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Abstract: The sixth generation (6G) of wireless communication is poised to revolutionize the global 

connectivity landscape by offering unprecedented capabilities such as ultra-low latency (on the order of 

microseconds), terabit-per-second (Tbps) data rates, pervasive global coverage, and intelligent, self-

optimizing networks. As the successor to 5G, 6G is expected to empower futuristic applications such as 

immersive extended reality (XR), holographic telepresence, tactile Internet, digital twins, autonomous 

systems, and brain-computer interfaces—demands that far exceed the capabilities of current systems. 

Keywords: sixth generation. 

 

I. INTRODUCTION 

Wireless communication has undergone significant transformations with each generation. From voice calls in 1G to 

ultra-reliable low latency communications in 5G, the evolution has fueled innovations across industries. However, 

emerging applications like holographic telepresence, digital twins, tactile internet, and autonomous systems demand 

even more stringent requirements in data rate (Tbps), latency (microseconds), and reliability. 

This paper presents a comprehensive literature survey on 6G wireless communication, systematically reviewing the 

state-of-the-art developments, core enabling technologies, critical challenges, and promising research directions. Key 

technologies explored include terahertz (THz) communication, which enables ultra-high-speed data transmission; 

Reconfigurable Intelligent Surfaces (RIS), which provide intelligent control over the propagation environment; 

Artificial Intelligence (AI)-enabled network architectures, which facilitate real-time analytics, decision-making, and 

autonomous operation; quantum communication for ultra-secure data exchange; and Space-Air-Ground Integrated 

Networks (SAGIN) to ensure seamless global coverage and connectivity. 

The survey further delves into the architectural transformation necessary for 6G, including the convergence of 

communication, computing, and control, and highlights the potential of edge intelligence, federated learning, and 

blockchain in achieving secure, scalable, and decentralized systems. The paper also critically discusses major research 

challenges such as spectrum scarcity, energy efficiency, standardization issues, device complexity, and the need for 

robust privacy and security mechanisms. 

By consolidating insights from recent advancements and ongoing research, this paper identifies key open issues and 

outlines future research directions necessary for the realization of a robust and scalable 6G ecosystem. The goal is to 

provide researchers, practitioners, and policymakers with a thorough understanding of the 6G landscape and a strategic 

roadmap for its development and deployment. 

 

II. LITERATURE SURVEY 

Recent works in 6G focus on novel use cases, spectrum expansion, and AI-driven optimization. Some notable 

contributions: 
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Saad et al. (2022): Proposed a vision of 6G including intelligent connectivity, use of THz and VLC, and pervasive AI 

integration. 

Giordani et al. (2023): Highlighted 6G’s dependence on sub-THz and mmWave frequencies to achieve data rates above 

1 Tbps. 

Zhang et al. (2023): Introduced a multi-layer intelligent architecture using reconfigurable intelligent surfaces (RIS). 

Letaief et al. (2022): Addressed key AI challenges for real-time, autonomous network orchestration in 6G. 

However, gaps remain in energy-efficient protocols, security for intelligent systems, and standardization of 6G 

hardware-software interfaces. 

  

III. EMERGING TECHNOLOGIES IN 6G 

Terahertz (THz) communication is envisioned as one of the cornerstone technologies of 6G wireless systems, 

operating within the frequency range of 100 GHz to 10 THz. This spectrum band, located between the millimeter-wave 

and infrared regions, offers an abundance of unutilized bandwidth, making it a promising candidate to support ultra-

high-speed data transmission in the order of hundreds of gigabits to several terabits per second. 

THz frequencies can accommodate extremely wide bandwidths—ranging from several GHz to tens of GHz per 

channel—which is essential for meeting the extreme data rate requirements of 6G applications such as: 

 Holographic communication 

 High-resolution sensing and imaging 

 Wireless backhaul for ultra-dense networks 

 Real-time XR and brain-computer interfaces 

 

Reconfigurable Intelligent Surfaces (RIS) 

RIS enable passive beamforming and channel reconfiguration, improving spectral and energy efficiency. 

RIS technology supports passive beamforming without requiring active radio frequency (RF) chains, which results in 

significant reductions in power consumption and hardware complexity. Some of the primary benefits include: 

Improved Spectral Efficiency: 

By intelligently reflecting and directing signals towards desired receivers, RIS enhances the effective channel gain, 

leading to higher throughput and better signal-to-noise ratios (SNR). 

Enhanced Energy Efficiency: 

Since RIS does not generate or amplify signals but merely reflects them using tunable surface elements, it consumes 

very low energy, making it highly suitable for green communication in 6G. 

Coverage Extension and Blockage Mitigation: 

RIS can be strategically placed to bypass physical obstructions and create virtual line-of-sight (LoS) paths in 

environments where direct paths are blocked, such as urban canyons or indoor blind spots. 

Cost-Effective Infrastructure: 

Unlike traditional active relays and base stations,  

RIS does not require high-power amplifiers,  

mixers, or digital signal processors. This makes deployment cost-efficient and scalable. 

 

Artificial Intelligence & Machine Learning 

AI empowers predictive resource allocation, anomaly detection, and autonomous network management. 

