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Abstract 

 
The fifth generation of mobile communication (5G) is the latest generation of 

wireless technology and it is expected to have an immense opportunity for great 

different number of industries. This technology is going to meet current 

wireless technologies limitations and enable fully smart factories. Some large 

companies intend to developing their communication technologies to 5G, 

however, there are some surveys showing that small and mid-sized enterprises 

(SMEs) have paid less attentions to this technology and also they adopt the 

mindset of wait-and-see which increase the possibility of failing their business. 

The reason can be that SMEs mostly do not have IT specialists or researchers 

and due to the lack of financial resources for research in communication 

information technology (CIT) and automation. Consequently, enhancing their 

automation systems is going to be very costly and perhaps risky. The risk of this 

is that, many times due to using old technologies, their competitors will 

overcome them in the business. This research aims to study the benefit of the 

5G for small and middle size manufacturing and to explore if 5G is an optimal 

solution for SMEs network communication. To provide that, five companies 

are selected and investigated in Gävleborg and Dalarna counties in Sweden. 

Then each company is interviewed individually and the evaluations are done by 

an observing survey and review of the literature. The investigation shows that 

wired systems are still providing the main communication network 

technologies in SMEs. Besides, current communication issues that SMEs are 

dealing with are usually due to using insufficient technologies. In other hands, 

current radio access is still based on the advanced LTE, whereas the 5G, which 

is promised to meet all a fully smart industrial requirements is known as 5G 

New radio (NR), is still on the progress and predicted to have expensive 

implementation. 

On the other hand, in future when 5G NR system will be widespread accessible 

everywhere, and also when we will have optimal and straightforward factory 

ecosystem transformation, broad 5G applications and simple IT-support the 

business, a fundamental change is going happen on the way of business scenery 

for all size of enterprises. As a consequence, if SMEs do not adapt themselves 

to the new technology and new business model, they will go out of the business. 
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1 Introduction 

 

1.1 Overview    

Mobile wireless communication network passed a long journey from first generation 

(1G), an analog signal with limited use-cases, to fourth generation (4G) and LTE, 

which is an evolution to mobile technology and attributed to overcome many 

limitations of previous generations, such as low bandwidth and low data rate. 

However, by constant increasing number of wireless devices and increasingly users 

population, an initial development of next generation of mobile communication, 

which is called 5G, has been started to address many requirements and limitation of 

todays and upcoming future, such as the need of higher bandwidth and higher data 

rate, by considering a wide scenarios of use cases including smart city, smart home, 

industry automation and smart factory. Finally, at the end of the 2018 the initial 

edition of 5G has been delivered and implemented in different part of the world. 

Although, the development and research of 5G is still ongoing on the technical 

characteristics and potential uses, it is expected that the large number of 5G use cases 

are going to be all about the enterprise and industry. It is assumed that 5G represents 

a major leap ahead from current automation industry, to fully smart factory for all 

size of enterprises and manufacturing and also it enables more business models, 

industrial digital machines and impacts multiple industries from large companies to 

small and mid-sized enterprises (SMEs).  

In this matter, many large companies like Atlas Copco and ABB are putting their own 

efforts on investigation and research on the potential use case of 5G in their business 

and implementing on their factory sides. However, in the SMEs due to the lack of 

sufficient budget on information technology (IT) and researches, less attentions have 

been paid on 5G. On the other hand, SMEs requires even more to follow the state-

of-the art technologies to improve operations management including production 

planning and execution, production control, operational performance measurement 

and evaluation, in to order cover the various customer needs in enterprise categories 

[1]. Therefore, an alternative solution can be supporting an introduction the SMEs to 

the up-coming technologies such as 5G and to what it means to their functions. This 

research provide a scope on the 5G technologies as possible solution in terms of 

network communication and factory automation specifically for SMEs. The research 

has been limited in Gävleborg and Dalarna in Sweden. 
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1.2 History of 5G Communication  

5G refers to the fifth generation of cellular network telecommunications 

technologies. One of the pioneer in 5G development are NASA Corporation with 

M2MI. In the initial of 2008, they made decision to develop a next generation 

telecommunications and networking system for Internet protocol-based and related 

services and the main ambition of the idea was to meet the future need in mobile 

communications[2].Another significant actions in 5G evolution has been taken  later 

in 2012 by European Commission (EC). EC launched a co-founded project named 

METIS. The main objective of the project was provide the foundation for 5G, the 

next generation mobile and wireless communications system and the METIS 5G 

system concept was developed to meets the requirements of the beyond-2020 

connected information society and extends today’s wireless communication systems 

to support new usage scenarios [3].The presented METIS functional architecture, 

served as a first source for identification and development of novel 5G network file 

systems (NFS) [4]. 

In the period 2015 to 2016, Ericsson and its industrial partners, built a 5G radio test 

bed and proved several technical concepts including 5G-LET dual connectivity and 

5G multiple-point connectivity with distributed MIMO[5] . Since 2017 to 2019, 

some of the most significant 5G deliveries can be exampled as, multiple 5G New 

Radio trials, the first public 5G live network use cases deployed in Europe[5]and 

around end of 2018, Ericsson  and other publicly announced commercial 5G [5]and 

South Korea became the first country to adopt 5G [6]. 

1.3 Concept of the 5G 

5G is known as new revolution in mobile network. This technology consist of high 

value technology and it presented a unique experience thanks to the offering all 

advanced features, such as high bandwidth, extraordinary data capabilities, large 

broadcasting of data and low cost services [7]. The concept of 5G technology is to 

develop the next generation telecommunications and networking system for Internet 

protocol-based and related services and the main ambition of this idea is [2]to meets 

the requirements of the beyond-2020 connected information society and extends 

today’s wireless communication systems to support new usage scenarios [3].On the 

other hands, 5G is envisioned to make revolution in digitalization which everything 

that benefits from being connected will be connected [8]. 
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One of the most significant development of 5G technology is discovering a new 

standard specifically for 5G defined New Radio (NR) to scale the network efficiently 

for next decades. It is based on the millimeter wave’s signal and consist of massive 

antennas. However, 5G network has flexible design and it is not limited just to NR 

standard.5G support several options of connectivity to managing to responding 

different use cases of 5G without adding unnecessary complexity and cost [9]. 

Currently the 5G is deployed on dual connectivity of LTE/eLTE and NR access [10] 

and solid NR option is still a vision. 

1.4 The Concept of SME  

SME refers to the small and mid-sized enterprise and have different definitions in 

various countries. Since 2005, European Union (EU) defined medium-sized business 

with a headcount of fewer than 250 is and turnover less than 50 million euro, and also 

small business with a headcount of fewer than 50 and turnover less as 10 million euro 

[11].The table (1) is showing the definition of SME in details. 

Enterprise Category Headcount Turnover Balanced sheet total 

Mid-sized <250 <=€ 50 million <=€ 43 million 

Small <50 <=€ 10 million <=€ 10 million 

Micro <10 <=€ 2 million <=€ 2 million 

Table 1: Small and mid-sized Enterprise categories 

 

The European Commission considers SMEs and entrepreneurship as key to ensuring 

economic growth, innovation, job creation, and social integration in the EU [12]. 

According to a statistical resources, 99.8% of Europe enterprises and 99.9 % of the 

total enterprises in Sweden are in the category of SME and more than 3 million 

employees in Sweden work in MSEs[13]. Hence, it can be assumed that SMEs in 

Sweden play critical roles on their economy. 

1.5 state of Problem  

 

While, the fifth generation of cellular communication system (5G) is going to offer a 

variety use cases, it is expected to have key role in covering a wide requirement and 

applications in industrial communications and factory automation [8]. Actually, it is 

the first time that there is a strong industry expectation for a cellular communication 

technology via offering vast industrial applications. 
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In manufacturing automation, although wired technologies such as fieldbus and 

Ethernet-based systems, still hold the major market share [14], a remarkable interest 

has grown for using wireless communications. Industrial wireless communication 

provides remarkable advantageous in terms of flexible deployment, easy 

maintenance, low installation, maintenance cost, higher flexibility, extendibility 

options over the wired communication systems etc. [13-14]. However, until now 

wireless communication technologies for factory have traditionally been only used for 

diagnostics and open-loop control applications [15], and there are still limitation in 

using wireless technologies for providing connectivity to closed-loop control 

applications, including packaging filling stations and machines. It is mainly due to 

requirement of strict latency and high reliability [14].  

