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The thesis was commissioned by Nokia, which is a telecommunications company that develops 

network technologies. Nokia wanted to explore how 5G technology can be used to create new 

and innovative next-generation Nokia Arena experiences. There is a strong need to 

understand the benefits and drawbacks of 5G in Nokia Arena experiences, because it is the 

network connection of the future. We made an application prototype that can relieve queuing 

times in any arena events.  

 

A survey was used to find out if 5G location data can provide value to end users in an arena 

environment. In the survey, respondents were asked about what their biggest issues and 

challenges were when attending arena events. Survey results showed that the most common 

challenge was the long queue times to different arena services. Based on those results, we 

designed and developed a prototype application that demonstrates how Nokia Arenas 5G 

technology combined with modern smartphones capabilities can help improve customer 

experience at Nokia Arena.   

 

Our solution was designed to group location data of arena users and present it to the end user 

in a meaningful way. Based on that information, the user can make informed decisions to 

avoid the long queues and spend their time more efficiently.  

 

Final application design was delivered to Nokia to improve customer experience at Nokia 

Arena. Suggested further development would be to include additional features to the 

application and expand the use of application in different environments where indoor position 

tracking can prove to be useful.   
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1 Introduction 

Nokia Arena, named after its title sponsor Nokia, was built in 2021. Nokia is a global 

telecommunications company, and as a major sponsor of the arena, Nokia provides the arena 

with the necessary equipment to enable a high-tech environment. Nokia wants to use their 

latest technologies to offer customers the best possible experiences during events. A design 

sprint was completed with Nokia to explore how 5G technology can be used to create new 

and innovative next-generation arena experiences.   

The goal of this thesis is to solve the queueing problems that big arena events suffer from. 

Nokia had a commission to make arena experiences at Nokia Arena better and the team 

decided to focus on solving the extended queues as it would drastically improve user 

experiences. A requirement of the commission was to utilize 5G technology. To achieve this, 

research about Nokia Arena, 5G network technology, automated infrastructure and end user 

research was conducted to help design a feasible prototype that aims to improve customer 

experience at arena events.   

To get information about the customers' experiences, a survey was conducted to find out 

what were the biggest problems that customers faced when attending arena events. The 

survey included questions about services used in any arena and queue times for these 

services. Because arenas in general have a very wide target audience, the team was able to 

distribute the questionnaire without restrictions.  
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2 Introducing Nokia 

Nokia is a global telecommunications company. It offers cloud service and broadband system 

solutions as well as digital security maintenance solutions. Nokia's customers are various 

business customers from different fields, authorities, and consumers. For consumers they sell 

products such as phones, smart TV’s, headphones, in home broadband devices and more. With 

Broadband Devices, Nokia provides services for other businesses internet opportunities in a 

way that suits the company by using different algorithms gathered from the data devices and 

users. (Nokia 2022A)   

Nokia was originally founded in 1865 as a sawmill and since then, Nokia has successfully 

operated in many different industries, including cable, forestry, rubber, power generation, 

telecommunications, and electronics. Company is best known for their phones and Nokia was 

at its peak in 1998, by being the world's leading mobile phone manufacturer and keeping that 

title for 10 consecutive years. The infamous Nokia 3310 phone is one of the most recognized 

phones in history, by having amazing modern technology at the time and being extremely 

durable. (Nokia 2022B)  

Nokia Arena is a multipurpose arena in the heart of Tampere. The resolve of the Nokia Arena 

is to organize events such as hockey matches, Monster jam performances, concerts, and gigs. 

Most memorable and largest events thus far have been the rivalry matches between Ilves and 

Tappara, and concerts like Queen`s that has the arena almost fully booked. (Nokia Arena 

2022)  

The capacity that the Nokia Arena holds is 15 000 people and annually around 1 million 

people visit and experience Nokia Arena. The arena is part of a larger complex that includes 

office spaces, a hotel, casino, and restaurants, and that is why it is called a multipurpose 

arena. (Nokia Arena 2022) From business standpoint having all these services open even when 

there isn´t a big event going on is a key opportunity to growing arena’s potential.  

Nokia and Laurea arranged a Design sprint week where the goal was to develop, prototype 

and pitch the development idea for Nokia. Before the Sprint week the team was introduced to 

Nokia’s presentation material that set the scope for the thesis and the development idea. At 

the end of the week the team pitched the prototype to Nokia in a live webinar session.      

3 5G Technologies and Infrastructure  

A solution to enhance arena experiences is based on 5G and its location technology. In order 

to understand how it works, it is important to understand these technologies first. Not only is 
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5G needed, but also devices that can use it such as modern smartphones. Applying these two 

together, meaningful data can be extracted and presented to those who need it. 

Back in the 80’s when mobile phones started to be truly mobile for the first time ever 

(Križanović 2021), people were hardly imagining that they’d get to the size they are today, 

and the size wasn’t the only thing that would change forever. What has arguably changed 

even more dramatically than the size of mobile phones (Križanović 2021), is what we do with 

them.   

Those who have lived through the evolution of mobile phones to the smart phone that is 

today in most of our hands, have seen some of the most dramatic changes in technology. In 

the 80’s, a mobile phone was considered mobile while still being the size of a suitcase. While 

of course that was most likely considered a decent size at the time, it’s not much compared 

to the smart phone today. And to top it off, the phones back then couldn’t send and receive 

text messages. That changed less than 10 years later. (Križanović 2021)   

In 1992 the first ever text message was sent. It was sent by the young computer programmer 

Neil Papworth to his colleague on 3rd of December. Papworth couldn’t have realized how 

significant this feature would become in the future. (25 years since the world’s first text 

message 2017) I wonder if we would have instant messaging apps like WhatsApp today if it 

wasn’t for the Short Message Service SMS. 

