
International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2022): 7.942 

Volume 13 Issue 7, July 2024 
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal 

www.ijsr.net 

The Future of Wireless Technologies: Beyond 5G 

and the Path to 6G 
 

Harish Sridharan, Sangeetha Govindarajan 
 

 

Abstract: This research documents technologies, including the 5G to 6G transition. Mobile networks are set to 6 Gted with only voice 

communication in 1G and up to high - speed, low - latency, and Internet of Things connection in 5G. However, as seen below, 5G is 

already unable to meet future requirements apart from bars set in non - critical applications such as self - driving cars and augmented 

reality/virtual reality. These applications require ultra - low latency, high reliability, and even more comprehensive coverage, which 5G 

cannot offer, especially in areas with high population density or rural areas. Hence, the focus has moved towards the 6G through which 

user speed is expected to be more than 1 Tbps, latencies in the sub - millisecond, and sophisticated integration of AI. Communications at 

Terahertz (THz) frequency range, quantum technology, and artificial intelligence are the most promising technological factors for 6G 

advanced technology.6G is expected to introduce completely self - controlled systems, intelligent surroundings, and novelties such as holo 

- telepresence and networks controlled by artificial intelligence. In addition, 6G promises to overcome the shortcomings of 5G and improve 

its security and coverage, and provide a sustainable and green technology environment. That is why spectrum management, costs 

associated with infrastructure, and security issues remain crucial limiting factors to the advent of 6G. This paper aims to deeply 

understand the current 5G state, its problems, the existing technologies that will shape the further development of 6G technology, and its 

possible positive effect on society and the economy.  
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1. Introduction  
 

There has been a tremendous evolution in wireless 

technologies over the last few decades, and they have 

impacted how individuals interact with others and the 

environment. The initial stage of mobile networks was the 1G 

networks, mainly designed to allow only voice 

communication. The current 4G networks are designed to 

allow fast internet access.5G created a new generation of 

wireless technology development. It provides a higher speed, 

lower latency, and higher capacity. However, as technology 

continues to advance at a breakneck pace, the limits of 5G are 

becoming apparent, and the focus is shifting towards the next 

frontier: 6G.5G can, therefore, be considered. It has 

influenced radical changes in different fields, such as 

healthcare, transport, entertainment, and learning institutions. 

The primary idea behind 5G is not simply about providing 

higher connection speeds; those are merely the means to 

achieve the higher level goals of allowing vast numbers of 

devices to be connected at the same time, thereby supporting 

emerging technologies such as IoT, smart cities, autonomous 

cars, and augmented reality. They are already starting to 

revolutionize our existence and change the multiple aspects 

of our daily lives, industries, and economic markets for a 

more intelligent and connected future world. Nevertheless, as 

these technologies are being scaled up, the drawback of the 

5G in terms of its ability to meet the extent of the future load 

is coming into focus.  

 

 
Figure 1: The Rise of Mobile Broadband 

 

Although the 5G network implementation is still ongoing 

worldwide, some academicians and technological industry 

pioneers are already contemplating the 6G. The current 

popular wireless technology is the fifth generation, and the 

coming wireless technology will be the sixth generation. It 

aims to improve some issues affecting the fifth generation of 

wireless technology, such as their high data transfer rates, low 

latency, and increased connection reliability. While 5G 

provides a network connection with the range of 5Gbps, 6G 

is expected to offer a network connection that can go up to 

1Tbps. This jump in connection will open up entirely new 

application domains, like life - like Holo 2call, augmented and 

virtual reality applications, and situation - based artificial 

neural networks. Also, the 6G is expected to bring innovations 

allowing pure M2M communication that will lead to fully 

autonomous systems and intelligent environments.  

 

This article aims to discuss the future of wireless technologies 

with a particular emphasis on the continuity of change from 

5G to 6 G. The article will also give a detailed insight into the 
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current situation of 5G, its drawbacks, and developments that 

have necessitated the development of a better network. It will 

then discuss details of the central technological drivers of 6G, 

including Terahertz (THz) communication, artificial 

intelligence (AI) assimilation, and quantum technologies. 

Further, aspects such as the social and economic effects of the 

6G will be discussed, and the way this technology will 

revolutionize industries and stimulate the world economy will 

be shown. Last but not least, the article shall conclude by 

presenting the challenges and the structure towards the 

realization and enhancement of 6G, along with looking into 

the connectivity openness in regards to both companies and 

society. This article introduces a detailed and prospective 

trend analysis of wireless technologies and depicts the 

feasibility and future development orientation of 6G based on 

5G.  

 

Evolution of Wireless Technologies 

 

Table 1: Evolution of Wireless Technologies 
Generation Main Features Key Use Cases 

1G Analog, voice communication only.  Basic voice calls.  

2G Digital voice, SMS, limited data.  Voice calls, text messaging.  

3G Data communication, mobile internet, video calls.  Mobile internet, video calls.  

4G High - speed internet, mobile broadband, HD streaming.  Video streaming, mobile broadband.  

5G High - speed, low - latency, massive IoT connectivity.  IoT, smart cities, autonomous vehicles.  

6G (Future)  Ultra - fast, ultra - low latency, AI integration, THz bands.  AI - driven networks, holographic communication.  

 

Current Landscape of 5G Technologies 

 

Key Features of 5G: Speed, Latency, and Bandwidth 

5G, or the fifth - generation mobile network, is the next 

generation of wireless communication that is expected to 

bring many improvements. Another remarkable aspect is its 

faster data transfer speed, estimated between 10 Gbps and 1 

Gbps in a 4G network (Ranaweera et al,.2022). This 

advancement in speed helps to facilitate data transfer, 

enabling the use of high - definition videos or extensive data 

handling and other functions that require a large amount of 

bandwidth (Siddiqui et al., 2020). Also, it equally enhances 

and possesses minimal transmission latency down to 1 ms as 

opposed to 4G networks with roughly 20 - 30 ms (Osseiran et 

al., 2018). P. S. It is much more critical for real - time 

applications such as self - driving cars, where any lag could 

be fatal.  

 

In addition to the increased data rate, one of the most essential 

attributes of 5G is that it may connect significantly more 

devices in parallel. Such makes it suitable for the emerging 

IoT, whereby billions of devices like sensors, smart homes, 

wearables, and others are connected (Mumtaz et al., 2019). 

The increased spectrum in 5G, 24 GHz and below, as well as 

sub 6GHz and millimeter wave, also enable 5G to have better 

performance in terms of speed and bandwidth (Zhang et al., 

2019).  

 

Table 2: Key Features of 5G 
Feature Description Benefits 

Speed Up to 10 Gbps, much faster than 4G (1 Gbps max).  
Enables high - definition video streaming, IoT, 

AR/VR.  

Latency Latency reduced to 1ms from 20 - 30ms in 4G.  
Crucial for real - time applications like self - driving 

cars.  

Bandwidth 
Supports a massive number of devices due to higher 

spectrum capacity.  
Ideal for IoT devices, smart cities, and Industry 4.0.  

