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Abstract: Orthogonal time frequency space (OTFS) modulation is an effective waveform for high-mobility communica-
tion, and its reliable reception relies on pilot pattern design. Although existing zero-Doppler pilot patterns enable channel
estimation in the time-frequency domain, the non-orthogonality between pilots and data limits the estimation perfor-
mance; furthermore, delay-based path discrimination methods lack robustness under bandwidth-constrained conditions,
casily leading to an error floor. To achieve simultaneous orthogonality in both domains, the delay dimension of data sym-
bols was first compressed, converted to low-dimensional TF symbols via inverse symplectic finite Fourier transform, and
mapped to pilot-free indices for orthogonal isolation. To address increased complexity from dimension changes, modula-
tion and demodulation were decomposed into data mapping and conventional processes. For improved robustness in
channel estimation, after Bayesian inference, the sparsity of the posterior mean was evaluated to check convergence; if
not converged, hyperparameter initial values were perturbed and inference was re-run. Simulation results showed that er-
ror floors were eliminated by the proposed method, normalized mean square error was reduced by up to 3 dB, required

SNR was lowered by up to 7 dB at BER 10, and the computational complexity was reduced to about 1/15 of direct com-
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putation. A physical verification platform using software-defined radio and channel simulator confirms the feasibility and

effectiveness of the proposed approaches.
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