Fast forward to year 2022 and we have all those capabilities and much more in the form 

factor of a wristwatch, like the Apple Watch Series 6 LTE (Apple 2021). The standard smart 

phone has evolved into a rectangle with a screen that varies in size, weight and features. In 

recent years we have even seen some innovative shapes with smart phones that fold in half 

like the Samsung Galaxy Z Flip (Galaxy Z Flip4 n.d.). While they’re still not mainstream, 

innovations like this have the potential to be the next SMS.   

Regardless of the future of our phones, our lives are deeply integrated to our phones through 

the services and applications we use daily. Besides that, the average adult American spends 

over 4 hours every day on their mobile device and that number is expected to grow. At the 

same time the use of traditional media such as Television and newspapers is declining. 

(marketingcharts 2021.) In one way or another, it is safe to say that mobile phones and media 

have come to stay.  

3.1 Increasing Media Consumption 

At the end of the day consuming more media means consuming more bandwidth. Back when 

casual media browsing consisted of downloading a few low-resolution images from internet 

forums or reading articles online, you did not need a lot of it. For example, an hour of Netflix 
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on mobile can use 1 Gt of data every 20 minutes (Netflix n.d.). The arrival of 4G certainly 

helped the accessibility of streaming services on mobile and it dramatically changed the way 

we use media. We started to watch YouTube wherever we went and browsing Instagram is 

mostly a breeze with 4G connectivity. It is not hard to imagine why services like Netflix are so 

popular now. According to Daniel Ruby (2022), the amount of Netflix subscribers has 

increased 10-fold from 2011 to 2022. While there are other factors in play, the increase in 

mobile usage of media supports Netflix’s growth. (US Adults to Spend Almost As Much Daily 

Time 2021). One can imagine what would happen to the streaming giants if we suddenly lost 

the ability to stream video on our phones.  

  

Figure 1 Average time spent per user each day in the US (Molla 2020) 

This graph shows how much time we really use our phones. Average user in the United States 

uses 252 minutes on various media on their phones and the trend is growing. While the overall 

time used is growing, mobile media usage is eating away the time from Television which used 

to be the most time-consuming media. Currently television is used for 253 minutes on 

average. (Molla 2020) This means that even more data is used every day by mobile 

connections. So far, our internet connections have been fast enough to provide us a pleasant 

experience online, but this increases the pressure for better and faster connections. 
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3.2 Increasing Bandwidth 

But what about when the trend of mobile usage continue, are our connections going to be 

sufficient? There is content available in 4K or even 8K, not to mention virtual- or augmented 

reality applications that need a fast connection with low latency to make the user experience 

smooth (DNA n.d.). All of this can be answered with the fifth-generation mobile network, 

more commonly known as 5G.  

5G can deliver speeds that are 5 times faster than those of 4G and it can have a latency that 

is negligible in practice. Another feature that is in the heart of 5G is the millimeter wave 

(mmWave). MmWave utilizes the 24 GHz frequencies of radio waves and beyond. It is this 

spectrum of radio waves that makes 5G able to deliver fibre-like connections wirelessly. 

(Everything you need to know about 5G. n.d.) To have the connectivity that 5G can provide, 

our phones must be able to manage it. Like mentioned before, our demand for media is 

growing and 5G can answer that need.   

It was not long ago when mobile phones cannot connect to the 5G network. Being a new 

standard, the first 5G capable phone came out in 2019 (Bedford 2022). The first 5G phones 

could connect to the 5G networks of course, but they still could not utilize the mmWave 

spectrum needed for the true 5G speeds and latency. That changed when Qualcomm started 

manufacturing processors that could use the mmWave spectrum on mobile, like the 

“Snapdragon 8+ Gen 1 Mobile Platform” chip (Qualcomm n.d.). Just by reading a listing of the 

best phones to buy (Johnson, Sin 2022) for the year 2022, one will notice how most of the 

flagship phones support 5G and promise ever greater speeds to the consumers. 5G is being 

pushed to the customers by the phone manufacturers.   

While 4G uses sub-6 frequencies of radio waves that can penetrate objects, 5G can 

additionally use the mmWave spectrum. One problem with 5G mmWave is that the radio 

waves are easily blocked by objects such as trees in outside conditions. This means that a 

phone must have a line of sight (LOS) to the 5G antenna that is serving the signal. This can 

get cumbersome when you must install several 5G antennas just to cover a similar area that a 

single 4G antenna could cover. The same problem is visible indoors where walls become an 

obstacle for the signal. Engineers at UC San Diego have developed a way to bounce the signal 

off walls and even split it while improving the connectivity to the device. An algorithm makes 

sure the connection stays uninterrupted and follows the user when moving. It is the fact that 

mmWave bounces off hard surfaces like glass and concrete that makes it possible. The 

technology also improves the reliability of the signal thanks to two signals delivering the data 

instead of just one. (UC San Diego 2021.)   

