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Enhancing 5G Communication with Deep Learning-
Powered Autoencoder Equalization

Executive Summary

The rapid evolution of 5G technology brings challenges like multipath propagation and
fading, which degrade signal quality. This policy brief explores an autoencoder-based
equalizer designed to mitigate these issues in 5G networks. By leveraging deep learning, the
proposed system demonstrates superior performance in reducing Symbol Error Rate (SER)
and Bit Error Rate (BER) for 16-QAM and 64-QAM modulation schemes under the
ITU/IMT 2020 channel model. Key findings show SER improvements to 10 and BER t0107
at higher SNR levels, highlighting the potential of Al-driven solutions for robust 5G
communication. Policymakers and stakeholders are urged to invest in Al-integrated
infrastructure and collaborative research to accelerate deployment and standardization of such

innovations.

Introduction

5G networks promise transformative advancements in speed, latency, and connectivity,
enabling 10T, smart cities, and autonomous systems. However, challenges like multipath
interference and fading persist, necessitating advanced equalization techniques. Traditional
methods (e.g., Zero Forcing) struggle with dynamic channel conditions, while machine
learning (ML) approaches face data and generalization limitations. This brief examines a
novel autoencoder-based equalizer that addresses these gaps by learning compact
representations of noisy signals. The research focuses on the ITU/IMT 2020 model and QAM
modulation, offering insights into AI’s role in enhancing 5G reliability. Policymakers must

prioritize such innovations to meet future communication demands.
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Research Findings

The study evaluated an autoencoder equalizer using 16-QAM and 64-QAM under the
ITU/IMT 2020 channel model. Key results include:

Performance Metrics: At 10 dB SNR, the autoencoder achieved SER of 10 and BER
of 10° for 16-QAM, and SER of 10° for 64-QAM, outperforming traditional
methods. Constellation plots confirmed effective noise mitigation.

SNR Sensitivity: Performance improved significantly at higher SNR (5-10 dB), with
marginal gains at 1 dB, underscoring the model’s adaptability to favourable
conditions.

Convergence: Training loss stabilized after 115 epochs, indicating efficient learning
with limited data.

Modulation Impact: 64-QAM showed higher error rates due to denser symbol

constellations, suggesting trade-offs between data rate and robustness.

These findings validate autoencoders as viable tools for 5G equalization, particularly in

outdoor-indoor scenarios.

Policy Recommendations

To harness Al-driven equalization for 5G, policymakers should:

Promote Al Integration: Fund R&D for Al-based communication tools, prioritizing
autoencoders and other DL models in national 5G/6G roadmaps.

Standardize Frameworks: Collaborate with ITU and 3GPP to establish guidelines for
Al-powered equalizers, ensuring interoperability and security.

Support Infrastructure Upgrades: Incentivize telecom providers to deploy Al-ready
hardware, including edge computing for real-time signal processing.

Foster Academia-Industry Partnerships: Accelerate knowledge transfer via grants and

pilot projects, focusing on real-world data collection and model refinement.
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- Address Ethical and Regulatory Gaps: Develop policies for data privacy and

algorithmic transparency in Al-driven networks to build public trust.

Conclusion

Autoencoder-based equalizers offer a promising solution to 5G’s signal integrity challenges,
as evidenced by improved SER/BER metrics. Their integration requires coordinated efforts
among governments, industries, and researchers. By adopting the recommended policies,
stakeholders can ensure resilient, high-performance 5G networks, paving the way for future

innovations like 6G.
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