
 

  

 

 

 

 

 

 

 

 

 

 

 

Daniel Leinonen 

 

SEQUENCE CREATOR TOOL FOR 5G RADIO OVER THE AIR TESTING  

A sequence creator software application for state-of-the-art radio test environment  



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SEQUENCE CREATOR TOOL FOR 5G RADIO OVER THE AIR TESTING  

A sequence creator software application for state-of-the-art radio test environment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Daniel Leinonen 
Sequence creator tool for 5G radio over  
the air testing 
Spring 2024 
Bachelor’s Degree in Information Tech-
nology 
Oulu University of Applied Sciences



  

3 

ABSTRACT 

Oulu University of Applied Sciences 
Bachelor’s Degree in Information Technology 
 

 
Author: Daniel Leinonen 
Title of the thesis: Sequence creator tool for 5G radio over the air testing 
Thesis examiners: Olli Himanka, Esa Leskelä, Keijo Hyttinen 
Term and year of thesis completion: Spring 2024 Pages: 51 
 

 
The subject of the thesis was the development of Sequence Creator Tool (SCT) which is an appli-

cation that is used to create test sequences in a new state-of-the-art radio test environment at Nokia 

testing laboratory facilities. The aim was to develop a tool that enables fine granular control of 

antenna patterns created by the user, creation of test sequences for the new test environment, as 

well as management of user equipment (UE) attenuation and speed values. The Wall test environ-

ments are complex test environments that utilize a large array of antennas on a wall to simulate 

the movement of UEs, such as mobile phones. The work was commissioned by Nokia Oyj. 

 

The implementation started with gathering of theoretical knowledge about the test environment for 

which the tool was developed. The initial design for the tool had been documented before the thesis 

was started, although it was still very much in its infancy. The new tool was intended to offer similar 

capabilities as the existing Wall Control Tool. With this tool however, it was time consuming to 

create Wall sequences especially when tens of UEs were used. The objective of the SCT was to 

simplify and accelerate the creation of custom test sequences for UEs and to automatically handle 

the conflicts and limitations of test environment control hardware. 

 

Based on the gathered theoretical knowledge, a suitable implementation for the tool was decided 

and further improved during the development. As a result of the thesis the first version of the SCT 

was designed and developed for fifth generation (5G) radio testing. The project also emphasized 

the need for tools that can adapt to the fast evolution of 5G radio testing. Additionally, the project 

contributed to building personal academic understanding of the challenges and opportunities in the 

field of 5G radio testing. 

 

Keywords: RF, Software Development, Python, Sequence Creator
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CONCEPTS 

3G Third Generation of mobile network technology, 

which enables advanced mobile services such 

as internet browsing and video calls. 

 

3GPP Third Generation Partnership Project, its specifi-

cations develop and define protocols and net-

work interfaces used in cellular telecommunica-

tions technologies. 

 

4G Fourth generation, significantly faster data trans-

fer rates and enhanced support for multimedia 

applications. 

 

5G Fifth generation, ultra-fast data speeds, low la-

tency, and increased connectivity, enabling the 

development of advanced technologies such as 

the Internet of Things and augmented reality. 

 

API Application Programming Interface, a structured 

set of rules that define methods and data formats 

which enables software applications to com-

municate and exchange data. 

 

CLI Command-line interface, an interface that allows 

users to interact with a computer program by en-

tering lines of text, referred to as command-lines.  

 

GUI Graphical user interface, an interface that ena-

bles users to interact with a program through 

graphical symbols and visual markers. 
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LTE LTE, industry jargon for a specific type of 4G 

used in mobile networks. 

 

MIMO Multiple Input Multiple Output, a 5G radio tech-

nology that uses multiple antennas to improve 

data throughput, reliability, and performance 

with multiple simultaneous data streams. 

 

NSA Non-standalone, used alongside the concept of 

5G to define a 5G network architecture that uti-

lizes the existing 4G network. 

 

OTAVA Over The Air Validation Area, a product develop-

ment laboratory at Nokia Oulu. 

 

RF Radio frequency, a measurement representing 

the oscillation rate of electromagnetic radiation. 

 

SA Stand-alone, used alongside the concept of 5G 

to define a pure 5G network architecture that 

provides true 5G speeds with the 5G core net-

work. 

 

SCT Sequence Creator Tool. The topic of the thesis; 

a new tool used for test sequence creation. 

 

UE User equipment, such as smartphones used in 

test environments to test radio capabilities and 

features. 
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1 INTRODUCTION 

The subject of the thesis was the development of the Sequence Creator Tool for 5G radio over  

the air testing, which is an application that can be used to create fine-tuned sequences in a state-

of-the-art radio test environment at Nokia. It is aimed to streamline the process of generating pre-

cise test sequences to aid engineers in their daily work. The work was commissioned by Nokia Oyj. 

 

The testing environments at Nokia are used to test new radio software and hardware to evaluate 

their performance and to ensure there are no issues related to the new software and hardware 

before they are released to the customers. Evaluating the 5G radios requires testing how well they 

perform in actual field conditions. This assessment is essential to guarantee that 5G networks live 

up to their commitment of providing enhanced speeds and reliable connectivity. Valuable field tests 

can be very laborious and expensive to arrange thus the Wall testing environments were introduced 

to create test cases in a controlled environment. At the Nokia testing laboratory facilities, there are 

numerous different kinds of testing environments created for different purposes. One of these test-

ing environments is a wall that is lined with antennas which are connected to UEs, such as mobile 

phones. These test environments, called Walls, allow the creation of test cases that simulate real-

world scenarios to gather valuable information about the performance of the radios. 

 

Test sequences are sets of predefined actions or scenarios designed to evaluate the performance 

of 5G radios systematically. These sequences simulate various real-world scenarios, such as signal 

strength variations, interference, handovers, and mobility, to assess how the radios handle different 

conditions. By subjecting 5G radios to these controlled test sequences, engineers can identify po-

tential issues, optimize performance, and ensure that the radios function optimally in diverse cir-

cumstances, ultimately validating the reliability and efficiency of the software and hardware used in 

the radios. These kinds of sequences can be created with the tool specifically designed for the 

previously mentioned Wall testing environments.  

 

The aim of the thesis was to develop a tool that enables fine granular control over antenna patterns 

created by the user, creation of sequences on antenna rows in the new Wall environment, as well 

as management of UE attenuation, step and speed values based on input data. An important fea-

ture that was taken into consideration when developing the tool was the rapid creation of tests. The 

tool was to be intuitive to operate and the output was to be quickly available, even for intricate test 
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sequences. The tool in question is the Sequence Creator Tool; a new tool that can be used to 

create test sequences with simplicity in mind to aid testers who need to create sequences quickly.  

 

This thesis will discuss wireless network technologies and the testing environments used at Nokia 

and their purpose in producing high-end products in a competitive global market for 5G radios. The 

tool that is currently used to create test sequences, its strengths, and topics of improvement will 

also be glanced at. This previously created tool resulted in the plan to create a new tool to be built 

alongside the existing one to support radio testing. The thesis will explain the reasons why the new 

tool was created, how this tool is used as well as the comprehensive long-term plans for the devel-

opment of this tool to ultimately make it a powerful multipurpose tool.  
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2 TECHNOLOGY TESTED IN TESTING ENVIRONMENTS 

Testing the 5G radio involves evaluating the performance of these new radios in real-world condi-

tions. This testing is crucial to ensure that 5G networks deliver on their promise of faster speeds 

and more reliable connectivity. To carry out this kind of comprehensive testing Nokia has gone to 

great lengths to ensure high product standards. 

