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Abstract: The proposed research article presents a systematic and well-structured comparison between
5G and emerging 6G technologies, emphasizing the significant advancements and enhanced capabilities
of next-generation communication networks. By evaluating key performance parameters such as latency,
data rate, energy efficiency, and Al integration, the study clearly establishes the importance of 6G in
enabling future applications, including smart cities, autonomous systems, and remote healthcare.
Additionally, the research highlights current challenges and outlines future research directions, making
it a valuable resource for researchers, policymakers, and industry stakeholders involved in the
development and planning of advanced wireless communication systems..
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I. INTRODUCTION

Communication technology has become a fundamental component of modern society. Over the past few decades,
wireless communication systems have evolved rapidly, significantly impacting sectors such as education, healthcare,
transportation, business, defense, and entertainment. Mobile communication technologies have continuously advanced
to meet the increasing demand for high-speed connectivity, improved network performance, and reliable
communication services. From basic voice communication to advanced intelligent digital networks, each generation has
introduced notable improvements in speed, capacity, security, and connectivity [1-4].
The evolution of wireless communication began with first-generation (1G) systems in the 1980s, which primarily
supported analog voice communication. Although groundbreaking at the time, 1G suffered from limitations such as
poor voice quality, low security, limited capacity, and inefficient spectrum usage [5].
The second generation (2G) marked the transition to digital communication with technologies like GSM and CDMA. It
improved communication quality and introduced services such as SMS and basic data connectivity. Enhancements like
GPRS and EDGE further enabled limited internet access and multimedia services [6].
Third-generation (3G) networks brought mobile internet capabilities, including video calling and multimedia
applications. Technologies such as UMTS and HSPA improved data rates and service quality, leading to the
widespread adoption of smartphones and online services [7-8].
The fourth generation (4G), based on LTE technology, significantly enhanced wireless communication by offering
high-speed internet, low latency, and better bandwidth efficiency. This enabled services like HD video streaming, cloud
computing, online gaming, and real-time communication, while also supporting the rapid growth of IoT and smart
applications [9].
Currently, fifth-generation (5G) technology represents the most advanced stage of wireless communication. It offers
ultra-high data speeds, low latency, enhanced capacity, and supports applications such as autonomous vehicles, smart
cities, virtual reality, and advanced healthcare systems. Technologies like massive MIMO, beamforming, millimeter-
wave communication, and network slicing have greatly improved network performance [10].
Despite its advantages, 5G faces challenges including high infrastructure costs, spectrum limitations, energy
consumption, cybersecurity risks, and complex network management. Moreover, emergmg applications such as
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holographic communication, digital twins, tactile internet, and intelligent robotics demand capabilities beyond what 5G
can provide [11].

To address these challenges, research is now focused on sixth-generation (6G) communication systems. 6G is expected
to enable a highly intelligent and fully connected environment by integrating advanced technologies such as artificial
intelligence, machine learning, terahertz communication, quantum communication, edge computing, and satellite-based
networking. It is anticipated to deliver terabit-per-second data rates, ultra-low latency, and highly reliable
communication [ 12].

A key feature of 6G is the integration of Al into network operations, enabling intelligent resource allocation, automated
optimization, predictive maintenance, and efficient traffic management. This will enhance system performance and
reduce operational complexity

Another important aspect is terahertz (THz) communication, which offers significantly higher bandwidth and faster
data transmission compared to current technologies. However, challenges related to signal propagation, hardware
design, and system stability must still be addressed

Technologies such as Intelligent Reflecting Surfaces (IRS) are also being explored to improve signal quality, enhance
coverage, and reduce interference, especially in dense urban environments. Additionally, edge computing will play a
vital role in reducing latency and enabling real-time data processing.

Globally, countries like China, the United States, Japan, South Korea, and Finland, along with companies such as
Samsung, Nokia, Huawei, Ericsson, Qualcomm, and Intel, are actively investing in 6G research and development [13-
14].

