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A B S T R A C T 

Wireless communication has developed rapidly from systems designed mainly for voice calls to networks capable of supporting broadband internet, massive 

numbers of connected devices and low-latency services. The deployment of 5G has opened the way for applications such as industrial automation, connected 

vehicles and large-scale Internet of Things systems. At the same time, the amount of data generated by devices and machines continues to increase, and new 

applications are expected to demand higher capacity, lower delay, better reliability and more intelligent network operation. Sixth-generation (6G) wireless 

communication is being researched as the next stage of this development. The concept of 6G goes beyond simply increasing the data rate of mobile networks. 

Research proposes the integration of communication with artificial intelligence, sensing, computing and heterogeneous connectivity. Technologies such as sub-

THz and terahertz communication, massive MIMO, reconfigurable intelligent surfaces, integrated sensing and communication, edge intelligence, cell-free networks 

and non-terrestrial networks are being investigated as important parts of future systems. This paper discusses the evolution of wireless communication towards 6G, 

the expected requirements and architecture of 6G networks, major enabling technologies, applications, security and privacy issues, challenges and future scope. 

Since 6G is still under research and standardization, numerical performance values mentioned in the literature are treated as targets or research expectations rather 

than final commercial specifications. 
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1. Introduction 

Mobile communication has become an essential part of modern life. Communication networks are used not only for voice calls and messaging but also 

for video streaming, online education, cloud services, transportation, industrial systems and healthcare. The development of cellular networks has taken 

place through several generations, with each generation introducing new capabilities and supporting a wider range of  

services. (Tataria et al., 2021; Zhang et al., 2019) 

The first generation of mobile communication used analog radio systems and was mainly intended for voice. Second-generation systems introduced 

digital communication and services such as SMS. Thirdgeneration networks improved mobile internet access, while fourthgeneration LTE networks 

provided broadband data services suitable for video streaming and cloud-based services. The fifth generation introduced a more flexible network designed 

around enhanced mobile broadband, ultrareliable low-latency communication and massive machine-type  

communication. (Tataria et al., 2021; Zhang et al., 2019) 

Although 5G is capable of supporting many current applications, future systems are expected to create requirements that may be difficult to meet 

efficiently using existing network architectures. Extended and virtual reality, real-time digital twins, autonomous machines, advanced robotics and very 

dense sensing environments may require large bandwidth, extremely low latency and continuous connectivity. At the same time, networks themselves 

are expected to become more intelligent and capable of adapting automatically to changing conditions. 

6G is the general term used for research into the next generation of wireless communication. It is not yet a single finalized technology. Instead, it represents 

a collection of research directions and technologies that may eventually form the basis of future mobile systems. International standardization work is 

being developed under the broader framework of IMT-2030 and beyond. (International Telecommunication Union  

Radiocommunication Sector, 2023) 

A major change expected in 6G is the closer integration of communication, computing and sensing. (Akyildiz et al., 2020; Saad et al., 2020; De Lima et 

al., 2021) A future wireless network may not only transport information but also help determine the location and movement of objects, provide computing 
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resources close to users and use artificial intelligence to optimize network operation. This makes 6G broader than a conventional cellular network and 

turns it into a platform for connecting digital and physical environments. 

2. Evolution of Wireless Communication 

This seminar report was prepared by reviewing established research papers, journal articles, technical surveys and standardization documents related to 

sixth-generation wireless communication. The study focused on material from IEEE publications, other peer-reviewed technical literature and the 

International Telecommunication Union. 

The study examined the evolution from 1G to 5G, the limitations of existing networks, proposed 6G architecture, enabling technologies, applications, 

security and privacy, and major challenges. The technologies discussed were selected because they appear repeatedly in established 6G research. 

1G – First Generation. 1G systems were analog cellular networks designed mainly for voice communication. They had limited capacity, relatively low 

spectral efficiency and weaker security than later digital systems. (Zhang et al., 2019; Jiang et al., 2021) 

2G – Second Generation. 2G introduced digital cellular communication. GSM became widely adopted and enabled digital voice, SMS and basic data 

services. Digital techniques improved capacity and security. (Zhang et al., 2019; Jiang et al., 2021) 

3G – Third Generation. 3G systems provided substantially improved data services. Mobile internet, multimedia messaging and video-related services 

became more practical. (Zhang et al., 2019; Jiang et al., 2021) 

4G – Fourth Generation. 4G and LTE introduced high-speed packetbased mobile broadband, supporting high-quality video, online gaming, cloud 

applications and other data-intensive services. (Zhang et al., 2019; Jiang et al., 2021) 

5G – Fifth Generation. 5G introduced enhanced mobile broadband, ultra-reliable low-latency communication and massive machine-type communication. 