2.1 4G and LTE 

Fourth generation communication system (4G) is a wireless network technology system that allows 

communication between devices through radio waves. 4G is a highly advanced protocol that sends 

and receives data, succeeding third generation (3G) and the protocols used before that. It was 

developed to replace 3G as it offers a much faster and reliable connection. [1.] 4G is fully based 

on Internet Protocol, which has a standardized way of formatting data packets and performing ac-

tions to send the data across networks to the correct recipients [2]. 

 

Before 4G became a widely used system the ITU Radiocommunication Sector (ITU-R) issued new 

standards and requirements in International Mobile Telecommunications-Advanced Standard to 

upgrade mobile networks to reach speeds of at least 100 megabits per second along with other 

requirements [1,3]. With the available technology at that time this was not possible, hence 3G was 

improved and Long-Term Evolution (LTE) became a successor of 3G [2]. 

 

4G LTE is a specific type of 4G used in mobile networks hence the term LTE should not be used 

interchangeably with 4G. The main characteristic that differentiates 4G from 3G is the data rates 

achieved. [4.] LTE can be seen as improved and very fast 3G, a means to achieve true 4G speeds 

rather than being a standalone technology. This new technology greatly improved the user experi-

ence with better speed, coverage, and latency but still it did not fulfil the requirements set by ITU-

R to be considered the next generation. As a new technology gets released it does not by default 

make it available to everyone. As an example, when 4G was released, the technology was not 

supported by majority of the devices at the time, which meant that 4G remained unusable to many 

people. On the other hand, infrastructure that provides LTE connectivity was and still is widespread, 

which enabled most people around the world to use LTE instead. [5,6.] 
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The same phenomenon can be seen happening with 5G. Although the new technological innova-

tion exists, access to 5G remains scarce as most devices do not support 5G yet, hence LTE still 

plays a vital role in the industry. As LTE connectivity is almost universally available, it can be utilized 

during the migration time from 4G to 5G to provide network connectivity to older devices still de-

pendable on older technology. [7.] 

2.2 5G 

5G can be deployed in two different ways: non-standalone (NSA) and standalone (SA). NSA 5G 

uses the existing 4G LTE network infrastructure to provide 5G services. This means that 5G de-

vices can connect to both 4G LTE and 5G networks, and the 5G service will be delivered over the 

4G LTE network when 5G is not available. NSA 5G uses the 4G core network while SA  5G uses 

5G core. This network infrastructure is illustrated in figure 1. Albeit SA 5G can offer more reliable 

and faster connections, NSA 5G has some significant advantages, hence the two different deploy-

ment modes were defined in 3GPP specifications. [8.] 

 

 

Figure 1: Simplified 5G NSA and 5G SA architecture 

5G has been fused with LTE to create NSA 5G to aid with the scarcity of 5G infrastructure and user 

accessibility. NSA 5G can be quickly deployed by using the already existing LTE infrastructure, 

making the new technology available without having to replace the network as a whole. This natu-

rally lowers the costs for service providers as a completely new architecture is not a necessity for 

NSA 5G. [9.] 
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NSA 5G acts as the first stage of 5G as it cannot offer all the same capabilities as SA 5G, such as 

low latency that is one of the biggest advantages of 5G. NSA also requires much more energy as 

it is dependent on 5G RAN as well as 4G LTE infrastructure. [10.] Gradual steps are taken to move 

to SA 5G, which will simplify the network and device architecture and introduce even more signifi-

cant advancement to 5G network data speed, latency, and coverage [11]. 

 

SA 5G is a fully independent 5G network that does not rely on the legacy 4G LTE network. This 

means that in SA 5G networks 5G devices can only connect via 5G, and the 5G service will always 

be delivered over the 5G network. Advantages of SA 5G include higher data speed and extremely 

low latency. [12,13.] 

 

The target 5G architecture option aims to enhance performance and simplification. SA 5G offers a 

simplified device architecture, increasing efficiency and making it more adaptable to meet the re-

quirements of modern communication. [14.] SA 5G technology is designed to deliver ultra-low la-

tency, reducing communication delay to near-instant levels which is crucial for applications like 

real-time gaming and autonomous vehicles. These features of 5G also allow a wider range of use 

cases, from IoT sensors to automatic vehicles. [15.]  

 

SA 5G especially benefits applications that require high performance to support strenuous features. 

The other mode, NSA 5G is a good option when quicker deployment outweighs the benefits of 

having high speed and low latency when this kind of performance is not necessary. Both architec-

tures have their benefits and drawbacks that are listed in detail in table 1 that goes over the char-

acteristics of these technologies. For example, when building wireless network infrastructure, net-

work providers must also take distances into careful consideration. As noted earlier, it is important 

to mention that 5G covers a shorter distance in comparison to both LTE and the commonly used 

3G, especially in more remote rural locations. [16.] 
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Table 1: Characteristics of NSA and SA 5G technologies [17] 

Feature Non-Standalone 5G (NSA) Standalone 5G (SA) 

Network Architecture Utilizes existing 4G infrastruc-
ture 

Requires a dedicated 5G core 
network 

Core Network Shares core network with 4G Utilizes 5G core network 

Data Speed Lower speeds than full 5G Very high true 5G speeds 

Latency Lower latency than 4G, but 
not optimal 

Achieves true 5G ultra-low la-
tency 

Initial Implementation Faster to deploy, leveraging 
4G 

Requires new 5G infrastruc-
ture 

Independence Reliant on 4G for some func-
tions 

Fully independent 5G archi-
tecture 

 

2.3 MIMO 

An essential technology used in 5G radios is Massive Multiple Input Multiple Output (MIMO) which 

is one of the fundamental pieces of technology used in 5G. This is a more advanced version to 

standard MIMO as it has the capability for multi-user support meaning it can concurrently support 

more UEs such as smartphones and other devices. [18.] 

 

Massive MIMO is a technology used in modern wireless communication systems which utilizes a 

large array of antennas. Each antenna can transmit or receive signals simultaneously, enabling 

data streams to multiple users as well as better signal quality and reliability. This technology im-

proves downlink and uplink network connections by utilizing spatial multiplexing, null forming, and 

beamforming. [19,20.] This technology is illustrated below in figure 2, where there is a comparison 

between legacy and MIMO antennas.  
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Figure 2: Legacy and Massive MIMO antenna comparison 

Spatial multiplexing is a technique where multiple data streams are transmitted concurrently using 

multiple antennas, thus increasing the data throughput of the system. Spatial multiplexing takes 

advantage of the different propagation paths created by the antennas to transmit unique data 

streams, allowing for higher capacity making it a key component in advanced wireless technologies 

like 4G and 5G. [21.] The multiplexed data streams can go to one device or to different devices. 

Instances where the data streams are directed to one device are referred to as single-user MIMO 

(SU-MIMO), while instances involving multiple devices are called multi-user MIMO (MU-MIMO). 

Null forming is a variant of beamforming that aims to reduce or cut beam gain in certain directions 

where interfering transceivers are located, resulting in less interference in signal from multiple cell 

towers. [19.]  Simply expressed, massive MIMO is a technology that uses lots of antennas to create 

a lightspeed highway for communication i.e., faster download speeds, video calls without any lag, 

and better connectivity overall [21]. 

2.4 Beamforming 

Beamforming is a technology used in 5G radios to improve the quality and speed of wireless com-

munication. Beamforming can be illustrated with a simple depiction. In a traditional audio system, 

the speakers would play the music equally in all directions, regardless of the position of listeners in 

the room. In a beamforming audio system, the speakers can direct the sound waves towards a 
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precise position, creating a more focused and clear audio experience. By shaping and steering the 

beam to a single point, music can be heard more clearly and from a farther distance [22]. Beam-

forming in a 5G radio works in a similar way, except instead of sound waves, it uses radio waves 

to communicate. Multiple antennas work together to focus their signals on a specific direction where 

the receiver is located, minimizing the radio waves that are sent in other directions thus resulting in 

a stronger and more efficient signal sent directly to the intended recipient. [23.] 