 

Current Global Deployment Status: Regional Variations 

and Adoption Rates 

While there are high expectations for 5G, its worldwide 

adoption could be more consistent, with significant 

differences between regions. Nowadays, the leaders in the 5G 

rollout and adoption sphere are countries like South Korea, 

China, and the United States. South Korea was the first 

country to commercially launch 5G in December 2019 for the 

entire nation, soon followed by China, which has now become 

the largest market for 5G base stations and subscriptions (Jin 

et al., 2020). Statista (2021) also predicted that by 2025, 5G 

connections in China could reach 1.3 billion as a result of the 

significant support by the government and vigorous 

developments in infrastructure. Meanwhile, Europe and other 

regions are experiencing a slower rollout because of issues 

such as regulation and financing. Currently, 5G is deployed 

in selected regions across EU members, with major cities 

being the primary target (Fezeu et al,.2024). The European 

Commission laid down lofty goals for 5G utilization and 

prepared to provide coverage in all urban areas and along 

main transport corridors by 2025 (Rohde & Schwarz, 2020). 

Nevertheless, questions related to spectrum licensing, 

infrastructure investment, and fragmentation across regions 

have plagued the trend of broadband diffusion. In Africa and 

South America, the penetration of 5G is still at the embryonic 

stage, whereas most countries focus on the coverage of 4G 

technology (International Telecommunication Union, 2020).  
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Table 3: Global 5G Deployment Status 
Region Status Key Challenges 

South Korea Early adopter, launched nationwide 5G in 2019.  Infrastructure expansion in remote areas.  

China 
Largest 5G market with rapid growth, estimated 1.3 

billion users by 2025.  
Government support and infrastructure development.  

United States Significant rollout, major cities have 5G coverage.  High infrastructure costs, spectrum allocation.  

Europe 
Slower rollout with regional disparities, expected full 

coverage by 2025.  
Fragmented regulation, high investment costs.  

Africa Still in the 4G adoption phase, minimal 5G penetration.  Lack of infrastructure, high device costs.  

 

5G Use Cases in Different Industries: IoT, Smart Cities, 

and Industry 4.0 

 

5G is not limited to higher speeds; it also brings new 

capabilities in use cases in different fields. One critical use 

case is the IoT, in terms of billions of connected devices 

exchanging real - time information with little delay. For 

example, in the healthcare industry, 5G enables robotic 

operations, tele - operations, and health monitoring by 

wearable gadgets (Sharma et al., 2021).5G networks’ 

characteristics of low latency and high reliability make such 

crucial applications possible where timely data transfer is 

vital for patients’ lives. Cities that can be controlled through 

information and communication technology are popularly 

referred to as smart cities, and they are also significant 

beneficiaries of 5G technology. While self - driving cars, 

smart waste bins, and green smart buildings are some 

applications, 5G is essential for vast smart city automation 

(Dohler et al., 2020). The capacity of the network to process 

and transfer extensive amounts of data from IoT devices in 

real - time helps the city to become intelligent and adaptive 

for the improved quality of life by dealing with resource 

wastage, such as traffic congestion.  

 

5G also plays a vital role in Industry 4.0, an initiative for the 

digital transformation of manufacturing and industrial 

sectors. Due to its improved features, 5G supports 

applications of higher complexity like prescriptive 

maintenance, smart manufacturing, and robotized assembly 

lines. For instance, machines and robots can share 

information in real time, thus enhancing productivity in 

production lines (Saeed et al., 2019). These changes enhance 

productivity, contain operating expenses, and facilitate 

investment in mass customization.  

 

Table 4: 5G Use Cases in Different Industries 
Industry Use Case 5G Benefit 

Healthcare 
Remote surgeries, robotic operations, wearable health 

monitoring.  

Low - latency, high reliability for real - time 

data.  

Smart Cities 
Self - driving cars, smart waste bins, automated traffic 

management.  
Fast communication between IoT devices.  

Industry 4.0 
Smart manufacturing, prescriptive maintenance, 

robotized assembly lines.  
Low - latency, real - time decision - making.  

 

Challenges in 5G Implementation: Spectrum, 

Infrastructure, and Costs 

Although the introduction of 5 G technology offers many 

advantages, its integration is associated with several 

impediments. Spectrum availability is one of the significant 

challenges that the development of the networks has 

experienced. That is why spectrum allocation remains a 

contentious issue despite using frequency bands from the low 

range of six gigahertz to millimeter waves. Telecom operators 

and governments are constantly negotiating the availability 

and cost of spectrum licenses, which can hamper the 

deployment and cause delays in some parts of the world 

(Yang et al., 2020). Another serious challenge is the 

infrastructure. To support the 5G call, there is a need for the 

establishment of small cells, especially in urban setups, as 

millimeter waves have a shorter range. This requirement is 

technical and financial since telecom companies require 

significant capital to construct new networks while following 

local laws (Papadopoulos et al., 2020). However, in rural or 

remote areas, the revenue the operators could generate from 

the 5G network is insufficient to warrant the high cost 

required to install it, making deployment even more 

complicated.  

 

The cost of 5G implementation is a challenge that many 

telecom operators encounter. The shift from 4G to the 5G 

network demands lots of investment in spectrum license, 

infrastructure, and enhancement of current systems. Many 

telecom companies are in a dilemma of how to manage these 

costs while at the same time offering affordable prices to 

consumers (Rohde & Schwarz, 2020). Also, 5G is currently 

costly, and the prices of 5 G - enabled devices are relatively 

high; this will hinder the penetration and adoption of 5G in 

most underdeveloped nations.  

Emerging Trends and Limitations of 5G 

With 5G networks continuing to be rolled out worldwide, new 

trends and applications have begun to appear that expand the 

capabilities of wireless technologies. However, 5G also has 

drawbacks that question its capacity to respond to the 

emerging needs of crucial applications compatible with the 

new generation network (Pons et al., 2023). By considering 

these trends and limitations, it is easier to understand why 

there is a need to go beyond 5G towards 6G.  

 

 
Figure 2: How 5G Differs From Previous Network 

Technologies 
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Critical Applications and Their Demand for More 

Advanced Technologies 

Another modern trend connected with the deployment of 5G 

is its connectivity to mission - critical applications like 

autonomous vehicles, AR/VR, and innovative healthcare. 

Such applications require ultra - low latency, high throughput, 

and increased reliability, some of the features offered by 5G. 

However, as these technologies develop, more than the high 

capabilities of 5G technology may be needed for future needs. 

Self - driven cars, for example, depend on data 

communication to move safely and without hindrance on our 

roads. The requirement for data exchange to occur in real - 

time for cars, structures, and sensors also poses a challenge 

for existing wireless networks. Even though 5G already 

possesses reliable low - latency communication (URLLC), 

the needed processing velocity will outgrow 5 G (Shafin et 

al., 2020).  

 

The functionality of the AR/VR applications is also being 

adopted throughout the entertainment, education, and remote 

working sectors. As noted above, they all demand much 

bandwidth to provide compelling user experiences. To 

prevent motion sickness and ensure a good quality user 

experience, AR/VR systems require high - resolution data 

streams and low latency, according to Zhang et al. (2019). 