The transition from 5G to 6G represents not just an improvement in speed but a shift toward intelligent, autonomous
communication networks capable of seamlessly connecting humans, machines, and digital environments. This
evolution is a critical area of research aimed at shaping the future of wireless communication systems.

The present study focuses on analyzing the evolution from 5G to 6G, identifying key enabling technologies, comparing
performance metrics, and exploring future applications and challenges associated with next-generation communication
systems.

II. LITERATURE REVIEW
Recent studies highlight significant advancements and emerging directions in 6G communication networks. Khan and
Li (2025) emphasized the architectural evolution of 6G, projecting terabit-per-second data rates and sub-millisecond
latency enabled by artificial intelligence and terahertz (THz) communication [15 -17]. Their work identified key
challenges such as spectrum scarcity, energy efficiency, and the necessity for Al-driven automation while stressing
support for ultra-massive loT, digital twins, and holographic communication.
Similarly, Zhang, Huang, and Mehra (2024) demonstrated that integrating THz communication with intelligent
reflecting surfaces (IRS) can significantly enhance coverage and throughput, particularly by mitigating high-frequency
propagation losses. Their study further highlighted the importance of combining machine learning with hardware
innovations for adaptive signal control in dense environments [18-20].
From an optimization perspective, Patel et al. (2023) established that AT and machine learning will be fundamental to
6G networks, enabling efficient resource allocation, traffic prediction, and dynamic network slicing. However, they
also noted challenges related to privacy, computational complexity, and decentralized learning. Complementing this,
Singh and Yadav (2022) showed that edge intelligence and federated learning can reduce latency and enhance privacy
by decentralizing data processing, making them critical for real-time 6G applications [21-24].
In terms of global connectivity, Rao and Kim (2021) explored satellite—terrestrial integration, demonstrating that low
Earth orbit (LEO) satellites can extend network coverage to remote regions, though challenges such as handover
management and Doppler effects remain. Earlier visionary works by Tariq et al. (2020) and Saad, Bennis, and Chen
(2020) outlined key 6G use cases—including holographic communication and Al-native networks—while identifying
limitations of 5G and emphasizing the need for new design paradigms [25-28].
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Foundational contributions from earlier research also underpin 6G development. Tao and Wang (2019) and Andrews
et al. (2018) examined high-frequency communication challenges and 5G evolution, while Zhang et al. (2016)
identified scalability issues in LTE systems that motivated advanced architectures like network slicing. Additionally,
studies such as Gupta and Jha (2015) and Xia and Luo (2014) laid the groundwork for massive MIMO, mmWave
communication, and cognitive radio, which remain critical for efficient spectrum utilization in future networks [29-33].
Overall, the literature indicates a clear transition toward intelligent, high-frequency, and highly integrated
communication systems, where Al-driven automation, advanced spectrum technologies, and distributed architectures
will define the performance and capabilities of 6G networks.

III. RESEARCH METHODOLOGY

3.1 Research Design
This study employs a descriptive and analytical research design to examine the evolution of wireless communication
technologies from 5G to 6G. The descriptive aspect focuses on outlining the development, architecture, key features,
and technological advancements of modern wireless systems. In contrast, the analytical component provides a
structured comparison between 5G and emerging 6G technologies, assessing their performance, applications, and future
potential [34-38].
The research highlights the progression of wireless networks across generations and evaluates how 6G technologies can
address the limitations of 5G systems. Key enabling technologies—including artificial intelligence (Al), terahertz
(THz) communication, edge computing, intelligent reflecting surfaces (IRS), satellite-integrated networks, and quantum
communication—are examined to determine their impact on network efficiency, reliability, and security [30-41].
A systematic workflow was designed to ensure a logical and organized research process, progressing from data
collection to analysis and interpretation. The workflow, illustrated in Figure 3.1, consists of the following stages:

1. Secondary data collection

2. Data organization and tabulation

3. Simulation using MATLAB, NS-3, and Python

4. Evaluation of key parameters (latency, data rate, energy efficiency, spectrum utilization, reliability, Al

integration, and security)