 

Previously, the transmission and reception of signals was mainly accomplished with the utilization 

of dish antennas, which are equipped with the ability to mechanically steer the signals to the desired 

direction. These antennas however have major drawbacks, such as being slow to steer, consider-

able physical size and the limitation of having only one preferred radiation pattern or data stream. 

[24.] A newer solution to combat these drawbacks introduced electrically steered phased array 

antennas. 

 

Phased array antennas consist of antenna elements that merge their radiation patterns to shape a 

main lobe directing energy to the desired location. Concurrently, the antenna strategically counter-

acts signals in undesired directions, creating nulls and side lobes. The array optimizes main lobe 

energy while minimizing side lobe radiation and enables the manipulation of radiation direction via 

phase adjustments to each antenna element. This technology offers several advantages over the 

traditional antennas, such as enhanced long-term reliability, fast steering, and the capability to sup-

port multiple beams. [25,26.] Figure 3 illustrates the effects of a phased array antenna system that 

can manipulate the radiation from each individual antenna to electrically create an offset to direct 

the signal to the desired direction. 

 

 

Figure 3: Phased array antenna system [27] 
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By using beamforming, 5G antennas can communicate more effectively with devices that are far-

ther away, moving at high speeds, or located in crowded areas with lots of other devices. Overall, 

5G beamforming technology helps to improve the performance, coverage, and capacity of wireless 

communication networks, making it possible to support more devices and applications. [23.] 
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3 TESTING ENVIRONMENTS AT NOKIA OTAVA PRODUCT DEVELOPMENT 

LABORATORY 

Testing environments at Nokia OTAVA (Over The Air Validation Area) are used to evaluate the 

performance of the LTE and 5G radios in terms of speed, latency, and overall reliability. This in-

cludes measuring network throughput, response time, and error rates. Coverage and capacity are 

thoroughly tested to ensure that the radios can provide service to the entire area that they are 

designed to serve and to make sure that radios can handle a high volume of traffic without slowing 

down or dropping connections. Low latency and interference are significant features that 5G prom-

ises to deliver hence these are pivotal subject when testing. 

 

In the highly competitive global market, customers require more than just great performance from 

radios. Electricity is a significant expense item for operators and with the new generation of radios, 

the electricity consumption of the radios has been decreased. Low power consumption of the radios 

is a key element in being energy-efficient which presents in a wide range of benefits, such as re-

duction in site energy consumption which the customers naturally desire. Overall, 5G radio testing 

is an essential part of the development and deployment of 5G networks, and it ensures that cus-

tomers can enjoy the full benefits of this new technology. It is important to stress the need for 

comprehensive testing to ensure that 5G networks are reliable, secure, and perform as expected 

under a variety of conditions. 

 

Testing environments used at Nokia include, but are not limited to, radio frequency (RF) shielded 

Chambers, RF measurement Walls and the new spearhead test environment project for which the 

tool was created. These testing environments are used for comprehensive radio performance eval-

uation and feature testing before the latest software and hardware are shipped to the customers. 

3.1 RF shielded chambers  

RF shielded chambers are enclosures made of conductive material designed block electromagnetic 

interference and radio RF signals from entering or leaving the chamber [28]. This is achieved with 

conductive materials, such as copper, steel, and aluminium to form a Faraday cage, an electrically 

conductive shield that prevents electromagnetic fields from penetrating the enclosure [3]. RF 
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shielded test environments at Nokia are lined on all external surfaces with a metallic layer to shield 

against RF interference. Additionally in the chambers there is absorbent material that absorbs and 

distributes electromagnetic energy so the chamber will not internally reflect transmitted RF signals 

to interfere with the accuracy of the tests [29]. 

 

Containers are padded with insulating material on the inside to prevent any signals from escaping 

outside of the environment as well as to prevent signals from entering from outside of the environ-

ment which could interfere with the test results. The inner walls of a chamber are padded with 

radiation absorbent material, that prevents the signals sent from the radio from reflecting to the 

sensors which would produce false results. [30.] 

 

RF shielded chambers at Nokia are compact testing environments that are generally used for test-

ing specific components or modules of the new software releases for different radios. They are 

ideal for catching issues related to individual features. Due to the compact size of the chambers, 

they are more affordable than the larger testing environments and they can be closely packed, thus 

saving a lot of space [31]. These chambers are especially suitable for testing simple features on 

radios when a small number of antennas in the test environment is sufficient for the tests run on 

the radio. These environments are also a great fit for radio antenna testing, as these products are 

not as complex as radios or basebands. Figure 4 provides an example of how these chambers are 

often set up. 

 

 

Figure 4: RF shielded chamber 

 

Benefits of using a compact testing environment include faster feedback loops, since the test suite 

is smaller, and lower resource requirements for acquiring more of these testing environments as 
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fewer components are needed. However, these testing environments may not provide a complete 

picture of the overall functionality of the software or hardware and some defects, either in software 

or hardware may escape all the way to the end-user if comprehensive testing is not carried out. 

The physical size of RF chambers may restrict the size of the equipment or devices that can be 

tested inside. This limitation could be problematic for testing large-scale 5G equipment. 

 

In summary, RF chambers offer controlled and shielded environments that yield reproducible 5G 

testing results. However, they come with the trade-offs of limited space, and reduced capabilities 

compared to larger testing environments, making them suitable for only a limited set of testing 

scenarios. For other use cases, alternative testing environments may be more practical and effec-

tive. 

3.2 RF measurement Walls 

RF measurement Walls, such as Chambers, are enclosed testing environments used in 5G radio 

testing. These testing environments have an adjustable radio mount and a wall lined with antennas 

which are connected to UEs. This architecture is illustrated in a simplified way in figure 5. The rows 

of antennas on these Wall environments make these testing environments highly controllable and 

allow engineers to create test cases that simulate real-world scenarios to ensure more accurate 

results which help gather valuable information about the performance of the radios. This capability 

makes the Wall a more comprehensive testing environment in comparison with the RF shielded 

chamber. Figure 6 shows how The Walls are designed to allow the simulation of smartphone move-

ment in different environments. This is greatly beneficial for beamforming verification which is a 

crucial phase before new software and hardware are deployed to the customers. They can be 

utilized to produce a more detailed and accurate analysis of the overall performance of the software 

and hardware. These testing environments provide the ability to identify issues that may only occur 

when multiple connections are used together, and the ability to test for edge cases that may not be 

caught in smaller testing environments. 
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Figure 5: Illustration of a simplified Wall testing environment layout 

Walls are used for MIMO testing which is a critical technology in 5G networks. Walls can also be 

combined with channel emulators to recreate realistic scenarios. Channel emulators are devices 

that simulate the real-world RF environment in which a variety of 5G devices such as smartphones 

and base stations will operate. They are used to test the performance of 5G devices in a variety of 

conditions, including different signal strengths, different levels of interference, and different types 

of fading. They can also be used to test different types of 5G networks, such as SA and NSA 

networks. 

 

 

Figure 6: UE movement simulated in a Wall environment 
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Channel emulators can simulate attenuation, shadowing, fast fading, doppler effect and noise.  