Although it is possible to implement the straight application 

of AR and VR through a 5G connection, it will be necessary 

to use faster networks with less latency to perform more 

complex and demanding processes of augmented and virtual 

reality. Another developing domain of competent healthcare 

includes possibilities of telemedicine, remote surgeries, and 

others, as well as the constant monitoring of patients. These 

applications must be connected at a higher rate and are highly 

available in the Live Critical Cases. Although 5G capabilities 

have evolved drastically from previous generations, 

especially in urban areas, healthcare applications in rural and 

remote areas are hindered by the intermittent nature of 5G 

networks (Huang et al., 2021). Therefore, with these critical 

applications emerging, they are expected to test the 

capabilities of 5G networks.  

 

 
Figure 3: The major use cases of AR/VR 

 

Application of Blockchain in Secure and Transparent 

Systems 

The application of blockchain technologies in creating secure 

and transparent systems has demonstrated profound impacts 

across various industries, particularly in financial services, 

healthcare, and supply chain management. The deployment of 

blockchain frameworks that prioritize transparency and 

security not only streamlines processes but also ensures the 

integrity of transactional data. Recent research emphasizes 

the use of blockchain in gaming and other interactive 

platforms, highlighting how these technologies can 

revolutionize digital asset management and operational 

transparency. By leveraging blockchain's intrinsic properties, 

such as immutability and decentralized verification, 

industries can address long - standing challenges related to 

data falsification and operational inefficiencies. These 

applications illustrate the broader potential of blockchain 

beyond conventional uses, reinforcing its role in creating 

resilient and adaptive systems capable of meeting the 

dynamic needs of modern enterprises.  

 

Limitations of 5G 

Although 5G has been widely regarded as a revolution for 

wireless communications, it still comes with certain 

constraints. One major challenge is network crowding, 

whereby many devices access the same 5G network, 

compromising the network. With the exponential growth in 

IoT devices, 5G networks may experience congestion. 

According to the findings of Gupta and Jha (2021), network 

congestion is commonplace in densely populated areas such 

as cities. One of the disadvantages associated with 

implementing the 5G includes the issue of spectrum 

availability.5G networks primarily operate in three spectrum 

bands: Sub - 6GHz, mid - band, and high band, also known as 

the millimeter wave (mmWave). Hence, there is low - band, 

which mainly provides extensive coverage, but an 

enhancement of speed compared to 4G is still limited to a 

specific range. Mid - band has fair coverage and will also have 

good speeds. However, the main issue is that other services 

contest mid - band. While high - band (mmWave) offers the 

highest data rates, it has a limited coverage range and weak 

signal transmission through walls and other obstacles 

(Fernandes et al., 2020). This creates an uneven spectrum, 

which hinders the broadband 5G across the regions.  

 

Another area for improvement with 5G is latency bottlenecks, 

through which the potential of the basic structure of 5G is 

restricted. While 5G has been developed to have lower 

latency than 4G, some use cases require even lower latency 

than the 5G network currently offers. Such as self - driven 

automobiles and industrial implements, which demand the 

uninterrupted transfer of data in real - time and with minimal 

delay to perform successfully and safely. Thus, specific 

authors did not attribute the measure of latency solely to the 

wireless network but to the underlying infrastructure, such as 

data centers and the processing nodes (Taleb et al., 2020). 

Current 5G networks may not always be robust enough to 

support low latency use cases correlated to the technological 

advancement of the networks in the specific region.  

 

 
Figure 4: The potential impact of 5G telecommunication 

technology on ophthalmology 
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The Need for Higher Speed, Low Latency, and Broader 

Connectivity 

With the advent of the new generation of networks, the usage 

of 5G is slowly coming under scrutiny, and thus, there is a 

need for more bandwidth, less delay, and far - reaching 

coverage. The technologies following the 5G wireless will 

require a higher capacity of at least multi - terabit - per - 

second, low latencies that fall below a millisecond, and 260 

suitable for hard - to - reach areas.5G can provide a speed 

higher than a gigabit in ideal conditions. However, new use 

cases like autonomous vehicles and fully immersive VR 

systems need even higher data speeds. In their article ‘5G 

technology and its implications for the future’, Huang et al. 

(2021) identified that in the future, applications will require 

even higher bandwidths than what is provided by 5G, 

especially as the trend is moving to the delivery of real - time, 

high definition content.  

 

Another area where there are problematic indicators for 5G in 

some cases is latency. While it is possible to attain latencies 

in the range of 1 ms with 5G under optimal circumstances for 

a given application, some innovative uses may need even less 

by way of latency to exhibit the expected safety and 

soundness. For example, delay can be severely hazardous in 

remote surgeries and some real - time industrial control 

applications. This has dramatically emphasized the 

importance of a better network that can afford low latency at 

all times, which is ultra - low latency (Mahmood et al., 2020). 

Connectivity is needed to expand 5G and beyond for the rest 

of the regions not represented by the urban population. 

Although 5G is being deployed across large cities and 

industrial sectors, a vast area of the world is still covered 

inadequately, restricting the reach of these technological 

advancements. Further deployment of broader and low - 

latency high - speed networks will be necessary to close the 

gap and make future generations of wireless networks 

available to customers worldwide (Shafin et al., 2020).  

 

 
Figure 5: Industry 4.0 technologies and their 

interdependence 

 

Energy Consumption and Environmental Impact of 5G 

Networks 

Another severe drawback of 5G is the energy consumption of 

the connection and its effect on the environment. The actual 

growth of the 5G networks and the more and more connection 

of machines and devices can only be followed by an increased 

energy demand. Khorov et al. (2021) found that 5G networks, 

especially those running in the high - band (mmWave) 

frequencies, demand an increase in base station density and, 

therefore, higher energy consumption than the 4G 

network.5G networks are also quickly raising questions 

regarding their effects on the environment since the energy 

that powers them adds to carbon output. For this reason, 5G 

networks require more power to operate due to an increase in 

the number of connected devices per unit of traffic, even 

though they are efficient and use less power per unit of traffic. 

Such technological limitations raise concerns over attaining 

international sustainable development goals and necessitate 

the first generation of novel sustainable network architectures 

in the next generations of wireless systems (Gupta & Jha, 

2021).  

 
Figure 6: System model: Private industrial 5G network with 

multi - WAT RAN and the 5G Core deployed on the edge 

cluster 

 

Introduction to 6G Technologies 

While people are getting ready for 5G, the next generation of 

6G is not far from people’s grasp. As it is anticipated to appear 

in the 2030s, 6G will meet the need for increased speed, 

dependability, and coverage of communication networks. 

THz frequencies, the new generation of powerful AI, 

quantum communication, and many others can also be 

integrated into 6G to construct the intelligent digital world 

(Chataut et al., 2024) This section provides a conceptual 

understanding of 6G, the anticipated enhancements of 6G 

over 5G, and the future elaborate use cases and enabling 

technologies that will define 6G.  

 

 

What is 6G? A Conceptual Overview 

6G is the sixth generation of the wireless communication 

system and is supposed to appear as a giant leap over the 5G. 

