
IJRECE VOL. 13 ISSUE 3 JULY-SEPT 2025                   ISSN: 2393-9028 (PRINT) | ISSN: 2348-2281 (ONLINE) 

INTERNATIONAL JOURNAL OF RESEARCH IN ELECTRONICS AND COMPUTER ENGINEERING 

 A UNIT OF I2OR  16 | P a g e  

6G Wireless Networks: Evolution, Architecture, Standards 

and Future Outlook of Next-Generation Connectivity 
Mahika Garg1 

Strawberry Fields High School, Chandigarh 

(mahikagarg2028@sfhs.in) 
 

 

Abstract— 5G wireless networks offered faster internet and 

better connectivity. The successor of 5G is the sixth generation 

wireless communication. 6G aims to go even further by 

offering speeds up to 100 times faster than 5G, along 

with almost zero delay . This paper presents a comprehensive 

overview of the evolution of wireless communication from 1G 

to 6G, discusses the expected 6G standards and architecture. 

Further, it  outlines the key enablers like THz communication, 
Reconfigurable Intelligent Surfaces (RIS), and integrated AI. 

The advantages and limitations are also included. The work 

concludes by highlighting open research challenges and 

suggesting application areas offered by 6G.  
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I. INTRODUCTION 

Wireless communication has played a major role in shaping 

modern life, connecting people across the globe. Over the last 

four decades, it has progressed leaps and bounds, from basic 

analog systems to the advanced digital networks we use today.  

The journey from 1G to the upcoming 6G shows how we 

always aim for higher data rate, lower latency, and better 

connectivity [1] . While 5G is still in use, research on 
futuristics 6G has gained momentum. 6G is expected to arrive 

around 2030 and will support advanced technologies like 

autonomous systems, tactile internet, and pervasive AI-driven 

services. It will go far beyond current capabilities, integrating 

AI, ubiquitous computing, and sensing into the network fabric 

itself [2]. With both ground-based and satellite systems 

working together, 6G hopes to create a smart, immersive, and 

truly global communication system. Its goal is not just faster 

data, but to realize a truly connected and intelligent world. 

A. Evolution from 1G to 6G 

The wireless communication industry evolves roughly every 
decade. Each generation, from 1G to 5G has introduced major 

innovations. While 5G brought with it high-speed mobile 

broadband and ultra-reliable low-latency communication, 6G is 

set to integrate AI-driven networks, terahertz spectrum, 

quantum communication, and ubiquitous intelligent surfaces. 

The evolution of mobile communication has followed a 

generational trajectory from basic analog voice services to 

sophisticated, intelligent, and context-aware digital ecosystems 

[3]. Table 1 delineates the different parameters of 1G to 6G 

wireless technologies. Figure 1 depicts the evolution of mobile 

generations from first generation of 1980s to future sixth 

generation.  

TABLE 1. EVOLUTION FROM 1G TO 6G 

FIGURE 1. EVOLUTION FROM 1G TO 6G 

 

Gener

ation 

Time 

frame 

Key 

Technology 

Data Rate Features 

1G 1980s Analog 

(AMPS) 

~2.4 kbps Voice only 

2G 1990s GSM/CDMA ~64 kbps SMS, basic 

data 

3G 2000s UMTS/WCD

MA 

~2 Mbps Internet 

access, video 

calling 

4G 2010s LTE ~100 Mbps HD video 

streaming, 

VoIP 

5G 2020s mmWave, 

Massive 

MIMO 

~10 Gbps IoT, URLLC, 

eMBB, 

mMTC 

6G 2030s THz, AI-

native 

~1 Tbps Holographic, 

XR, AI-

driven 
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II. 6G STANDARDS AND VISION 

A. Standards 

While 6G standards are still under development, several 

initiatives by global bodies are underway. Key standard bodies 

are [4]: 

 ITU (International Telecommunication Union): 6G 
standards are tracked by International Telecommunication 

Union’s Radiocommunication Sector (ITU-R). It sets 

requirements for IMT-2030 framework. The objectives are 

outlined in recommendation ITU-R M.2160-0 [5]. 

