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Abstract: [ Objective] Optical Orthogonal Time - Frequency Space (OOTFS) systems exhibit strong robustness in complex op-
tical channels. To further enhance the Spectral Efficiency (SE), Index Modulation (IM) has been introduced into OOTFS sys-
tems. However, existing widely used dual -mode index modulation schemes generally rely on fixed or fully activated structures,
resulting in limited SE granularity and insufficient flexibility. [ Methods I To address this issue, a OOTFES with Sparse Dual Mode
Index Modulation (OOTFS-SDM -IM) system is proposed. By introducing a non - fully activated subcarrier grouping structure
combined with a mode indexing mechanism, the proposed scheme extends the index mapping freedom and enables flexible SE adap-
tation. The spectral efficiency expression is derived, and the bit error rate performance under different parameter configurations is
analyzed over an Exponential Weibull atmospheric turbulence channel. [Results] Simulation results show that the proposed OOTFS-
SDM - IM system achieves an spectral efficiency range from 1.0 to 2.5 bit-s '-Hz ' with a fine granularity of 0. 25 bit-s '-Hz ',
providing higher configuration flexibility than conventional Dual - Mode Index Modulation (DM -IM) based systems. At equal
spectral efficiency, the proposed scheme exhibits identical bit error rate performance compared with its dual-mode index modula-
tion counterpart, verifying the enhancement of spectral efficiency enhancement without performance degradation. Furthermore,
additional performance gains can be obtained through appropriate structural optimization. [ Conclusion] The proposed OOTFS -
SDM - IM system provides an effective design approach for achieving a desirable trade - off between transmission reliability and
spectral efficiency.
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