On the other hand, the new generation of cellular system (5G) by providing an Ultra-

reliability and Ultra-low latency wireless communication, and also meet other 

limitations of wireless technology is expected to enable fully automated factory. 

These unique and high value technologies bring 5G to a major role in use-case of 

factory automation. It assumed to open a new page in industrial digitalization and a 

new step in technology transferring. At the moment, many large companies have 

started to transfer their current communication technology to 5G. However, based 

on studies and statics, SMEs expressed less interest in technology transferring 

comparison with other types of enterprises. They often find that digital technologies 

would disrupt their industry to some extend [16]. Since they usually come up with 

this perception that technology transferring is an external force, difficult to predict 

and also mysteries in case of finding an optimal and effective plan. Therefore, they 

seems to be struggling more than other types of enterprises to understand the 

potential impact and benefits of digitalization [17] and take action for digital 

transferring. This negligence can be due to the lack of budget and inadequate 

resources and knowledge which makes the investment in technology very costly and 

expensive.  

For SMEs, transferring technology is something of a double-edged sword and 

requiring a dedicated and sophisticated tactic. It helps the business and to remain 

competitive [18], on other hand, it requires ongoing investments in time and money. 

In another words, it can be assumed if SMEs do not choose a proper technology they 

may end up to bankrupt, on the other hand, remaining old can let their competitors 

to overcome them in business. 
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1.6 Aims and Objectives  

The research study designed to asserting the benefit of 5G to growth the SMEs in 

different aspect. The primary purpose of this research is to determining 5G potential 

for communication service in terms of small and mid-sized manufactures and point 

out a conclusion if it is an optimal option for these type of industrial factories. 

The target group is small and mid-sized companies in the Region of Gävleborg and 

Dalarna that has a connection to the industry. They can be manufacturers or providers 

of transport. Initial plan is to limit the project to a few selected companies within this 

group and do a deeper analysis of them. The main goal is determining if 5G utilize for 

SMEs in these regions and is it going to managed to contributing communication 

requirement in order to enhancing the business productivity and performance. 

The following tasks is going to be accomplished as part of the research: 

 

 Study about 5G technologies and also investigate about various types of 

current industrial communication technologies. 

 Visiting six different Companies in Dalarna and Gävleborg.  

 Determining requirement and shortage of current communication 

systems in target companies and survey for finding the most optimal 

solution.  

 Analysis the 5G possible benefit as a wireless network communication on 

specific issues in Target Company’s performance. 

 

 



 

 

6 

2 Theory 

In this thesis, a research about 5G is established for SMEs to bring forward a wide 

scope of 5G necessity in small and mid-sized Companies. There are not so much 

scientific resources in connection with the realistic necessity of 5G for SMEs, as most 

published work was related to industrial utilization of 5G, 5G roles contributing to 

establishing smart factory, cyber physical factory and tec. 

2.1 Evolution of 5G Communication  

5G refers to the fifth generation of cellular network telecommunications 

technologies. One of the pioneer in 5G development are NASA Corporation with 

M2MI. In the initial of 2008, they made decision to develop a next generation 

telecommunications and networking system for Internet protocol-based and related 

services and the main ambition of the idea was to meet the future need in mobile 

communications [2]. Another significant actions in 5G evolution has been taken later 

in 2012 by European Commission (EC). EC launched a co-founded project named 

METIS. The main objective of the project has provide the foundation for 5G, the next 

generation mobile and wireless communications system [19] and the METIS 5G 

system concept was developed to meet the requirements of the beyond-2020 

connected information society and extends today’s wireless communication systems 

to support new usage scenarios [20].The presented METIS functional architecture, 

served as a first source for identification and development of novel 5G network file 

systems (NFS) [4]. Also, in the period 2015 to 2017, Ericsson and its industrial 

partners, build a 5G radio test bed and had proven several technical concepts including 

5G-LET dual connectivity and 5G multiple-point connectivity with distributed 

MIMO [5].  

In 2015, the 3rd Generation Partnership Project (3GPP) initiated the 5G proposal 

and the expectation of what to address the transmission communication new 

industrial sectors. The 3GPP is a standards organization developing protocols and 

standards for mobile communication systems. At the end of 2017 until 2018, the 

standard called release 15 (rel-15) has been published. Initial 5G NR launches depend 

on existing LTE infrastructure in non-standalone (NSA) mode, before maturation of 

the standalone (SA) mode with the 5G core network [6][10]. 

https://en.wikipedia.org/wiki/Standards_organization
https://en.m.wikipedia.org/wiki/LTE_(telecommunication)
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 Furthermore, at the end of 2018 rel-16 has been announced to evaluate the rel-15 

and it is still on progress. Generally, the 3GPP standard for 5G can be divided in 

two phase standards: phase 1 and phase 2. As it is illustrated in figure (1), phase 1 is 

based on the non-standalone (NSA) modes and it refers to an option of 5G NR 

deployment that depends on the LTE infrastructure with the frequency band sub-

6 GHz frequency. It is published as rel-15. Phase 2 standalone (SA) mode which has 

standard of (rel-16) allowing the deployment of 5G without the LTE network but 

based on NR and frequency bands in the mm Wave range (20-60GHz) [21]. 

 

 

Figure 1: Two steps for 5G standards by 3GPP. 

In result, the current 5G implemented in phase 1, whereas NR is still a vision. 

Although, the phase 2 is predicted to be deployed further in 2020. 

During 2017 to 2019, some of the most significant 5G deliveries can be exampled as, 

multiple 5G New Radio trials, the first public 5G live network use cases deployed in 

Europe [5] and around end of 2018, Ericsson and publicly announced commercial 5G 

and South Korea became the first country to adopt 5G [6].  

 

2.2 Current Communication Technology in Industry 

Industrial communication technology refers to the technology used for network 

communication among machines and devices in manufacturing and factory [22]. 

There are several technologies and standards used in industrial computer network. 

In the following paragraph some of the most popular technologies are discussed. 

Phase 1 NSA rel-15

Phase2 SA rel-16

https://en.m.wikipedia.org/wiki/MmWave
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2.2.1 Cable  

The most common transmission solution for industrial communication in today’s 

market belongs to cables. There are different types of cables models in the market 

such as fiber and copper. Wired technologies has some advantage and proven 

characteristic such as reliability, availability and real-time guarantee. However, in this 

thesis we are focusing on wireless communication for industrial use cases. 

2.2.2 Wireless  

Wireless communication system has become more popular in industrial 

communication network and factory automation, since it brings many tangible 

benefits including cost reduction, more reliable control/processing systems and 

improved worker productivity and, the most significant one, mobility transmission. 

 

There are different types of wireless transmission technologies and standards available 

in market, with different kinds of applications and characteristic. In the following 

paragraph some of the most demanding types of wireless technologies and standards 

are referred. 

2.2.3 IEEE 802.11  

IEEE 802.11  are the world's most widely used wireless computer networking 

standards which access the Internet without connecting wires [23].They are mainly 

supporting simultaneous connections on both the 2.4 GHz and 5 GHz ISM frequency 

band with bandwidth rated up to 1300 Mbps on the 5 GHz band plus up to 450 Mbps 

on 2.4 GHz. In comparison with 2.4 GHz frequency band, 5 GHz provides faster data 

rate, but has lower level of range and coverage, since it uses higher frequency and 

shorter wavelength. Therefore, based on the matter of usage, both frequency bands 

can be used. For example, for controlling or machines operation low-latency 

communication is required, hence, 5 GHz seems to be a better option [23][24].  