 3GPP (3rd Generation Partnership Project): It defines 

specifications for 6G. 3GPP’s Release 20 initiated the 6G 

studies and Release 21 shall be delivering the first 

specifications by 2030 [6]. 

 Industry alliance: The industry alliance of Next G Alliance 

of USA, 6G Flagship of Europe, MIIT of China are 

pioneering 6G research. These industry groups are shaping 

6G standards to ensure interoperability, security and global 

adoption[6]. 

6G standards focus on: 

 Spectrum Allocation: Utilizing sub-1 GHz, mid-band, 
mmWave and sub-THz bands (100 GHz–3 THz) for 

enhanced capacity. 

 Interoperability: Supporting seamless integration of 

heterogeneous networks (terrestrial, satellite and aerial). 

 Security and Privacy: Incorporating 360-degree 

cybersecurity and privacy-by-engineering design to 
address AI-driven threats. 

 Sustainability: Targeting energy efficiency below 1 

nanojoule per bit. 

 

B. Key Features of 6G 

1. Data Rate (Throughput): Data rate refers to the amount of 

digital data transmitted over a communication channel per 

second, typically measured in bits per second (bps). Higher 

data rates enable faster download and upload speeds. 

In 6G, expected data rates are in the range of terabits 
per second (Tbps), a massive leap from 5G’s maximum of 

10 Gbps. This extraordinary speed will support real-time 

applications like holographic telepresence, 8K/16K ultra-HD 

video streaming and massive IoT deployments, ensuring 

seamless connectivity in high-demand environments such as 

smart factories, remote surgeries and virtual classrooms [7]. 

2. Latency: Latency is defined as the time delay between the 

transmitted and received data. It is typically measured in 

milliseconds (ms) or microseconds (µs).  

6G targets under 100 microseconds (0.1 ms). 

Reduced latency ensures instantaneous feedback, which is 
important for precision and safety in mission critical 

environments. 

3. Reliability: Reliability refers to the probability that data is 

delivered accurately over a network without any loss of data. 

6G will target almost perfect reliability of 

99.99999%, also called "seven nines." This level of 

reliability is necessary for important uses like emergency 

systems, remote surgeries, factory automation, and military 
communication. It helps make sure that the network works 

smoothly even in tough or risky environments. 

4. Energy Efficiency: Energy efficiency in networking refers 

to the amount of energy required to transmit a bit of 

information, often expressed as Joules/bit.  

6G is being designed with green communication 

principles, aiming to be at least 10 times more energy-

efficient than 5G. This improvement will be achieved 

through low-power communication techniques, energy 

harvesting, intelligent power allocation, and AI-optimized 

resource usage. Energy efficiency is critical for the 

sustainability of dense IoT networks and reducing the 
environmental impact of massive infrastructure. 

5. Ubiquitous Coverage: Ubiquitous coverage refers to the 

availability of network services anytime and anywhere, 

without gaps, regardless of location. 

Unlike earlier generations, 6G will offer global 

coverage, including rural, remote, aerial, and maritime 

environments by integrating terrestrial networks with non-

terrestrial platforms. It will support applications like 

agricultural monitoring, global logistics and emergency 

services in disaster zones [8]. 

6. Network Intelligence: Network intelligence involves the 
use of Artificial Intelligence (AI) and Machine Learning 

(ML) to optimize, control, and manage networks in a self-

organizing and adaptive manner. 

6G will enable networks to self-configure, self-heal, 

and self-learn, resulting in more efficient and context-aware 

service delivery tailored to users' needs and environmental 

conditions. Table 2 summarizes preliminary requirements 

for 6G communication as outlined by ITU & NGMN.  