Attenuation is the loss of signal strength as it travels through the air whereas shadowing is variation 

in signal strength caused by objects that block the signal [32]. Fast fading and doppler effect both 

are caused by the movement of the user or the base station. In fast fading there is variation in 

signal strength and in doppler effect there is shift in frequency of the signal. Noise is interference 

from other signals in the environment. The use of channel emulators in 5G testing is essential to 

ensure that the devices will perform as expected in the real world [33]. Channel emulators can be 

used together with the Wall capabilities to simulate UE attenuation, as shown in figure 7. This 

combination creates even more precise simulation of real-life scenarios. This helps researchers 

and engineers assess how 5G devices and networks would perform in different environments and 

helps to ensure a positive customer experience and to avoid costly recalls. This capability within 

the Wall testing environments makes them superior to the RF chambers. 

 

 

Figure 7: Illustration of the effects of antenna attenuation 

Multipath propagation is a phenomenon in which a radio signal is reflected, scattered, or diffracted 

by objects in the environment, resulting in multiple copies of the transmitter signal arriving to the 

receiver. This can cause effects such as signal interference and fading. [34.] The effects of multi-

path propagation can be simulated with different propagation models, such as the Saleh-Valen-

zuela model, the Clarke's model, or the COST 231 Hata model to name a few. MIMO systems 

inherently experience multipath propagation without needing reflective surfaces. By using multiple 

antennas at both the transmitter and receiver, the signals can take different paths and experience 

various phases and amplitudes, leading to multipath effects. [35.] 
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By simulating the effects of multipath propagation, engineers can predict and study the signal re-

flections and scattering that occur in real-world environments and assess the performance of 5G 

systems to identify potential problems encountered in urban, suburban, or rural environments [36]. 

This method is demonstrated in figure 8. This can help to ensure that 5G systems meet the perfor-

mance requirements for different applications. 

 

 

Figure 8: Illustration of the usage of multipath propagation in testing 

Due to the complexity of these testing environments operating and setting up RF measurement 

walls may require specialized knowledge and expertise, which can be a temporary barrier for be-

ginner testers. Building and maintaining Walls is also much more expensive due to the specialized 

materials and equipment required for the additional features compared to the previously mentioned 

RF chambers. Despite this, these RF measurement walls are immensely valuable tools for engi-

neers as well as the whole industry to thoroughly study the rapidly evolving technology of wireless 

networks. 

3.3 New Wall environment 

Nokia has an ongoing project underway to build a new state-of-the-art testing environment setup 

that incorporates the latest and most advanced testing technologies available. Setup of the anten-

nas, radio and the overall architecture of the hardware and software significantly improve the effi-

ciency and accuracy of testing. Benefits of the new state-of-the-art testing environment include 

considerably faster feedback loops compared to the Walls or even the chambers, improved test 
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coverage, and the ability to identify issues that may otherwise be missed in other testing environ-

ments. The complexity of this testing environment requires the incorporation of new tools to aid 

with creating extensive tests, hence the plan for the new Sequence Creator Tool was introduced. 

The first version of the tool is focused on the new Wall environment but there are plans to implement 

support for other testing environments as well in the future. 

 

The new Wall environment enables testing that is difficult or even impossible, expensive, unrelia-

ble, not easily reproducible or time consuming in field testing. This is achieved with the ability to 

divide the test environment into sectors, which enables the isolation of different simultaneous test 

cases. Each sector can be configured to match real-world conditions or specific scenarios in urban, 

suburban, and rural environments. By using multiple sectors, the behaviour of a real 5G network 

with multiple base stations and devices can be emulated. This enhances the realism of testing and 

provides insights into how the technology will perform in a multi-cell environment. 

 

This isolation prevents interference between different tests, ensuring accurate results and reducing 

the potential for false positives or negatives. With the ability to run different tests simultaneously in 

different sectors, efficiency of testing is significantly increased. This is particularly valuable in the 

fast-paced development of 5G technology, where multiple features or configurations need to be 

validated concurrently. Parallel testing allows optimal utilization of the resources of the testing en-

vironment. Instead of running one test at a time, testers can use the available sectors to execute 

multiple tests, reducing downtime and maximizing the return on investment for the testing infra-

structure. By conducting multiple tests simultaneously, the validation process can be accelerated, 

and the time required to identify and rectify issues is reduced. These also speed up the overall 

development cycle and enables quicker deployment of stable 5G products to the market.  

 

Different sectors can be configured to simulate various testing scenarios. This allows comprehen-

sive testing of the performance of 5G radios across a wide range of real-world situations, ensuring 

robustness and reliability. A sector-divided test environment offers flexibility to customize test pa-

rameters for each sector. This customization ensures that each test case accurately reflects the 

conditions under which the 5G radio will operate, leading to more accurate and actionable results.  
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4 WALL CONTROL TOOL FOR SEQUENCE CREATION 

The creation of sequences for test cases is not a new concept. A tool called Wall Control Tool was 

created to generate customisable test sequences which are a highly beneficial asset that can be 

used in radio performance testing. The previously existing tool works in a similar fashion as the 

new SCT, hence the old tool acted as a framework for the thesis as it was created for the same 

purpose. 

4.1 Purpose of the Sequence Creator Tool 

Instead of manually selecting and running individual test cases, testers use this tool to create and 

then run a series of tests as a sequence, saving time and effort while ensuring consistent and 

repeatable results. By creating specific sequences, they ensure that the same tests can be repro-

duced with updated products, making it easier to compare results and identify potential issues. 

 

Test sequences allow testers to streamline the testing process and they are crucial in the testing 

and validation process. Test sequences refer to predefined sets of test cases or scenarios that are 

designed to evaluate the performance and reliability of 5G networks and devices. When talking 

about the tool used at Nokia for 5G radio testing, test sequences refer to predefined scenarios or 

sequences that consist of a series of specific actions and parameters that simulate the real-world 

to cover a range of different scenarios to test that the radios meet their requirements. 

 

The Wall Control Tool is used for creating custom sequences with step-by-step instructions. The 

sequences created with this tool are highly customisable, with control over UEs used, the antennas 

they connect to, attenuation for each UE on each step and many more settings. These custom 

sequences allow the creation of tests that help testers to find shortcomings in radio software or 

even hardware before these kinds of issues make their way to the customer which would result in 

additional costs and dissatisfied customers. 
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4.2 Operation of the tool 

The tool has a visual user interface for sequence creation which allows the user to choose from 

available resources e.g., mobile phones connected to the test environments. The availability of 

these resources depends on other services which the tool relies on. The status and details of the 

connected resources are always up to date as the data is fetched from a separate source dedicated 

to handle this subdivision. The user can select multiple UEs to a single sequence and the amount 

is only limited by the available UEs and physical restrictions of the test environment which is used 

in the sequence. After the desired UE for the sequence creation is selected, the user selects which 

antenna it connects to in the first state of the sequence. In each state each UE may connect to one 

or more antennas depending on how many antennas the UE itself has connected to the test envi-

ronment. 

 

Next the user sets variables that alter the connection between the radio and the UE. Setting pa-

rameters such as attenuation and delay can be used to simulate speed, distance or obstacles en-

countered in a real environment. Each UE may have a specific delay and attenuation value respec-

tively. After the parameters are set to desirable values for each antenna used in the sequence, the 

created sequence step is saved and added to the sequence as the first state. After the first step 

has been created, the user can proceed to the next state and repeat all the steps to create as many 

states as necessary to create a desired sequence. The available settings for UEs can be seen in 

figure 9 below. 

 

 

Figure 9: Sequence creation in The Wall Control Tool 

 



  

27 

When the sequence is finished, the output of the sequence is a custom file that is used to run the 

created sequence in the test environment. The file includes all the necessary parameters to select 

the correct UEs, the antennas they connect to and the instructions for the simulated movement of 

the UEs within the test environment. These sequence files can be saved and used indefinitely, or 

they can be used as a foundation for new and improved test sequences. 