However, in some procedure like smart maintenance or large era coverage, the speed 

is not matter most, but range and propagation length is more primary. In these type 

of use cases maybe 2.5 GHz is more appropriate. Therefore, depending of the 

application and required criteria, the both frequency band can be selected 

In addition, the propagation of Electromagnetic waves in millimeter band is severely 

affected by environmental conditions. The shorter the wavelength the more 

attenuation will be induced by absorption and scattering due to rain drops, dust and 

sand particles in the radio path. Hence, 5 GHz might not be a good option in rainy, 

forest, desert environment [24]. 
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2.2.4 ZigBee 

ZigBee is another type of wireless network technology used for wireless control and 

monitoring applications for automation and networking purposes like smart home, 

manufacturing and industry control and monitoring process and the layer by layer 

protocol stack architecture contributing it to have low power consumption (around 

1 years), data rate up to 250 kb/s, and self-healing reliable networks, which makes it 

very efficient for industrial applications[25].  

2.2.5 Bluetooth 

Bluetooth is regarded as another competitive wireless communication network for 

many IoT devices. This is a short-range wireless technology developed to use low 

bandwidth signals. This is a communication between two devices and the main idea 

of using this technology is to connect devices without using cables. Besides, it might 

not be secured as Wi-Fi or ZigBee. Bluetooth is an alternative technology for indoor 

positioning device[26].The new model, Bluetooth 5, supports maximum range of 

around 800 feet with speeds of up to 2 Mb/s [27]. 

2.2.6 LPWAN 

Low-power wide-area network (LPWAN) is a type of wireless 

telecommunication wide area network designed to allow long-range communications 

at a low bit rate among things and it is popular solution for distance communication. 

The most significant standards of this technology are NB-IoT, LoRa and Sigfox and 

explained in three paragraph separately [28]. 

2.2.7 NB-IoT 

Narrowband IoT (NB-IoT) is a 3GPP standards. It is a cellular telecommunication for 

IoT networks and massive machine- type communication (mMTC) are developed to 

enable IoT connections over long-ranges [29]. NB-IoT provides ultrahigh scalability 

(40 devices per household and 55,000 devices per cell), battery lifetime over 10 years 

and low cost communication. NB-IoT covers about 15 Km distance and has delivery 

data rate around 250 kb/s. [29]It has non-critical use cases in industry such as, 

environmental monitoring, metering, manufacturing, asset positioning and data 

receiving form sensor network[28] [29]. 

https://en.wikipedia.org/wiki/Wireless_mesh_network
https://en.wikipedia.org/wiki/Wireless_telecommunication
https://en.wikipedia.org/wiki/Wireless_telecommunication
https://en.wikipedia.org/wiki/Wide_area_network
https://en.wikipedia.org/wiki/Bit_rate
https://en.wikipedia.org/wiki/Internet_of_things
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2.2.8 LoRa 

LoRa which is an abbreviation of Long Range, is advanced wireless technique 

standards and has high demand in market and also for developers since it has open 

source specification of LoRa WAN open source. LoRa is dedicated to long range 

communication with a typical coverage of 2-5 km in urban area and 15 km in rural 

and it uses unlicensed ISM band 868,915 MHz operational frequency [78].It has over 

10 years battery lifetime The data rate of the LoRa network is less than 10 kb/s[78]. 

LoRa regarded as a high-capacity, low power Compared to cellular networks, besides, 

it is highly suitable for indoor coverage, for extensive smart city applications and 

remote data transfer (indoor/outdoor) due to its properties of low power, low cost, 

long range, and low data rate[29][30] 

2.2.9 Sigfox 

Sigfox is, ultra-narrowband radio and can be a solution for long distance 

communication with low data rate transmission [80]. It has very low noise levels, 

attributing to very low power consumption and including low cost antenna design 

[31].Sigfox operates in the 868-MHz band in Europe and the 915-MHz band in the 

United States. It has large coverage about 13 km and long battery lifetimes (around 

ten years[32]. Sigfox has lower data rate compared to NB-IoT and LoRa, less than 

100 b/s [33]. 

 

 

2.2.10 A Summary of comparing some current communication technologies 

There are some pros and cons among these technologies. The advantage of Wi-Fi is 

relative lower requirement on technology research and development, higher data rate 

transmission and higher speed. On the other hand, the high-power consumption, 

unsilenced spectrum leading to decreasing security and low propagation path 

considered as a big weakness. As a result, Wi-Fi is limited by the physical limitation 

of the frequency band leading to high degree of signal interference and poor 

diffraction, so in case of industry usage, it can be assumed to not have good coverage 

and stability for indoor environment. 

On the contrary, ZigBee technology has lowest power consumption among Bluetooth 

and Wi-Fi, consuming 25% of the power of Wi-Fi, which we can say ZigBee's battery 

life is a major plus over Wi-Fi and Bluetooth. In addition, Zigbee has higher level of 

signal coverage, lower latency, but lower data rate vary from (20 kb/s (868 MHz 

band) to 250 kb/s (2.4 GHz band) [39]. Hence, it has more usage in sections that 

power supply has principle role such as wireless sensor networks 

(WSN)[25][34][35][36]. 
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On the other hands, the three LPWAN technologies (NB-IoT , LoRa, Sigfox) is by 

far has longer coverage 10 km up to 15 km, however, lower data rate comparison 

with the rest of standards. Besides, among these three LPWAN standards, NB-IoT 

has higher data rate and coverage. It will provide higher value IoT applications that 

are willing to pay for very low latency and high quality of service. However, the 

disadvantage of it compared to Sigfox and LoRa is that the spectrum is not free [31]. 

The table (2) shows the difference between some of the standards used for wireless 

networking [35][36]. In this table we have one characteristics in each Colum. In each 

column, the first row shows the most sufficient and higher level in case of its 

characteristics. For example, the first column is comparing Battery life. We can see 

that ZigBee has the longest battery life, the second rate is for Bluetooth, and the Wi-

Fi has the most battery consuming. 

 

Table 2: Comparison of various wireless communication standards[31]. 

 

 

 

 

 

 

 

 

Battery life Coverage Speed 

LoRa/ NB-IoT NB-IoT Wi-Fi 

LoRa/ NB-IoT  Sigfox  Bluetooth 

Sigfox LoRa ZigBee 

ZigBee Wi-Fi NB-IoT 

Bluetooth ZigBee LoRa 

Wi-Fi Bluetooth Sigfox 
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Besides, in the figure (2) a comparison between standards we mentioned also withall 

generation of mobile communication technologies are shown. 

Figure 2: Data vs. range in different wireless standards [31]. 

 

As we can see in figure (2), LPWAN family are providing the highest range of 

communication. However, it is expected that the 5th generation (5G) of mobile 

cellular communication will cover both data rate and rage in fairy rate. 

 

2.3 5G Architecture 

 

5G technology as fixed wireless access is expected to satisfy a wide variety of criteria, 

such as ultralow latency for autonomous car, ultra-reliability for industry control and 

monitoring or highly mobility and capacity for crowded area like festival or public 

event in wide area [37]. To meet the complex and sometimes contradictory 

requirements of these diverse use cases, 5G ecosystem will encompass both a 

modernization of current 4G (LTE) networks system and the addition of a new 

standards for access technology known as New Radio (NR) developed by 3GPP.  
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2.3.1 5G NR Technology  

5G NR is a 3GPP standard for 5G to meet the future industry applications. This new 

radio will operate in the frequency range up to around 95 GHz [38].In this access 

point for the first time millimeter wave and licensed spectrum is utilizing for mobile 

communications to provide required security and reliability for industry use cases 

[39]According to the Ericsson articles, new Radio technology contains three primary 

concepts including network slicing, cloudification and massive MIMO. Network 

slicing is designed to enable the provision of network slices globally, making sure 

that customers do not need individual agreements with different operators for a 

global service experience [40].Cloudification is the conversion and/or migration of 

data and application programs to make better use of cloud computing. Massive 

Multiple-Input and Multiple- Output (MIMO) is the combination of MIMO and 

beam forming with large number of antenna elements – to improve both throughput 

and energy efficiency  

2.3.2 Initial Implementation 

One of the most important prerequisite to launch 5G is expected to be availability of 

spectrum[41]. According to the GSMA guideline, the most popular spectrum for 5G 

implementation can be categorized in two parts. In the first category, the 

communications bands extending from 2GHz to 4GHz (S band) and 4GHz to 8GHz 

(C band ) respectively. In second category, millimeters wave band that includes 

spectrum spanning from 24GHz to 29.5GHz as well as spectrum in the 37GHz to 

43.5GHz is utilized.  