5. Comparative analysis

6. Visualization using graphs and tables

7. Validation and interpretation of results
Simulation assumptions:

¢ Ideal propagation models for THz and mmWave frequencies

¢ Constant environmental conditions to isolate parameter effects

* Standardized network loads for fair comparison

3.2. Parameters for Comparative Analysis
The study compared 5G and 6G networks using the following technical parameters:

Parameter Description

Latency Time delay in milliseconds, critical for autonomous systems and remote applications
Data Rate Throughput in Gbps/Tbps, representing network capacity

Energy Efficiency Power consumption relative to transmitted data, indicating sustainability

Frequency Spectrum | Operational bands (mmWave vs THz) and spectral efficiency

Reliability Network availability and robustness for critical applications

Al Integration Extent of autonomous network optimization and decision-making capabilities
Security & Privacy | Implementation of traditional vs quantum-assisted security mechanisms

Table 1: Key Performance Parameters for 5G and 6G Network Evaluation
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Comparative tables and graphs were prepared to visualize performance differences. For example:

* Latency Comparison Graph: Bar chart showing average latency of 5G (~1 ms) vs 6G (<1 ms)

* Data Rate Performance Graph: Line graph illustrating terabit-level potential of 6G relative to 5G

* Energy Efficiency Radar Chart: Multi-parameter radar comparing energy, Al integration, and connectivity
These visualizations provided clear, quantitative comparisons of network capabilities.

3.3. Validation and Reliability
To ensure reliability and accuracy:
*  Multiple sources were cross-referenced for each parameter to reduce bias
* Simulation outputs were validated against published performance benchmarks from IEEE and Elsevier articles
¢ Data tables and graphs were reviewed by the supervisor and compared with existing literature
Potential limitations were acknowledged:
* Secondary data may not fully represent real-world network performance
* Simulation assumptions (ideal propagation, uniform traffic) may not capture environmental variability
* Some futuristic technologies (quantum communication, terahertz links) are not yet deployed, so simulations
are theoretical
Despite these limitations, the methodology provided a robust framework for comparing 5G and 6G networks and
evaluating future wireless technologies.

3.4. Al Integration Scores
The degree of artificial intelligence (Al) integration in 5G and 6G networks, focusing on predictive maintenance, traffic
optimization, and resource allocation. The 5G network shows moderate Al capabilities with scores of 3 for predictive
maintenance and traffic optimization and a score of 2 for resource allocation. This indicates that 5G networks support
some automated functionalities but largely depend on human intervention for network optimization and decision-
making. In contrast, 6G networks achieve a perfect score of 5 across all three categories, reflecting full Al integration.
This comprehensive Al functionality enables autonomous resource management, predictive failure detection, intelligent
traffic management, and dynamic allocation of network resources. The analysis highlights that while 5G provides basic
Al support, 6G represents a fully Al-driven network environment, capable of intelligent, self-optimizing operations that
are crucial for future high-density, ultra-low-latency applications.
Table 2: Al Integration Scores Table

Network | Predictive Maintenance | Traffic Optimization | Resource Allocation
5G 3 3 2

6G 5 5 5

3.5. Energy Efficiency Comparison

Energy efficiency between 5G and 6G networks using two indicators: average energy consumed per data unit (J/bit)
and an efficiency rating scale of 1-5. The results indicate that 5G consumes 0.5 J/bit, with an efficiency rating of 3,
representing moderate energy performance. In contrast, 6G consumes only 0.1 J/bit, achieving the maximum efficiency
rating of 5. This demonstrates that 6G networks are highly energy-efficient, consuming one-fifth of the energy required
by 5G for equivalent data transmission. Improved energy efficiency is critical for supporting large-scale Internet of
Things (IoT) deployments, continuous real-time applications, and sustainable network operation. It also suggests that
6G networks are more environmentally friendly and cost-effective for operators, especially in ultra-dense and high-
throughput scenarios.
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Table 3: Energy Efficiency Comparison Table

Network | Average Energy per Data Unit (J/bit) | Efficiency Rating (1-5)