Even if the signal gets to the phone that is receiving the mmWave signal, the connection can 

still be blocked at the last stage, at the palm of your hand. Just like foliage can (Rofougaran 
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2021), also a hand holding the phone is enough to block a mmWave signal. Fortunately, phone 

manufacturers have mitigated the issue by placing several antennas inside the phone to have 

at least one antenna always exposed to the signal. The same is seen in the processor 

specifications for such phones (Frenzel 2020).  

From the humble beginnings to the mobile phone of today, smartphones have become an 

integral part of our lives. Users keep demanding them for more functionality and better user 

experiences. Phone manufacturers have stepped up to answer that demand, and alongside 

various other features that have been introduced over the years, 5G capability is one of 

them. Like mentioned before, 5G-ready phones are better suited to manage the requirements 

of modern media such as AR applications, 4K to 8K media streaming, or even cloud gaming 

than their 4G counterparts.   

Alongside the connectivity demands that 5G is answering to, we get additional features, like 

positioning of devices. Smartphones can especially take advantage of this to provide indoor 

navigation and other services derived from the provided contextual data. (5G: Bringing 

precise positioning to the connected intelligent edge 2021.) The possibilities and the most 

potential use cases of this technology will most likely be realized only some years after it 

becomes mainstream, and currently 5G technologies are forecasted to take a quarter of the 

telecommunication technologies market share by 2025 (Market share of mobile 

telecommunication technologies 2022). 5G and mmWave technology is here and most 

importantly our ever so important mobile phones are ready for it. 

3.3 5G Network Technologies 

The demand for greater network bandwidth by consumers & operators is one of the 

contributing factors for the development of 5G. 5G technology also allows more devices, such 

as smartphones, sensors and IoT devices to be connected to the cellular network 

simultaneously without straining the network. 5G’s biggest advantages are that the 

technology enables faster connections & faster response time compared to the current 

iteration of cellular network. The International Mobile Telecommunications 2020 and beyond 

has estimated that the cellular network traffic will grow from range of 10-100 times from 

2020 to 2030 (5G for the Connected World 2019).   

The 5G New Radio (NR) network uses antenna technology called Massive MIMO (Multiple Input 

Multiple Output). Massive MIMO antennas consist of large amount of antenna elements, which 

enable massive multi-user support. For example, LTE Advanced Pro is the most advanced 4G 

network, which utilizes maximum MIMO configuration of 8 x 8. (commsbrief 2021) 5G can 

even support up to million devices in a square kilometer (5G – all you need to know n.d.). 
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Millimeter wave is band of electromagnetic spectrum with wavelengths between 10 

millimeters and 1 millimeter. Millimeter wave is used in telecommunications and can be used 

in a large range of products and services that use high speed wireless communications. 

Millimeter waves frequencies start at 24 gigahertz. Millimeter wave enables high data rates 

and low latencies in cellular networks. When the radio wave increases the travel range of the 

radio frequency decreases. In comparison 4G networks radio waves can travel further and 

penetrate materials and buildings better than the millimeter wave that is used in 5G, but 4G 

radio networks Cannot handle the modern-day data consumption efficiently. (Rappaport, T. 

et al. 2013.)  

 

Figure 2 Compare cellular vs. millimeter wave (TechTarget 2022) 

3.3.1 Radio Access Network and Quality of Service  

Radio access network connects cellular devices to the core network using radio connections. 

The network is essential for 5G technology for function, and it consists of many access points 

such as small low energy cell nodes, radio towers and network access points which are built 

alongside buildings in the metropolitan areas. Radio access network connect cellular devices 

in the central area to the core network. (System Approach 2022.)  

Mobile core network provides a bridge for the cellular users between radio access network 

and the internet. Mobile core network certifies the authentication of its users and the mobile 

core’s key service is to provide voice data service, packet data transmission and maintaining 

Internet connections for the mobile users. (System Approach 2022.)  
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Figure 3 Radio Access Network (SystemApproach 2022)  

The 4G Long-term evolution networks was designed mainly for cellular devices and the two 

key services, that the network provides are voice and mobile broadband services. The LTE 

network quality of service operates with two key concept models as a baseline. A guaranteed 

bit rate and non-guaranteed bit rate models. The GBR and non-GBR concepts are relatively 

simple. The GBR dedicates resources for the user for duration of the transmission to ensure 

high bandwidth and low latency. The GBR is used for example for video streaming and video 

calls. Non-GBR can't guarantee that resources are available for the user for duration of the 

transmission. The non-GBR is used for example in e-mail and chat services. (Quality Of 

Service (QoS) LTE 2019.)  

The 5G quality of service alternatively supports a large range of services with different 

resource requirements. The 5G architecture uses the radio access network and 5G core 

network to ensure the quality of service by mapping the stream of packets in the network and 

allocating the resources on demand. (5G NR QoS Architecture, QoS Attribute and QoS Flow 

2022.) 

3.3.2 Network Slicing 

Compared to the 4G, the advantages of 5G include ability to slice the network to many virtual 

networks, which are more complex than physical networks. Each virtual network can be 

configured to be used for different applications and services. A virtually sliced network can 

be configured to operate complex functions, for example a network can be sliced to handle 

packet transporting, edge processing or the slice can be designated to communicate with IoT 

devices for automated functions. Network slicing is an efficient method in ensuring that 



  13 

 

 

required resources can be allocated for designated purposes to maximize the networks 

efficiency while lessening the network traffic. (Network Slicing explained 2022.) 

