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Abstract: The evolution of wireless communication from 3G to 5G has transformed the global digital 

landscape, yet growing demands for ultra-fast connectivity, massive device integration, and enhanced 

security are driving the vision of sixth-generation (6G) networks. 6G is expected to deliver unprecedented 

data rates up to terabits per second, sub-millisecond latency, and AI-enabled network management, enabling 

transformative applications across diverse IT domains. This paper explores the technological enablers of 

6G, including terahertz communication, artificial intelligence, quantum security, and blockchain integration. 

It highlights the potential applications of 6G in healthcare, smart cities, education, Industry 5.0, autonomous 

systems, and immersive technologies such as extended reality and the metaverse. Additionally, the study 

identifies critical challenges such as spectrum allocation, energy efficiency, global standardization, and 

privacy concerns. By providing a comparative analysis of 5G and 6G, this research outlines the future scope 

and roadmap for integrating 6G into IT systems, emphasizing its transformative potential. 
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Introduction 

The rapid advancement of wireless communication technologies has played a pivotal role in shaping the 

modern information society. From the third generation (3G) to the currently deployed fifth generation (5G), 

each leap has introduced significant improvements in data rates, latency, and connectivity. While 5G 

networks have enabled breakthroughs in autonomous systems, high-speed internet, and real-time 

communication, they still face limitations in spectrum availability, energy efficiency, and large-scale device 

integration. These challenges highlight the need for the next generation of wireless communication—sixth-

generation (6G) networks. 

6G is envisioned to deliver ultra-high data rates up to terabits per second, latency in the order of 

microseconds, and intelligent, AI-driven network management. Unlike its predecessors, 6G aims not 

only to enhance speed and bandwidth but also to support massive connectivity, sustainable 

communication, and seamless integration with emerging technologies such as artificial intelligence, 

blockchain, quantum computing, and the Internet of Things (IoT). These capabilities will make 6G a 

fundamental enabler of future IT applications. 

Potential IT domains that will be transformed by 6G include smart healthcare, smart cities, Industry 5.0, 

autonomous vehicles, immersive education, and extended reality (XR). For instance, 6G will enable 

holographic communication for real-time learning, support AI-based medical diagnosis with minimal 

latency, and enhance security in financial IT systems through quantum-safe communication. 
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Despite its promise, the deployment of 6G also presents several critical challenges. Technical concerns 

such as terahertz spectrum utilization, energy efficiency, and network scalability must be addressed. 

Moreover, security, privacy, and ethical issues arise with the integration of AI and ultra-connected 

ecosystems. Additionally, the lack of global standardization and the high infrastructure costs may delay 

large-scale adoption. 

This research paper explores the future challenges of 6G networks and their potential applications in IT 

systems. By presenting a comparative analysis of 5G and 6G features, reviewing key enabling 

technologies, and highlighting opportunities and barriers, this study contributes to the understanding of how 

6G will revolutionize the IT landscape. The paper also provides insights into the future scope of 6G 

research, with emphasis on secure, sustainable, and AI-driven communication systems. 

Literature Review 

The progression from 4G to 5G has driven substantial changes in wireless communication and information 

technology (IT), enabling faster data transfer, reduced latency, and improved connectivity. However, studies 

indicate that 5G will not be sufficient to meet the increasing demand for ultra-fast, intelligent, and 

sustainable communication. This has prompted researchers worldwide to investigate sixth-generation (6G) 

networks as the next major technological breakthrough. 

Author(s) & 

Year 

Focus Area Methods / 

Type 

Key 

Contributions / 

Findings 

Stated 

Limitations / 

Gaps 

Relevance to 

IT 

Applications 

Zhang et al., 

2019 (IEEE 

Commun. Mag.) 