5G 0.5 3
6G 0.1 5

3.6. Connectivity Types

The differences in connectivity capacity and support between 5G and 6G networks. 5G networks support up to 1
million IoT devices per square kilometer, offer limited vehicle-to-everything (V2X) capabilities, and provide partial
integration with aerial and satellite nodes. In comparison, 6G networks dramatically increase connectivity capacity,
supporting up to 10 million IoT devices per square kilometer, offering full V2X support, and achieving complete
integration with aerial and satellite networks. This improvement indicates that 6G is designed for ultra-dense and
highly heterogeneous network environments, capable of maintaining reliable connectivity across terrestrial, aerial,
and space networks simultaneously. It also highlights 6G’s suitability for smart cities, autonomous transportation
systems, and large-scale sensor networks where connectivity density and reliability are critical.

Table 4: Connectivity Types Supported Table

Network | IoT Devices Vehicle-to-Everything (V2X) | Aerial & Satellite Nodes
5G Up to 1 million/km2 | Limited support Partial
6G Up to 10 million/km?2 | Full support Fully Integrated

3.7. Security Protocols

Security measures implemented in 5G and 6G networks. 5G uses AES-256 encryption, standard LTE authentication
protocols, and provides high privacy levels. 6G, however, incorporates quantum key distribution, Al-based and
quantum-assisted authentication, and ultra-high privacy protection. This indicates that 6G significantly enhances
network security, addressing the increasing risk of cyberattacks in highly connected environments. The inclusion of
quantum-based mechanisms ensures robust protection for critical data, which is particularly important for remote
healthcare, financial transactions, and other mission-critical applications. Overall, the data suggest that 6G will offer
next-generation cybersecurity capabilities far beyond what 5G networks currently provide.

Table 5: Security Protocols Table

Network | Encryption Type Authentication Privacy Level
5G AES-256 Standard LTE security High
6G Quantum Key Distribution | Al-based & Quantum-assisted | Ultra-high

3.8. Edge Computing & Processing

Edge computing and processing between 5G and 6G networks. The 5G network is equipped with 50 edge nodes,
achieves an average processing latency of 5 ms, and provides partial support for real-time applications. In contrast, 6G
networks deploy 500 edge nodes, reduce average processing latency to 0.5 ms, and offer full support for real-time
applications. This demonstrates that 6G significantly enhances computational capability at the network edge, reducing
delays for time-sensitive operations such as autonomous driving, industrial automation, and immersive virtual
experiences. The expansion in edge computing also supports distributed intelligence and localized data processing,
which is essential for maintaining network efficiency and low latency in high-demand scenarios.

Table 6: Edge Computing & Processing Table

Network | Edge Nodes | Average Processing Latency (ms) | Support for Real-Time Applications
5G 50 5.0 Partial
6G 500 0.5 Full
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3.9. Use Cases & Applications

The feasibility of critical applications on 5G and 6G networks. Holographic communication is limited on 5G but fully
feasible on 6G. Digital twins are partially supported on 5G and fully supported on 6G. Remote surgery is possible with
latency on 5G but fully supported on 6G, and smart cities are supported on 5G and fully feasible on 6G. This highlights
that 6G networks are capable of supporting next-generation applications that demand ultra-low latency, high reliability,
and high throughput. In contrast, 5G networks provide only partial or conditional feasibility for these advanced use
cases, illustrating the necessity of 6G to enable future immersive, intelligent, and human-centric applications.

Table 7: Use Cases & Applications Table

Application 5G Feasibility 6G Feasibility
Holographic Communication Limited Full

Digital Twins Partial Full

Remote Surgery Possible with latency Fully supported
Smart Cities Supported Fully supported
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Figure 4: Energy Efficiency: 5G vs 6G

IVCOMPARATIVE ANALYSIS OF 5G AND 6G
4.1 Latency Analysis
The latency of 5G and 6G networks was analyzed for applications such as autonomous vehicles, remote surgery,
VR/AR, and IoT monitoring. The mean latency of 5G was approximately 4.25 ms, whereas 6G achieved an average
of 0.925 ms.The standard deviation values indicate that 6G consistently delivers ultra-low latency across all
applications. This reduction demonstrates that 6G networks are well-suited for time-critical and real-time

applications, including autonomous transport systems and remote medical procedures, where milliseconds can impact
performance and safety.
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Table 8: Latency Analysis Table