4.3 Topics of improvement for the existing tool 

This tool should not be replaced but rather there should be an additional option for a simplified 

and streamlined way to create sequences. The other option offered should be intuitive for the 

user and be scalable for multiple UEs. The Wall Control Tool can be used to create sequences by 

fine granular control over antenna lines and steps. This, however, is a very time-consuming way 

to create sequences especially for multiple UEs. With customisable antenna patterns, UE coordi-

nates, speed and attenuation all set individually for each UE in each step of a sequence, these 

sequences quickly become quite tedious to create. Improving the existing tool for sequence crea-

tion involves refining its capabilities, efficiency, and user experience. There was room for im-

provement, hence a plan was set to build a tool that can be used to generate complicated test se-

quences faster and with more ease.  

 

The areas of improvement include introducing simple user control to support complex custom 

user-defined sequence patterns and optimizing the algorithm to generate patterns more quickly, 

especially for longer sequences or complex patterns. The new tool should automatically handle 

the limitations of Wall control hardware and attempt to resolve conflicts when creating sequences. 

All this should be implemented into the tool while keeping the focus in keeping the tool simple. 

There was also a decision made to initially make the tool available as a desktop application as a 

command-line interface (CLI) and later extend it to be available on web browsers as a React 

based tool. Both would serve an important role, and both should be designed to be intuitive and 

user-friendly interfaces that allow users to easily input their requirements and understand the 

generated antenna patterns and test sequences. This should be achieved by including tooltips, 

explanations, and examples to guide users in using the tool effectively. 
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5 SEQUENCE CREATOR TOOL 

The problem to be resolved in all its simplicity was making the creation of test sequences easier 

and faster. Plan for the tool was set in motion alongside the new and improved test environment 

being built. This environment has a larger set of antennas in use compared to the older wall test 

environments, which makes creating sequences with the older tool even more laborious. The initial 

concept for the new SCT was solely focused on the new Wall environment, which was to be ex-

panded later to the older environments. The SCT enables effective use of Wall environments.  

5.1 The benefits of the new tool 

Costs of the tool can be measured through required workforce as it takes time for engineers to 

develop the tool and create additional functionalities. There would possibly be a need for a dedi-

cated engineer to work on the tool for a long period of time. The benefits and resulting savings 

outweigh the costs by a long mile as the SCT enables effective use of the new Wall test environ-

ment. The threshold to create custom sequences is lowered for testers which results in more tests 

and thus faster detection of issues in radio software and hardware. The new tool also acts as a 

quality-of-life improvement in creating test sequences. 

 

The new tool allows time saving with considerably faster creation of test sequences. When the first 

version of the new tool was compared to the existing tool when creating sequences, creating se-

quences with the new tool saved a considerable amount of time. Creating a simple single UE se-

quence using the new tool took less than 30 seconds, whereas with the old tool it took around 5 

minutes. When the tool is further refined and expanded to support multi-UE sequence creation, the 

time saved would further improve. Creating single UE sequences would possibly be 5-10 times 

faster and more than 20 times faster when creating multi-UE sequences. Less time spent creating 

test sequences allows for more time to be spent on other tasks and productive work.  

 

Earlier test cases have been less complex which has resulted in not being able to take advantage 

of expensive Wall investments in full effect. Creating complex multi-UE test case scenarios has 

generally been possible through field testing, instead of easily generating test sequences for these 

purposes. Test cases in a controlled environment are easily reproducible from UE scenarios point 
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of view as the speed, attenuation and other variables are controllable whereas in field testing tests, 

this can be challenging. These tests are also significantly faster to repeat.  

5.2 Planning the concept of Sequence Creator Tool 

Planning out the concept of the SCT was an important part of the thesis, as there was no clear plan 

for it, other than a few requirements set for its functionalities. Proof of concept was decided to be 

made as a simple React application to visualize what the product would possibly look like, and how 

it would be used. After the proof of concept received a green light from principal technical leader 

Keijo Hyttinen, further discussion resulted in redirecting the first version of the tool to be a CLI 

application. 

 

The type of data handled and the data output as well as the capabilities of the tool were determined 

as the minimum viable product requirements were set. It was decided that the focus for the tool 

would be the ability to create UE sequences for the new Wall environment fast and easily. It was 

decided that the tool must include functionalities such as antenna pattern creation, attenuation, and 

speed settings as well as simple conflict resolution capabilities. Other requirements set for the tool 

were sector selection to support improved capabilities of the new Wall environment and intuitive 

syntax to control pattern movement in the sequence. 

 

All the functionalities for the tool would be first and foremost applied in a simplified way. The data 

model for the sequences should also be scalable for multiple UEs, when this capability would be 

added later in development of the tool. With these requirements predefined the development of the 

SCT began by first building a proof of concept for the tool. 

5.3 Proof of concept for the new tool 

The proof of concept for the new tool was created with a web browser graphical user interface 

(GUI) implementation. The user interface was created with React and its purpose was to show the 

idea of creating an antenna pattern easily by user clicking and choosing antennas from a grid and 

then giving input with simple syntax to give instructions how they want the pattern to move on the 

new Wall. This would result in a sequence that would be displayed on the grid by moving the pat-

tern. The appearance of the proof of concept for the tool can be seen in figure 10. 
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The aim of the proof of concept was to show that optimizing the creation of sequences to generate 

complex test quickly would result in saving a vast amount of time in testing. The concept was also 

used in a presentation where the benefits and costs of the tool were discussed, and it was demon-

strated to be a valuable asset. The proof of concept turned out to be valid, but it was decided that 

the tool would be first developed to be run as a CLI tool that would be later extended with a web UI 

to improve further usability. The concept was used as a framework to aid with the development of 

the tool, as a visual representation of the desired product for a CLI tool is greatly beneficial.  

 

 

Figure 10: Sequence Creator Tool proof of concept 

5.4 Sequence creation 

The sequence creation with the tool works with text-based syntax to generate complex UE antenna 

movements in the new Wall test environment to allow testers to quickly make sequences with one 

or more UEs in testing. The tool consists of a few principal settings that the user must define to 

generate a sequence for UE movement. The sequence will be generated based on these settings. 

To create a sequence the user must select which sectors are used and which sector is active when 

creating an antenna pattern. To create an antenna pattern, the user selects the starting position for 

the pattern and then uses the predefined syntax to create a desired antenna pattern used in the 

test sequence. The user needs to give instructions for the movement of the UE and define the 

speed and attenuation settings. When these settings are defined, a sequence can be created. 
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5.4.1 Configuration selection 

The users can choose a wall configuration file from the tool. These configuration files allow the 

creation of sequences in different test environments available, which can significantly improve the 

user experience as well as streamline creating sequences for all test environments. These files 

contain essential information about the test environments, such as the antenna grid parameters 

i.e., amount of antenna rows and columns, the distance between antennas as well as additional 

antenna grid extensions in use. This feature makes the tool more versatile and adaptable for future 

additions to the configurations. 

 

Configuration files promote standardization of the creation of these models across the team. As 

this feature is already implemented to the tool, users can simply create a new configuration file to 

add a new test environment to be available in the tool, without changing any of the existing code. 

By avoiding the need for code changes, the existing configurations remain unaltered, eliminating 

the potential errors introduced to the code during updates, making it a highly effective and scalable 

solution. 

