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Abstract
In current era, technology is penetrating deeply into each and every sector and has become a part and parcel of everyday life of almost every individual. The evolution of IoT devices is one such manifestation and the optimal performance of these devices is dependent upon a reliable and faster network. In this research, the role of 5G network in improving the performance of IoT devices has been examined. The foundation of this study is built upon a detailed review of the analysis of the role of 5G networks in increasing throughput and decreasing latency for a seamless user-experience. It has also suggested a comprehensive framework regarding the convergence of 5G network and IoT devices. The major contribution of this study includes the formulation of a novel framework to highlight the role of 5G networks in improving the performance of IoT devices. This framework is validated by gathering expert feedback from academics, policy makers, and users in the field of networking and IoT, followed by pilot testing in specific projects. 
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Introduction
In an age where digital technology seamlessly integrates into each and every sphere of life from online learning to healthcare diagnostics and e-commerce, the role of digital technology in enhancing innovation, efficiency and decision making is undeniable. Digital technology has also led to the development of Internet of Things (IoT) enabled devices which can be connected to the internet for data sharing with other systems and devices over the internet.  Moreover, 5G is fifth generation technology offering several advantages like increased capacity, lower latency and faster speed. 5G technology based network significantly boosts the performance of IoT devices by offering increased speeds of data transmission, decreased latency along with provision of support to connect massive devices. All these features of 5G network play a crucial role in improving the performance of IoT devices.
The significance of the role of 5G network in enhancing the efficiency of IoT devices is accentuated in various domains, specifically in sectors with high stakes such as healthcare, supply chain management, intrusion detection systems, and so on. In these sectors, there is a huge requirement for a network with very high speed and low latency to increase the efficiency level of massive smart devices. The currently used 4G LTE network operates in frequency bands of lower to medium range while 5G network operates on a higher frequency band enabling advanced services, speed and applications which were previously impossible to achieve. Previous studies have also highlighted this feature of 5G network, for instance, it was articulated by Modesta et al. (2019) that 5G network has the capacity to support up to 1 million gadgets over the area of one square kilometer which is 10 times greater than 4G network’s capacity. 
The motivation behind conducting this research is the critical gap between capacity of existing networks in improving the overall performance of IoT devices and the societal need for a reliable connection.  It seeks to address this gap by proposing a comprehensive framework regarding the convergence of 5G network and IoT devices by conducting an in-depth assessment of the role of 5G network in improving the performance of IoT devices. It will also provide with validation of the suggested framework with respect to multiple IoT applications.

Background 
The Evolution of IoT
Internet of Thing (IoT) is basically a digital technology which is meant to connect physical objects, usually with embedded software and sensors, to the internet and creates a network of object which can be automated, controlled as well as monitored. The term IoT was coined by Kevin Ashton in 1999 for illustration of a system based on a connection between the internet and the physical world through the support of ubiquitous sensors. The convergence of wireless technology, micro-services as well as micro-electromechanical services led to the evolution of IoT. All these development have expedited seamless connectivity ad exchange of data between the cloud and gadgets. 
Potential of 5G Network
5G in telecommunication is the fifth generation of mobile network and is the successor of 4G technology. It enables a new kind of network which is designed for connecting virtually everything and everyone with each other including physical objects, smart gadgets and machines. Compared to its predecessor 4G network, 5G networks offer a higher download speed of up 10 gigabits per second with significantly lower latency.
Significance of 5G Network for IoT Devices
5G networks are supposed to deliver a massive speed for downloading data with ultra-low latency and extreme reliability. It offers an immense network capacity along with increased availability as well as a more uniform user experience simultaneously to a huge number of users. An improved level of efficiency and performance empowers not only new user experience but also aids in connecting new industries. Likewise, 5G networks enables the optimal performance of IoT devices and aid in connecting huge number of devices at the same time along with increased throughput and decreased latency for a seamless user-experience. 
