definitely need to emphasize the B2B consumers, industrial users. Individual users going to become 

a smaller consumer area. Operators need to prepare for new consumer segments, if they want to see 

return on investment that has been spent on the deployment of the new network. Also has vital 

importance to find new use cases, to convince the users that they need 5G. As I said, there are no limits 

in 5G, so many things will become reality that we don’t even expect yet. 

Q: How can telco companies differentiate themselves in the 5G era?  

A: It is also a new challenge, probably bigger than all the previous ones. We currently think that the difference 

is in the pricing, since almost every network have the same performance, but new functions and services 

will be implemented (on the top of internet access and calling) that 5G allows due to the connection of a 

lot of devices. Maybe one operator’s service will be more expensive, but if they can provide 

supplementary services that customers need, they might pay additional price. It is not only a challenge 

from the technical side but also for marketing, to identify a product catalogue which is sellable.  

Q: How should operators test and implement their first networks in the county? Which area should they 

focus on (and why)? 

A: Many test case is needed to launch the service. If possible, in dense areas – the biggest challenges for the 

physical network can be identified here, using as many devices as possible to test the robustness of the 

system. The traffic in the network in unpredictable, it can be 5 or 10 times more than before. hence, their 

network planning capabilities will develop further. Results of the test cases will help them to improve their 

implementation strategy. A good strategy would be to implement the technology in a small, dense area 

and then involve commercial customers in the test by offering them discounts. It can be either by 

providing 5G compatible devices or using the approach of Digi: the company would like to launch its own 

wireless network in the country therefore they are providing free sim cards for the users to test their 

service. 

This way they are gaining customer base, stealing users from other operators and getting feedback from 

them. At the same time they are continuously improving the wireless network over the country. For the 

free mobile data and calls towards internal numbers the company only expect feedbacks from the users 

so they can improve their network, and make it desirable for other users. In some larger cities this 

coverage has been expanding ever since, and now the number of services available in the countryside is 

increasing as well, reaching 60% coverage.  

Q: How can telecommunication companies monetize on 5G? 

A: Operators have to monetize on the reputation of 5G – if other operators are 5G enablers than they also 

have to implement this disruptive technology. It's really up to the operators what kind of services they 

would like to provide, and convince them to use 5G.  

Q: Do you think that there is a sufficient demand for 5G? 

A: What I can see is that company's willingness to implement 5G has been increased and they start you to 

realize the importance of this new network. They accepted the fact that they really need 5G for the future 

operation. But it can also be the case that they pretended that they don't really need this technology in 

order to get it cheaper from the operators.  
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Some speculations are floating about health risks of new frequencies because the new network will use 

way higher frequency slices then the previous generations, and handle more connected devices in the 

area. 

Improvements (5 minutes) 

Q: What improvements can be made? 

A: I think your questions are covered the topic quiet well. 

Interview 4: 

Q: What role do you have in your organization, and how are you related with the topic of 5G implementation? 

How long are you working with this topic? 

A: I’m working for Hungarian Telekom since 2006, on the field of wireless network development. I’m leading 

one of the work group of the 5G project, so I’m heavily involved. 

Q: What comes to your mind first, when you think about 5G?  

A: Challenge. Next generation mobile system, which is a challenge to implement. The general assumption is 

that 5G will explicitly serve machines, “built for the machines”, leading us to the next industrial evolution. 

I’m curious about this, happened back in the days that people thought about something to be a “killer 

application”, but other things became decisive. 5G won't be dedicated to commercial users because it has 

functionalities and capabilities that only Machines can exploit. Comparing to the previous network 

evolution 5G is going to be bigger shift, but this might be more well-thought-out: 3G was designed as a 

voice network, then data has been attached later. 4G was designed as a data network, and voice has been 

added later by VoLTE. In case of 5G, the design contains both voice and data. Ever since, all the network 

generations were data or voice driven, but 5G will be balanced. The biggest switch in case of 5G will be 

the SA operation, when we can decommission 4G, which will be as monumental change as building a new 

network. 

Q: What are the milestones from the planning to the usage (Roadmap)?  

A: After the design, companies are writing out a tender to decide which vendor will implement the solutions, 

especially on the radio side in case of 5G, because new radio antennas have to be deployed due to the 

new frequency and new technology. Therefore, selection of the vendor is critical. 

 This vendor has to co-operate with the old vendor who built the 4G network, or the legacy network has 

to be extended. Theoretically, standard interfaces have been implemented but it is not guaranteed, the 

compatibility is not trivial. Vendor A’s 5G infrastructure might not be compatible with Vendor B’s 4G 

infrastructure that provides the core network functions. This is not the case when one vendor provides 

both network infrastructures.  

 Then comes the testing, where the pilot network will be tested (in closed or open environment), then the 

network can be launched in stages, same like in the case of 3G and 4G, which can take years. Deployment 

of the 5G network is more complex and take more time because many more antennas have to be 

deployed. It's because of higher frequencies and worse signal propagation. The lack of available low range 

frequencies implies that the users can’t enjoy full 5G experience. 

Q: When do you see that the new network will be ubiquitously available, with its full functionality?  