3.3.3 Cellular Positioning 

5G will make it possible to provide location data from the users in new ways. The 5G 

positioning technology can be utilized in dense areas such as parking halls or other buildings, 

where GPS signals will not reach users. The 5G provides mmWaves, which can be used to 

acquire positioning accuracy less than a 1 meter. With this precise location data combined 

with MIMO (Multiple input Multiple Output) it can be implemented to various new services like 

heat maps on large crowds, which show where users are in real time. One challenging 

requirement for 5G positioning is that it will need a line of sight with the user equipment (UE) 

as the mmWaves cannot penetrate objects very well. (Cheng 2021.) 

3.4 Automating Infrastructure 

Today, the effects of DevOps and Cloud can be seen and felt throughout the IT industry and 

there's justification for this. It is beyond dispute that agile culture, procedures, and 

automation have greatly benefited software development (Preston 2018). Traditional 

infrastructure sectors would also eventually feel pressure to change and adapt. One such area 

that has a great deal of potential to disrupt and alter network engineering and design is the 

Infrastructure as Code (IaC) concept.  

 

Figure 4 Infrastructure As Code (Buchanan n.d.) 

Infrastructure as code is an approach to managing IT infrastructure. IaC uses best practices 

from DevOps software development to manage cloud resources, networks, load balancers and 

other networked resources. Using configuration management technique, the infrastructure 

resources of an organization are codified into text files. Then, these infrastructure 

configuration files are uploaded to a version management tool like Git. (Buchanan n.d.). 

Version control repository enables features like branches and pull requests, additionally, they 

have collaboration tools like issue tracking, release tracking, wikis for documentation and 

project management boards, all of these are essential components of continuous 
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integration/continuous delivery (CI/CD). IaC is a crucial component in implementing CI/CD 

processes.  

A team can use CI/CD techniques to make infrastructure modifications after committing the 

configuration of the infrastructure to version control. Pull requests and code review 

procedures can be used to audit and confirm the accuracy of updates made to a configuration 

file. IaC relies heavily on version control, and configuration files should be subject to it much 

like source code for any other software. This emphasis on source control forces the 

organization to adopt a streamlined process for handling changes to network settings 

(Fitzpatrick 2022). Now that network modifications are performed in a single location, it is 

easier to determine which network configuration for a given environment is the most recent 

or most optimal. Additionally, this makes it simple to recognize both: when and why 

modifications were made to the network configuration. By deploying infrastructure as code, 

you may also split your infrastructure into modular parts that can be combined and reused in 

many ways (Red Hat 2022).   

Buchanan (n.d.) states that a system using infrastructure as code enabled by DevOps will also 

benefit from the use of automated infrastructure deployments and rollbacks. This automated 

infrastructure makes it so that developers do not have to manually manage servers, operating 

systems, and other infrastructure components each time they create or deploy an application 

since IaC automates infrastructure provisioning (Red Hat 2022). As a result, when problems 

arise in crucial environments, there is reduced downtime and increased stability.   
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Figure 5 Benefits of IaC (Fitzpatrick 2022) 

The phrase "Network as Code" (NaC) refers to the application of the more general IaC concept 

to the particular field of networking. The Network as Code principle is concerned with how 

source control configurations are applied to network devices (Fitzpatrick 2022). Because of 

the emphasis on organizational agility, network service providers must deliver consumable 

network services to enable B2C and B2B enterprise applications. NaC enables this automation 

that is a critical facilitator of flexible and on-demand consumability, such as Network as a 

Service and 5G slicing. (Henderickx 2022). Service providers are particularly interested in 5G 

slicing to fulfil the needs of their increasingly demanding use cases. These use cases often 

include the need for low latency and high bandwidth, 5G slicing is what allows these 

application needs to be met. According to Henderickx (2022) to achieve these application 

needs, a 5G service slice must be supported end to end by the IP network operators and 

optical layers and there is no feasible way to do this without automation i.e., network as 

code. At the end of the day, network operations teams are developing and maintaining a 

product when they create automation workflows. 
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4 Next Generation Arena Project 

Laurea in collaboration with Nokia initiated a thesis project in the form of design sprint 

because Nokia needed innovative ideas for utilizing 5G technology that can enhance the 

stadium experience. The duration of this design sprint is one week, and Nokia was sparring us 

daily until the idea and prototypes were ready for the final pitching session. The sprint week 

included ideating what can be the next-generation digital stadium experiences and business 

opportunities in a context of stadium. There were also two other options where the idea was 

to apply Network as Code (NaC) to the development idea. The general idea was to utilize 5G 

technology and the different possibilities it brings such as accurate positioning techniques. 

The ideas can then be realized both at home and on-site. The team also considered what 

business ecosystem partnerships there can be in the next 3-10 years, which is further 

reflected on additional features. 

Survey research is a common data collection method. Survey research is a form of 

quantitative research, the goal of which is to collect information as widely as possible. The 

study examines a random sample selected from the basic population, which is used to analyze 

with statistical reasoning the validity of the sample in the entire basic population (Ojasalo, K 

et al. 2014, 122-124). The advantage of survey research is its speed and scope. They 

traditionally produce a lot of information based on numbers that can be used statistically. 

(Ojasalo, K et al. 2014, 121.) The survey can be used in many ways, examples of which are 

form surveys and surveys filled out on the internet. The project team decided on the survey 

as the best form of research, because it is considered the most used method in social science 

research and its fast and efficient way to conduct statistical research. (Ojasalo, K et al. 2014, 

121-122).  