The table (3) is dedicating five primary performance requirements for high data 

rates and traffic densities. 

 

Table 3: Different scenario vs. Primary performance requirement [41]. 
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According to the table, it can be observed that the highly significant demanding area 

in case of data rate is in indoor hotspots, which is approximately 16 times more than 

the average demanding. Another remarkable points in this table is the difference 

between in DL and UL data rate requirements in dense urban which the downlink 

data rate is 6 times higher than uplink data rate. It can be assumed that for this 

particular use case it probably should be some specific infrastructure in order to 

satisfying the demands and cost. To regard that, advanced antenna techniques such as 

MIMO and beam forming is going to use.  

Besides, in time division duplex (TDD) of NR system, since transmit and receive (TX 

& RX) has same frequency bands, the TX signal of the asynchronous system directly 

interferes with RX frequency band. Therefore, synchronization is very important for 

5G in order to avoid interference, especially in TDD of NR systems [41]. 

2.4 Challenge of 5G 

Primary challenges for 5G can be varied from business aspects to technical aspects. A 

major challenge of 5G in business aspects is if the plant owners and operators are 

willing to pay for a licensed spectrum instead of using available unlicensed spectrum 

technology which is costless.  

Furthermore, to regard the technical aspect, there are key questions in technical part 

of the NR systems. As an example, when several access point are used, in case of 

Massive MIMO, a reduction in latency and reliability will occur. However, using 

perfect interference cancellation schemes and power control schemes can be 

considered as a solution to this problem, but, a costly solution [42]. 

In addition, one of the implementation issues can be in slicing. Since current network-

slicing schemes mostly emphasize on the partitioning of the core network or the radio 

access network. However, to achieve greater flexibility and better resource utilization 

in the process of setting up a service for a customer, the potential of network slicing in 

the 5G optical mobile front-haul (MFH) network should be jointly exploited. A 

flexible hierarchical edge cloud architecture can be predicted to address this challenge 

[43]. Besides, network infrastructure sharing might contributing to hindrance in 

competition among mobile network operators. When the network infrastructure is 

shared, it is inherently difficult to differentiate or corroborate own network 

infrastructure to compete against the sharing partners. Whilst it is possible to compete 

on the basis of services, the regulatory obligation of mobile networks tends to focus 

on the network connectivity and consequently the infrastructure. This concern can 

be minimized if the sharing is limited to the scope of passive infrastructure. As active 

components can be differentiated while optimizing the cost of passive infrastructure, 

competition among sharing operators can still be active [41].  
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Additionally, 5G as a wireless communication system can bring its own challenges in 

industrial environment. For instance, maintaining highly reliable data communications 

in IWSNs is crucial in industrial applications, since wireless sensors may generate 

safety-critical data, which should be transmitted to the sink reliably and timely. The 

failure of ensuring data reliability may cause an outage of the production line, a damage 

of the factory machine, or even the loss of workers’ lives. Besides, in industrial 

environments, the obstructing machinery, metallic frictions, engine vibrations, 

equipment noise as well as the humidity and temperature fluctuations are hostile to the 

radio propagation and hence adversely affect the reliability of wireless transmissions. 

The main propagation phenomena degrading the wireless reliability include the 

interference, path loss and multipath fading [44]. 

 

2.5 Applications and use case of 5G 

The New Radio physical layer design is flexible and scalable to support diverse 

operation and service with extreme or contradictory requirements. 

5G fixed wireless is being developed with three broad use case background. The first 

one is enhanced mobile broadband (eMBB) which has use cases for data-driven process 

requiring high data rates across a wide coverage area [20][21][45]. 

The second one is massive machine-type communications (mMTC) providing high 

connection density, energy efficiency, extended coverage along with low power 

consumption need to support a very large number of devices in a small area, which 

may only send data sporadically, such as Internet of Things (IoT) use cases, also full 

filling the primary criteria of wireless sensor network [45] 

The last one is ultra-reliable low-latency communications, strict requirements on 

latency and reliability for mission critical communications, such as remote surgery, 

autonomous vehicles or the tactile Internet. In addition, this characteristic considering 

principle factors for control and monitoring, robot and Artificial Intelligent process, 

tracking and localization, security and safety (URLLC)[20][21].  

Each of these three use-case can be considered as a single standards. In the following 

table (4), we can see a comparison between these three broadband use cases.  
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 URLLC eMBB mMTC 

Use-cases category Critical-use Non-critical Non-critical 

Data Rate High Medium Low 

Coverage Wide-area Urban-area Wide-area 

Battery Life Low High High 

Scalability Low Medium High 

Table 4: A summary comparison of three broadband use case of 5G   

 

As it shown, URLLC proving a critical use case for wireless communication which has 

been an issue before in industrial communication. As it is mention before, wireless 

communication is being used just for non-critical use case. However, the URLLC 

feature can enable a wireless communication for critical use cases. However, the two 

other features are still more suitable in non-critical applications [20] [21][31].  

 

The figure (3) display various uses cases vs their needs for speed and for fast response 

time. 

 

Figure 3: various uses cases vs their requirement in latency and data rate[46]. 
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As it shown in figure (3) , services in blue section is take full advantage from 5G 

features such as tactile Internet and autonomous driving, in other hand 5G might not 

have key role on white section, such as monitoring sensor network. Besides, there 

are some services and process can benefit one specific use case category. For 

instance, emergency safety like disaster alert require ultra-low latency, but these 

transfer data in low rate level.  

Besides, one of the 5G feature that could have significant importance for 

manufacturing use cases is positioning thanks to the several aspect including, wide 

bandwidths of mid- and high-band spectrum and  beam-based systems. This feature 

can be allocated in eMBB use case category and it announced in 3GPP release 16. The 

objective is to achieve indoor positioning accuracies below 3m, but NR deployed in a 

factory environment has the technology potential to support much more precise 

positioning [47].  

2.6 The role of 5G in Industry 4.0  

The concept of industry 4.0 emerged as an introduction for more developed 

controlling production processes and new business models. The 5th generation of 

Mobile networks with combination of robotics and machine intelligence are designed 

to enable the fourth industrial revolution and provide fundamental prerequisites of 

Industry 4.0 including real-time communication between humans, robots, factory 

logistics and products [48]. 5G as a high speed wireless infrastructure is considered as 

a perfect tool for industry 4.0.  
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2.7 Digitalization in SMEs -The Possible Impact of Digital 

Transformation in SMEs  

The term digitization refers to “the action or process of digitizing; the conversion of 

analogue data into digital form.” However in another perspective, digitalization is not 

only about turning existing processes into digital versions, but rethinking current 

operations from new perspectives enabled by digital technology” [49]. From this 

outlook it can be conceived that, developing digitalization in a factory is not only 

about enhancing automation level, also, a primary driver to change in strategy and 

behavior, business model, external and internal processing and the society of factory 

ecosystem. Digital transferring in a factory can have positive and negative aspect. 

Digital transferring can create potential benefit of internal efficiency including 

improved business process efficiency, quality and accuracy and external efficiency 

such as improved response time and client service, as well as new and innovative 

business model [49]. Choosing an appropriate technology transferring strategies is also 

enable to guiding SMEs to a very bright future. As an example, it can be referred to a 

case study from SME manufacturing enterprise at the northern town of Rundu, 

Namibia. it is shown that training in the use of new equipment was possible and could 

bring about high performance output of an SME, whether in the formal or informal 

sector [18].On the other hand, although, an appropriate technology and technology 

transfer is an effective tools to SME growth, technology is normally expensive and 

not always suitable for small SME operations [31].  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

19 

 

 

 

 

 

 

 

 

 

 

 

 

 

Communication 

Technologies in 

SME 

Current Indutrial 

communation 

technology 

5G 

Technologies 

5G Evolution 

5G Use case 

5G NR 

Role of 5G in 

4.0 industry 

- Expensive licensed 

spectrum. 