Application 5G_Latency 6G_Latency 5G_Mean
Autonomous Vehicles 1 0.5 425
Remote Surgery 1 0.2 4.25
VR/AR 10 1.0 425
IoT Monitoring 5 1.0 4.25

4.2 Data Rate Analysis

Data rate comparisons showed that SG networks offered a mean throughput of 6.25 Gbps, while 6G networks reached
up to 1 Tbps on average. Standard deviation reflects variability across applications; however, 6G consistently provides
significantly higher bandwidth. This substantial increase in throughput supports high-definition streaming,
holographic communication, digital twins, and massive IoT data transfers, highlighting the scalability of 6G for

future data-intensive services.

Table 9: Data Rate Analysis Table

Application 5G_DataRate 6G_DataRate 5G_Mean
Mobile Streaming 10 1000 6.25
Cloud Services 8 900 6.25
IoT Devices 5 800 6.25
Holographic Comm 2 500 6.25

4.3 Al Integration Analysis

Al integration was measured across predictive maintenance, traffic optimization, resource allocation, and security
automation. The mean score for 5G networks was 2.5 (on a scale of 1-5), whereas 6G achieved a perfect 5.0. The
uniformity in scores for 6G, as indicated by low standard deviation, shows that Al capabilities are fully integrated
across all network functionalities, enabling autonomous resource management, real-time decision-making, and

optimized network operations.

Table 10: Al Integration Scores Table

Network | Predictive Maintenance | Traffic Optimization | Resource Allocation
5G 3 3 2
6G 5 5 5

4.4 Energy Efficiency Analysis
The analysis of energy consumption indicated that 5G networks consumed approximately 0.5 J/bit, while 6G networks
reduced this to 0.1 J/bit. This represents a significant improvement in energy efficiency, making 6G more sustainable
and suitable for large-scale deployments of IoT devices and high-density network infrastructures. Energy-efficient
operation also supports green communications and reduces operational costs for network providers.

Table 21: Energy Efficiency Table

Network Energy_Per_Bit Mean SD
5G 0.5 0.3 0.282842712474619
6G 0.1 0.3 0.282842712474619
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4.5 Frequency Spectrum Utilization
5G networks operate primarily in the 24-100 GHz mmWave band, utilizing up to 400 MHz of bandwidth. In contrast,
6G networks exploit 0.1-10 THz bands, providing up to 1 THz of usable spectrum. The mean and standard deviation
indicate that 6G can handle far greater data volumes and device density, enabling advanced applications such as
holographic telepresence and massive-scale IoT, while overcoming the spectrum limitations faced by 5G.

Table 12: Frequency Band Utilization Table

Network Bandwidth Mean SD
5G 400 700.0 424.26406871192853
6G 1000 700.0 424.26406871192853

Edge Computing Latency
Edge computing latency analysis revealed that 5G networks had a mean latency of 6.25 ms, whereas 6G reduced this to
approximately 0.6 ms. This dramatic reduction ensures real-time processing at the network edge, which is critical for
autonomous vehicles, industrial robotics, and VR/AR applications. The consistency of low latency in 6G, reflected by a
smaller standard deviation, further confirms its reliability for time-sensitive applications.

Table 13: Edge Computing Latency Table

Application 5G_Latency 6G_Latency 5G_Mean
Autonomous Vehicles 5 0.5 6.25
Industrial IoT 6 0.7 6.25
VR/AR 10 1.0 6.25
Remote Surgery 4 0.2 6.25

4.7 Connectivity Density
5G networks support up to 1 million IoT devices/km? and 50,000 connected vehicles. 6G networks increase this
capacity tenfold, supporting up to 10 million IoT devices/km? and 500,000 vehicles. Mean and standard deviation
values show that 6G can maintain high-density connectivity while delivering reliable performance. This enables smart
city implementations, vehicle-to-everything communication, and large-scale sensor networks.