Based on the assignment and hypotheses, the team decided to find out how it would be 

possible to improve the customer experience in arenas and stadiums by avoiding queues. The 

team conducted a survey on the subject. The survey was used as the research method 

because the team needed information from as many different users as possible about their 

experiences about the arena. In the survey, the team focused on improving arena experiences 

and it was done using the Google Forms application. 

There was no reason to narrow down the survey's target audience because arenas are used by 

many different demographics, and that is why the team was able to distribute the survey to 

different channels without restrictions. Ultimately our survey was distributed to our friends 

and in some student organization group chats as well. WhatsApp and Facebook were used to 

distribute the survey to our contact groups. These channels were convenient as both 

platforms are relatively fast paced, and answers were needed within a few days. 
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The survey was titled, “Enhancing Arena Experience”. 1st question of the survey "On average, 

how often do you go to stadium/arena events? For example, Nokia Arena or similar one.". The 

reason for this is to map whether the respondent has previous experience of visiting any 

stadium/arena. It is especially important that the question does not limit answers to one 

specific arena, because most of the arenas have the same problems during high volume 

events. By giving an answer "I haven't been" to this question, the respondent is automatically 

directed to the end of the survey. Answering with other options directs the respondent to the 

next question of the survey. 

The 2nd question; "Which of these services do you use while visiting a stadium/arena for 

events?", The team wanted to know if the respondents use toilets, restaurants, bars, fan 

merchandise stores, smoking areas, parking lots or other services. 

The 3rd question asked how the respondents feel about the waiting times for events, and the 

options for the answers are on a scale of 1–5, where 1 is appropriate and 5 is too long. "Would 

you like to receive foreknowledge on the waiting times of the aforementioned services on 

your phone?" This was the next question, where the reason was to map out our own potential 

idea without leading the respondent. 

4th question "Can you find the services you want in the arena easily?" And” 5th question “if you 

could get directions on your phone to locate the services of the arena, your seat etc., would 

you use them? (Like Google Maps)" These questions measure the customer's need for a map 

service and, if there was one, would it be useful in the respondent's opinion. 

For the 6th question, the team wanted to gain an answer for what respondent would prefer, 

the mobile application or the browser version, and 7th question asked whether they are ready 

to pay for the service when buying an arena ticket. The answer choices were less than 1€, 1-

3€, 3-5€, more than 5€ or I would not pay for the service. 

The 8th question was an open question "What do you think are the biggest problems of arena 

events?" The purpose of the open question was to get written information from a large group 

of respondents about potential problems that the team had not found in the initial stages of 

the project. 

Before sending the survey, the survey was tested on outside parties to make sure that the 

survey did not mislead the respondent and that the questions were understandable without 

the need to reflect what was asked on the question. After reviewing the survey, the team 

distributed it in different online channels and let it be open for 48 hours. After the survey 

received 175 responses, the team was satisfied with the number of answers that the survey 

generated.  
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5 Analyzing Survey Results 

The research survey’s purpose was to produce answer to the main research question; Can 5G 

location data provide value to the end user during events. Survey was open during 4-

6.10.2022. The research survey was responded 175 times. From the 175 responses, 22 people 

(12,6%) answered no to the first question; On average, how often do you go to stadium/arena 

events? For example, Nokia Arena or similar one. People who answered no to the first 

question were not included in the arena experience data analysis part of the results, because 

personal experience feedback was not collected from the answers. The research analysis was 

conducted based on the 153 responses (87,4%), which answered anything else than no to the 

first question. 

5.1 Services in the Arena 

The recipients were asked, what services do they use during arena visits? The question was 

multiple choice question and the tree most answered choices, to what 92,8% of the 

recipients’ answered bathrooms, 83% bar services and 63% restaurants. The other services 

were 36,6% parking, 19% fan stores and 11,8% smoking facilities.  

To the question, what do you think of the queue times in arena/stadium services are like? 94 

(61,5%) people gave an answer higher than normal queues. This indicates that majority of 

respondents think that long queue times are found as a problem during the arena experience. 

Only 17 (11,2%) people thought that queue times were bearable or short. Rest of the 

respondents 42 (27,5%) answered that queue times were normal.   
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Graph 1 What do you think of the queue times in arena/stadium services are like? 

To a question: Would you like to receive information about the waiting times to your phone in 

advance? 87 (56,9%) respondents answered that they would like to receive advance 

information about the waiting times. 33 (21,6%) respondents answered that they didn’t want 

to receive information to their phones and the rest of the respondents 33 (21,6%) answered 

that they don’t know.  

  

Graph 2 Would you like to receive information about the waiting times to your phone in 

advance? 
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The question which asked how much respondent would like to be willing to pay for the 

service. Recipient answered that 49,7% would not be willing to pay for the service. Rest of 

the respondents 50,3% answered that they would be willing to pay 1 euro or more for the 

service.  

Question which asked if provided how respondent would like to gain the information about 

waiting times. Recipient answered that majority of the respondents 71,2% answered, that 

they would like to receive information to their phone trough an application. 

5.2 Survey Reflection 

The survey gathered a suitable number of responses and the survey generated great amount 

of information, which was valuable when analysing the customer need. Open question, which 

was voluntary in the survey generated 91 answers. When asked openly; Which factors are the 

biggest problems during arena visits? The most recurrent answer that recipients gave were 

long lines and traffics when entering and exiting the arena. Also, recipients concurrently 

mentioned the waiting times were too long when accessing different services in arena.  