While 5G has developed the base for much higher speed and 

low latency, 6G wants to take this progress further by 

supplying the likelihood of speeds over 1Tbps and sub - 

millisecond data transfer. In its simplest form, 6G is not a 

simple evolution of 5G; instead, it is a revolution towards a 

network powered by AI, intelligent surfaces, and Quantum 

computing. These characteristics allow real - time interaction 

between the physical, digital, and biological worlds, thereby 

giving rise to unforeseen user experiences and applications 

(Zhang et al., 2020).  

 

The idea of 6G is to build a highly integrated and organic 

communication context with smart devices, systems, and 

networks for further use of AI and ML. These networks will 

have the cognitive power to manage them by themselves, 

capable of healing themselves and predicting user demands 

(Giordani et al., 2020). In addition, crucial global problems 

such as sustainability, healthcare, and education are expected 

to be solved through 6G to build hyper - connected 

environments that offer customized information solutions.  
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Expected Improvements Over 5G 

The other thing people eagerly await in 6G is speed, where 

the theoretical data rate is expected to exceed 1Tbps, a 

hundred times faster than what 5G supports. Such a boost in 

speed will allow for virtually synchronized data transmission 

– paving the way for future use cases such as HD holographic 

telepresence and real - time AR. Besides, 6G will increase 

latency reduction even further, potentially reaching the sub - 

millisecond range so that data will transition from one point 

to another almost instantaneously. Hence, this is crucial for 

the use cases that need prompt response, including self - 

driving cars and tele - surgery (Saad et al., 2019). In addition, 

it is believed that 6G will have even higher reliability and 

coverage than 5G. As much as 5G networks offer significant 

enhancements in coverage, they still face the problem of 

serving remote and rural regions.6G aims to close these gaps 

using satellite - based networks and innovative beamforming 

techniques. These improvements will benefit the users and 

help open up the world, making it easy for people in rural 

areas to access fast services like those in developed countries 

(Dang et al., 2020).  

 

Advanced Use Cases Envisioned for 6G 

The potential of 6G as the next generation of communication 

network is anchored in the fact that it will facilitate brand new 

applications that may not be possible or efficient to support 

on the 5G network. In this case, holographic communication 

is one of the most innovative applications, allowing users to 

communicate with holograms in real - time. This will change 

industries, including entertainment, education, and 

teleworking, improving the quality and depth of virtual 

meetings and classes (Latva - aho & Leppänen, 2019). AI - 

driven networks will be one of the distinctive features of the 

sixth generation of mobile telecommunications networks. 

Essential to the 6G concept will be AI and ML embedded into 

the network fabric, self - optimizing and self - healing, which 

will be capable of predicting user behavior. Such networks 

can flexibly adapt the bandwidth, control resources, or even 

identify emerging security threats in real time, improving 

flexibility and security (Giordani et al., 2020). Advanced 

bright surroundings will continue the development of 

automation in various spheres, such as smart homes, smart 

cities, and industrial facilities using the 6G. These 

environments will have connected sensors and devices that 

can share data and information, support operations in real 

time, and make decisions when necessary (Chen et al., 2021).  

 

Table 5: Emerging Applications of 6G 
Application Description Benefits 

Holographic Communication 
Real - time communication using life - like 

holograms.  
Enhanced virtual meetings, immersive learning.  

AI - Driven Networks 
Self - healing networks capable of predicting 

user behavior.  
Autonomous network optimization and management.  

Smart Cities 2.0 
Fully connected smart environments with real - 

time data sharing.  

Increased automation, improved resource 

management.  

Telemedicine & Remote Surgeries 
Real - time remote surgeries and AI - powered 

patient care.  
Improved healthcare access, better diagnostics.  

 

Key Technologies Driving 6G 

Some of these technologies that will form the basis of the 

emergence of 6G are new technologies that wireless networks 

cannot support. The most critical new frequency band will 

represent the terahertz (THz) frequency band ranging from 

0.1 THz to 10 THz. These frequencies, which are between 

microwaves and infrared waves, have far higher transmission 

rates than the millimeter - wave frequencies applied to 5G 

(Akyildiz et al., 2020). Nevertheless, the THz waves have 

problems with attenuation and short range and call for better 

materials and the design of new antennas. Another vital aspect 

is further developing the AI system to get the 6G technology. 

AI will not only be used for the best performance of the 

network but it will also be integrated into devices and new 

types of interaction with computers. For instance, the 

advancement of 6G networks in AI can predict user needs and 

control data traffic and energy consumption through analysis 

(Dang et al., 2020).  

 

Quantum communication relying on the principles of 

quantum mechanics is also considered relevant in 6G. 

Quantum technologies will improve the security of 

communications because encryption based on the use of 

quantum keys is virtually impossible to decipher. This will be 

important, especially since cyberattacks and data breaches are 

growing more complex (Pirandola et al., 2020). Furthermore, 

quantum computing could positively improve the processing 

of the 6G networks since they have to handle massive 

amounts of data from AI and IoT devices.  

 
Figure 7: 6G, smart cities, and enabling technologies 

 

Differences Between 5G and 6G from a Technical 

Perspective 

From a technical perspective, 6G will differ from 5G 

Spectrally in several aspects, beginning with the spectrum. 

The previous generation, 5G, is mainly characterized by sub 

- 6 GHz and millimeter - wave. In contrast, the subsequent 6G 

will cover the THz region with a much higher bandwidth and 

data transmission rate (You et al., 2021). This broader 

spectrum will facilitate 6 G's accomplishment of its 

challenging milestones, including the data rate above 1 Tbps.  

Concerning Regarding the architectural design, 6G networks 

will be less centralized and more intelligent than 5G. Because 

edge computing will be an essential part of 6G architecture, 

data processing will be done closer to the end user and be far 

more efficient. This will thus help real - time application 

movements like self - driving cars and remote surgeries to run 

Paper ID: SR24913031614 DOI: https://dx.doi.org/10.21275/SR24913031614 1611 

https://www.ijsr.net/


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2022): 7.942 

Volume 13 Issue 7, July 2024 
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal 

www.ijsr.net 

even better (Giordani et al., 2020). Higher generations of 

networks will also employ advanced features in antennas, 

including intelligent reconfigurable surfaces (IRS) that can 

alter the electromagnetic waves to enhance signal quality and 

coverage (Chen et al., 2021). To a great extent, the networks' 

latency expectations for 6G are expected to be lower than that 

of 5G. Compared to 5G, which expects latency of roughly one 

millisecond, 6G could bring latency down to the microsecond 

run, making real - time interactions almost simultaneous. This 

will be important, especially with emerging applications like 

AR, VR, and the tactile internet, where any delay impact, no 

matter how small, can be significant (Saad et al., 2019).6G, 

the next generation of wireless operation, is expected to be far 

more significant in speed, latency rates, and function capacity. 

Terahertz waves, AI, and quantum communication are some 

technologies that 6 G would empower and were not 

achievable in 5G and other earlier communications systems. 

As the work on the advancement of 6G technology is ongoing, 

the route to 6G will define the future of connectivity and build 

a more intelligent, seamless, and connected world.  

 

Table 6: 6G vs.5G: Key Differences 
Feature 5G 6G (Expected) 

Speed Up to 10 Gbps. Above 1 Tbps. 