5.4.2 Sector selection 

The new Wall environment consists of multiple sectors. This is a new feature that enables multiple 

test engineers to simultaneously run tests without interfering an ongoing test started by other engi-

neers. When creating test sequences, the sectors can be used either individually or as groups, 

further expanding testing capabilities. If only one sector for the sequence is chosen, the pattern can 

be moved within the borders of the chosen sector. The pattern retains its form throughout the se-

quence as it moves along the antenna grid, even when “colliding” with the borders i.e., any of the 

connected antennas is at the last antenna position on the active sector. When the sequence is 

created for multiple sectors, the pattern movement is enabled for all the chosen sectors, similarly 

to how it works with a single sector. When reaching the last antenna of a sector, the antennas in 

the pattern simply switch to the next available sector. The sectors used in the sequence are se-

lected before creating the antenna pattern. 
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5.4.3 Antenna patterns 

A core part of developing the SCT was to plan how to create antenna patterns. Each UE has mul-

tiple antennas which are connected to the test environments, and they can switch to any antenna 

in the environment. To simulate movement of one or multiple UE, antenna patterns can be created, 

which mean there is a predefined pattern on the antenna grid that can be moved around on the 

antenna grid on the wall. Antenna pattern files are created before sequence files and then used as 

a foundation for the sequence file created to run the finished test. They require a couple of param-

eters that make up the necessary details to create the pattern. All antennas in the test environments 

have two polarities, positive and negative polarity. Antennas that include both polarities are called 

cross-polarity antennas. With the tool, it can be decided which polarities are used in the antenna 

pattern. Forward slashes represent positive polarity antennas, back slashes negative polarity an-

tennas and the letter X represents cross-polarity antennas.  

 

To create an antenna pattern that is made up of two positive polarity antennas, two negative polarity 

antennas and two cross-polarity antennas all next to each other on the same row, this can be 

achieved by using the corresponding syntax previously explained: //\\XX 

To create an antenna pattern that is made up of four cross-polarity antennas in a square pattern, it 

can be done with any of the following syntax: XXDXLX, XDXXUX or XXDLXX. This simple syntax 

can be used to create various antenna patterns. The available syntax and respective functions of 

each character are listed below in table 2. 

 

Table 2: Syntax and their functions in antenna pattern creation 

 
Syntax 

 
Function 

 
/ 

 
Positive polarity antenna 

 
\ 

 
Negative polarity antenna 

 
X 

 
Cross-polarity antenna 
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U 

 
Up one antenna row 

 
D 

 
Down one antenna row 

 
L 

 
Left one antenna column 

 
R 

 
Right one antenna column 

 

Combining these characters results in a set of instructions for the tool to create an antenna pattern 

file that contains the right number of antennas in their desired positions on the wall grid respectively. 

This pattern is then used in combination with the movement instructions as well as speed and 

attenuation settings given by the user to create the sequence file. Before creating the sequence file 

there is an automatic conflict detection and resolution run on each created antenna pattern to pre-

vent unwanted behavior that would be physically impossible to run in the actual test environment. 

5.4.4 Antenna pattern visualization 

The integration of antenna pattern visualization within the CLI version of the tool provides users 

with a clear and intuitive way to analyse the patterns created. By having a visual aid at disposal, 

the users can quickly see any deviations in the pattern, enabling them to edit their designs with 

precision. Instead of relying exclusively on the syntax the user prompts the tool with, which can be 

challenging for non-experts to understand, a visual representation offers a universal language that 

is easily understood by everyone. 

 

The visual representation shows the created pattern at its starting coordinate on the Wall environ-

ment set by the user. It offers a clear view of how the pattern turned out, allowing users to do 

adjustments as needed. The visual representation of the created antenna is shown on a corre-

sponding grid that aligns with the selected configuration of the test environment that was used for 

the sequence created. Figure 11 includes an excerpt from code to implement this feature. 
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Figure 11: Excerpt from the code for antenna pattern visualization 

5.4.5 Conflict detection and resolution 

An important feature that lies under the hood of the tool is the conflict detection and resolution 

functionality. It was determined in the backlog for the tool that the tool should be able to handle 

common conflicts when creating sequences, so that even less technical testers could use the tool 

and easily create sequences without having to resolve conflicts arising due to the physical limita-

tions of the new Wall environment that they may not be familiar with. The antennas in the testing 

environment have specific switches that allow the coupling of the antennas in the test environment 

with the UEs. These switches have restrictions that limit the way the patterns can be created for 

the test sequences.  
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Conflicts arise when depending on the chosen antenna polarities and positions of the antennas in 

the pattern. The tool assigns each antenna their respective groups and sub-groups, so that conflicts 

are resolved. An example of a situation where a conflict would arise in the pattern is when there 

are multiple antennas of the same polarity and group on the same row in different antenna coordi-

nates. Multiple UEs are not able to connect to different antenna positions on the same row of an-

tennas simultaneously if the same group of switches is used for different UEs. These limitations 

are considered in the tool and the common conflicts are detected, which can be seen from the 

excerpt from the code in figure 12. There are a set of ways the most common conflicts are resolved 

automatically, and the user is notified of the changes made to the pattern file to prevent from con-

flicts. 

 

 

Figure 12: Excerpt from the code for antenna pattern conflict detection and resolution 
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5.4.6 Sequence syntax 

The sequence creation was developed to use simple syntax to control the UE movement. The 

syntax allows the movement of the antenna pattern in single steps in all the four directions on the 

wall i.e., right, left, up and down. The user may also decide to move the antenna pattern to any of 

the directions continuously until the last antenna position available is reached. The options for an-

tenna pattern movement are listed below in table 3. 

 

Table 3: Sequence control syntax 

 
Syntax for antenna 
pattern movement 

 
Movement achieved with 
syntax 

 
> 

 
Right one step 

 
< 

 
Left one step 

 
^ 

 
Up one step 

 
v 

 
Down one step 

 
-> 

 
Right until at the rightmost 
antenna column 

 
-< 

 
Left until at the rightmost an-
tenna column 

 
-^ 

 
Up until at the highest an-
tenna row 

 
-v 

 
Down until at the lowest an-
tenna row 

 

These instructions can be chained to create a sequence that moves step by step on the antenna 

grid. An example of a pattern made of two cross-polarity antennas placed next to each other in the 

pattern having a starting position on sector 1, antenna row 3 and antenna column 10 and the move-

ment syntax used being “>>>vvv-^-<” would set the end position for the first cross-polarity antenna 
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at sector 1, antenna row 0, antenna column 0 and end position for the second cross-polarity an-

tenna at sector 1, antenna row 0, antenna column 1. Figure 13 shows the iteration over the move-

ment instructions given by the user which then modifies the position of each antenna in the test 

sequence file. 

 

 

Figure 13: Excerpt from the code for antenna pattern movement 

5.4.7 Speed and attenuation settings 

With the SCT, the user can define the speed used for the UE during the test sequence. There are 

three different modes the user can use for the UE speed: fixed speed, time-based speed and zig-

zag speed mode. In the fixed speed mode, the user can set a speed value which remains un-

changed for the UE throughout the sequence. In the time-based speed mode, the user can set start 

and end speed values and the value will either increase or decrease depending on the set values. 

The user must also set step values so that each state during the sequence increases or decreases 

the speed value as much as desired. In the zig-zag speed mode, user sets start, end and step 

speed values like the time-based speed mode. In addition, the user sets the desired number of 

loops that are performed for the speed values during the test sequence. These speed settings allow 

vast amounts of different test scenarios to be created, that simulate the movement of UE in the test 

environments. 
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Attenuation used for the UE in the test sequence is a parameter which the user can define. Like 

the speed settings, there are three different modes available for the user to choose from: fixed 

attenuation, time-based attenuation and zig-zag attenuation mode. Fixed attenuation mode allows 

the user to set a static value for the attenuation of the selected antenna. Time-based attenuation 

requires the user to set the start, end, and step attenuation values to create an increasing or de-

creasing pattern for the attenuation value for the selected antenna. Zig-zag attenuation mode re-

quires the additional parameter for the loops performed during the test sequence.  

