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[bookmark: _Toc39239695]Introduction
The Project Proposal idea will be looking at “Comparing 3g, 4g and 5g” networks. The subject area of study that will be investigated in the Project will be the progression of mobile network coverage specifically Wales. Within this project, the reasons for progress in the mobile network field relating to advantages and disadvantages for 3g, 4g and 5g mobile networks, the areas in which the differences will be compared are security differences, development and research costs, public perception and implementation into the British mobile industry. A similar report that has been done on these topics is [1] this discusses the security, development and research costs that the project investigation will also outline. 
The mobile wireless network standards of 3g, 4g and 5g are the primarily used standards within the mobile network coverage architecture. These standards are used worldwide and are maintained by an umbrella company called the 3rd Generation Partnership Project (3GPP), the organisations included in the partnership are ETSI (Europe), ARIB and TTC (Japan), TTA (Korea) ATIS (USA), CCSA (China).
3g was first created and launched in Japan in 2001 and is the successor to the 2g protocol that was used worldwide. 2g was updated to 3g for the increased speed the protocol could deliver for mobile phones and the newer smart phones that were being developed at that time. 3g was more advanced for smart phones as it allowed video calls and made it easier for web browsing.
4g was then created and launched by Telia Sonera in 2010 from Finland. 4g was then seen as the new standard for mobile and smart phones as it said to allow for more secure web browsing and application information as well as increased speed compared to 3g.
5g is the newest protocol to have been created and it is not fully operational as of this proposal. The protocol was created in china and first launched on November 1st, 2019. The reason for the change from 4g was evidence suggested that 4g would soon run out of capacity for all the newer mobile devices that would use the mobile network.
[bookmark: _Toc39239696]Literature Review 
For the research aspect of the proposal “Comparing 3g, 4g and 5g” the Universities online library system was used to find relevant sources for the proposed idea. There were thousands of articles and reports that discussed 3g, 4g and 5g characteristics and how and why the mobile networks updated however these were only mentioned briefly in the reports. To try narrow down the most useful sources, the sources were filtered to only ask for titles that included 3g, 4g and 5g this made it so the sources main topic would be discussing these topics. 
The sources were then filtered down through reading them and the most appropriate sources were selected to use. The first source [E. Ezhilarasan and M. Dinakaran, "A Review on Mobile Technologies: 3G, 4G and 5G," 2017 Second International Conference on Recent Trends and Challenges in Computational Models (ICRTCCM), Tindivanam, 2017, pp. 369-373.]  this source examined the features of 3g, 4g and 5g mobile networks. When outlining the features of the mobile networks the source explained why the previous versions of the mobile network were updated to the newer 4g and then onto 5g networks. At the end of the source it compared the features of all three. This is to be one of the main sources that will be used in the investigation. 
The next main source that will be used in the project investigation is [B. Ravishankar , H. Lucca, P. Shinjo and S. Altaf , “New Privacy Threat on 3G, 4G, and Upcoming 5G AKA Protocols,” Proceedings on Privacy Enhancing Technologies, vol. 2019, no. 3, pp. 108-127 , 2019.] This source mainly outlines the security risks with using the three mobile network technologies when it comes to being able to keep privacy. The source investigates the network technologies by hacking them to show weaknesses in the systems, then outline fixes the systems can use to prevent the attack.
Another source researched is [“Full spectrum: 3G, 4G or 5G country needs to find solution,” Flare; Karachi, vol. 10, no. 6, p. 29, 2014.”] This source discusses the implementation of 4g for public usage. It specifies the preperation businesses need to complete in order to use the new techologies, at the time giving reasons on why using the new network technology will be beneficial to businesses.
[bookmark: _Toc39239697]Objectives
The first objective is to research then provide an overview on 3g, 4g and 5g. The overview will include history of the mobile coverage systems, the main features of each system will be outlined then the discuss when the systems were updated to newer versions if relevant.
The second objective is to analyse the security privacy differences between 3g, 4g and 5g networks as the systems are in 2020 using research from online resources.