Latency ~1ms. Sub - millisecond, possibly microsecond latency. 

Frequency Bands Sub - 6 GHz, millimeter wave (mmWave). Terahertz (THz) bands. 

Coverage Primarily urban areas, with slower rural adoption. Broader coverage, including rural and remote areas. 

AI Integration Limited AI for network optimization. 
Fully integrated AI for network management, resource 

control. 

 

Key Technological Enablers of 6G 

While the world is already gearing up for the next generation 

of wireless communication, the 6G, its main building block, 

will be a set of revolutionary technologies. The danger of 

these technologies is trying to achieve increased speed, 

reliability, and capacity beyond what they set out to 

accomplish with 5G. Potential enablers for the 6G system 

include THz communication, incorporation of AI and ML, 

smart antennas including intelligent surfaces and 

reconfigurable meta - surfaces, edge computing, and quantum 

techniques. These advancements shall not only transform the 

face of wireless communication but also create pathways to 

other applications and the evolution of various capabilities. 

 

Table 7: Key Technologies Driving 6G 
Technology Description Impact on 6G 

Terahertz (THz) Communication 
Operates in 0.1 THz to 10 THz spectrum, ultra 

- high data rates. 

Enables data rates of up to 1 Tbps, ideal for advanced 

AR/VR. 

AI and ML 
AI - driven networks capable of self - 

optimization and real - time adjustments. 
Autonomous network management, energy efficiency. 

Quantum Communication 
Quantum cryptography and computing for 

ultra - secure communication. 
Enhanced security, quantum - resistant encryption. 

Edge Computing 
Processing data closer to the source for real - 

time applications. 

Lower latency, reduced network load, ideal for 

AR/VR. 

Reconfigurable Intelligent Surfaces 

(RIS) 

Surfaces that dynamically control 

electromagnetic waves. 

Enhances signal quality, coverage, and energy 

efficiency. 

 

Terahertz (THz) Communication: Opportunities and 

Challenges 

6G is expected to have terahertz (THz) communication, one 

of the most exciting features in future communication 

systems, which would allow for much higher data speed than 

the millimeter - wave frequency of the current 5G. THz 

frequencies range from 0.1 THz to 10 THz and can provide 

data rates of up to 1 Tbps, applications that include 

holographic communications, ultra - high - definition video 

streaming, etc. (Akyildiz et al., 2020). As the THZ 

communication operates in a broad spectrum band, it’s most 

significant benefit could be the tremendously large capacity, 

making it possible to provide future networks of smart cities, 

autonomous vehicles, and extended reality (Zhang et al., 

2019). Several fundamental factors in improving the efficacy 

of THz communication technology need to be resolved before 

the technology can be commercialized. THz waves are 

relatively attenuated and easily absorbed, particularly by 

water, which significantly limits coverage distance 

(Mittleman, 2018). Furthermore, designing effective THz 

transceivers and searching for materials for THz antennae and 

devices are some of the ongoing research areas. Scientists 

look forward to using graphene and other 2D materials to 

design and develop reconfigurable, high - performance THz 

devices. Solving these challenges will be crucial for 

unleashing the full potential of THz communication in 6G.  

 

 
Figure 8: Promising applications of THz - IRS 

communications in six scenarios 

 

Artificial Intelligence (AI) and Machine Learning (ML) 

Integration: Autonomous Network Management and 

Optimization 

AI and ML will facilitate the automatic control and self - 

organization of 6G networks. These technologies help 

manage the complexity of future networks, which will 
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embrace billions of devices with heterogeneous demands. 

Self - organizing network control in the 6G environment will 

facilitate reliable and effective network maintenance, 

resource control, and failure identification, making 6G 

networks highly effective (Bourdoux et al., 2020). A key 

advantage of AI in 6G is adapting different network 

parameters depending on usage and prevailing conditions in 

real - time. For instance, machine learning can predict traffic 

density and automatically re - configure the network to 

maximize connection (Zhang et al., 2021). AI also helps with 

data reception and transmission by turning off unused 

network parts or adapting power usage according to load.  

 

Another factor that should be considered in integrating 6G is 

the aspect of security, where AI proves very important. AI and 

ML methods can classify and prevent cyber threats by 

analyzing all the possible and probable abnormal patterns of 

network behavior in real time, enhancing the general security 

framework of 6G networks (Dawy et al., 2020). That being 

said, the intensification of AI deployment in network 

management also imposes new concerns, most notably the 

requirement for resistant algorithms to process vast 

quantitative datasets in real time so as not to jeopardize the 

system's performance or security.  

 

 
Figure 9: Connection and overlap between machine 

learning, deep learning, and artificial intelligence 

 

Advanced Antenna Technologies: Intelligent Surfaces and 

Reconfigurable Meta - surfaces 

A major enabling technology for 6G is the evolution of 

antenna technologies, especially the emergence of intelligent 

surfaces and meta - surfaces. In contrast to the vast and fixed 

radiation of traditional antennas, the ISs can dynamically 

control their parameters to, in turn, control electromagnetic 

waves' propagation. These surfaces, referred to as 

Reconfigurable Intelligent Surfaces (RIS), are made of meta 

- materials that can program control of phase, amplitude, and 

polarization of the waves incoming into the network, 

enhancing the signal strength and coverage (Huang et al., 

2019). RIS technology is critical for solving the limitations of 

5G, which include signal blockages and path loss issues 

within the urban environment. By mounting RIS on buildings 

and other structures, it is also feasible to guide signals to avoid 

or go around any barriers, thereby expanding the wireless 

networks' coverage (Wu et al., 2021). Furthermore, RIS can 

increase energy savings since signals can be directed 

exclusively toward receivers to limit the power required. 

However, RIS technology is still in its infancy, and some 

technical issues still need to be resolved. It remains to be seen 

whether it is possible to create large - scale, low - cost RIS 

systems and how they might be integrated with current 

network designs. In addition, the effective control and 

operation of these surfaces in actual environments remain 

issues with unique complexities that must be overcome to 

harness the full potential of intelligent surfaces in 6G (Chafii 

et al., 2023)  

 

 
Figure 10: Architecture of RIS 

 

Edge Computing and Network Decentralization 

Edge computing is another enabler for the development of 6G 

since it brings computational tasks closer to the source. By 

processing data at the network's edge, it minimizes roundtrip 

latency, ideal for applications such as self - driving cars, smart 

manufacturing, and augmented reality (Satyanarayanan, 

2019). It is predicted that 6G networks will use multi - access 

edge computing to improve their effectiveness and 

adaptation. MEC helps devices and sensors perform data 

processing and communication with other nearby edge nodes 

without putting much pressure on the core networks and 

offering high response rates (Taleb et al., 2021). Also, privacy 

and security are gained since data transfer over the network is 

reduced by leveraging edge computing since processing is 

done locally. However, implementing edge computing in 6 G 

will be even more challenging, and new paradigms in 

resource management will be needed. The edge nodes must 

manage computational resources and load them up properly. 

In addition, building multiple extensive edges is difficult due 

to the requirement for unified protocols and considerable 

security for distributed systems.  