Massive MIMO, millimetre-wave communication, network slicing and edge computing are important technologies. (Tataria et al., 2021; Zhang et al., 

2019) 

6G – Sixth Generation. 6G is being researched as a further evolution in which communication may be combined with AI, sensing and computing. The 

objective is not merely faster communication but a more intelligent, flexible and integrated network. (Akyildiz et al., 2020; Saad et al., 2020; Dang et al., 

2020) 

2.1 Limitations and Open Requirements of 5G 

5G provides substantial improvements, but its performance depends strongly on deployment conditions, frequency band, and network configuration. Very 

high frequencies can provide more bandwidth but generally have shorter propagation ranges and greater sensitivity to blockage. Future applications may 

require communication together with sensing, positioning, and distributed computing. The need for 6G is associated with growing data traffic, immersive 

services, very low communication and processing delay, extremely dense IoT, integrated sensing and positioning, AI-based network management, 

terrestrial and non-terrestrial connectivity, and improved energy efficiency. (Tataria et al., 2021; Chowdhury et al., 2020; Akyildiz et al., 2020) 

2.2 6G Network Architecture 

A possible 6G architecture is expected to be more distributed than a conventional cellular architecture. Instead of treating the radio network, computing 

infrastructure, sensing systems and satellite systems as separate components, future networks may coordinate them as parts of a unified system. (Akyildiz 

et al., 2020; Tataria et al., 2021; You et al., 2021) 

The user and device layer includes smartphones, wearables, sensors, vehicles, drones, robots and industrial equipment. (Tataria et al., 2021; You et al., 

2021) The radio access network provides wireless links using multiple frequency ranges, advanced antenna systems, intelligent surfaces and distributed 

access points. (Tataria et al., 2021; Zhang et al., 2019; Wu & Zhang, 2020) The edge computing layer places processing resources close to data sources, 

while the core and cloud layer provides large-scale storage, computing, routing and coordination. (Saad et al., 2020; Tataria et al., 2021; You et al., 2021) 

An intelligence layer can distribute AI across the network for traffic forecasting, resource allocation, mobility prediction, anomaly detection, energy 

management and automated configuration. (Letaief et al., 2019; Tataria et al., 2021; You et al., 2021) A non-terrestrial layer can use satellites, unmanned 

aerial vehicles and high-altitude platforms to complement terrestrial infrastructure. (Azari et al., 2022) Integrated sensing can allow communication 

infrastructure to estimate the position, movement or characteristics of objects. (Liu et al., 2022; De Lima et al., 2021) 

2.3 Key Features and Expected Requirements 

6G research discusses very high data rates, ultra-low end-to-end latency, extreme connectivity, intelligent network operation, integrated sensing and 

communication, and ubiquitous connectivity. (Saad et al., 2020; Dang et al., 2020; Tataria et al., 2021; Chowdhury et al., 2020) Some research visions 

extend toward hundreds of gigabits per second and, for selected scenarios, the terabit-per-second range. (Dang et al., 2020; Tataria et al., 2021; Chowdhury 

et al., 2020) These are research targets rather than guaranteed commercial user speeds. 
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Ultra-low latency requires attention not only to radio delay but also to processing, routing and application delay. (Tataria et al., 2021; Chowdhury et al., 

2020) Edge computing is therefore closely connected with 6G research. (Saad et al., 2020; Tataria et al., 2021; You et al., 2021) The network is also 

expected to connect people, machines, sensors, vehicles and infrastructure at very large scale. (Saad et al., 2020; Tataria et al., 2021; Chowdhury et al., 

2020) 

2.4 Enabling Technologies of 6G 

Major enabling technologies include sub-THz and terahertz communication, massive MIMO and cell-free massive MIMO, reconfigurable intelligent 

surfaces, artificial intelligence and machine learning, integrated sensing and communication, edge computing and edge intelligence, non-terrestrial 

networks, optical wireless communication and semantic communication. (Akyildiz et al., 2020; Saad et al., 2020; Tataria et al., 2021; Chowdhury et al., 

2020; You et al., 2021) 

Terahertz communication can provide access to large contiguous bandwidths and very high short-range capacity, but propagation loss, atmospheric 

absorption, blockage and hardware complexity are important  

limitations. (Akyildiz et al., 2014) 

Massive MIMO uses large numbers of antennas for spatial processing. (Tataria et al., 2021; Zhang et al., 2019) Cell-free massive MIMO allows distributed 

access points to cooperate, potentially improving service uniformity. (Tataria et al., 2021; You et al., 2021) Reconfigurable intelligent surfaces can modify 

electromagnetic propagation and may help redirect signals, improve coverage and reduce dead zones. (Wu & Zhang, 2020) 

AI and machine learning can support traffic prediction, spectrum and power allocation, fault detection, channel estimation and autonomous network 

management. (Letaief et al., 2019; Tataria et al., 2021) Integrated sensing and communication combines communication and sensing using shared 

resources, enabling applications such as vehicle detection, traffic monitoring, robotics and positioning. (Liu et al., 2022; De Lima et al., 2021) 

Edge computing places processing close to users and can reduce end-toend delay. (Saad et al., 2020; Tataria et al., 2021; You et al., 2021) Nonterrestrial 

networks integrate satellites and airborne platforms with terrestrial systems. (Azari et al., 2022) Optical wireless communication uses light for data 

transmission, while semantic communication focuses on transmitting information relevant to a task rather than necessarily transmitting every bit of raw 

data. (Chowdhury et al., 2020; You et al., 2021) 