The next objective is to investigate and test the coverage speed and distance of each of the mobile network technologies in different geographical areas, the areas testes will be a city, a town, and a rural area all in 2020.
The fourth objective is to evaluate the difficulty of implementing and updating each of the mobile network technologies, this will include the costs of implementation and the amount of time it will take for a business to fully update to a newer mobile network technology. This will be researched from online sources.
The fifth objective is to compare each of the different mobile network technologies then help to determine which mobile network would be best suited for individuals or businesses in different geographical areas in terms of cost, security, and implementation into the business. The most suitable choice for three companies will then be analysed for each.
[bookmark: _Toc39239698]Outcomes
The project will include research into the characteristics of 3g, 4g and 5g mobile networks. In this research it will provide a history of each of the mobile networks, this will include where the network was made and first implemented along with why the network was updated to a newer mobile network. The features of each mobile network will be explained in this section, the features will then be compared for the end of the project.
From this project investigation detailed research of the different security threats for each of the mobile network systems will be discussed including examples of these mobile networks encountering the security threats outlines. For each security threat that is outlined in the investigation, recommendations on how to protect from the threat will be explained in this section along with if the new updated mobile network system is able to provide better protection for this type of threat.
A primary investigation test will be carried out in the next section of the project. The investigation will include testing and then recording the different speeds of 3g, 4g and 5g in different areas of Wales, the first area that will be investigated is a city (Swansea) which has a high population and good mobile network coverage over the area. The next area that will be tested is a suburban area (Neath Town) this has a smaller population but, similar mobile coverage to the city. The final area that will be tested is a rural area that has a very small population and very poor mobile coverage. The results will show the different speeds that each of the mobile networks display in each area, showing which area has the best speed and coverage. Then the investigation will show which mobile network is best suited for each specific area if a business were to update to a newer system. The findings will be displayed using line graphs for displaying speed difference between the three different mobile systems over a period of 5 minutes to obtain an average speed. Then a bar chart will be presented to show the power of signal in each of the different areas to show the coverage in that area.
The following section of the project will look at how the three mobile networks will be implemented into a business or local setting. This will include the costs of the implementation for a business or local area to change or add or update to a new mobile network. 
The final section of the project will compare all the findings from the four sections. The comparison will include outlining the differences in features, security threats, speed, coverage, and implementation costs. Then for each different type of business location the best mobile coverage system will be chosen and explained, the reasons for the choice will be chosen out of the comparison argument. 
[bookmark: _Toc39239699]Research Method
For the research methods into the history and features of 3g, 4g and 5g along with investigating the security advantages and disadvantages of each. Positivism research will be used during this research phase. The types of documents that will be analysed at this point will be online case studies. It is important to fully examine the case studies found online. Academic case studies will be the primary ones used as these will have no bias towards a type of mobile network, the studies will only include factual statements and investigations. However, when using information from secondary sources, other sources that backup the information should be used to ensure that the evidence is valid to use in the project.
The philosophy that will help to navigate the research collection will be a phenomenological approach. The testing of the different geographical areas to show which type of mobile network has the best speed and coverage will be the main research and talking point of the project. To evaluate the results found from the testing, graphs will be made to display the information so it can be analysed. This type of data collection will be reliable as it is a type of primary data collection so, if the individual collecting the data has no bias, the data will be valid to use. 
The next part of research is the implementation research. The method that will be used for this is a phenomenological research approach. A source mentioned in the literature review includes actual costs of implementation for the mobile networks into a business setting. The sources that should be researched for this objective should be factual and not estimated costs as this provides better authenticity to the project investigation.
The final research method will be positivism research. Case studies for showing comparisons for 3g, 4g and 5g will be used and these case studies will be collected from reliable sources such as the university library and google scholar. Using academic studies will help to eliminate any bias that may be found on other studies on the internet. Using unbiased and factual studies will make the whole project more legitimate.
[bookmark: _Toc39239700]Data Collection
For the first objective the relevant data will be collected from academic journals and case studies. The documents will be reviewed to find the appropriate information then any information used in the project will be referenced.