 

Quantum Technologies in Communication: Quantum 

Cryptography and Security Enhancements 

Communication security is one of the primary areas where 

quantum technologies will revolutionize the 6G functionality. 

Quantum communication is a way to produce a new paradigm 

in secured data transmission different from classical 

procedures based on quantum mechanics. For example, 

quantum key distribution (QKD) allows the parties to 

securely share keys for secret encryption, so if one tries to 

intercept the communication, it will be noticed (Pirandola et 

al., 2020). QKD and other quantum - based security can be 

expected to bring new security solutions against cyber threats 

as classical encryption techniques are endangered by existing 

quantum computing technologies. Quantum computers are 

under development, and when they become more powerful, 

they can easily crack conventional cryptography algorithms, 

hence requiring quantum secure communication in the future 

(Liao et al., 2017).  

 

Besides security, other potential benefits of QT in 6G 

communication could be realized in the realms of time 
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division, entanglement, and data teleportation. Still, the 

establishment of quantum communication systems is just 

underway, and many issues must be addressed: how to 

construct quantum networks and link many quantum nodes 

and how to unite quantum communications with the existing 

communication networks.  

 

Societal and Economic Impacts of 6G 

 

How 6G Will Transform Industries and Society 

There are vast possibilities for the future of industries and 

society with the help of 6G. The effects will be most 

pronounced in the healthcare industry's impact.6G, as a result, 

has even less latency than 5G, implying that remote surgeries, 

diagnostics procedures, and complex telemedicine services 

will become possible. Incorporation of AI and ML with a 6G 

network can advance the patient care experience with 

improved diagnostics, treatment that responds individually to 

the patient's condition, and AI decisions on patient care. 

Dhananjayan et al. (2021) point out that 6G solutions as it 

would mean that it can handle large medical data systems in 

real - time and transform patient management as well as 

research on biomedical services because the rate at which 

health data is analyzed would be accelerated, leading to faster 

detection.  

 

Computerization will also experience a dramatic shift in 6G 

for education. This proposed connectivity level of 6G will 

enable virtual and augmented reality learning experiences 

from classes via an internet connection. Future learning 

environments will likely be open and virtual, with students 

and teachers from all over the world in different time zones 

connected in real time. The new networks' improved 

bandwidth and low latency will enable live interactions 

worldwide, supporting novel learning materials such as 3D 

simulations and virtual laboratories (Latva - aho & Leppänen, 

2019). This could eliminate learning disparities by extending 

quality instructors and materials to areas that may not always 

have access to such resources.6G will be instrumental in 

achieving entirely autonomous automobile transport in the 

transportation industry. Even though 5G has started initiating 

this area, the extreme connectivity and high precision location 

services of six will make full autonomy a reality. These 

vehicles will depend on sharing real - time information 

between them, the other vehicles, infrastructure, and people. 

This real - time interaction will go a long way in solving 

problems associated with traffic accidents and enhancing 

traffic control (Chowdhury et al., 2020). In addition, the 

Internet of Things (IoT) through 6G will make intelligent 

traffic systems available to manage transport and traffic 

systems based on real - time conditions.  

 

Another area that can be potentially disrupted is the 

manufacturing industry. This is because, with the introduction 

of what is known as 6G, the concept of Industry 4.0 will be 

succeeded by the concept of Industry 5.0, where human 

workers and intelligent machines are even more integrated. 

AI and 6G connectivity will allow robots to work 

independently on the factory floor and make real - time 

decisions, enhancing productivity and cutting costs. In 

addition, with the help of 6G smart manufacturing, predictive 

maintenance is possible, which would help with minimum 

downtime and make the process smooth (Yue et al., 2021).  

 

Table 8: 6G's Societal and Economic Impacts 
Industry Potential Impact of 6G Economic Benefits 

Healthcare 
Remote surgeries, AI - driven diagnostics, faster 

health data analysis.  
Better patient outcomes, increased healthcare access.  

Education 
Virtual and augmented reality - based learning, 

real - time global classrooms.  

Equalized learning opportunities, enhanced education 

quality.  

Transportation 
Fully autonomous vehicles, smart traffic 

management systems.  

Reduced accidents, better fuel efficiency, and reduced 

emissions.  

Manufacturing 
AI - driven smart factories, predictive 

maintenance, Industry 5.0.  

Improved productivity, reduced costs, minimized 

downtime.  

 

Global Economic Benefits and Market Projections 

The most significant economic influence is that 6G is 

projected to have gargantuan effects. Based on a report from 

Research and Markets (2021), the 6G market globally is 

expected to be over $1 trillion by 2030. Such growth will 

depend on new business models, industry applications, and 

the increasing speed of adopting new technologies.6G, which 

will provide more incredible speeds, considerably lesser 

latency, and higher reliability in networks, is believed to be 

capable of opening out completely new industries in the same 

manner that 4G was responsible for creating an app economy, 

social media, and much more.  

 

According to the GDP growth rate, deploying 6G will bring 

rich incremental value to the global economy. Some new lines 

of business and revenue - generating opportunities would be 

enabled by the 5G system for new opportunities for advanced 

service generation, including smart cities, virtual reality, 

augmented reality, and fully autonomous systems. A survey 

by Cisco Systems (2020) revealed that total GDP can get a 

boost of up to $1.4 trillion in the world in the fiscal year 2035 

due to 5G and next - generation wireless networks like 6G. 

This increase will be due to the effectiveness of various 

industries and their markets and the growth of high - paying 

technology occupations.  

 

There shall also be shifts in the employment market. Despite 

some doubts about whether or not more jobs will be lost due 

to automation and AI, expanding 6G technology will lead to 

job creation. It will create the need for highly qualified final 

employees in network management, AI integration, data 

protection, and programming. Moreover, sectors such as 

manufacturing and healthcare will have to create new 

positions to tend to the technologies given by 6G (Mitra & 

Chiappari, 2020). The development of 6G applications by 

startups can spur innovation and create more employment 

opportunities and market niches. New business models will 

also be created. The 6G networks will provide better edge 

computing that decentralizes industries and opens 

opportunities for new players, such as startups and SMEs. 
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This has the advantage of cutting down the dependency on 

centralized cloud services, which will decentralize and 

support more localized business systems (Gupta et al., 2021).  

 

6G’s Role in Advancing Sustainability and Green 

Technologies 

The 6G has a glorious chance to contribute toward the 

innovations sphere, including sustainability and green tech. 

With the increase in climate change and environmental 

pollution occurrences, people’s requirement for energy - 

saving technologies has not waned. Accordingly, the authors, 

6G, could substantially lower the carbon footprint of wireless 

communication. As Tariq et al. (2020) have noted, 6G will 

enhance data transmission’s energy efficiency, thus reducing 

the energy networks consume through AI - informed network 

management. At this stage, AI and ML shall be instrumental 

in dynamically consuming energy depending on the demand.  

6G will help develop intelligent grids to boost energy supply. 