A: 2023-24, because the standardization is in progress 

Q: What are your estimations for the cost of the implementation? When it’s going to overcome the huge 

initial investment? 

A: I have no idea; I have no insight on the finances. Comparing to 4G, it might cost a little bit more at the 

beginning, because the mass production of the equipment has not started yet. Also, in regards the 

resources, it will cost more because the NSA network has to operate parallelly with 4G. In the past when 
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a new technology came, it was a brand-new solution by itself – but this network is essentially connected 

to 4G. The return in the telco industry should happen in 3-5 years, then the equipment gets outdated/old. 

Q: What do you see as the biggest challenge of the implementation? Do you have any concerns with the new 

network?  

A: Complexity and compatibility with the previous systems. Brand new equipment and terminals are needed. 

At the beginning phones will use the network and when the machines and sensors will come into the 

picture, it will totally change the view. The network is going to be safe as the previous ones, as far as I 

know the SIM based securitization haven’t been hacked.  

 I have no concerns. From security perspectives it will be as safe as 4G. I do not expect any adverse effect, 

since the radio devices which are located closer to the user (such as office) are less powerful. Outside, 

where a macro-base station has to cover 5km radius area has definitely higher performance. 

Q: Which industries will be mostly affected, and why?   

A: Depends on the usage scenario, and what kind of devices will be developed. 

Q: When do you see that the new network will transform whole cities and societies, and to what extent? 

A: I think around 2025 will be ubiquitous, also in the industrial point of view. Think about a production line, 

when the company will trust the brand new, wireless network enough to coordinate the production. For 

industries, it will take some time to trust the system, and recognise that machines don’t need cables to 

get the instruction signals. Therefore, these companies (as users) also have to understand and realise the 

potentials of 5G. Configuration changes in the production line is easier because of the lack of cables. E.g. 

a car manufacturer made one type of car in a line. If wireless network solves the mobility issues, the 

machines can be freely moved. They are able to change the production line and make a new model quickly. 

It will definitely change cities in IoT, and make traffic management system adaptive, using AI to reduce 

load of the crowded roads. I expect bigger changes here.  

Q: What do you think, who will be the main beneficial of the new network in short, mid and long term?  

A: Commercial users in short term. Even though we say that there is no need for such a high-performance 

network, the use case and applications will come when the new technology is available. VR, AR and 4K 

video has high performance needs. Industrial and agricultural companies later, on mid-term, because they 

also need to adopt to the new technology and realise its potentials. Cities, smart homes and industries on 

long term. 

Q: How will the new network affect the business models of mobile operators?  

A: By offering industrial applications of 5G. Closer collaboration is needed between telco companies and the 

industrial tech vendors, in order to provide complex solution not just the internet connection. 

Q: Is there any initiative for this in your company: 

A: This is confidential.  

Q: How can telco companies differentiate themselves in the 5G era?  

A: Currently the 3 big operators in Hungary provides almost the same service, and I think it will be the same 

in the future. In other countries, there can be a differentiation by focusing on a certain market / target 

audience, such as industries, users or cities. I think the biggest potential on short term is the commercial 

usage, on long term the industry segment holds. 

Q: How should operators test and implement their first networks in the county? Which area should they 

focus on (and why)? 

A: Agreement is needed with the business areas to know where 5G is needed, where can we measure high 

data traffic, where the solvent demand is high, so on… If you bring the new network to an area where 

people can’t afford to by the 5G compatible devices, then it does not make any sense.  

 As  was in the case of the previous generations, first the network has to be established as a precursor of 

the technology, then comes the traffic. It is not like the roads that are built to redirect the traffic to the 
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new road… Good quality network has to be established to attract customers. 4G traffic also has to be 

considered to predict the potential future traffic rates. SA network dated to 2023-2024, because the whole 

core network has to be replaced. 

Q: How can telco companies monetize on 5G? 

A: I think in Hunger all the operator will be able to monetize on 5G. All the operators have good 4G 

infrastructure as a baseline for the new network. On business side as well. In Hungary the market is very 

competitive, because of the huge parent companies (except Telenor), therefore the competition is 

exciting. It wouldn’t be the case if the parent companies wouldn’t aim to invest in network development 

and technology enhancement, but luckily, it’s not the case in Hungary. 

 EU projects supported the fibre network development, which infrastructure is also well advanced in 

Hungary, that is useful for both users (fibre internet at home) and mobile networks (fibre backhaul).  

Q: Do you see willingness from the industrial consumers to use the new network? Is 5G well sellable? 

A: I think yes, they also started to think about using 5G, and we are getting feedbacks from them. E.g. Bosch 

group is also interested in industrial application of 5G. The network deployment is not started yet, but 

they already took the first steps. 5G will be absolutely sellable. 

Q: What improvements can be made? 

A: The most decisive step will be to define use cases and services to either commercial, industrial or 

municipality side. For sure, we are not building the network to have faster internet, it has way more 

potential. In case of commercial usage, both telco company and start-ups should come up with new use 

cases or services and close collaboration is needed, especially from the telco side. 
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Appendix 6 – Ericsson’s guide to understand problems and challenges of industrial implementation 

 