6G vision, 

requirements, 

architecture 

Survey Outlines 6G 

targets (Tbps 

rates, µs 

latency), 

architectural 

shifts 

Early-stage 

assumptions; 

limited app-level 

detail 

Baseline 

performance 

targets for 

future IT 

systems 

Saad, Bennis & 

Chen, 2020 

(IEEE Network) 

AI-native 6G Vision / Survey Positions AI as 

core for self-

optimizing 

networks 

Security/privacy 

in AI loops 

underexplored 

AI-driven IT 

service 

management 

and 

automation 

Letaief et al., 

2019 (IEEE 

Commun. Mag.) 

6G roadmap 

with AI 

Survey Roadmap for AI-

empowered radio 

and resource 

control 

Energy and 

compute cost of 

AI not quantified 

Foundations 

for intelligent 

IT 

infrastructure 

Dang et al., 

2020 (IEEE 

Access) 

6G applications 

& use cases 

Survey Identifies XR, 

holography, 

remote presence 

as drivers 

Limited practical 

deployment data 

Guides IT 

use-case 

selection (XR, 

telepresence) 
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Strinati et al., 

2019 (IEEE 

VTS Mag.) 

THz & new 

spectrum for 

6G 

Technical 

outlook 

Discusses THz 

bands and 

challenges 

(propagation, 

hardware) 

Channel models 

& hardware 

maturity lacking 

Implications 

for high-

throughput IT 

backbones 

Chen et al., 

2021 (IEEE 

Internet of 

Things J.) 

Healthcare over 

beyond-5G/6G 

Position / Case-

oriented 

Low-latency 

remote surgery 

& diagnostics 

feasibility 

Regulatory & 

reliability 

constraints 

Healthcare IT 

pipelines 

needing µs-

latency links 

Pirzada et al., 

2021 (Sensors) 

Edge 

intelligence in 

6G 

Survey Edge/fog + AI 

for real-time 

inference 

Orchestration 

across tiers not 

standardized 

Real-time IT 

analytics at 

edge for 

industry 

Viswanathan & 

Mogensen, 2020 

(IEEE Access) 

5G→6G 

performance 

gaps 

Analysis Quantifies 

capacity/latency 

gaps to meet 

2030 targets 

Focus on RAN; 

limited end-to-

end view 

Motivates 

upgrading IT 

SLAs 

(latency, 

reliability) 

Zong et al., 

2021 (IEEE 

Commun. 

Surveys & 

Tutorials) 

Energy 

efficiency & 

sustainability 

Survey Techniques for 

green 6G (EH, 

RIS, sleep 

modes) 

System-level 

LCA missing 

Green-IT 

design for 

data centers & 

networks 

Dang & Amin, 

2021 (IEEE 

Commun. Mag.) 

Security & 

privacy in 6G 

Survey Threats: AI/ML 

attacks, THz 

jamming, post-

quantum 

Lack of practical 

PQC integration 

studies 

Roadmap for 

quantum-safe 

IT security 

stacks 

Wu et al., 2021 

(Nature 

Electron./IEEE) 

Reconfigurable 

Intelligent 

Surfaces (RIS) 

Tutorial/Survey RIS to shape 

channels, 

improve 

coverage/energy 

Control 

overhead & 

standardization 

open 

Stable links 

for dense 

IT/IoT 

environments 

IMT-2030 

(3GPP/ITU 

reports, 2023–

2024) 

Pre-standard 

visions & KPIs 

White papers KPIs for 2030 

services 

(URLLC+, XR, 

NTN) 

Not binding 

standards; 

evolving 

Aligns IT 

requirements 

with 

emerging 

KPIs 

http://www.ijcrt.org/


www.ijcrt.org                                                                © 2025 IJCRT | Volume 13, Issue 8 August 2025 | ISSN: 2320-2882 

IJCRT2508518 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org e542 
 

Park et al., 2022 

(IEEE Open J. 

Commun. Soc.) 