5.5 API 

The development of an application programming interface (API) was also started to later extend 

the Sequence Creator Tool to be available as a web browser tool. There is support for all the 

necessary functions to have the same capabilities as the CLI version of the tool currently has. The 

backend was built with support for both CLI and API in mind, hence both routes work by calling 

mostly the same functions. The API was built using FastAPI so that it aligned with the goals of the 

test automation team to slowly unify the technology that is developed down the line. FastAPI is a 

modern web framework tool used in building APIs with Python. This framework allowed very fast 

development cycles and made testing and maintain the API simpler and easier. An excerpt from 

the code of the tools API can be seen in figure 14. 

 

Creating a backend for the tool that can be used with both a CLI version and an API offers multiple 

advantages. Firstly, the coexistence of these alternatives offers flexibility in usage of the tool as 

different users have different preferences. Users can choose their preferred version of the tool as 

some may prefer the convenience of a CLI to quickly create simple tasks, while others might want 

to benefit from the API through the graphical user interface that the web browser tool would later 

offer. Secondly, by providing an API, users can automate tasks programmatically, making it easier 

to integrate the use of the tool into workers existing automation workflows. Thirdly, building an API 

for the tool is beneficial as it can then be more easily integrated to the existing software ecosystem. 
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Figure 14: Basic API operations of the tool 

This integration can lead to developing the tool to be even more powerful as it can use other ser-

vices available as extensions to provide more functionalities. Testing the tool also becomes more 

straightforward as automated tests can be written to verify the functionality of the API. A well-de-

signed API can serve as a stable foundation for the backend as it allows for scalable and complex 

interactions with the tool.  

5.6 Unit tests 

Unit tests have an essential part in software development as they help in detecting bugs early, 

improve code quality and maintainability as well as support collaboration with people working on 

the same code [37]. Unit tests are extremely beneficial for further development of the tool when 

other people start working on the tool in the future. They serve as documentation as they provide 

examples of how functions of the tool are intended to work, making it easier for new developers to 

understand the code. When new developers follow the framework laid with the unit tests, they can 

confidently make changes without worrying about breaking existing functionality. [38.] 

5.6.1 Implementation 

While implementing unit tests required an initial investment of time and effort to build during the 

development of the Sequence Creator Tool, the long-term benefits in quality and maintainability of 

the code saved time many times over. Development of the tool incorporated lots of unit tests. Early 

in the development process unit tests were implemented to discover bugs and inconsistencies in 

the performance of the tool, making refining and refactoring the code easier, thus accelerating the 

development cycle. Writing unit tests required to think critically about the design and functionality 
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of the code. The tests also forced to break the code down into smaller units with clear purposes 

and functionalities, leading to cleaner, better-quality code.  

 

By writing tests for specific components of the code during the development of the tool, they helped 

to catch and fix issues as soon as they occurred, reducing the likelihood of bugs going unnoticed 

in the later stages of development. These bugs would have otherwise created bottlenecks later in 

the development process which naturally saved a lot of time. If a function or a class was modified 

in a way that accidentally introduced a new bug, existing unit tests caught most of them, helping in 

maintaining code stability over time. This way unit tests made it safer to refactor the code as they 

provided confidence that new bugs have not emerged while refactoring the code. They also made 

it easier to understand and use the code correctly when returning to a functionality created very 

early in the development process. Writing unit tests also encouraged to consider different error 

scenarios and handle them properly. 

5.6.2 Input validation and algorithmic tests 

Different types of unit tests were implemented to the tool. This was done to ensure that changes 

made to the code during development of the tool would not result in unexpected behaviour. Input 

validation tests were added to verify that the tool can handle different data types correctly. The unit 

tests verified that the tool can handle data types, such as text, numbers and special characters 

without producing errors or unexpected behavior. This ensured that these kinds of unexpected 

instances would be handled gracefully. 

 

Algorithmic unit tests were responsible for generating test sequences that simulated various 

scenarios while ensuring that all the specified criteria were followed to create valid sequences. 

These tests also assessed the accuracy and efficiency of the core algorithms for test sequence 

generation as well as the scalability of the algorithms, anticipating future requirements as the 

software would be developed further for increased data and complexity. These tests also utilized 

deliberately faulty or unexpected inputs to ensure that the tool can generate valid output. 
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5.6.3 Integration and edge case tests 

Integration tests validated the interactions between different components within the tool. They 

ensured that data is passed correctly between components and reduced the risk of errors. Not only 

did the integration tests verify that the data flow works seamlessly, but they also scrutinized the 

entire software, revealing poor design in the code architecture. These kinds of tests enhanced the 

performance of the tool and refined the overall structure of the codebase. 

 

Edge case tests assessed how the tool behaves when subjected to boundary conditions. These 

unit tests were instrumental in ensuring the overall robustness of the tool in real-world usage as 

the tool should efficiently handle scenarios such as minimal or maximal input values. Edge case 

tests were used to identify and address any bottlenecks or performance issues that may arise 

during sequence generation. An example of this can be seen in figure 15 which shows an excerpt 

from a conflict resolution unit test. These tests ensured that necessary edge cases were handled 

accordingly instead of causing the tool to crash or handle the input incorrectly. 

 

 

Figure 15: Excerpt from the code for pattern conflict resolution unit test 

By implementing a comprehensive array of unit tests, the codebase could be decisively refactored 

during the development of the tool while maintaining confidence in the reliability of each unit of 

code. This enabled easier maintenance, early bug detection, and it provides a solid foundation for 

future enhancements. These tests functioned as documentation, keeping track of expected 

behavior of individual units. This documentation proved invaluable in catching potential problems 

before they escalated into more complex issues. 
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6 RESULTS 

As a result of the thesis work on building the Sequence Creator Tool for 5G radio testing, great 

results were achieved. The tool successfully exhibited its efficiency in generating test sequences 

tailored for the existing 5G radio environments and for the new Wall environment currently under 

construction. Through testing and analysis, it was shown that the tool not only streamlined the 

process of sequence creation but also made a notable improvement in the speed of sequence 

creation. The results indicate that with further development and added functionalities the tool has 

potential to significantly contribute to the advancement of 5G testing methodologies. 

 

Through experimentation, it was observed that the tool could be used to create diverse test se-

quences, covering a wide range of scenarios. Functionalities for diverse antenna pattern creation 

and conflict detection were successfully developed. The automation of certain parts of sequence 

creation streamlined the process workflow, which minimizes manual labour and accelerates the 

overall testing cycle. The tool has the possibility to contribute to significant cost savings in terms of 

reduction in time saving. By automating the sequence creation process, the tool also reduced the 

risk of human error and inconsistencies in test sequences, leading to more robust and reproducible 

results.  

 

The theoretical cost savings that the first version of the tool could provide were calculated to be 

around 40,000 euros annually. This does not include the benefits that further development of the 

tool would bring nor does it consider the primary benefits of improved testing capabilities that the 

tool provides. In conclusion, the tool proved to have the potential to bring monetary value as well 

as provide substantial practical value by streamlining the complex sequence creation process thus 

aiding the engineers with practical advantages in their daily tasks. 
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7 FUTURE WORK 

The Sequence Creator Tool is used in a very complex test environment which made developing 

this tool fascinating. As a result of this thesis the tool that was created was seen as a great benefit 

to sequence creation. Throughout the development of the tool new possible implementations were 

planned. The new Wall environment at the Nokia test laboratory facilities builds a new foundation 

for 5G radio testing offering a plethora of opportunities to further improve the tool in the future. 