Problem Statement
The Internet of Things (IoT) has transformed almost every industry from healthcare to transportation, and every aspect of life at the individual and business level. However, despite the rapid growth of IoT applications, the currently used network infrastructures like 4G LTE present certain limitations with respect to speed, efficiency, latency and connectivity, which do not allow IoT devices to perform optimally. As a solution to this problem, Pons et al. (2023) suggested that by converging 5G technology with IoT, the performance of IoT devices will enhance, leading to a more comfortable user experience. Furthermore, Modesta et al. (2019) pointed out that 5G network is capable of supporting up to 1 million gadgets each square kilometer which is 10 times higher than the capacity of 4G network. It can also lead to an increased battery life by making the device 100 times more efficient as compared to a 4G network. Likewise, Khanh et al. (2022) articulated that 5G network has got the power to connect billions of gadgets with extremely high throughput along with extremely low latency. This network has the potential to realize a digital society in a true sense where all things can be connected through the internet, familiar as the Internet of Things (IoT). In near future, there will be deployment of IoT applications in almost every domain of humanity such as smart agriculture, smart homes, smart transportation, smart cities, etc. Similarly, Shafique et al. (2020) proposed that concepts centered on IoT such as e-health care, augmented reality, streaming of high resolution media, and so on, have a universal presence these days. For all these applications to work appropriately, higher data rates, increased capacity, large bandwidth, high throughput and low latency is required. In order to resolve all these issues, 5G enabled IoT devices are needed. 
Research Objectives
1. To conduct an in-depth assessment of the role of 5G network in improving the performance of IoT devices:
· To analyze the role of 5G network in increasing throughput and decreasing latency for a seamless user-experience. 
· To understand the 5G network architecture that how it helps in boosting the performance of IoT devices.
2. To suggest a comprehensive framework regarding the convergence of 5G network and IoT devices:
· To propose a framework which addresses the identified issues like high latency and low throughput and suggest ways of their resolution through 5G enabled IoT devices.
· To prove that 5G enabled IoT devices will provide a seamless user experience.
3. To provide with validation of the suggested framework with respect to multiple IoT applications:
· To validate that convergence of 5G network and IoT devices will result in an improved user experience in e-healthcare.
· To validate that 5G enabled IoT devices work smoothly during the streaming and downloading of high resolution videos.
Research scope
To Analyze Existing Challenges: To emphasis on identification and understanding of the major issues associated with the existing networks hindering the optimal performance of IoT devices with a particular focus on domains like e-healthcare, as well as streaming and downloading of high resolution videos.  
To Evaluate Current Solutions: To explore existing solutions, incorporating but not limited to NB-IoT and LTE-M. This assessment seeks to evaluate the limitations and efficacy of these solutions to address the challenges identified in this study. 
To Propose a New Framework: Suggesting a new framework that incorporates insights from the evaluation of current solution. The suggested framework is aimed at addressing the identified issues like high latency and low throughput and suggests ways of their resolution through 5G enabled IoT devices.
To Validate in Diverse Domains: The proposed framework will be applied to varied application of IoT for the assessment of its effectiveness and generalizability. This phase includes seeking feedback from multiple stakeholders of the concerned industries such as users, policy makers, and developers. 
Literature review
IoT has emerged as a transformative technology and has greatly impacted almost all the aspects of human life in this digital era. However, for an optimal performance of IoT devices, network plays a crucial role. The 5G network is the most advanced one and if converged with IoT, the result will be improved performance of smart devices. This literature is aimed at conducting a thorough analysis of the existing studies relevant to this research and to validate the role of 5G network in improving the performance of IoT devices.
Asghari et al. (2019) has provided with the systematic review of the applications of IoT in their research. It begins with the introduction of IoT devices and the way these devices have facilitated the mankind. This study has also highlighted that despite the difference in motivations of domains of various applications of IoT, they all have a common and shared goal. This goal is all about the provision of smart services to enhance human beings’ quality of life. 
Bakar et al., in their study published in 2023, presented a detailed review of the immediate advancement of IoT incorporating the existing domain of emerging technologies. It has also highlighted that how IoT has emerged as the most distinguished technology in Industry 4.0, the current age of rapid advancements in technology. IoT has a crucial role to play in the fulfillment of Industry 4.0’s vision of an interconnected world based on unlimited objects which can actively make connections with each other, and recognize, perceive as well as take part in decision making along with reporting on an international scale through the internet. This study has also depicted that IoT is growing rapidly through the support of various other technologies like cloud computing, Artificial Intelligence (AI) and so on. 
Li et al. (2018) research, published in the Journal of Industrial Information Integration, provides with a survey on 5G network for the IoT. This study has highlighted the significance of 5G networks in boosting the performance level of IoT devices. It has pointed out the limitations of existing technologies like LTE and considered it not well suited for IoT devices. This research has also presented a comprehensive review with respect to emerging as well as enabling technologies with major emphasis on 5G networks which is envisioned to aid the massive traffic growth for facilitating IoT devices. 