Based on the generated answers, respondents think that biggest problems during arena visit 

are long queue times when trying to access the services. What was interesting is that many of 

the respondents 75,2% answered that they found the desired services effortlessly. This 

indicates that customer knows how to navigate in the arena, but still found it troublesome to 

wait when accessing the services.  

The survey could have been improved by having more time to collect the survey responses. 

From a 5-day sprint week, the survey was open for about 48 hours, after which it was 

necessary to examine the results. It would have also been desirable to get results from the 

arena/stadium events on the spot as well because it would have led directly to the customer 

experience when it was happening.   

Although time was limited, the team completed a comprehensive and quick survey. The goal 

was to get more than 150 respondents to the survey and responses exceeded the amount with 

total of 171 responses. We also received open feedback to improve the arena/stadium 

experience, and with these we can add value to the report through development proposals. 

From open questions we gained informative answers. Few of the informative answer that 

further helped us develop our project were; “Large amount of people while queueing in 

services and possible dangerous situations, which is caused by big crowds exiting the arena 

event simultaneously” and “Long queues especially near the bar areas, which can cause one 

to miss the main arena event if they want to get drinks”. 
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6 Solving The Queueing Problem  

When a customer is at a stadium or an arena, they want to have a good time. After all, they 

have paid to be there in the first place. The atmosphere in the arena is at an all-time high at 

their favourite hockey matchup, but then an intermission is called. The customer realizes 

that they are both hungry and thirsty for some refreshment. When thinking about it, they 

need to use the bathroom too. This is not a problem in itself; the arena has places to fulfil all 

their needs. What could ruin the moment? Then the customer comes to an unpleasant 

realisation when they remember their previous experiences in various arenas they have 

visited before. All of those share a similar problem and that problem is the horrendous 

queueing times to every service imaginable during the intermission.  

There is not time to grab a drink, some snacks and visit a bathroom in the 15 minutes you 

have at a hockey game. You must make a decision to either skip one or two of the three 

things you wanted to do or do it all but be late when the game continues. This is an 

unpleasant situation to be in, but you have no other choice. And not everyone is a local, so 

some people will not know about the one bathroom or a drink station that does not usually 

get as crowded as the others – if there even is a place like that to begin with. Adding more 

restaurants and other services for the duration of a single event at the arena is not feasible, 

so making the most out of the existing services is paramount.   

 

Figure 6 Customer Journey 

In theory, if everyone in the arena would know where the shortest queues are, they would 

even out the waiting times to all services in search of the shortest queue. Desire for the least 

amount of queueing is the main principle behind our solution to make it a reality. For 

example, a person who simply wants to grab a drink and nothing else, can look at a simple 

user interface (UI) to figure out whether it’s worth it to walk around the stadium to a shorter 

line, or wait a bit longer at the bar closer to their seats. Most importantly the user does not 

need to make a time-consuming walk around the arena just to see what place has the 

shortest queues. The more floors an arena has, the less enticing that walk sounds. Not to 
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mention that all the time wasted looking for a reasonable queue could have been used to 

queue to a service. 

6.1 5G Positioning in The Application 

The 5G technology makes it possible to give precise information on device location. Unlike 

4G, 5G uses direct beams and MIMO. There are many ways to calculate the position with the 

beams, but basically the 5G antenna sends direct beams towards 5G compatible User 

Equipment (UE) and utilizes the angles to measure the accurate position of the UE. (Cheng 

2021.) Based on this our application can utilize these areas of 5G location technology in Nokia 

Arena. In the future it can be deployed to other facilities as well.   

Nokia Arena already has a relatively comprehensive coverage of 5G infrastructure to deploy 

5G solutions (Hiisilä 2022). If Nokia decides to implement more 5G antennas and radios in the 

arena our application can be used inside the facility. An application developed for the Arena 

users would be the best approach to deliver the data and functionality of said data to the 

customers. Nokia can deliver and manage all the required equipment and technology to the 

Nokia Arena. As the facilitator of the technology, Nokia would also have easy access to the 

location data of users inside the arena. 

6.2 Application Features 

From the user's perspective our core service is a heatmap of crowds of people on top of an 

indoor map of the relevant area to the user, such as the floor they are on in the context of an 

arena. The user can take a quick glance at the map and see where the long queues are found 

at, and favour areas with less people instead thus reducing waiting times for others as well. 

The user can also switch between floors to scout other areas of interest as well.   
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Figure 7 Prototype Heatmap 

As discovered in our questionnaire, the users prefer to have an application to access this 

information. Naturally, we want to add other functionality to compliment the location data 

and even further reduce the queueing times and make the arena experience better. To 

answer the needs of the users, we plan to include navigation capabilities, food pre-order 

options, information about the services and estimated queue times in addition to the 

heatmap of all users.    

The heatmap of crowds of people is the core product that is derived from the location data 

that 5G provides. Everything else is built on top of this information or to supplement it. 

Estimated queue times is a good example of an additional feature. While the end user 

wouldn’t see precisely how many people are standing in front of a restaurant for example, 

the backend serving the data to the user would, and can calculate the estimation from the 

precise data. Seeing the estimated queue times is important to bring value to the user. 

Without some context about the “red hot area” in front of a service, a user wouldn’t know if 

10 or 100 people make up that mass of people. The difference it makes in queue times is 

massive.   