The automation of these grids, thanks to ultra - reliable low - 

latency networks, will optimize the supply - demand 

dynamics and integrate renewables better. This will increase 

the use of green energy like solar and wind energy, whereby 

intelligent energy storage and distribution will solve 

intermittency challenges (Giordani et al., 2020). It also means 

that IoT and 6G will help to ensure that there is improvement 

in how environmental conditions are monitored, thus boosting 

interventions towards climate change. Smart sensors linked 

through to 6G on air quality, water, and soil will monitor 

environmental effects in real - time to reduce risks as 

appropriate. With this information, governments and 

organizations will be able to act more quickly towards 

calamities and develop better and more protective 

environmental stances. The transportation sector will be 

improved through 6G - enabling self - driving electric cars, 

reducing energy consumption and emissions. These vehicles 

will be built and designed to depend on real - time data 

exchange, leading to better energy utilization and 

minimization of fuel utilization (Yue et al., 2021). Likewise, 

intelligent factories, with the help of 6G, will minimize waste 

and energy in the new product production line by 

incorporating AI in the production line.  

 

 
Figure 11: Key environmental performance indicators. 

 

Challenges to Overcome for 6G Deployment 

Several issues are associated with the deployment of 6G 

technologies and must be sorted out before the technology’s 

deployment gains ground. These challenges are in 

technological infrastructure, regulation, security, privacy, and 

financial investment. All these areas have specific challenges 

that should be taken into account by policy makers, 

academics, and business professionals.  

 

Table 9: Key Challenges in 6G Deployment 
Challenge Description Impact 

Spectrum Management 
Managing THz frequency bands with high 

attenuation and short range.  

Difficult to maintain high - speed, long - distance 

connections.  

Infrastructure Costs 
Building new base stations, intelligent 

surfaces, and edge computing.  
High initial investment needed for deployment.  

Security & Privacy 
Increased risk of cyberattacks with more 

interconnected devices.  

New security frameworks required, such as quantum 

cryptography.  

Global Standards 
Need for unified global standards and policies 

for interoperability.  

Fragmented adoption could lead to incompatible 

systems.  

 

Technological and Infrastructure Challenges 

The first significant technology issue to be addressed for the 

deployment of 6G relates to spectrum. The current wireless 

spectrum, to an extent, is already saturated by the demands of 

4G and further 5G technologies.6G will need broader access 

to band Frequencies, particularly in the terahertz (THz) range, 

which raises new technical challenges. Terahertz waves, on 

the other hand, offer higher data rates or lower latency. At the 

same time, they are sensitive to atmospheric loss and the short 

range, which urges future technology such as highly efficient 

antennae or dense networks of small cells (Rappaport et al., 

2019). Therefore, new spectrum resources and systems 

require massive investment in new infrastructures, such as 

intelligent reflecting surfaces (IRS), for optimal signal 

transmission (Tang et al., 2020).  

 

This will be accompanied by other challenges, such as 

spectrum problems, and hardware for the 6G systems will be 

more complex. Products will require higher operating 

frequency, which can only be achieved using new materials 

and semiconductor technologies. For instance, in the case of 

integrating QTs, such as Quantum Communication, some 

specialized components may need to be feasible for the 

market (Giordani et al., 2020). Demand for base stations will 

also rise in terms of number and density, along with edge 

computing, which will raise costs and challenges in 

implementation.  

 

 
Figure 12: Potential mmWave coverage scenarios of 5G 

mobile networks and beyond 
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Regulatory and Policy Challenges 

To build 6G, it is also critical to establish a single set of global 

standardization and a shared regulatory environment. While 

previous generations include new features, 6G is expected to 

combine many more technologies, including AI, quantum 

communication, and better privacy, challenging the 

standardization process. Reliable interoperability is expected 

to allow the devices and networks from different 

manufacturers and regions to support interconnectivity. Non 

- unified standards on 6G on the international level might lead 

to isolated systems, which would not allow for optimizing the 

6G networks (Letaief et al., 2019). In addition, governments 

are required to provide policy guidelines for utilizing the 

available spectrum bands. Spectrum availability is also 

relative to the country, and stakeholders like the International 

Telecommunication Union (ITU) must address spectrum 

issues to achieve global harmony in 6G network operations 

(Tullberg et al., 2021). However, attaining this may be 

challenging as the individual countries prioritize their 

national interest in spectrum management, which poses a bit 

of a regulatory challenge.  

 

Security and Privacy Concerns in 6G 

For instance, with the plan to implement 6G, there will be new 

security and privacy threats due to integration with new 

technologies such as AI and quantum cryptography. Though 

5G networks are not immune to such threats, the control and 

interconnectivity of 6G systems are more compromised by 

cyber attackers (Zhang et al., 2021). However, this 

connectivity will yield unprecedented amounts of information 

due to sensors and IoT appliances that the 6G vision will 

carry, which will be a massive problem for privacy. As is 

evident from this paper, the issue of data privacy will become 

a significant concern as more personal and sensitive 

information is collected and transmitted. Quantum 

communication can improve security by applying quantum 

key distribution (QKD) while raising concerns. As the power 

of quantum computers increases, it is possible to disprove the 

classical encryption methods, which will make the existing 

security measures irrelevant. It will be crucial for the 

protection of 6G networks to kick - start extra advancements 

in forming quantum - resistant encryption solutions 

(Pirandola et al., 2020).  

 

Investment and Financial Implications 

The financial costs associated with deploying 6G networks 

are expected to be substantial. The need for new 

infrastructure, spectrum acquisition, and advanced hardware 

will drive up capital expenditures. Moreover, the return on 

investment (ROI) for 6G may not be immediate, as industries 

and consumers will take time to adopt and develop 

applications that fully utilize its capabilities (Yang et al., 

2020). To mitigate these costs, governments and private 

companies must collaborate on funding initiatives. Public 

funding and subsidies will likely be necessary to support the 

development of 6G, particularly in areas such as research and 

development (R&D) and infrastructure construction (Chen et 

al., 2021). Moreover, the financial burden will not be evenly 

distributed across regions. Developed countries are likely to 

lead the way in 6G deployment, while developing nations 

may struggle to keep up due to limited financial resources and 

infrastructure (Zhao et al., 2021). Bridging this digital divide 

will be a crucial challenge to ensure that 6G technologies do 

not exacerbate global inequalities.  

 

Roadmap to 6G Development and Deployment 

 

Current Research Initiatives on 6G 

The transition towards the 6G technology system has already 

been set in motion, and research on its feasibility has been 

conducted in different countries worldwide. Given the 

transformative impacts on industries, economies, and 

societies, governing authorities and institutions are already at 

the forefront of driving the development of 6G. In Europe, the 

Hexa - X project is one of the most ambitious research 

programs funded by the European Union’s Horizon 2020 

program. Initiated in 2021, this project is considered the basis 

for the 6G creation and development, focusing on such trends 

as sustainable connectivity, extreme connectivity, and 

intelligent management systems. Current partners of the Hexa 

- X initiative are Ericsson, Nokia, and several research 

institutions such as Aalto University and Politecnico di 

Milano, putting Hexa - X amongst the most progressive 6G 

research projects in Europe (Chen et al., 2020). In Asia, China 

has been the pioneer in the 6G race where the China 6G 

Research and Development Group was formed in 2019 with 

several research institutions such as Tsinghua University and 

Beijing University of Posts and Telecommunications (Zhang 

et al., 2020). Japan is also participating, and the Beyond 5G 

Promotion Consortium is one of the core associations 

promoting 6G. Another consortium support source is 

technology giants such as NTT Docomo and Sony, while 

government support is from the Ministry of Internal Affairs 

and Communications (Saito et al., 2021). In the USA, the 

Next G Alliance, a segment of ATIS—the Alliance for 

Telecommunications Industry Solutions—is an association 

that pushes for the North American region to lead the next - 

gen wireless environment. The Next G Alliance aims to create 

a 6G vision and participate in international 6G network 

cooperation between governmental and business entities 

(Sundqvist & Jung, 2021).  