Some functionalities have already been discussed and defined as features for phase two deploy-

ment of the tool while others are potential ideas proposed in this thesis to push 5G radio testing 

even further with the SCT. 

7.1 Improved movement syntax 

To support the creation of more diverse test sequences, the syntax for creating antenna pattern 

movement can be improved in the future. Instead of setting starting coordinates for the antenna 

pattern and then giving step by step instructions for the movement, there could be an alternative 

option to set coordinates in between of the steps, allowing the pattern to switch to a different coor-

dinate instantly. These coordinate changes could be performed by writing the desired coordinates 

into the syntax of pattern movement. There could also be an option to change the step size i.e., the 

number of antennas skipped when moving one step towards the desired direction. This added 

functionality could also be used to change the attenuation and delay values on the fly, though this 

would most likely work only as a general value change for all the antennas used, as this would 

otherwise result in over complicating the syntax invalidating the objective of the tool to make creat-

ing sequences simple and fast. Table 4 below contains options to achieve coordinate and sequence 

movement changes by using horizontal and elevation angles as well as step sizes or alternatively 

x, y coordinates. 
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Table 4: Improved sequence syntax alternatives 

 
Desired effect 

 
Syntax option using degree val-
ues 

 
Syntax option using x, y 
coordinate values 

Move right towards coordi-

nates e.g., on one sector or 

multiple sectors.  

 

 
h0/e45->h50/e45 or  

h0/e75->h100/e75  

 

 
5/2->10/2 or  

5/3->20/2 

Chain movements to move 

back and forth. 

 
h0/e45->h50/e45;h50/e45-<h0/e45 

 
5/2->10/2;10/2-<5/2 

 
Start from a certain posi-

tion, move down 5 steps 

and right 3 steps with an-

tenna step size of 1, then 

change antenna step size 

to 2 and move left 6 steps. 

 

 
 

 

h0/e45/s1vvvvv>>>s2<<<<<< 
 

 
 

 

5/2/s1vvvvv>>>s2<<<<<< 
 

Use previous values but 
only change elevation. 

 
h0/e45/s1vvvvvh/e60/s>>> 

 
5/2/s1vvvvvh/e3/s>>> 

 

The tool can be used to create sequences moving from a coordinate to another one, but it cannot 

be used in conjunction with the step-by-step directions. The syntax to create movement for the test 

sequence can be enhanced to create a wider range of more complex test scenarios. The sequence 

syntax should be developed to cater to different user needs while remaining simple and easy to 

understand. 

7.2 Multi-UE support 

An essential addition for the tool defined as a functionality for phase two delivery is multi-UE sup-

port. This would allow the user to define sequence inputs for multiple UEs separately and the tool 

would be responsible for combining them and generating one sequence. Multi-UE sequence crea-

tion is a time-consuming process and automating this would save a considerable amount of time. 

Multi-UE sequence creation is a necessary feature for the tool as the radios must be tested to 
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support multiple users simultaneously in real user scenarios. Multi-UE sequences could also be 

created by combining previously generated single UE sequences by implementing a comprehen-

sive conflict handling system within the tool also supports when creating these sequences. Multi-

UE sequences are susceptible to conflicts especially when creating them manually. 

7.3 Conflict handling 

The small conflicts are resolved with a simple algorithm e.g., allocating a conflicting antenna to the 

next possible coordinate found. Bigger conflicts could be handled by notifying the user and se-

quence generation would be prevented until user has fixed the found conflict. The tool would handle 

all the most common conflicts and offer solutions to the user to handle the more complex conflicts. 

Implementing a robust error handling system for the tool to address unexpected inputs or scenarios 

while providing helpful recommendations to the user would be highly beneficial as the new added 

functionalities might otherwise confuse a new user. Correction suggestions would help when the 

parameters set by the user might not lead to viable patterns or their movement. 

 

Conflict handling would have an even more important role when the multi-UE support is added to 

the tool, as these sequences are vastly more complex and require knowledge of the physical limi-

tations of the test environment. If these conflicts are handled automatically, the user does not need 

to worry about debugging the sequence to make corrections. Instead, the user is notified of changes 

made or instructed to make required corrections. 

7.4 React frontend as a graphical user interface 

Another functionality defined for the tool is to have a GUI available as a web application which 

would have a frontend created with React. The GUI would work by having an antenna grid which 

the user can interact with, clicking and choosing from the grid which antennas and their polarities 

are used for the pattern, to create and modify antenna patterns. The GUI would create an even 

lower threshold for users to create more complex patterns and sequences. Designing an intuitive 

and user-friendly interface that allow the users to input the required parameters to create an an-

tenna pattern and the sequence and to also have a visual representation of the test environment 

and the created pattern available would aid when creating complex and comprehensive test se-

quences. 
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Having a GUI as a web application would also allow not only the visualization of antenna patterns, 

which is also available with the CLI version, but also the created sequences.  

 

Visual representations of the generated sequences would be shown to the user to better under-

stand and evaluate the created test and make required modifications. This would be achieved by 

displaying the antenna pattern movement on the antenna grid of the test environment. The se-

quence could be previewed with the GUI of the tool. 

7.5 Collaboration and sharing 

The ability to share the generated patterns and sequences with other testers should be made sim-

ple. Instead of sharing the created files through other channels, the tool itself could have a func-

tionality to save patterns and sequences as personal files as well as share and collaborate with 

others. Providing a simple way to export and import these files within the tool would prevent from 

creating duplicate test sequences that someone else has already created and saved in the data-

base of patterns and sequences, thus saving valuable time in testing. 

 

Collaboration between testers and developers could also be strengthened by incorporating an op-

tion to leave feedback in the tool. The feedback mechanism would continuously gather insight from 

active users that want to participate in the continuous development of the tool to implement neces-

sary additions. This would help in prioritizing tasks when planning the development of the tool and 

diminish the time wasted waiting for feedback that would be requested on the spot and ensuring 

that the feedback given is carefully thought out. 
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8 SUMMARY 

Throughout the course of the project, several valuable lessons were learned. The complexity of 

testing 5G radios and the importance having sophisticated automation in testing became clear dur-

ing the development of the Sequence Creator Tool. The integration of various customisable pa-

rameters within the tool proved to be crucial in generating accurate and comprehensive test se-

quences. Additionally, the project highlighted the fast evolution of 5G technology and the testing 

methodologies, which requires tools that can adapt and evolve alongside the rapidly advancing 

telecommunication technologies. 

 

The achievements of the thesis project were plentiful. The first version of a functional tool specifi-

cally designed for 5G radio testing was successfully developed. This achievement not only ad-

dressed the need for such a tool within the field but also positioned the project as a potential factor 

for further innovations in 5G testing methodologies. The project also contributed to building per-

sonal academic understanding of the challenges and opportunities associated with 5G radio test-

ing. 

 

Undoubtedly, certain aspects turned out to be challenging during the development and implemen-

tation of the Sequence Creator Tool. The dynamic nature of 5G technology presented challenges 

in anticipating all potential scenarios and parameters that should be considered in sequence gen-

eration. Ensuring the adaptability of the tool to diverse testing conditions and configurations re-

quired careful consideration and continuous refinement. Balancing the ability to create complex 

sequences with creating a user-friendly tool was a challenge, as the tool needed to generate com-

plex test sequences while being intuitive to a broad range of users within radio testing teams. Over-

all, these challenges added depth to the learning experience and contributed to the functionality of 

the developed tool. 
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