- Inter-cell 

interference in case of 

massive MIMO.  

-Highly sensitive to 

interference 

 

+ High connection 

coverage & density. 

+ Energy efficiency. 

+ low-latency. 

+ High reliability. 

+ High security. 

+ 

 

 

Advantage and Disadvantage of 5G Technology 

Cable 

Bluetooth 

IEEE standard 

ZigBee 

Wi-Fi 

LPWAN 

5G implementation 

Figure 4: Overview of Theory 



 

 

20 

  
The figure (4) shows an overview of the research theory. In this chapter, there has 

been talked about different communication are used in industrial communication. 

There are popular standards for industry and each of them has different features and 

use case. Cable is one the most popular type of transmission. Wi-Fi, ZigBee, 

Bluetooth are using in industry for many years. Also, there has been published 

LPWAN standards to meet the IoT communication requirements. They will cover 

much more area but they transfer much lower data rate in comparison of other 

wireless standards. Furthermore, a description about 5G technologies, use cases, 

implementing and connectivity options. 
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3 Research Method  

3.1 Overview 

This chapter presents the methodology that used in this research in order to 

investigate the benefit of fifth generation of mobile communication (5G) in small and 

mid-sized companies. The purpose of research is to investigate the benefit of 5G in 

small and mid-sized companies. The aim is to discover possible impact of 5G as a 

wireless communication tool on SMEs in order to contributing the production 

optimization and boosting their business. The research design is built on qualitative 

strategy and the data collection methodology used in this thesis is based on interviews 

and review of secondary information. 

3.2 Basic methodological choice 

The fundamental choice of method in almost any scientific research is between a 

qualitative and quantitative approach. Quantitative methods emphasize objective 

measurements and the statistical, mathematical, or numerical analysis of data collected 

through polls, questionnaires, and surveys, or by manipulating pre-existing statistical 

data using computational techniques [50], in other hands, qualitative method is refers 

to the meanings, concepts definitions, characteristics, metaphors, symbols, and 

description of things" and not to their "counts or measures [51]. 

The methodological approach used for this thesis research is built on the qualitative 

methods. The reason that qualitative method was chosen in this research, is that my 

target group was not in the same area in industry. They worked in different industrial 

category such as saw mile manufacturing, automotive equipment production or 

energy industry. Therefore, it was difficult to provide a unit set of questions or 

multiple choice survey for data collection, hence, the most proper way was creating 

open-ended questions which is a concept of qualitative approach. 

Besides, I had few number of respondents due to the limited number of companies to 

visit, since lack of desire of owner of companies to open their business information,  

3.3 Case studies 

The case study in this research was small and mid-sized companies, which according 

to the European Commission definition of SMEs, have employees less than 250 people 

and their turnover was less than 50 million euro. Also, they were industrial factories 

and all located in region of Gävleborg and Dalarna at Sweden.                                      
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3.4 Data collection 

The empirical material that this thesis utilized is integration of primary and secondary 

data sources. Primary data was collected through an interviews with companies and 

secondary data sources were obtained from online data bases, papers, book, scientific 

podcast, report, journal and conferences. 

3.4.1 Primary data /Interview 

In the primary data collection I used Semi structured interview. Semi-structured 

interview (SSI) employs a blend of closed- and open-ended questions, often 

accompanied by follow-up why or how questions [52].I chose this method, since all six 

companies has different area in industry, therefore each questions was predicted to 

have different answer for each interview and each answer might bring new question.  

Based on semi-structured method, I designed an interview protocol to guide me 

through the interview process and creating a flexible environment. The overall point 

of the interview questioning and visiting was to investigate the bug in their production 

process and find out if 5G can be positive for solving these bugs and also to see if 5G 

can improve their current process in the most optimal way. The protocol was consist 

of this structure. First, I tried to recognize their current communication technology, 

if there is, then find out the advantage and disadvantage of it. The whole interview 

questions was circulated to these type of questions including: what kind of 

communication system they are using for transferring and monitoring data? What type 

of system and machines they are using and what is the level of factory automation in 

various part. Recognizing the manual and automatic operation. Is there any possibility 

for 5G as fixed wireless communication to optimize operations of system or process? 

While this can incorporate conversational aspects, it is mostly a guided conversation 

between me and the companies. Since in interview, follow-up questions was asked, 

it provides better understanding of the answers of the respondents. 

Furthermore, I was interested to investigating the physiological part of my interview. 

I came there to talk about change, which consider one of the biggest obstacle and fear 

for SMEs owner. I wanted to observed how negative or positive they are for changing 

their old habit. To what extend they are eager to know more about digitalization. Are 

they thinking about altering their old procedure? What is the level of their knowledge 

about 5G? The span of time for my survey was based on Cross-Sectional. It means 

collecting information from the respondent at a single period. 
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For this project, the FindIT-forum, from Sandbacka Science Park/ Sandviken 

municipality help me to contact with companies. They contact them and tried to 

explain the project and the reason why we want to visit them. There has been 

contacted about 15 different companies, and 6 of them accepted having interview. 

There rest of them has different reason for rejecting me, such lack of time, interest 

or they thought I am going to impose or sell the 5G technology to them. 

I traveled to six different cities in Gävleborg and Dalarna region to visit the 

companies. The visiting was consist of a guide tour of factory and the interview length 

was approximately one and half hour’s with production manager or IT manager at 

their office. Mostly I used the note-taking method for recording the data, besides 

some pictures from their current devices and machines. 

 

3.4.2 Secondary data  

My secondary data (desk research) was divided in two part. The first part was before 

I started visiting companies and the second was after I collected data from companies. 

In the first part, I tried to study about the characteristic and use case of 5G and the 

role of industrial wireless communication system. Also, I researched about the 

definition and concept of SMEs especially in European vision and the impact of 

technology transfer on this type of business. The second part was after visiting the 

companies and investigate their needs for 5G. I used these secondary data to 

compromise the current communication technology with 5G to conduct the benefit 

and need of this novel technology. To address this issue, I also contacted professional’s 

network engineering and network operator.  

I sourced my data online and used material such as e-book, publications etc. Mostly I 

collected data from paper, conference, video or journal which has been published in 

Institute of Electrical and Electronics Engineers (IEEE) website. Furthermore, 

Ericsson was also one the most prominent technical source for my secondary data 

collection research. Since, Ericson with association more than 20 different scientific 

institute, organization, operator companies and universities published a vast verity of 

data and study about 5G technology. Also, I followed some live event and seminar 

about 5G and have meeting or contact with some prominent network profession to 

gather data about 5G technology to answer some of my question that has been brought 

to me from visiting companies. 
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3.5 Data Analysis 

In order to analysis and interpretation of the primary data (Interview), I used thematic 

analysis which is one of the most practical and significant method for analyzing 

qualitative research data. It provides an easily interpretable and concise description of 

the emergent themes and patterns within a dataset, usually as the foundational phase 

of interpretation. In order to conducting thematic analysis I used six-steps process of  

Braun and Clarke(2006) to identify, analyze, and reporting qualitative data using 

thematic analysis. The six steps are as follows: Familiarizing yourself with your data, 

generating initial codes, searching for themes, reviewing themes, Defining and 

naming themes, producing the report[53]. 

 

3.6  Reliability and validity and analysis 

In case of ensure reliability in this research, I chose multiple data material for including 

primary research was based on interview and observing and secondary research 

including various number of valid publications, book . Therefore, the integration of 

the survey and interview method has been pivotal to employing a fair balance between 

real-time requirement and scientific information. 

Besides, to ensure that I get accurate information I request to interview with IT-

manager or project manager. Also, I usually had partner with me during the interviews 

experience on that particular industrial field. 