2.5 Applications of 6G 

Potential applications include extended reality and immersive communication, autonomous vehicles and intelligent transport, smart healthcare, smart 

cities, industrial automation and Industry 5.0, digital twins, massive Internet of Things, and remote or disaster communication. (Saad et al., 2020; Giordani 

et al., 2020; Dang et al., 2020; Chowdhury et al., 2020) 

Extended reality may require high data rates, low delay and reliable synchronization. (Saad et al., 2020; Giordani et al., 2020; Tataria et al., 2021) 

Autonomous vehicles can use low-latency communication and integrated sensing. (Giordani et al., 2020; Liu et al., 2022) Smart healthcare can use 

wearable sensors, remote monitoring and edge processing. (Saad et al., 2020; Chowdhury et al., 2020) Smart cities can combine large numbers of sensors 

with AI for traffic, energy and infrastructure management. (Saad et al., 2020; Chowdhury et al., 2020; You et al., 2021) 

Future factories may use wireless robots, sensors and autonomous machines. (Giordani et al., 2020; Dang et al., 2020; Tataria et al., 2021) Digital twins 

can use sensor information to maintain a digital representation of a physical system. (Saad et al., 2020; Dang et al., 2020) Massive IoT requires support 

for huge numbers of low-power devices, while satellite and airborne systems can help provide connectivity in remote and disasteraffected areas. 

(Chowdhury et al., 2020; Azari et al., 2022; Nguyen et al., 2022) 

2.6 Security and Privacy in 6G 

The large variety of connected devices makes strong authentication and access control essential. (Nguyen et al., 2021) Devices should be identified before 

accessing network resources, and access rights should be limited  

according to their role. (Nguyen et al., 2021) 

6G applications may generate detailed information about people, vehicles, locations and physical environments. (Nguyen et al., 2021; De Lima et al., 

2021) Privacy mechanisms are therefore required to prevent unauthorized collection, processing and disclosure of sensitive information.  

(Nguyen et al., 2021) 

AI introduces risks such as data poisoning, model manipulation and adversarial inputs. (Nguyen et al., 2021) Security mechanisms must protect both the 

data used to train models and the models used during network operation. (Nguyen et al., 2021) A very large IoT ecosystem also requires secure device 

provisioning, authentication, software updates and lifecycle management. (Nguyen et al., 2022; Nguyen et al., 2021) 
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Integrated sensing may allow networks to infer information about people and objects that was not necessary for conventional communication. (Liu et al., 

2022; De Lima et al., 2021) Therefore, sensing systems need clear privacy controls and appropriate policies for the collection and use of environmental 

information. (Liu et al., 2022; Nguyen et al., 2021; De Lima et al., 2021) 

2.7 Challenges and Limitations 

High-frequency signals are more sensitive to propagation loss, blockage and atmospheric effects. (Akyildiz et al., 2014) Future systems may need dense 

access points, intelligent surfaces, beam steering and multi-band operation to maintain reliable links. (Tataria et al., 2021; Zhang et al., 2019; Wu & 

Zhang, 2020) 

Developing practical transmitters, receivers, antennas and converters for very high frequencies remains difficult. (Akyildiz et al., 2014) Hardware must 

eventually be reliable, energy efficient and affordable enough for large-scale deployment. (Dang et al., 2020; Tataria et al., 2021) 

More antennas, more computing and denser networks can increase energy consumption. (Tataria et al., 2021; Chowdhury et al., 2020) Sustainable 6G 

therefore needs energy-aware network design, efficient hardware and intelligent methods for switching resources according to demand. (Letaief et al., 

2019; Tataria et al., 2021; Chowdhury et al., 2020) 

New frequency bands require international coordination and coexistence with existing systems. (Tataria et al., 2021; Chowdhury et al., 2020) A highly 

distributed network with edge computing, sensing and additional access points can also require significant investment. (Tataria et al., 2021; Chowdhury 

et al., 2020) Security, trust, standardization and interoperability remain essential because 6G is still in the research and standardization phase. (Tataria et 

al., 2021; Nguyen et al., 2021; International Telecommunication Union Radiocommunication Sector,  

2023) 

3. Conclusion 

6G is being researched as the next major stage in the development of wireless communication. The expected evolution is driven by increasing data traffic, 

immersive applications, autonomous systems, large-scale IoT and the need for intelligent connectivity. Unlike a simple upgrade in transmission speed, 

6G aims to combine communication with sensing, computing and artificial intelligence. 

Technologies such as sub-THz and terahertz communication, massive MIMO, cell-free networking, reconfigurable intelligent surfaces, ISAC, edge 

intelligence and non-terrestrial networks can contribute to different parts of this vision. Each technology has advantages, but each also introduces technical 

challenges. 

Practical 6G development will depend on solving problems related to propagation, hardware, energy consumption, security, privacy, spectrum, cost and 

standardization. Since the technology is still being researched, current performance numbers should be treated as targets rather than final specifications. 

Overall, the most important idea behind 6G is the creation of an intelligent and highly integrated network. Such a network could connect people, machines 

and physical environments while providing communication, computing and sensing as coordinated services. The final form of 6G will become clearer as 

research and international standardization progress. 
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