TABLE 2. 6G REQUIREMENTS 

Parameter Target for 6G 

Peak Data Rate ≥ 1 Tbps 

Latency < 0.1 ms 

Spectrum Sub-THz, 100 GHz – 1 THz 

Mobility > 1000 km/h 

Reliability > 99.99999% 

Energy Efficiency 10× over 5G 

 

C. Key Technologies of 6G 

Following are key technologies that collectively form the 

backbone of 6G, offering unprecedented performance and 

supporting emerging use cases such as holographic 

communication, digital twins, metaverse, and ubiquitous AI-

powered networks. 

1. Terahertz (THz) Communication: Terahertz communication 

operates in the frequency range of 100 GHz to 10 THz, 



IJRECE VOL. 13 ISSUE 3 JULY-SEPT 2025                   ISSN: 2393-9028 (PRINT) | ISSN: 2348-2281 (ONLINE) 

INTERNATIONAL JOURNAL OF RESEARCH IN ELECTRONICS AND COMPUTER ENGINEERING 

 A UNIT OF I2OR  18 | P a g e  

offering extremely large bandwidth that can support ultra-high 

data rates in the order of terabits per second. This makes THz 

ideal for applications like real-time holography, high-speed 

data centers, and ultra-dense wireless access. However, THz 

signals suffer from high atmospheric attenuation and path loss, 

limiting their range and requiring advanced technologies like 
beamforming, intelligent reflecting surfaces, and short-range 

deployments to be viable [9]. 

2. Visible Light Communication (VLC): VLC uses LED light 

sources for high-speed wireless communication, primarily in 

indoor environments. Since visible light is abundant, VLC 

helps reduce the load on crowded radio networks.  

It offers advantages like security, higher data rates, and low 

electromagnetic interference. VLC is suitable for 

environments like hospitals, aircraft cabins, and smart homes, 

where RF signals may be restricted or undesirable [10]. 

3. Artificial Intelligence (AI) and Machine Learning (ML): AI 

and ML will help the network work smarter and automatically. 
These tools can predict traffic, fix problems by themselves, 

and manage resources efficiently. Advanced techniques 

like deep learning and reinforcement learning shall help to 

improve the speed, save energy, and adjust quickly to changes. 

This makes the 6G network more intelligent, reliable, and self-

managing [11]. 

4. Blockchain: Blockchain is a secure and decentralized way 

to manage data and transactions in 6G networks. It is 

particularly useful for Internet of Things (IoT) applications 

and network slicing. It helps in managing large amounts of 

data securely across distributed and heterogeneous networks 
[12]. 

5. Quantum Communication: Quantum communication 

employs the principles of quantum mechanics to ensure that 

the data transmitted is ultra-secure. One of the method is 

called Quantum Key Distribution (QKD). It lets two people 

share secret codes (keys) in a way that is safe from hackers. If 

someone tries to spy on the message, the system can detect 

and stop it. This makes 6G networks strong even against 

attacks from powerful quantum computers based attacks. 

6. Intelligent Reflecting Surfaces (IRS): IRS uses special smart 

surfaces made of tiny parts that can reflect or bend wireless 

signals. These surfaces can be controlled to improve the signal 
where it’s weak, like behind walls or in crowded cities. IRS 

helps make wireless communication more efficient, flexible, 

and energy-saving, especially indoors and in places where 

direct signals can not reach[13]. 

7. Integrated Sensing and Communication (ISAC):  ISAC is a 

new 6G technology that combines wireless communication 

with environmental sensing. This means the network 

can detect objects, track movement, recognize gestures, 

and map the environment while also sending data. ISAC helps 

in areas like self-driving cars, smart factories and human-

machine interaction by giving the network better awareness of 
its surroundings. 

8. Massive MIMO++ (Advanced Massive MIMO): Massive 

MIMO++, an evolution of traditional massive MIMO  

involves hundreds to thousands of antenna elements and 

intelligent surfaces to improve spectral efficiency, capacity, 

and reliability. It utilizes the principle of 3D beamforming, 

spatial multiplexing, and AI-powered antenna selection. It 
supports dense urban deployments, enhances connectivity in 

crowded environments, and reduces interference dramatically. 

