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Abstract: To overcome the formidable challenges of suppressing laser frequency noise and clock noise in
millihertz-band space-borne gravitational wave detection, as well as the inherent complexity and limitations
of conventional second-generation Time-Delay Interferometry (TDI) schemes, this study proposes an innov-
ative payload architecture and noise suppression strategy based on Space-borne Optical Clocks (SOCs). We
first detail the core payload design, which replaces the traditional Ultra-Stable Oscillator (USO) on each
spacecraft with an advanced SOC system. Subsequently, we introduce two synergistic noise suppression
mechanisms: locking the laser strictly to atomic transition frequencies, and employing optical frequency
combs (OFCs) to down-convert the optical clock frequency into a highly stable microwave clock signal.
Drawing upon the stability parameters of state-of-the-art SOCs, the system's noise suppression performance
across the target frequency band of 0.1 mHz to 1 Hz is comprehensively verified through both theoretical
analysis and numerical simulations. The results demonstrate that the proposed scheme suppresses laser fre-
quency noise and clock noise by two and three orders of magnitude in the millihertz band, respectively, en-
suring that the residual noises remain well below the stringent noise floor required for the mission. Remark-
ably, this architecture enables the first-generation TDI technology to fully satisfy the mission requirements,
thereby eliminating the need for additional complex clock-noise-removal algorithms. Consequently, while
preserving high detection sensitivity, this scheme drastically enhances the simplicity and robustness of the
data processing pipeline, and significantly relaxes the rigorous precision constraints typically imposed on
inter-spacecraft ranging and clock synchronization. As SOC technology continues toward miniaturization, the
proposed framework exhibits substantial application potential for future space-borne gravitational wave ob-

servatories.
Key words: space-based gravitational wave detection; space optical clock; time-delay interferometry (TDI);
noise suppression
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