Table 14: Connectivity Density Table

Network IoT_Devices Vehicles Mean
5G 1000000 50000 525000.0
6G 10000000 500000 5250000.0

4.8 Reliability Analysis
Reliability for critical applications such as autonomous vehicles, remote surgery, and smart grids was analyzed. 5G
networks achieved an average reliability of ~97.25%, while 6G networks consistently exceeded 99.999% reliability.
The low standard deviation for 6G indicates minimal variability, making it highly dependable for mission-critical and
industrial applications.

Table 35: Reliability Analysis Table

Application 5G_Reliability 6G_Reliability 5G_Mean
Autonomous Vehicles 99 99.999 97.25
Remote Surgery 98 99.999 97.25
VR/AR 95 99.99 97.25
Smart Grid 97 99.999 97.25
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4.9 Security Scores Analysis
Security performance was analyzed across encryption, authentication, and privacy parameters. 5G networks achieved a
mean score of 4, while 6G networks achieved a perfect 5. This indicates that 6G incorporates enhanced security
mechanisms, including Al-assisted monitoring and quantum-based encryption, ensuring robust protection against
cyber threats and supporting sensitive applications such as telemedicine and financial transactions.

Table 46: Security Scores Table

Network Encryption Authentication Privacy
5G 4 4 4
6G 5 5 5

4.10 Applications Feasibility Analysis

The feasibility of applications such as holographic communication, digital twins, remote surgery, and smart cities
was analyzed on a scale of 1-5. 5G networks scored 2—4, indicating limited to moderate support, whereas 6G networks
scored 5 across all applications. This analysis confirms that 6G networks are capable of fully supporting next-
generation applications, including immersive technologies, smart healthcare, and intelligent urban management

systems.
Table 57: Applications Feasibility Table
Application 5G_Feasibility 6G_Feasibility 5G_Mean
Holographic Comm 2 5 3.0
Digital Twins 3 5 3.0
Remote Surgery 3 5 3.0
Smart Cities 4 5 3.0

V. FUTURE SCOPE

6G communication networks are still in the early stages of development and offer significant opportunities for future
research. Key areas include Al-driven network optimization for intelligent automation, advancements in terahertz
(THz) communication to overcome propagation challenges, and improved deployment of Intelligent Reflecting
Surfaces (IRS) for better coverage.

Further research is also needed in quantum communication for enhanced security, energy-efficient network
architectures for sustainability, and seamless integration of space—air—ground networks to achieve global connectivity.
Additionally, improving ultra-reliable low-latency communication (URLLC) and establishing standardization and
regulatory frameworks will be essential for supporting next-generation applications and ensuring successful 6G
deployment.

VI. CONCLUSION

The analysis clearly shows that 6G is a major advancement over 5G, significantly improving key parameters such as
latency, data rate, Al integration, energy efficiency, spectrum usage, reliability, security, and application support. 6G
achieves ultra-low latency (~0.925 ms) compared to 5G (~4.25 ms), enabling real-time applications like remote surgery
and autonomous systems. It also offers extremely high data rates (up to 1 Tbps), supporting advanced technologies such
as holographic communication and digital twins.

In addition, 6G integrates fully autonomous Al for efficient network management, reduces energy consumption to 0.1
J/bit, and utilizes THz spectrum for higher bandwidth. It supports 10 times more connected devices, making it ideal for
smart cities and massive IoT. With reliability exceeding 99.999% and enhanced security through Al and quantum
techniques, 6G ensures robust and secure communication.

Copyright to IJARSCT
www.ijarsct.co.in

[m3¥E=] DOI: 10.48175/IJARSCT-37311 91

| 2581-9429 |1
R\ 1JARSCT /3
& <




( IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology

IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal *r,“, 1

ISSN: 2581-9429 Volume 6, Issue 11, June 2026 Impact Factor: 8.2

Overall, 6G is a revolutionary upgrade that will enable future intelligent, high-speed, and reliable communication
systems, though challenges like cost and standardization remain.
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