Sicari et al. (2020) articulated that 5G networks have promised to revolutionize the wireless communication technology through the provision of faster services, minimal delays and a very ubiquitous connectivity through mobile devices. It is worth remarking that the key paradigm which will take benefit from 5G networks is actually the IoT. 
In the study conducted by Khanh et al. (2022), a vision of the IoT is provided which will serve as the major driving force behind the sweeping digital revolution of the future. It provides a detailed overview of communication technologies in the IoT system along with challenges associated with existing technologies and directions of future research for IoT. Based on the assessment of the vital components for IoT in 5G technologies, a short survey was conducted focusing on low power technologies for communication for IoT in 5G. It is evident from the research of this survey that IoT will become the future of humanity in which everything like people, systems and software would be connected via the internet. Moreover, a study by Modesta et al. (2019) is based on literature review on how IoT and 5G technology can integrate effectively in order to achieve immediate transformation on the way people do things. The 5G technology has the potential to transform the IoT into a realistic reality from a mere cerebral concept. Through this technology, devices can be connected directly amid an external central hub, enabling them to share digital resources in an administered manner. This will lead to a more powerful communication for which less battery power, self-contained as well as partitioned functions are required.
The paper by Ahad et al. (2020) is aimed at highlighting the role of 5G networks in tackling the diverse communication requirements of applications related to healthcare in IoT. It has presented a detailed review of smart solutions of health care in IoT assisted by 5G technology. It has concluded that 5G network has a vital role in improving the functionality of IoT devices. In this regard, four diverse scenarios are taken into account considering different conditions for 5G network. Lastly, it discussed the open challenges along with directions for future research with respect to smart health care related to 5G networks. Likewise, another study proposes the deployment of 5G technologies in the applications of Internet of Things (IoT) along with network optimization challenges and current limitations through inferences.  It has presented 5G as well as IoT technologies by providing an explanation of their common architectures, usual implementation of IoT and recurring challenges. This literature review based paper has also provided an in-depth analysis of inference with respect to wireless applications in general, inference with respect to IoT and 5G in particular, along with a discussion regarding possible techniques of optimization for overcoming these challenges. The research is aimed at highlighting the significance to address interference as well as optimizing the performance of network in 5G networks to assure an efficient and reliable connectivity for IoT based devices, which is crucial for adequate functioning of business process. As per the findings of this paper, the convergence of IoT and 5G technology is a necessary step towards the achievement of more opportunities for business and boosting global connectivity (Pons et al., 2023). 
Shafique et al. (2020) has presented IoT technology from a bird’s eye view by covering its architectural trends, cases of usage, along with challenges as well as prospects in future. This study has also provided an extensive and detailed synopsis of the emerging scenario of 5G-IoT considering a thorough review of the existing literature. It has also made a detailed discussion regarding challenges associated with QoS requirement in today’s 5G-IoT. The detailed review presented in this research will support both academia and industry for making coordinated efforts in bringing about advancements in 5G-IoT technologies. A similar paper focuses on the advantages of 5G technologies, which are applied in health care as well as wearable IoT based devices like continuous monitoring of a patient’s health or chronic diseases using 5G, management of prevention of infections using 5G, etc. Precisely, the 5G technology has the potential to directly affect clinical decision making by improving the performance of IoT devices in healthcare. It has concluded that through the widespread embracement of 5G technology by systems of healthcare, sick people becomes capable of accessing specialist health care providers in need and get convenient health care services in a convenient way.
Research Methodology 
This study has adopted a mixed-methods approach for a thorough analysis of the major issues associated with the existing networks hindering the optimal performance of IoT devices and for developing  as well as validating a comprehensive framework to address the identified issues and suggests ways for their resolution through 5G enabled IoT devices. The rationale behind choosing this methodology lies in its potential to provide a holistic overview of the research problem by incorporating the width of quantitative insights with the height of qualitative insights.  
Phase 1: Literature Review 
The initial phase of this research proposal includes an extensive review of existing literature for identification and synthesis of existing studies on the impact of 5G networks on the performance of IoT devices. This review has taken into account conference papers and scholarly articles from various journals. This review is aimed at mapping out the current scenario of the IoT, 5G networks and the potential advantages associated with their convergence, pinpointing gaps in practices and knowledge which the proposed framework endeavors to address. 