III. 6G NETWORK ARCHITECTURE 

FIGURE 2: 6G ARCHITECTURE LAYERS AND TECHNOLOGIES 

6G architecture is composed of three core layers: Physical, 

Network, and Application. The multilayered architecture of 

6G enables to support unprecedented levels of speed, 

intelligence, and service quality, addressing the complex 
requirements of future digital societies [14]. Figure 2 depicts 

6G architecture. It is built on 5G’s disaggregated radio access 

network (RAN) and cloud-native core, introducing novel 

paradigms like: 

 Super-convergence: It combines computing, 

communication, and sensing to enable applications like 

gesture recognition and environmental mapping. 

 Non-IP-Based Protocols: It utilizes alternatives to 
traditional IP for faster, context-aware data transfer. 

 Reconfigurable Intelligent Surfaces (RIS): It uses RIS to 

redirect signals around obstacles, enhancing coverage 

and signal strength in THz bands. 

 Multi-Access Edge Computing (MEC): It employs multi-

access edge computing for low-latency processing, 

which is critical for AR/VR and IoT. 
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 Satellite Constellations: It deploys low-earth-orbit 

satellites for global coverage, supporting rural and 

disaster-prone areas. 

Architecture Layers 

A. Physical Layer: This is the foundational layer dealing with 

signal transmission and spectrum utilization. The Physical 

Layer involves Terahertz band communication, Satellite-

terrestrial integration and Reconfigurable intelligent 

surfaces[15].  

 a) Terahertz (THz) Band Communication 

 The band operates in the 100 GHz to 10 THz range. 

 It enables ultra-high data rates (~1 Tbps). 

 It is suitable for short-range, high-bandwidth applications. 

 b) Satellite-Terrestrial Integration 

 It combines Low Earth Orbit (LEO) satellite systems with 

terrestrial 6G infrastructure. 

 It ensures global connectivity, especially in rural or remote 

areas. 

c) Reconfigurable Intelligent Surfaces (RIS)  

 These are surfaces that reflect and control electromagnetic 

waves [12]. 

 They are used to dynamically control propagation 

environments. 

 They enhance coverage and energy efficiency. 

B. Network Layer: The Network layer focuses on data routing, 

intelligence, and network management. It incorporates AI-

native routing and optimization, blockchain-based security, 

and dynamic network slicing. 

a) AI-Native Routing and Optimization: AI/ML is integrated 

at the core of the network for: 

o Self-optimization (SON) 

o Predictive maintenance 

o Intelligent handover decisions 

 b) Blockchain-Based Security: Decentralized and immutable 
transaction records are required for: 

o User authentication 

o Secure data exchange 

o Preventing spoofing and attacks 

c) Dynamic Network Slicing 

 On-demand virtual networks tailored for different services 

like XR, critical IoT. 

 Each slice has its own Quality of Service (QoS) and 

Service Level Agrrement (SLA) guarantees. 

C. Application Layer: This layer hosts advanced services and 

user experiences that 6G will enable. It includes Extended 
Reality, Tactile internet, semantic communication 

a) Extended Reality (XR) 

 It includes Augmented Reality (AR), Virtual Reality 

(VR), and Mixed Reality (MR). 

 Ultra-low latency and high reliability is required. 

b) Tactile Internet 

 Real-time haptic feedback in enabled across networks. 

 It shall be critical for remote surgery, robotics, and 

industrial automation. 

c) Semantic Communication 

 Goes beyond transmitting bits to transmitting meaning. 

 AI understands the context and relevance, thus reducing 

data overload. 

D. Cross-Layer Intelligence and Interoperability: 6G 

integrates: 

 Edge and fog computing to reduce response time 

 Digital twin support for real-time virtual replicas of 

physical systems 

 Quantum communication is in experimental phases 

The technology utilized by each layer of 6G wireless networks 

is summarized in table 3.  

TABLE 3: LAYERS OF 6G ARCHITECTURE 

Layer Technologies/Concepts 

Physical THz Band, Satellites, Reconfigurable Intelligent 

Surfaces 

Network AI-Native Core, Blockchain Security, Dynamic 

Slicing 

Application XR, Tactile Internet, Semantic Communication 

 

IV. ADVANTAGES AND LIMITATIONS OF 6G 

6G offers substantial improvements over 5G, including Tbps 

data rates, sub-ms latency, ubiquitous coverage to name a few. 

