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Abstract: The world is on the verge of entering the 6G era, where communication will no longer be limited to fast
downloads or low latency but will become the backbone of immersive experiences such as holographic meetings,
digital twins, and autonomous robotics. Terahertz (THz) frequencies are considered the crown jewel of 6G for enabling
terabit-per-second data rates, but they also bring unique hurdles such as short range and high energy loss. This paper
reviews recent advances in THz communication and highlights how technologies like Reconfigurable Intelligent
Surfaces (RIS), artificial intelligence, and quantum-safe security are being integrated to overcome these limitations. We
propose a system where THz links are supported by RIS networks, Al-driven orchestration, and hybrid security models,
creating a more reliable, intelligent, and secure foundation for future wireless networks.
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1. INTRODUCTION

Every new generation of wireless networks has reshaped the way people connect with the world. 1G allowed voice
calls, 3G introduced mobile internet, and 5G made smart cities and IoT possible. Yet even 5G, with its impressive
speed and low latency, cannot keep up with the data-hungry applications that are emerging. Imagine doctors
performing remote surgeries with tactile feedback, students attending lectures as holograms, or factories running fully
autonomous robots — these require more than just “faster 5G.”

This is where 6G comes in. Expected to roll out around 2030, 6G promises data rates up to 1 terabit per second, latency
of less than a millisecond, and seamless integration of communication with sensing and intelligence. Terahertz
frequencies are at the heart of this revolution, offering massive unused bandwidth. However, using THz waves is not
simple. They are easily absorbed by the atmosphere and struggle with long-distance propagation. To make them
practical, 6G will need supporting technologies such as RIS to bend and reflect signals, Al to make real-time decisions,
and quantum-safe methods to secure sensitive data.

2. LITERATURE SURVEY

No Topic (Year) Authors Abstract Conclusion Advantages | Disadvantages
Summary Summary
1 Terahertz  for Akyildiz et Examined THz THz enables Huge High attenuation,
6G (2022) al. bands (0.1-10  Tbps links bandwidth, short range

THz) for ultra- but needs = ultra-fast
high-speed data =new antennas

transfer. and
materials.
2 RIS in 6G Wuetal Proposed RIS RIS extends Improves Needs  precise
(2023) to redirect and coverage, coverage, control
strengthen reduces energy-
THz/mmWave | outages. efficient
signals.
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3 Al for Resource = Zhang et  Surveyed Al- | Al is Intelligent, Requires  large
Management al. driven essential but adaptive datasets
(2024) spectrum data-hungry.

allocation and
mobility
prediction.

4 Quantum-Safe | Chenetal. Reviewed Quantum Future-proof = Expensive,
Security (2024) QKD and post- methods immature

quantum provide hardware
cryptography. strong

security but

are hard to

integrate.

5 Beyond THz @ Singhetal. Explored 6G enables Supports Dis: Needs Tbps
Applications holographic immersive new apps =+ high reliability
(2025) communication | apps but

and digital = requires
twins. robustness.

Researchers agree that THz frequencies are powerful but fragile. RIS acts like “smart wallpaper,” bending signals to
reach users. Al is the brain of 6G, dynamically controlling resources, while quantum-safe methods ensure security even
in the quantum era. Together, these technologies pave the way for revolutionary applications.

3. EXISTING SYSTEM

At present, most research focuses on individual pieces rather than a complete picture. Current 5G and early 6G trials
rely heavily on millimeter waves and experimental THz prototypes. RIS is still mostly confined to labs, Al algorithms
are tested in simulations rather than real networks, and quantum-safe methods are being tried on optical fibers, not
wireless links. These existing systems are fragmented and limited in scale, unable to meet the full vision of 6G.

4. PROPOSED SYSTEM

We propose an integrated 6G architecture that looks beyond just terahertz communication:

» Multi-band Hybrid Fabric: Combine THz, optical, and visible light spectrum.

* RIS Mesh Networks: Deploy RIS panels on buildings, streetlights, and drones to extend coverage.

» Al-Native Orchestration: AI makes real-time decisions for beamforming and resource allocation.

* Joint Sensing and Communication: Use THz for both data and sensing, enabling high-resolution localization.
* Quantum-Safe Security: Hybrid security using post-quantum cryptography and QKD.

5. METHODOLOGY

1. Build THz channel models with simulations and experiments.

2. Deploy RIS mesh and evaluate coverage improvements.

3. Train Al models (reinforcement learning) for real-time optimization.
4. Prototype with compact antennas and RIS arrays.

5. Validate security protocols under varying network conditions.

6. CONCLUSION

6G is not just about speed; it is about enabling new ways of living and working. Terahertz communication opens the
door to unprecedented performance, but it cannot succeed alone. By combining THz with RIS, Al, and quantum-safe
security, networks can become intelligent, reliable, and future-proof.
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