Data Sources: Academic databases such as IEEE Xplore, Wiley Online Library along with other professional publications. 
Selection Criteria: This study includes publications from the last eight years only, focusing on 5G networks and IoT.
Analysis Technique: Thematic analysis for identification of recurring themes, challenges as well as solutions.
Phase 2: Qualitative Research 
The second phase of this proposal includes qualitative research based on case studies and semi-structured interviews. The purpose of conducting this research is to delve deeper into the outlooks and experiences of stakeholders with respect to the role of 5G networks in improving the performance of IoT .
Participants: A purposive sample based on IoT developers, network engineers, policymakers and users.
Data Collection: Semi-structured interviews will be conducted both remotely as well as in person, complying with the standards of ethical research inclusive of the informed consent of the participant.  
Analysis of Data: Qualitative content analysis for extraction of themes related to potential of 5G networks in improving the performance of IoT devices.
Phase 3: Quantitative Research 
In this phase, the qualitative insights of the study are complemented with quantitative data, analyzing the prevalence of recognized challenges and making an assessment of the efficacy of existing solutions. 
Survey Design: A survey attributed to the findings of the qualitative phase, targeting a wide-ranging audience of relevant stakeholders. 
Sampling Technique: Simple random sampling based on professionals across major sectors utilizing IoT and 5G networks, aimed at statistical significance of the responses. 
Data Analysis: To analyze the data, Statistical analysis will be conducted including inferential as well as descriptive statistics practices, for an understanding of the distribution of outlooks and the association between variables related to the role of 5G networks in IoT.
Phase 4: Framework Development and Validation 
Considering the insights gathered in the previous stages, a comprehensive framework regarding the role of 5G networks in improving the performance of Iot devices will be developed. This framework will also go through validation by expert opinions and pilot testing in IoT applications of real-world along with the role of 5G networks with respect to those applications. 
 Development: A coherent framework will be developed via the incorporation of identified challenges, research objectives and proposed solutions to resolve the identified challenges. 
Validation: Expert feedback will be gathered from academics, policy makers, and users in the field of networking and IoT, followed by pilot testing in specific projects. 
Evaluation Criteria: Efficacy of 5G networks in enhancing the overall performance of IoT devices.
Ethical Considerations 
Throughout this study, ethical considerations are of immense importance. This includes getting an informed consent from all the participants involved in the research process, in order to ensure confidentiality and minimize any potential mishap.
Limitations 
This study has also acknowledged the potential limitations including the biasness in responses during data collection and the sample’s representativeness in qualitative research. These limitations will be mitigated through data triangulation and careful sampling. 
Expected Outcomes 
Comprehensive Analysis of Existing Challenges: An in-depth examination of the challenges associated with the existing networks particularly with respect to the performance of IoT devices. This assessment is expected to highlight the limitations of existing networks hampering the optimal performance of IoT devices. 
Assessment of Existing Solutions: An evaluation of existing methodologies along with frameworks to improve the performance of IoT devices. This assessment is supposed to uncover limitations in existing approaches, specifically in terms if their applicability as well as scalability across various domains of IoT.
Formulation of a New Framework: The development of a novel, comprehensive framework to improve the performance of IoT devices through 5G networks. This framework is expected to incorporate insights from various phases of this study such as the literature review, and quantitative and qualitative research, imparting actionable guidelines for IoT developers, network engineers, policymakers, and users with respect to the optimal performance of IoT devices through the support of 5G networks. It is aimed at addressing the identified gaps in the existing studies and coming up with a balanced approach for technical as well as ethical considerations. 
Recommendations for Stakeholders: It involves derivation of actionable and practicable recommendations for various stakeholders associated with the development and deployment of IoT and 5G networks.  These recommendations will be modified for addressing the specific concerns and requirements of users, policymakers and developers, leading to a collaborative effort towards achieving improvement in performance of IoT devices. 
Foundation for Future Research: By establishing a solid base for future research regarding the role of 5G networks in improving the performance of IoT devices, this research is expected to unlock new questions and areas of research for further investigation, uplifting ongoing exploration of how the performance of IoT can be boosted and sustained with the evolution of advance standards of networking. 
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