However, it also faces significant challenges such as THz 

signal attenuation, high infrastructure and energy costs etc. 
The advantages and limitations of 6G over its predecessor are 

presented below:  

A.  Advantages of 6G 

6G promises transformative benefits over 5G, aligning with 

the demands of a hyper-connected society[16-18]: 

 Ultra-High Data Rates: 6G aims to achieve peak data 

rates of the order of 1 Tera bps, thus enabling 

applications like holographic communication and high-

resolution XR. 

 Microsecond Latency: 6G offers low latency of upto 0.1–

1 ms, which is critical for tactile internet and autonomous 

systems. 

 Massive Connectivity: It supports devices upto 107 per 

km². This makes it ideal for IoT and smart cities. 

 Energy Efficiency: It targets sub-nanojoule per bit, 

thereby enhancing sustainability. 

 Global Coverage: 6G offers global coverage by 

integrating LEO satellite constellations and terrestrial 

networks for seamless connectivity in remote and 

disaster-prone areas.  

 AI Integration: It enables pervasive AI for network 

optimization, predictive maintenance, and enhanced 

security. 
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 Reconfigurable Intelligent Surfaces (RIS): As it controls 

radio environment dynamically, there is an improvement 

in coverage and energy efficiency while reducing 

interference[12]. 

 Semantic and Contextual Communication: Transmitting 

“meaning” instead of raw bits increases communication 
efficiency by removing redundant data. 

 Healthcare: 6G shows it advantages in health sector as it 

shall enables remote surgery, continuous AI-assisted 

diagnostics, and wearable biosensor networks. 

 Industry 5.0: 6G finds its positive in industry 

applications as well as Cyber-physical 

systems and digital twins of factories shall allow 

predictive control and human-robot collaboration. 

B. Challenges faced by 6G 

Despite its potential, 6G faces significant hurdles [17,18]: 

 Spectrum Scarcity: THz bands suffer from high path 

loss, molecular absorption, and limited range, 

necessitating advanced beamforming and RIS. THz 

waves suffer from severe atmospheric attenuation, 

limiting their range and requiring line-of-sight or RIS for 

signal redirection. 

 Energy Consumption: Supporting Tbps data rates, dense 
AI operations, High-frequency communication increase 

power demands, challenging sustainability goals. 

 Security and Privacy: The expanded attack surface due 

to AI and IoT integration raises concerns about data 

breaches and eavesdropping. Further, with brain-

computer interfaces, biometric monitoring, and semantic 

understanding, privacy risks are amplified. 

 Deployment Costs: Infrastructure upgrades for THz, 

satellite, and RIS technologies are capital-intensive. 

 Standardization Fragmentation: Geopolitical tensions 

(e.g., Huawei/ZTE bans) risk creating non-interoperable 
standards. 

 Hardware Limitations: Developing low-loss materials 

and high-performance semiconductors for THz 

communication remains a challenge. 

V. APPLICATIONS OF 6G IN KEY SECTORS 

6G is designed to go beyond communication and become a 

key enabler for intelligent, immersive, and ubiquitous 

services. It is poised to revolutionize nearly every industry by 

enabling ultra-reliable, high-speed, low-latency, and 

intelligent communication networks that extend beyond the 

capabilities of 5G.  

A. Healthcare and Medical Applications 

In the healthcare domain, 6G will support real-time remote 

surgeries and diagnostics through tactile internet and brain-

computer interfaces (BCIs). A doctor in Germany could 

perform surgery on a patient in Kenya [17,19]. 

Continuous health monitoring will be facilitated by 

wearable and implantable biosensors, allowing AI-driven 

predictive healthcare, early disease detection, and personalized 

treatments, especially in rural or underserved areas. The 

sensors embedded in the body shall monitor the vitals 

continuously. 