Artificial Intelligence (AI) is anticipated to play a foundational role in the design, deployment, and operation of 6G 

wireless communication systems. Unlike previous generations where AI was an add-on tool, in 6G, AI is deeply 

integrated into the network fabricto enable autonomous decision-making, real-time adaptability, and intelligent 

optimization of wireless resources. 

AI techniques—especially machine learning (ML), deep learning (DL), reinforcement learning (RL), and 

federated learning (FL), empower the network to analyse massive volumes of data, learn from past experiences, and 

make predictive or proactive decisions. The following key capabilities are especially relevant in the 6G context: 
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 Predictive Resource Allocation 

 Anomaly Detection and Network Security 

 Autonomous Network Management 

 AI at the Edge 

 

D. Visible Light Communication (VLC) 

VLC provides high-speed data transmission using LED light, suitable for indoor 6G networks. 

Visible Light Communication(VLC) is a promising wireless communication technology that utilizes the visible 

spectrum (380–750 nm)to transmit data by modulating the intensity of Light Emitting Diodes (LEDs). As an 

alternative and complementary solution to radio frequency (RF)-based systems, VLC is gaining momentum as a key 

enabler for high-speed, secure, and interference-free communication in 6G, particularly in indoor environments 

such as smart homes, offices, hospitals, and industrial settings. 

 

Quantum Communication 

Quantum technologies may enhance 6G security through quantum key distribution (QKD). 

As 6G networks aim to support ultra-reliable and secure communication for mission-critical applications—including 

autonomous vehicles, remote surgery, and industrial automation, quantum technologies are emerging as a powerful 

enabler of next-generation security paradigms.  

Among these, Quantum Key Distribution (QKD) holds particular promise for achieving unconditionally secure 

encryption, beyond the reach of classical cryptographic algorithms. 

 

F. Edge & Fog Computing 

Distributed intelligence near users reduces latency and enhances data privacy. 

As 6G networks evolve to support real-time, context-aware, and privacy-sensitive applications, the traditional 

centralized cloud computing model becomes inadequate due to its inherent latency, scalability, and data privacy 

limitations. To address this, Distributed Intelligence—also referred to as Edge Intelligence—is emerging as a 

foundational architectural element of 6G. 

Distributed intelligence refers to the deployment of AI/ML algorithms and computational capabilities at the 

network edge, i.e., closer to the end users, devices, and sensors. This shift from cloud-centric to edge-centric 

processing enables ultra-fast and secure service delivery, aligning with the stringent requirements of 6G use cases. 

 

IV. USE CASES AND APPLICATIONS 

Use cases like holographic telepresence, digital twins, and autonomous vehicles demand innovations across AI, THz, 

RIS, and edge computing. Below is a summary of key applications and enabling technologies.(Table 1) 

 

Application Requirements Enabling Tech 

Holographic Telepresence >1 Tbps, <1 ms latency THz, AI, RIS 

Tactile Internet Ultra-low latency Edge AI, 5G/6G hybrid 

Digital Twins High reliability, real-time ML, Fog Computing 

Autonomous Vehicles High mobility, low delay V2X, AI, MIMO 

Smart Healthcare Privacy, low latency Edge AI, VLC, RIS 

Table 1: Use cases 

 

V. KEY CHALLENGES 

Hardware Limitations 

Designing THz antennas and transceivers remains costly and complex. 

Channel Modeling 
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6G environments demand new models for high-frequency, highly dynamic channels. 

Spectrum Regulation 

Global consensus on THz and optical spectrum allocation is lacking. 

Security & Privacy 

AI-powered 6G raises concerns about data ownership, spoofing, and adversarial attacks. 

Energy Efficiency 

Green communication protocols and low-power hardware are essential to ensure sustainability. 

Standardization and Interoperability 

6G must be backward compatible while supporting diverse applications 

 

VI. FUTURE RESEARCH DIRECTIONS 

The evolution of 6G wireless communication extends beyond enhancements in speed and latency—it aims to 

revolutionize how networks are designed, managed, and experienced. This section highlights key emerging research 

directions that are shaping the roadmap toward an intelligent, sustainable, and immersive 6G ecosystem. 

6G is expected to transition from AI-assisted to AI-native architectures, where AI is deeply embedded at every layer of 

the network stack from the physical layer to application control. 

End-to-End Intelligence: AI algorithms will drive network configuration, traffic prediction, fault management, and 

QoS provisioning in real-time, enabling zero-touch automation and self-evolving networks. 

Knowledge-Defined Networking (KDN): Combining AI with software-defined networking (SDN) and network 

function virtualization (NFV) enables adaptive, context-aware control based on global and local knowledge. 

AI Model Placement and Lifecycle Management: Optimizing the location, update frequency, and orchestration of AI 

models across edge, fog, and cloud infrastructure will be critical. 

 

VII. CONCLUSION 

6G represents a paradigm shift toward intelligent, immersive, and ultra-reliable wireless ecosystems. While significant 

progress has been made, technical challenges in spectrum, hardware, and AI integration must be resolved. This 

literature survey serves as a foundational reference for researchers exploring next-generation wireless technologies, 

guiding them toward open research areas and future innovations. 
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