To further reduce the time spent waiting, the app can have features that can be found from 

popular food delivery services like Wolt. When you open the app, you see icons and logos of 

the services available on the arena. When clicking on a restaurant name for example, you’ll 

see a list of options to choose from. You can then see the menu of the restaurant so you are 
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ready when it’s your time to order, or you can even pre-order your food to completely erase 

the waiting time from the experience. This is where the user can see the estimated waiting 

times to the service they chose.    

 

 

Figure 8 Prototype Restaurant Info 

One thing that came up from the questionnaire was that people were willing to try navigation 

options within the arena. While this doesn’t necessarily reduce any queue times, it will make 

the user experience better. This can be handy for people who are at the arena for the first 

time, and they don’t know how to find certain services. The 5G positioning data can enrich 

the indoor navigation service by routing people differently based on different criteria such as 

a massive crowd blocking the hallway on your way out.   
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Figure 9 Prototype Navigation System 

In the example above, the navigation service suggests a route through A4 exit rather than A2 

because the hallway near A2 is much more crowded than the hallway near A4. Exploring 

different navigation systems such as AR-based ones with edge computing to help battery 

longevity is one option, but a topic for its own research.   

The service can be monetized through advertisement, by selling it to security management 

companies or by making the users pay for the service. Advertisements can be placed all 

around the application or service icons at the arena can have discount symbols if they want to 

boost sales or get users to wait in a line that they otherwise might have skipped. 

Alternatively, the location data can be sold to the security management of a facility as the 

location data has potential security measure that is discussed in the next chapter. Finally, the 

users can pay for this service if they want to. Our survey indicated that around 50% of the 

users were willing to pay for a service that can provide them with queue estimates and indoor 

navigation. This can be integrated right into the ticket buying process on the selected 

platform of a certain event. 
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6.3 Security Perspective   

Because the location data that 5G can provide is down to the centimeter accuracy, that can 

cause some discomfort to the users about their privacy. We don’t want to discard this 

pinpoint accuracy data by any means, but rather use it where it is needed.   

 

Figure 10 Prototype Security View 

One solution to reduce the feeling of being followed by the organizer and to reduce the risks 

by other users in the area, we decided to blend several individual spots to a dynamic 

heatmap. Giving detailed information about the location of one device can be useful for staff 

in emergency situations, but not needed for the average user. The system can alert staff if 

one device has been idle in same location for some time, because there can be medical 

emergency or customer has lost their device - or anything between.   

Another example of a security professional using this data is in the unfortunate case of 

evacuating an entire arena due to an emergency. If any device that was previously moving 

doesn’t leave the building when instructed to, somebody can go check if that person is okay. 

It can help prioritizing which rooms to check first when emptying an arena.   
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Even a regular user shouldn’t be able to access the heatmap when outside the stadium. They 

shouldn’t need it and most importantly it can be a security risk if this data leaves the 

stadium. There is probably not a one size fits all solution but preventing screenshots of the 

application view and only enabling the map when a user has already entered the premises can 

help. A security assessment of the service should be conducted before making the 

application. 

6.4 Reflections and Challenges   

Cornerstone for this to work is to get the users to agree having their location monitored by 

the arena they are in. No matter how it is approached, the user consent is essential. When 

asking someone directly if they want to be monitored, a lot of people would probably say no. 

However, if the person or an organization asking it can give something that is valuable enough 

in return, the user might as well agree. Facebook makes you agree to a plethora of terms 

when using the service, but most of us have agreed to them because of the service they 

provide to us in exchange. Just like Facebook, we need to be able to convince the users that 

the benefits outweigh the cons.   

Even if a handful of users agree to the terms of our service, it will not bring much value to 

those users. Because we are sourcing the data from the users, there won’t be enough data for 

it to work unless a critical mass has agreed to the service. To accurately depict a crowd of 

people, a certain percentage of them must be app users.   

Privacy-related concerns and questions are inevitable, and perhaps the biggest blocker for our 

product. We believe that if the marketing is done well, the users will accept the terms that 

are needed for the service to work.   

The initial goal in the thesis was to make the service work in a browser and have access to it 

through a ticket buying service such as lippu.fi. However, our survey found that users would 

rather have it in an application. Regardless of the platform, we prefer it if the users do not 

need to create an account for it to work because a person who goes to a stadium only once a 

year might not want to create an account for the occasion. Although more research on the 

matter is needed. If the access were tied to a ticket number for example, the service would 

need some form of integration with the ticket buying service. Third party dependencies mean 

negotiations between the companies and more developer work. If no ticket buying service 

wants to collaborate with Nokia on this, they need to resort to other ways of authentication.  

Part of the problem described above is how to make the user experience as smooth as 

possible. If accessing the service is difficult, the users might not want to do it in the first 

place. This also applies to using the service in the arena. If a premium service user does not 
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get the services they paid for, or they are difficult to use, they will most likely stop using it. 

Whether the service requires a login or not, it might be a part of the issue or the solution.  

Just like users are needed to make the service work, those users also need smart phones that 

can do 5G since accurate indoor positioning services require 5G to work. While we are unsure 

of what percentage of smartphones that are used in Finland support 5G, we can make some 

assumptions. In 2021 Telia, Elisa and DNA reported that 60%-70% of the phones they sold were 

5G phones (Lehtiniitty 2021), and the average lifespan of a phone is 2-3 years (Älypuhelimia 

vaihdetaan parin vuoden välein 2021). If the trend stays the same, we can see 60%-70% 

coverage of 5G phones in 1-2 years. That is assuming the amount of 5G phones was 0% before 

2021. While there are other phone retailers as well and their statistics are not considered, it 

can be assumed that the amount of 5G phones is growing at a solid pace. Right now, the 

amount of 5G phones can either make or break our service. 