B. Mobility and Transport  

In transportation and mobility, 6G will enable fully 

autonomous vehicles and drones to communicate in real time 

using vehicle-to-everything (V2X) protocols. This will 

drastically improve traffic management, safety, and route 

optimization. It will enable safe and cooperative autonomous 

driving even in congested or high-speed scenarios. Urban air 

mobility will integrate drones and flying taxis. There will be 
seamless connectivity between aerial vehicles, satellites, and 

terrestrial nodes [18].  

C. Smart Manufacturing (Industry 5.0) 

The manufacturing sector will undergo a revolutionary  

transformation with the implementation of Industry 5.0 

concepts. Humans and robots will work side-by-side in 
intelligent factories. Digital twins, that is virtual replicas of 

physical assets, will be constantly updated using 6G-enabled 

sensors. AI will allow predictive maintenance, operational 

simulation, and remote control of industrial systems. The 

ultra-low latency and distributed AI in 6G networks will also 

enable real-time robotics coordination, essential for just-in-

time manufacturing and rapid prototyping [19]. 

D. Smart Cities and Infrastructure 

6G will support billions of sensors connected together for 

infrastructure health monitoring, energy management, and 

public safety. There shall be infrastructure surveillance and 

protection based on AI-based semantic communication for 

real-time event detection like structural fatigue, environmental 

hazards etc. Smart grids shall optimize energy flow, detect 

faults, and adapt to supply/demand using sensor networks [20, 

21].  

E. Metaverse and Immersive Media 

6G will enable highly interactive Extended Reality (XR) 

experiences such as Augumented Reality (AR), Virtual 

Reality (VR), and Mixed Reality (MR) with lifelike realism 

and zero perceptible delay. Holographic telepresence will 

allow people to attend meetings or performances remotely in 

3D form, merging physical and virtual worlds seamlessly. 
These experiences will be enriched by 6G’s support for 

semantic understanding, allowing systems to interpret and 

adapt to users intentions and emotions in real time [22]. 

F. Agriculture and Environmental Monitoring 

6G powered drones and ground sensors will allow real-time 
monitoring of soil conditions, crop health, and climate data. 

This will enable farmers to make accurate decisions regarding 

irrigation, fertilization, and pest control, leading to sustainable 

farming practices and better yield. Likewise, climate scientists 

and emergency services can track and respond to natural 
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disasters such as wildfires, floods, and earthquakes, with more 

precision using satellite-ground integrated 6G systems [23]. 

G. Space and Defence applications 

6G technology shall provide with high-speed communication 

for satellite constellations, space stations, and deep-space 

exploration. High throughput satellite links and secure, 

encrypted channels will enhance deep-space missions, military 

coordination, and national security infrastructure. Integration 

with quantum communication and blockchain-based security 

will ensure data integrity and resistance to cyberattacks in 

sensitive operations [24]. 

VI. CONCLUSION 

6G marks a significant evolution in wireless 

communication. With unprecedented data rates, ultra-low 

latency, and integrated intelligence, 6G will reshape digital 

infrastructure and services across all sectors.  

This paper has presented a comprehensive overview 

of the evolution from 1G to 6G, explored the ongoing 

standardization efforts, and detailed the architecture and 

technological foundations that will support 6G networks. 
Through use cases spanning healthcare, mobility, industry, 

urban infrastructure, and immersive media, we observe how 

6G will enable real-time interactions, seamless automation, 

and sustainable solutions at an unprecedented scale. 

However, 6G is still in its conceptual and 

experimental phase. Despite its promise, it faces major 

challenges such as THz signal propagation issues, hardware 

limitations, ethical concerns around brain-computer interfaces 

and AI, and the high cost of infrastructure deployment. To 

address these issues, coordinated efforts across academia, 

industry, international collaboration and foundational research 
are crucial for successful deployment and adoption of 6G. As 

research and trials advance, 6G is set to not only redefine 

telecommunications but also fundamentally reshape the way 

societies connect, communicate, and coexist. 
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