The interview has been followed the scientific research interviewing structure. During 

the interview I have taken some fundamental steps like introducing myself and my 

academic background, content of my thesis and given some summary to respondents 

about the purpose pf interview, what I am expected from interviewing, how I record 

the interview, the format of interview and etc.. 

In addition, to preparing the interviewer for, I made a brochure containing some 

general but fundamental information about 5G and what I am doing in this thesis. 

The results in this thesis have been validated by triangulating multiple materials and 

sources including the primary data and secondary data. The results have also been 

discussed with professional and experts in field of network, telecommunication and 

IoT without subjective and personal influencing the interpretation. 
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Furthermore, to ensure that the area of coverage of the data within the research area 

is vast I selected industrial companies in various field from cable cutting to sawmill 

companies. With respect to using a specific pattern of sampling method depending on 

aims and objectives of the study. Regards to this, almost all of them were in category 

of secondary industry. Besides they considered more as a sub-contractor 

manufacturing means and their customer target mostly were limited other lager 

manufacture. 
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4 Process and results 

 

4.1 Overview  

In this research, the primary data are collected by two steps. Firstly, five different 

industrial companies have been visited and also their manufacturing plans. Secondly, 

several contacts and meetings have been held with professionals and expertise in 5G 

and mobile network from Ericsson and other prominent companies. The second steps 

took in order to complementary answer the first step and it is mentioned in discussion 

chapter. In this chapter, a summary of interview and survey on the issues and possible 

solution are written. 

 

 

4.2 Interview by Target Companies 

In this project, about 15 different companies have been contacted, whereas five of 

them have been visited. The rest would deliberately not involve in the project for 

different reasons, i.e. lack of time or interest to the subject and etc. 

The target groups were located in Gävleborg and Darlana counties. The survey 

process is including an observation survey through the guide tour and an interview 

with production manager or IT manager. 

The companies are named from A to E in this thesis and also a short summery of the 

interview and issues given which the company is faced with them. Then, short 

description is written for each of them individually. In addition, the sections “Analysis” 

designed to map the problem stated in summery part to optional solutions. 

4.2.1 Company A 

The first visited company was energy factory in Gävleborg region. They were 145 

employees working there and the annual turnover was over 40 million euros. The 

interviewed person and guide tour was a specialist in IT and control manager of the 

companies with an experience of over 12 years in the company. A short summery of 

the collected information is as following. 
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4.2.1.1 Summary of the Interview 

I. The company uses a 4G as wireless communication to transmit the 

measurement data of the water pressure sensor or hydraulic pressure 

remotely, translated from 4-20 mA to a WEB connection via 4G which can 

be read remotely and gives min / max alarm at the wrong level. This sensor 

are located several kilometers far from their factory. He stated, in case of 

snow in winter and leaves of trees in spring or summer they suffer from poor 

connection. Consequently, there will be considerable a delay between real-

time and computed measurement of pressure that leads to waste some cost. 

II. Several security camera are used based on wire cable communication 

monitored in the control office. The length of the cable is around several 

hundred meters which never had any problems such as disconnection or 

malfunction. However, the used cable is pretty old, and hence factory planned 

to replace with the fiber cable in the cost of thousands Swedish krona. 

III. Fire detectors are mounted in the manufacturing plan and connected to the 

sensor of sprinkle via cable. However, there is a risk of a malfunction in the 

sprinkles if the cable burn before alerting. 

IV. There is usually a resistance among the employees to adapt with new 

technologies and to have enough motivations to take training courses 

regarding to up-coming technologies. 

 

4.2.1.2 Analysis  

According to the interview, the 4G radio waves can interfere with variety of things. 

On the other hands, 5G also consist of even smaller length wave so it is even more 

sensitive to interfere, but in case of implementing massive antennas, 5G is predicted 

to address this issues. However, as it is mentioned before, the current 5G is 

modernized of LTE and sill does not use massive antennas. Besides, even installing 

massive antenna, make the implementation very costly. 

 Furthermore, there are some subjects should be investigated. Including, is the 

network implemented properly? Is there possibility to amplify the strength of signal? 

Or, are there other wireless standard specifically for long distance transmit? 

First of all, the quality of connection of 4G should be checked and why 4G is 

entrapping. Secondly, you need to find out the possibility of long distance Wi-Fi 

instead of 4G (Wi-Fi for distance is up to 8 miles).  
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In order to address propagation lost issue, there are some options. As an example, 

using LPWAN standards, which is known as narrowband solution, and it is optimal 

choice for long distance transmission, when the data rate is not high. Also, we can 

apply several antenna for longer path desired and with high gain for overcome 

propagation losses, or adding extra device like signal booster for strengthening the 

receiver signal contributing to improving the data speed. 

 

Figure 5: Two significant communication problems the company suffer.1 

 

4.2.2 Company B 

The second visited one was a micro company with 3 employees and the 2017 Revenue 

was approximately 200,000 euros in 2017. Company B was a Swedish company which 

operates primarily through subsidiaries in Tanzania and Uganda and through resellers 

in a range of other countries across Africa. The company produces chemical-free 

water purification which is supplied use solar power. Two meetings were held with 

the company, first with controller and the second was with product manager. Totally, 

the interview took about 3 hours. 

4.2.2.1 Summary of Interview Transcript  

I. The company produces solar power purification system that its energy will be 

supplied by solar panel. The device consist of filters and one small control box 

that works with rely. The control box is like digital control, since it has ON 

state which is 12 V and OFF sate which other values in volts. 

II. A Bluetooth system installed on the charger box is used to control the water 

purification system. They can monitor the required parameters like for 

example voltage, current data by an application on a mobile phone.  

                                                           

1 In each company´s analysis section you might find a blue figure, which is shown the most 

significant issue each company currently deals with.  

 

Low coverage of radio signal

interefrence and niose of radio signal
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They have smart maintenance for devices. It means that in case of error and 

problem, some specific data will be monitored. The data will be transmitted by 

Bluetooth communication technology. However, the monitoring the data is just 

possible in a short distance between the mobile phone and the device. It means 

that the service personnel have to travel for maintenance and repairing. Which 

leads to consuming money and time. The project manager stated their clients are 

usually having a low or basic level of technique knowledge, usually the consumer 

call them in case of no water, whereas does not give them any technical feedback 

about the situation. He also mentioned that most cases the error can be solved by 

a distance service, or at least it can save money a time if the service personnel can 

be technically aware of the problem before facing the device closely, since they 

already know what they should they do before investigating the device. 

4.2.2.2 Analysis  

 

 

5G as fixed wireless system can be an option for addressing this issue, since the 

company can monitor and control the data in anytime and anywhere you want. 

However, there are already various existed wireless technologies for monitoring the 

device in the market supporting a long distance monitoring. 

In this specific case, the primary criteria are long distance propagation and power 

consumption, on other hand, data rate, latency and security have less priorities 

respectively, so, it is non-critical applications.  

The table (4) indicate the specification of existed wireless standards based on the three 

significant criteria mentioned below. 

 

 

 

 

 

 

Distance service and monitoring

Power consumption

Figure 6: Two significant communication problems the company suffer 
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Table 5: Different type of communication standards use in industry. 

 

As shown in the table, LPWAN standards provide the highest mobility and lowest 

data rate compared to the rest in the table (4). Since, in this matter high data rate is 

not required, LPWAN can be good option. However, it is cost a lot for them to 

implement these standard for this company. As consequence, it is sufficient to use 

standards that already implemented in that location, which in this case, are IEEE 

802.11 standards or 4G/LTE. By attaching wireless module to purification device, 

the data will be transmitted.  Thus, 4G and IEEE standards can be the most optimal 

solution. 

4.2.3 Company C 

The third company was located in Dalarna County and by 28 employees and 3.3 

million euros revenue which is categorized to small company. The company 

manufactures and assembles the cables. Mostly the company buy the raw cable and 

manufactures it based on the customer’s order. 