For the second objective the data will be collected from a mixture of case studies both academic and real-life scenario. The mobile networks advantages and disadvantages relating to security will be extracted from the case studies, along with examples and/or real-life scenario cases of these security threats taking place. Finally, if any updates were made to the mobile networks were recommended to health prevent a threat will also be extracted from the case study.
For the third objective the data from the investigation of 3g,4g and 5g coverage and speeds in different geographical areas will be collected through observation of connection using a mobile phone. The data from the observation will be recorded into an excel spreadsheet. The spreadsheet will include the location of the test, elevation, and the time the observation was made. Speed will be measured in mb/s and coverage will be measured by signal strength dBm. The mobile phone used will be the same for all the areas as this keeps the investigation fair.
The data that needs to be collected for the fourth objective is cost figures from case studies. The figures will need to show how much a business or local council have payed to install the necessary equipment for the mobile users to use the updated mobile network system. The figures do not have to be local figures from the areas tested as some of these areas have no 5g mobile network structure at the time of this proposal. So similar areas with the mobile network structure will be looked at the get an estimation of the cost for the geographical area.
For the last objective case studies discussing comparisons between the different mobile network structures will be reviewed and the relevant information will be collected to be used and referenced in the project. 
[bookmark: _Toc39239701]Risk and Legal Issues
The first issue that will be present when trying to investigate the coverage and speeds of the different mobile network structures is due to the current state of the U.K, travel is not allowed to parts of the country this is only a current issue and may be resolved before 2021. This means that the investigation of coverage and speeds will have to be done later so other objectives should be completed first.
Another limitation that will be present doing the mobile network structure tests is that a 5g mobile network may not be present in the areas as of yet or it will be in it’s infancy, this makes the younger network more prone to faults in the system which may not show a fair assessment of the coverage and speed of the mobile network structures. To combat this, research should be done to find a 5g network in a similar area to compare the results from the test and research to see if the figures from the test are similar.
A risk that will be present when trying to record the speed and coverage is when recording data in the rural area (Brecon) it can be dangerous as it is mountainous. Extra care should be taken when testing there to avoid any accidents caused by the dangerous terrain. Another similar issue that could affect testing is the weather, recording the data in different weather would not create a fair investigation as poor weather conditions can affect speed and coverage of a network in a negative way. It should be made clear what the weather conditions are like when recording the data and if possible, try to record the data with similar weather conditions to create a fair test. 
The next issue that may be encountered during the testing is with mobile network providers, due to the current state of the U.K and rest of the world it can prove difficult to locate mobile network masts. This information will be needed for the test as distance from mast will be a factor for difference in coverage and speed. To avoid or limit this issue, asking network workers could prove helpful to locating the masts exact point.
[bookmark: _Toc39239702]Evaluation of Data
Firstly, an evaluation of the objectives and data collection should be made to ensure that the information found from the research or the investigation answers the five objectives. 
Then for objective 1, 2, 4 and 5 the content within the research found from these objectives should be analysed further using comparisons from similar sources in order to increase the credibility of the information found from the research. If any analysis can be done using the investigation, then this should be completed. 
Finally for objective 3, the data collected from the investigation will be analysed by creating line graphs for each of the mobile network structures, the first line graph that will be used for evaluation is the speed which is measured in mb/s. The three mobile network structures respective speed line graph will be compared in order to evaluate the findings for the investigation. The same will be done for the signal strength which will help to show coverage of the mobile network. The data collected from the investigation will also be compared to research from other similar investigations in order to evaluate if the data found is correct.
[bookmark: _Toc39239703]Resources
The first resource that will be required in order to complete the objectives is a computer that has internet access, this resource is needed to research case studies for the objective. The computer will also be required to create the graphs from the investigation and the recording of the investigation using excel spreadsheet. 
The next resource that will be needed is a mobile phone that can change network type and show the strength and speed of the network signal, this is in order to create the line graphs for the investigation. A not app on the mobile phone will also be used to temporarily 4e
The final resource that is necessary is a mode of transport in order to travel to the selected geographical areas to record the results. The transport methods will be car and train so money will need to be allocated for this.	
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Gantt Chart 
A Gantt chart was created to help and plan the project.
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