7 Additional Features & Conclusion 

 

The core idea of the thesis is to produce heatmaps of crowds and indoor navigation 

possibilities in stadiums, it can be used in several other environments as well. For example, 

indoor navigation can be useful in shopping centers, airports, and parking halls. All of which 

can use the same data to achieve various other goals. The indoor navigation combined with 

autonomous vehicles makes it possible to press a button, and the car would drive itself to a 

free parking slot and the user would not have to be in the car at this time. While autonomous 

driving might be able to do this on itself, 5G location data can be used to complement this 

ability. Airports can also use indoor navigation in transporting customers with autonomous 

vehicles to their port, or to provide AR assisted navigation for those who might need it. 

As AR can be taxing to a phones resource and drain a lot of battery in the process, AR assisted 

navigation might not seem ideal if the user cannot charge their device while doing it. Luckily 

5G has a very low latency and thus can utilize edge computing to perform most of the 

workload elsewhere. This means that a phone needs to only send the 5G signal and simply 

receives the rendered image ready to display to the user. This makes sense in the context of 

indoor navigation.  

Because certain connection is needed to perform edge computing, a crowded area might 

prove difficult for it. Multiple people in a small area can clog the network and suddenly edge 

computing isn’t feasible anymore. 5G can solve this problem with network slicing which is 

capable of allocating resources for the devices that need them. For example, a user with a 

paid service can guarantee a faster and a stable connection for their needs.  
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A personal indoor navigation system can also prove useful to the visually impaired or perhaps 

deaf people. Traditional signs on the wall or announcements might not reach everyone, but if 

they reach a users’ phone, then the changes are better. Hospitals and other areas where 

people of special needs might be, can experiment with such navigation systems. 

The location data our solution is collecting is valuable for analytics and security as the data 

indicates where the customers are the whole time and how long does it take for them to 

enter and leave the monitored facility. More important than just inspecting the time used for 

all these actions is to combine it with precise routes customers choose while moving. This 

data can be turned into a deep understanding of how people actually use the buildings and 

facilities they are in. A possible disconnect between an indoor planners’ views and the reality 

can be noticed sooner and adjustments can be made. It opens the doors for optimizing indoor 

crowd management to its peak and in return, user experience and safety improves as people 

move from one place to another quickly and efficiently. 

Most importantly, the solution of heatmaps and related features doesn’t have to be restricted 

to just Nokia Arena and similarly sized arenas. If the solution is tested and proved useful in 

Nokia Arena, it can be scaled up to essentially any size or need that requires crowd 

management or other derived use cases from that data. All that is required is the necessary 

5G equipment on the desired property. Nokia can of course sell this equipment and possibly 

even as an out-of-the-box working solution to go with it. 

This thesis project aimed to find innovative ways to utilize 5G’s capabilities to solve the 

queueing problems that big arena events suffer from. Nokia wanted to improve arena 

experiences and we decided the best way to do that is by making the users enjoy the services 

rather than by having them spend their time waiting to use them.  

The solution to the problem works by using the existing service infrastructure like lavatories 

and restaurants as efficiently as possible. As long queues form in some of the services, some 

might have shorter ones or no queues at all. Essentially, users can even out the queues 

everywhere if they know the lengths of them. This information can be provided to the user in 

form of a heatmap on their smartphone. Nokia Arena and it’s 5G infrastructure provided a 

platform on which the solution can be built on.  

The prototyped application uses 5G positioning technology to gather the location and 

movement of users within a building and displays it to the users in an appropriate manner. 

For this to work, the environment needs to have a solid 5G infrastructure like Nokia Arena 

does. Additionally, network slicing and edge computing can be used to achieve better 

performance and enable additional features discussed earlier. 
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The hypothesis of a queueing problem was confirmed through a survey. In the survey we 

wanted to know what the problems were that users experienced in large arena-based events. 

While validating the hypothesis, the answers also indicated a desire to use our solution should 

it be realized as an application. Furthermore, based on the results, our application will have 

demand in the future when 5G is sufficiently available.  

During the development of the prototype some problems were found, but they were resolved 

by consulting Nokia during the design sprint or by discussion within the team. Of course, some 

problems were bigger than others and couldn’t be ignored. Those problems are discussed in 

the reflections and challenges section. 

After every problem, the prototype was adjusted accordingly, and the problems were turned 

into ideas that can later be used to make it better and add more functionality. The prototype 

has room to grow as an application and it has the potential to be used in various 

environments other than Nokia Arena. 
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Appendix 2 List of Abbreviations 

4G - Fourth generation wireless  

5G - Fifth generation wireless   

AR – Augmented Reality 

Arena – Nokia Arena 

arena – any arena of similar size to Nokia Arena 

B2C - Business to Consumer  

B2B - Business to Business  

EPC - evolved packet core  

GBR - Guaranteed bitrate  

IaC - Infrastructure as code  

IoT - Internet of things  

LTE - Long-term evolution  

LOS – Line of Sight 

MIMO - Multiple Input Multiple Output  

mMIMO - massive Multiple Input Multiple Output  

mmWave - Millimeter wave  

NR - New radio  

non-GBR - Non-guaranteed bitrate  

RAN - Radio access network  

RF - radio frequency 

 