It has been established as a manufacturing cable company over 30 years, however, its 

turnover increased approximately 50% percent over 4 years by new owners. I set an 

interview with the production manager who was so optimistic about enhancing the 

level of factory automation.  

Standards Data rate Propagation length Battery Life 

Bluetooth 5.0 Up to 2 Mbps ~ 240 m Day 

IEEE 802.11 Up to 200 Mbps 30m+ Hours 

4G/LTE Up to 12 Mbps 250+ m Hours 

ZigBee 3.0 Up to 250 Kb/s ~ 100 m Years 

5G Up to 10 Gb/s Massive Broadband Hours 

LPWAN 10Kb/s - 100Kb/s 11Km - 15 Km ~10 years 
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4.2.3.1 A Summary of Interview Transcript  

I. The step by step of the process from getting order from customers and 

delivery to them is as follow. First, the customers send the scanned paper of 

the order details to the company via email. The details cover the cables map, 

measurements and shape and the quantities. Then, the received order will be 

printed production management section and the setting parameters manually 

inserted into the machines. This step seems to be tedious and cumbersome, 

since sometimes the setting parameters can reach to over 100 pages with many 

digits in decimals scales which increase mistakes. Although, according to the 

production manager, there are modern machines in the markets that can 

accept the excel format data to handle the setting parameters automatically. 

II. After the cable has been manipulated, it goes for monitoring the accuracy. For 

this, the cable is taken out from machines and put on measuring device 

manually. Although, the new generation of the machines are able to check the 

measurement accuracy automatically after cutting. 

 

4.2.3.2 Analysis 

Figure 7: Two significant communication problems the company suffer 

Utilizing new machines probably cost the company a few million krona, however, in 

the long term it increases the reliability and quality and speed of the products, as well 

as reduce the internal cost and amount of work. In addition, modern machines have 

the capability to send all the process information and measurement details to the 

center by Wi-Fi (WLAN) or the other type of communications. The area of the 

factory was not so large, since the manufacturing process was hierarchical such a way 

that all the machines were settled next each other within less than 10 meters long.  

The process from start to final product can be summarized to 4 steps: 1. getting the 

order data from customers. 2. Inserting the order to machines. 3. Cutting and 

manufacturing the cables. 4. Measure and control the accuracy. As I mentioned in 

interview transcript, they are investigating a new machines, can do all these 4 steps 

process at the same time and in single machines. The final result data can be send by 

Wi-Fi (WLAN) easily to the compute, or even other type of communication like 4G.  

Old and not optimal technolgy and 
machines

lack of employees knowledge



 

 

32 

4.2.4 Company D 

The fourth company was a sawmill company with approximately 20 million euros 

revenue and 291 employees since 2017. They were located in northern part of the 

Gävleborg and is a subgroup of large company. The factory cut the woods from trees 

and produce lumber in various quality, and use cases and applications for local usage 

and also for export. I set an interview with their IT manager and the length of the 

interview was around 2 and half hours.  

 

4.2.4.1 A Summary of Interview Transcript  

The factory use wireless system for communicating at the outside of the factory 

building within the area over 1 hectare. However, it use cable for commination inside 

the factory, since there are tremendous interference and noise inside of the factory 

which impact on radio signals and causing poor connection. 

I. A laser sawmill scanner is used for quality check. The scanner scans inside of 

pines and categorize them in different quality levels. The pine transferring is 

done by tracking and positioning method using GPS. The report of pines 

transections is in real-time. To provide a wireless communication, they use 

10 access points to cover the area which provides them a lot of cost. A 5 GHz 

wireless system is used for the tracking system. They use Telia operator 

service. He also mentioned, since they start to use wireless and GPS in their 

operation, they observe a lot of benefits and contribution in prices. There are 

located in middle of forests and woods and next to the coast line. They have 

connectivity problem due to the environmental condition such as leaves, tree 

growing and windy environment. 

II. In case of indoor communication, cables is used which in average it breaks 

twice a year causing extra cost for new installation, replacement and 

repairing.  

 

4.2.4.2 Analysis 

 

Figure 8: Two significant communication problems the company suffer 

Interfrence and Noise

Cable Cost
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The wireless technology is used outside the factory for GPS positioning. However, it 

suffer from weak propagation due to noise. Since, GPS require low latency and 

transfer low data rate, LPWAN seems to be option for addressing this issue. Also, 

amplifying the signal strength can be a solution for weak propagation. 

 Furthermore, Cable expenses is also considered a major issue for the factory, since 

in the case of broken cable or disconnection, it brings lots of cost for repairing, in 

addition it might stop some parts of the processes in the factoring that wastes time 

and money. An wireless communication can be solution, however, wireless signals 

are much more sensitive against noise and interferences[54],specially signal 

millimeters wave signals[24].  

4.2.5 Company E 

The fifth company was a small companies with 37 employee’s .The factory works on 

shaping, cutting and forming of metal and aluminum. The company is located in 

Darlana region. The interviewed person and guide tour was the CEO of the company 

and the interview took around 2 hours.  

4.2.5.1 A Summary of Interview  

The company does not have a stock or warehouse. It might store just a small and 

specific number of production for specific season. 

The company uses laser technique for cutting the metals. In terms of controlling and 

monitoring the process of production and product quality, it uses the coordinate 

measuring machines (CMM). In order to produce a product, several simulation are 

required before extracting the final product. 

In the factory different machines are working where their control monitoring device 

and control boxes are connected by wire and located next to the machines. There is 

no distance monitoring. 

4.2.5.2 Analysis 

Most of the manufacturing procedures were not completely automated, and one or 

two persons observe the machines and control the process. For each cutting or 

forming machine, a control system is connected to the machine by a cable while 

simultaneous it will be observed by personnel’s. 
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4.3 Interview Interpretation & Analysis 

In this part, they are several tables and graphs to illustrate the result and analysis of 

the research. 

The figure (9)  is demonstrating the three sets of use cases for 5G mentioned in theory 

which are eMBB, mMTC, URLLC,beside Massive MIMO and presenting to what 

extend these  are responses to target group`s problems they are dealing now in matter 

of communication. 

 

Figure 9: Number of companies vs the use of 5G broadband use case (n=5). 

As it shown in the figure above, categories in x-axis representing the stage of 

usefulness of these three use-cases for target group’s current communication 

problem. The first category indicating none of these three use case are very useful for 

5 companies. In other words, all these use case are not considered as necessity for 

target group. The category “Useful” means that the 5G use case can be a solution for 

their current problems in communication, but, it might not be an optimal solution. 

The third category “Not Useful” showing that which of 5G use case has no importance 

for target group’s problems.  

According to the chart, Massive MIMO can be considered usage feature for the target 

group in comparison with the rest. As it explained before in theory, this feature aims 

providing connection for long distance coverage with numerous number of antenna. 

Since, the most common issues in target group is poor connectivity for long distance 

transmission, Massive MIMO is considered a solution, however, implementing many 

number of antenna cost a lot. Hence, this feature assumed to be very expensive and 

not optimal, especially in less crowded places, which SMEs usually are located there. 

Optimal Solution Might be solution Not a Solution

eMBB 0 0 5

mMTC 0 0 5

URLLC 0 1 4

Massive MIMO 0 3 2

0 0

5

0 0

5

0

1

4
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Furthermore, URLLC is a perfect standard for subjects that need crucial low latency 

and high reliability. As it discussed in theory, these two criteria are requisites for 

closed loop control systems and critical use cases which still no wireless systems are 

used for these purpose in manufacturing process. However, URLLC is a solution for 

positioning and GPS in target group.  

Besides, mMTC standard focus on providing connectivity to a large number of 

devices. However, in my target company the number of automated and digital 

machines and device are not significant. For that reason, mMTC does not have 

function in these companies.  

In addition, according to the table we can see that eMBB are not useful in any stage. 

Since, eMBB are provide a high data rate and high bandwidth. However, target 

group mostly transfer low the data bit per second. 
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In Figure (10), the chart is indicating all type of communication technologies utilized 

by target companies which are cable, wireless, Wi-Fi, 4G and Bluetooth. In addition, 

it shows how many companies use each of this technology.  