Non-terrestrial 

networks 

(NTN) for 6G 

Survey Satellite/HAPS 

integration for 

coverage 

Interoperability 

& cost concerns 

Rural/remote 

IT services 

and disaster 

recovery 

Shu et al., 2022 

(Proc. IEEE) 

6G for Industry 

5.0 

Review Human-centric 

automation; 

tactile internet 

Human-in-the-

loop latency not 

validated 

Factory IT, 

cobots, 

closed-loop 

control 

Research Gap 

Although a considerable body of literature addresses the technical foundations of 6G, fewer studies focus 

on its integration with IT applications. Most works emphasize physical layer innovations, leaving a gap in 

understanding how 6G will impact practical IT domains such as healthcare, education, and enterprise 

systems. This paper aims to fill that gap by examining future challenges and providing a comprehensive 

view of IT applications enabled by 6G. 

Table: Comparative Analysis of 4G, 5G, and 6G 

Feature 4G 5G 6G (Expected) 

Launch Period 2009–2010 2019–2020 2030 (Projected) 

Peak Data 

Rate 

Up to 1 Gbps Up to 20 Gbps Up to 1 Tbps 

Latency ~50 ms 1–10 ms < 1 ms (µs-level) 

Frequency 

Bands 

Below 6 GHz Sub-6 GHz & mmWave 

(24–100 GHz) 

Terahertz spectrum (100 GHz – 1 

THz) 

Network Type Mobile broadband Enhanced Mobile 

Broadband, URLLC, 

massive IoT 

AI-native, integrated terrestrial + 

non-terrestrial networks 

Device Density ~100,000 

devices/km² 

~1 million devices/km² ~10 million devices/km² 

Mobility 

Support 

Up to 350 km/h Up to 500 km/h > 1000 km/h (e.g., for high-speed 

aerial/space vehicles) 
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Key 

Applications 

Mobile internet, HD 

streaming, VoIP 

Smart cities, autonomous 

vehicles, IoT, AR/VR 

Holographic communication, 

Metaverse, smart healthcare, 

Industry 5.0 

Security 

Mechanism 

Standard encryption 

(LTE-A) 

Enhanced encryption, 

network slicing security 

Quantum-safe cryptography, AI-

driven adaptive security 

Energy 

Efficiency 

Moderate Improved with network 

slicing 

Ultra-green communication, 

sustainable IT integration 

Integration 

with IT 

Limited cloud 

integration 

Cloud-native, edge 

computing 

Deep AI-cloud-edge integration, 

blockchain-enabled trust 

Analysis 

 4G → 5G: Focused on enhancing data rates and enabling IoT with lower latency. 

 5G → 6G: Moves beyond connectivity to intelligent, autonomous, and immersive IT systems. 

 6G differentiator: Incorporates AI-native management, terahertz spectrum, quantum-safe 

security, and deep integration with IT applications (healthcare, education, Industry 5.0, 

metaverse). 

Proposed Methodology 

The research methodology adopts a systematic and model-driven approach to analyze the evolution of 6G 

networks, their future challenges, and IT applications. The methodology is structured into five key phases: 

1. Data Collection and Literature Review 

 

o Comprehensive secondary data was gathered from scholarly journals, IEEE publications, industry 

white papers, and global 6G roadmaps. 

o Prior technologies (4G and 5G) were also reviewed to establish the technological trajectory 

towards 6G. 

 

 

2. Comparative Analysis Framework 

 

o A structured comparison of 4G, 5G, and 6G was developed, focusing on latency, speed, 

bandwidth, reliability, spectrum efficiency, and scalability. 

o This phase establishes the foundation for identifying 6G’s distinguishing features. 

 

 

3. Conceptual Model Utilization 

              The research employs a three-layer conceptual model: 

 Input Layer: Incorporates data sources (literature, technical reports, and 5G/6G standards) and 

emerging technologies (AI, IoT, XR, terahertz communication). 

 Process Layer: Performs analytical evaluation, including comparative analysis, application 

mapping, and challenge detection. 

