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Summary of theoretical and academic contribution of the dissertation:

The primary focus of the dissertation is to propose three new models for short-packet communications, aimed at significantly improving the resolution of two crucial criteria: reliability and latency. This aligns with the goal of meeting the demands of ultra-reliable and low latency communications (uRLLCs), namely:

Model 1: This model involves short-packet communications within a two-hop decode-and-forward (DF) network. The model incorporates protocols to enhance spatial diversity, including Transmit Antenna Selection (TAS), Partial Relay Selection (PRS), and Maximum Ratio Combining (MRC). Furthermore, the model concentrates on optimizing the transmit power and the position of the relay node to efficiently meet the service requirements of uRLLCs. The performance of the system is significantly improved in the optimized scenario compared to the non-optimized case.
Model 2: This model involves short-packet communications using Intelligent Reflecting Surfaces (IRS) in relay networks. It introduces a new approach to analyze, evaluate, and compare the system performance with that of the traditional DF relay node short packet transmission models. This model achieves higher diversity order and performance improvements when compared with the DF relay model, despite both models using the same transmit power level.
Model 3: This model supports short-packet communications via Intelligent Reflecting Surfaces IRS within cooperative NOMA networks. It utilizes protocols aimed at optimizing energy, enhancing reliability, and reducing latency for the system, by shaping the waveforms at the source, through the intelligent reflecting surface, and with successive interference cancellation (SIC) at the receiver. Furthermore, this third model integrates deep learning methods based on deep neural networks (DNN) to predict performance and solve the power allocation problem, significantly improving accuracy while simultaneously reducing computation time and complexity compared to traditional methods.

The contributions of this dissertation provide practical value in the development of next-generation mobile networks, laying a solid foundation for uRLLC applications. Additionally, the methods and models proposed in this thesis can effectively support the design and deployment of future wireless networks.
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