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論文審査の結果の要旨 
This dissertation makes an important contribution to the development of wireless communication 
systems by advancing the design and analysis of finite-dimensional lattice codes. It demonstrates 
that lattice-based methods can provide reliable communications with reduced latency, offering a 
practical alternative to conventional coding schemes. The research addresses fundamental 
challenges in single-user transmission and compute-forward (CF) relaying, where decoding errors 
and lack of error detection can reduce performance. 
    A central innovation of this dissertation is a retry decoding scheme, which improves error 
rates by allowing the decoder to adjust decoding coefficients and attempt recovery without 
requiring retransmission. This approach is broadly applicable since it does not alter the 
underlying lattice decoder, and numerical results show substantial coding gains for both single-
user and CF relaying scenarios. The work also introduces CRC-embedded lattice codes, enabling 
low-complexity error detection within the lattice framework. This construction allows detection 
of erroneous decoding in CF relaying—something conventional schemes lack—thus preventing 
propagation of errors through the network. Optimization of CRC design further strengthens error 
detection and enhances the benefits of retry decoding. In addition, the dissertation proposes a 
new Construction A lattice design suitable for medium-dimensional scenarios requiring low 
latency. By leveraging properties of binary codes, the design identifies lattices that achieve 
significantly lower error rates than classical approaches, with validated performance using BCH 
and polar codes. 
    Overall, this dissertation represents a comprehensive study of finite-dimensional lattice code 
design, with novel algorithms and constructions that enhance reliability, reduce latency, and 
extend the applicability of lattice-based coding in modern wireless systems. 
    The committee recognizes the originality, technical depth, and significance of this work, and 
agrees that this dissertation is of excellent quality. The committee approves awarding the doctoral 
degree to Xue Jiajie. 

 