 

 
Figure 13: Synergy of 6G technology and IoT networks for 

transformative applications 

 

Global Collaborations and Partnerships 

The pursuit of 6G entails grand - scale investments and 

technological advancements that cannot be achieved by any 

country or organization alone. Hence, international 

cooperation and participation are essential to effectively plan, 

standardize, integrate, and implement 6G solutions. Today’s 

leading international standards organizations and industry 

alliances are also key drivers. ITU, the leading international 

telecommunication union and information, is currently 

leading the effort toward creating global standards for 6G. 
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ITU has long been anticipated to set down the framework for 

implementing 6G technology as it did for the prior 

generations of wireless technologies. Joining the ITU, the 3rd 

Generation Partnership Project (3GPP) works intensively 

with global stakeholders to standardize and facilitate the 

implementation of 6G systems regardless of the different 

regions and fields (Mumtaz et al., 2021).  

 

Further, industry collaborations such as the Next G Alliance 

in the United States, the 5G Infrastructure Association (5G 

IA) in Europe, and the 5G Forum in South Korea are 

sponsoring ties between research, government, and industrial 

participants. These partnerships seek to ensure that 6G will be 

developed in a balanced, effective, and timely manner to fit 

the global technology landscape (Nguyen et al., 2020). 

Furthermore, IEEE (Institute of Electrical and Electronics 

Engineers) is another important player in the continuous 

development of 6G solutions through publication, 

conferences, and setting technical specifications. The IEEE 

Future Networks Initiative is a forum for researchers and 

professionals to discuss the vision of the future 6G technology 

(Gulati & Kaur, 2021).  

 
Figure 14: Unlocking the Potential of 6G 

 

Expected Timeline for 6G Rollout 

While activities to develop 6G technology are on the rise, it 

will take another 12 years before it is commercially deployed. 

The timeline for 6G development can be broadly divided into 

three phases such as Research and exploration, trial and 

testing, and commercialization. The first of the three phases, 

research, and exploration, started around 2019 and is 

estimated to be completed around 2025. This phase involves 

theoretical work, finding new applications, and developing 

the primary program technologies that cover terahertz 

communication, artificial intelligence, and quantum 

technologies (Rappaport et al., 2019). From 2025 to 2028, 

activities will be centered on trials and testing. In this phase, 

a trial network and testbed will be established to test the real 

- world applicability of 6real - worldview. Current market 

leaders such as Nokia, Ericsson, and Huawei have already 

begun sketching out their proposed 6G trial schedule, which 

will primarily involve large - scale testing of network 

prototyping in live environments to assess its performance, 

capacity, and power consumption, among other factors 

(Viswanathan et al., 2020). The industry will be 

commercialized from 2028 onwards. A limited number of 

early adopters will be seen throughout this period, especially 

in sectors such as healthcare, transportation, and smart cities, 

where 6G technologies will begin to be implemented. 

Commercialization on a large scale is expected by 2030, with 

mass market penetration expected thereafter (Saad et al., 

2020).  

 

Preparations Needed for a Smooth Transition from 5G to 

6G 

Moving from the 5G generation network to the 6G generation 

network will require some preparation regarding 

infrastructure, policies, and industries. One is the need to 

extend and enhance the currently established 5G network to 

accommodate the requested high data rates, low latency rates, 

and high density of devices in 6G. This will necessitate the 

use of terahertz (THz) communication systems, 

reconfigurable intelligent surfaces (RIS), and improved edge 

computing (Zhao et al., 2021). The policymakers must also 

contribute adequately to nurturing change by providing the 

right spectrum for the 6G networks. The bodies regulating the 

use of spectrum worldwide must come together and find a 

way to address issues arising from spectrum management, 

especially as 6G is expected to use spectrums such as 

terahertz waves. Interoperability requires collaboration 

among different countries. Poor coordination may lead to 

conflicts in implementing interoperable networks (Khan et 

al., 2020).  

 

The industry stakeholders must ensure they are ready for the 

change by developing skills, conducting studies, and 

developing new ideas. As 6G is on the horizon, there is a need 

to have highly skilled personnel to run technology - intensive 

solutions such as quantum communications and AI networks. 

They also mentioned that government and private companies 

will require training and education activities to prepare the 6G 

workforce (Chowdhury et al., 2020).6G development is a 

complex process that requires technological progress, 

cooperation with international partners, and enormous 

investments. However, the evolution of the 6G still has many 

hurdles to cross. However, the developmental initiatives 

planned worldwide show the path for 6G as the next - 

generation wireless technology under a new, innovative, and 

developing banner to transform industries and societies.  

 

2. Conclusion  
 

Wireless technologies have brought about social changes and 

correspondingly reflect communication. While 1G was all 

about simple voice calls, the previous generation was about 

speed and connectivity in the fifth generation, and the next 

generation was the sixth generation of mobile 

telecommunication. The current problems of the existing 5G 

networks are network congestion, spectrum shortage, and 

latency issues that call for developing the next generation of 

6G to support future technologies like self - driving cars, 

augmented and virtual reality, and robotic operations. In 6G, 

new capabilities will include excess 1Tbps speed, sub - 

millisecond latency, and increased coverage in unserved and 

underserved zones. Contrary to that, the integration of AI, 

quantum technologies, and edge computing will improve the 

functions of network control, protection, and energy 

consumption. In addition, it is worth noting that 6G will not 

only enhance the communication systems but will transform 

industries and the societal sectors. It will act as the base for 

implementing diagnosis and treatment using Artificial 

Intelligence, telemedicine, and remote surgery in healthcare. 

In education, 6G will enhance the learners’ experience using 

virtual and augmented reality for learning education. It will 

also spur further advancements in the new wave of intelligent 

cities and Industry 5.0, making it possible for man and 
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machine, including AI systems, to be able to interface with 

one another. Such advancements will birth significant 

economic returns, such as employment opportunities and new 

economic models, especially in the decentralized economy. 

However, potential issues hinder the deployment of 6G, 

including high infrastructure costs, spectrum issues, and 

standardization issues around the world. Several security and 

privacy issues still need to be solved when using quantum 

computing and AI. Over time, more efforts will be made to 

integrate industrial, governmental, and international 

organizations to create the right environment to facilitate the 

transition from the 5G to the 6G network. In conclusion, 6G 

aims to enhance connectivity, intelligence, and sustainability 

further, thus defining the essence of communications’ future 

for quite some time.  
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