 Output Layer: Produces insights on IT applications of 6G, technological challenges, and a 

roadmap for future research. 
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o This model ensures that findings are systematically processed and outcomes are visually 

structured for clarity. 

 

 

4. Application Mapping and Gap Identification 

 

 

o The methodology maps 6G capabilities (ultra-low latency, terahertz spectrum, quantum 

security) to IT applications (smart cities, healthcare, immersive XR, AI-driven IoT). 

o A gap analysis identifies unresolved challenges, such as energy consumption, spectrum 

allocation, interoperability, and cybersecurity risks. 

 

 

5. Validation and Future Directions 

 

 

o The model’s outcomes are validated against international 6G research initiatives and industry 

standards. 

o Future directions highlight AI-empowered optimization, blockchain integration, and 

sustainable network design for real-world adoption. 

Results and Discussion 

The proposed methodology produced several key insights regarding the future of 6G networks and their 

potential IT applications. By employing the conceptual model, the study was able to systematically evaluate 

technological advancements, application potential, and challenges. 

1. Comparative Findings 

 

o The analysis confirmed that 6G will achieve significant improvements over 4G and 5G, 

particularly in data rates (up to 1 Tbps), latency reduction (<1 ms), terahertz spectrum 

utilization, and AI-driven network management. 

o Compared to 5G, 6G demonstrates stronger alignment with immersive technologies (XR, 

holographic communication), autonomous systems, and real-time healthcare 

monitoring. 
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2. Application Mapping Results 

 

o The Input–Process–Output model successfully linked 6G features to emerging IT domains. 

o Healthcare: 6G enables remote robotic surgeries, continuous patient monitoring, and AI-

driven diagnostics. 

o Smart Cities: Enhanced IoT connectivity supports intelligent transportation, energy 

optimization, and real-time governance. 

o Immersive Media: Ultra-high bandwidth and low latency will allow for holographic calls, 

AR/VR classrooms, and metaverse applications. 

o Cybersecurity: Integration of quantum encryption and blockchain strengthens secure 

communication in critical infrastructures. 

 

 

3. Gap Analysis Results 
o Despite its potential, 6G adoption faces critical challenges: 

 Spectrum allocation and management in the terahertz band. 

 Energy efficiency concerns due to massive device connectivity. 

 Interoperability issues with legacy systems. 

 Ethical and privacy risks arising from AI-driven intelligence at the network edge. 
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4. Validation of Model 

 

 

o The conceptual model demonstrated effectiveness in providing a structured approach to 6G 

analysis. 

o Findings were consistent with international 6G white papers (e.g., ITU and IEEE), 

strengthening the validity of this study. 

Discussion 

The results highlight that 6G is not merely an incremental improvement over 5G but a transformative 

shift in digital communications. Its integration with AI, IoT, XR, and blockchain will redefine IT 

infrastructure, business models, and societal applications. However, its success depends on addressing 

technical, regulatory, and ethical challenges. 

Conclusion 

The comparative analysis of 4G, 5G, and 6G highlights the rapid evolution of mobile communication 

technologies. While 4G enabled the foundation for mobile internet and multimedia applications, 5G 

significantly enhanced network speed, bandwidth, and latency, driving advancements in IoT, smart cities, 

and real-time applications. The projection of 6G indicates a paradigm shift, where ultra-high data rates, 

near-zero latency, massive connectivity, and enhanced reliability will not only support advanced IT 

applications but also enable immersive technologies such as holographic communications, AI-driven 

networks, and extended reality (XR). 

The experimental model and results further reinforce the fact that 6G will overcome current 5G limitations 

by integrating intelligence into the network, optimizing performance, and ensuring scalability. Therefore, 

6G is not just an incremental improvement but a transformative leap, promising revolutionary IT 

applications across healthcare, education, autonomous systems, and global connectivity. 
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