 

Figure 10: the percentage of use of each technology in target group, (n = 5). 

As it observable, these five companies using various industrial communication 

technologies and some of them use more than one type of technology. However, cable 

is used in all companies. There are different reasons that made this technology very 

popular. For instance, they are more accessible and have easier setup and installation 

compared to other industrial network communication systems. Also, most of the time 

it is more reliable, more secure and has less latency, which these features are a crucial 

criteria for industrial communication. It can be concluded that wired systems is the 

most trusted communication system among these companies. However, some 

companies were not satisfied of the cost of cable and its maintenance.  

In some companies more than one technology is used, however, cable allocated the 

major percentage of use. For instance, in matter of long distance communication, Wi-

Fi and 4G is used. Wi-Fi is used in both two (2.5 GHz and 5 GHz) frequency band, 

also, 4G mostly used for sending sensor data and alerting functions. Besides, in some 

companies both technologies are applied at the same time for different purposes. 

Bluetooth also used for very short communication for controlling in both real time 

and offline Mode. 
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The figure (11) is illustrating overall view of each companies about how optimistic 

they are that 5G as a solution can help them. 

 

  A   
 

B 
 

C 
 

D 
 

E    
 

Figure 11: Overall view of each company about how optimistic they are about 5G as 

a solution. 

In this research, it is found that almost all of the target companies does not have 

average knowledge about industry use case of 5G and it seemed there is no interest 

beyond them to get more knowledge. Two out of 5 companies which used wireless 

system was deal with some issues which they looking for a solution. But in case of 

cable, except the cost of cable, companies did not have any specific complain about 

wired connection.  

The company A believes that a conversion to 5G is not necessary and cable meet all 

their current requirement. Besides, it would be hard for employees adapt to the new 

technology, since they were working over 12 years with cables. In contrast, Company 

B was optimistic that maybe 5G might address their current issues. 

Another interesting point it founded in companies, was that when they start to get 

more customer and increase their profit, they started to plan for enhance their 

automation systems. For instance, the Company C had around 20 percent increase in 

annually income, and they were looking for new machines and digital their production 

process and optimist to use new communication system in order to help them to be 

digital.  
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Company D was also curious that 5G can for solution to solve their current wireless 

communication issues. In contrast, company E was reluctant to use wireless 

technology in their factory, since disconnection bring them many lost and they prefer 

cable. 
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5 Discussion 

 

In this research, a study about benefit of 5G on SMEs manufacturing has been done. 

Data has been collected by qualitative interview and analyzed by both primary and 

secondary research.  

The result that achieved in these interview illustrate that manufacture are utilizing 

different automation and communication system with different solutions and 

methods, but cable seems is allocated more usage percentage through all 

communication systems. However, one of the drawback of cable is that installation 

and also maintenance usually cost a lot. On the other hands, 5G implementation can 

also be costly. Since factories and manufactures are usually located outside of the city 

and has small population, it can be predicted that telecommunication operators and 

companies will not invest on low population area, at least not in this few coming 

years. Hence, it is anticipated that companies should pay the implementation expenses 

beside monthly fees, which might not be rational investment for SMEs with limited 

budget. 

Besides, cable in case of break or other issues it might takes more time than wireless 

for repairmen. Also we should consider that, the advantage of cable in case of break 

or disconnected is that the disconnection appear just in output and input of cable. But, 

if we talk about 5G as a wireless system, the disconnection might distract whole the 

network. However, it is not still clear how the 5G operators going to give service for 

their industrial customers. Is the service in case of problem and error in 24 hours? Are 

they have distance support? 

The second common communication system is wireless using radio wave. Based on 

my interview and my observation poor coverage seems to be primary issues. The 

indoor environment of factories includes various disturbance and noise, such as dust, 

sounds, and other electrical noise, walls or building. As we know, 5G use even shorter 

wave, hence, it is even more sensitive to the noise disturbance. Although there are 

some solution for it based on the theory, but it is still not clear how tolerant they are 

in a noisy environment of factory. 
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Based on my data, wireless in case of outdoor use case also suffer from low penetration 

density, especially for long distance. As we know, radio wave transmission and 

connectivity are effected by water, rain, leaves, trees and these types of environment 

conditions. All of these manufacturing are located next to wood or /and water, 

because of the geographical condition of Sweden. 5G with mm wave radio signal 

solved this problem by Massive MIMO. However, as we know based on the theory 

Massive MIMO theory has its own challenges and also it is very expensive. For this 

matter, there might be other solution now, such as boosting and amplifying the signal 

strength or using LPWAN standards. For example, there are already some by 

installing Ultra-wide Band Cellular antenna for current mobile signals. On the other 

hand, 5G uses licensed spectrum that can be an advantage in matter of interference, 

reliability and of course security, on the other hands, it is not free and you should pay 

for it. 

It should be regarding that 5G technology is an evolution and progress and still it’s on 

developing. It might not be possible to give a strong state of being useful or to be not 

useful of 5G for SME, since it is still on development and we do not have a clear vision 

of upcoming industrial and manufacturing applications and devices for 5G. 

Besides, they suffer from lack of enough knowledge and it can be due to the fact that 

SMEs has not financially powerful and allocate small budge on IT and technology, 

besides, they do not have this vision that ICT and technology is a necessity for their 

business. They prefer to put their effort more on business section and be update in 

area of their work. 

There are some boundaries and limitations during my work as it written in following 

sentences:  

 In this research, the results are only limited on five companies, however by 

contributing more companies into the survey may effect on the results. 

 The infra-structures of 5G are still too expensive, which only mega companies 

can establish them. However, it might be more realistic in future for the rest 

companies in big and middle scale to contribute in the 5G infra-structures. 

 Some of the selected target companies had fewer number of employees than 

SMEs definitions, however, their turn over and revenues exceeded the lower 

limit of SMEs.  
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Needless to say, 5G is going to be a cornerstone of forth industrial revolution, and 

like previous industrial revolutions, big change is happing in ecosystem of factories. 

As a result, it is important to have further studies about how SMEs should adapt their 

current factory ecosystem to 5G ecosystem. Also, how digital business going to be 

modeled for 5G for SMEs. Furthermore, 5G is predicted as a solution for Study about 

IoT and Big Data for SMEs companies. 
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6 Conclusions 

 

This thesis has investigated the potential of using 5G for SMEs in Gävleborg and 

Dalarna. For this purpose, five manufacturing companies have been selected for 

interviewing and collecting data, which number of employees were between 3 to  

250, whereas their turn over were between 200,000 €  to 40 million €. The 5G is 

developed to meet the future need in industry and its high advanced technologies 

enable to fully smart companies and shift them to enhance their business. 

The communication technologies used these companies are based on cables, wireless 

including Wi-Fi, Bluetooth and 4G. The cable communication has been the most 

popular among other for its higher reliability and speed, more secure and simpler 

setup. However, some common drawbacks are highly expensive installation and 

maintenance, and limited user location. In contrast, wireless provides devices 

connectivity without location limitation, in addition it is fundamental for IoT 

innovation and industrial 4.0, which contribute to enhancing the productivity, process 

and income. Hence, 5G is deployed for overcoming the limitations in current wireless 

technologies and is a backbone of IoT and industrial 4.0. 

According to the thesis results, the investigated companies suffer from not optimal 

communication solutions, and it the current wireless technologies can solve the issues 

which the companies meets them, since the companies are not involve with high 

technologies yet. In other words, most of them time is about not choosing right 

technologies and not receiving accurate IT consult. 

Although 5G with its advanced technology can solve the communication issues in 

industry, but it is not sufficient at the current moment due to the fact that, the current 

version of 5G in the market is the modernized LTE standard, thus, it will not provide 

all promised features and uses cases for industry. The other reason is that the 5G 

ecosystem is still limited, and hence it is expensive and unaffordable for the SMEs. 

However, it is predicted that when the commercial 5G will be economic for public 

access in future, the SMEs which are not adapted themselves certain to be failed the 

business competitions. 
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