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Integrated Sensing-Communication-Control System for Low-Altitude
UAVs:A MIMO-OTFS-NOMA Framework and Key Enabling Techniques

LI Jingfu', LU Jiaxing', ZOU Yingquan', HUANG Chong’, WANG Qianli', CHEN Gaojie’, FAN Pingzhi"
(1. School of Information Science and Technology, Southwest Jiaotong University, Chengdu, Sichuan 611756, China;
2. School of Flexible Electronics, Sun Yat-sen University, Shenzhen, Guangdong 518107, China)

Abstract: Low-altitude unmanned aerial vehicle (UAV) swarms in urban airspace operate over rapidly time-varying
multipath channels, where severe Doppler shifts and doubly selective fading can degrade data links, sensing reliability, and
closed-loop cooperative control. To address these issues, this paper proposes an integrated sensing-communication-control
framework based on MIMO-OTFS-non-orthogonal multiple access. Specifically, orthogonal time frequency space (OTFS)
modulation is utilized to provide a quasi-static representation in the delay-Doppler (DD) domain, enhancing robust transmis-
sion and parameter estimation (e.g., range and velocity) under doubly selective channels. Simultaneously, multiple-input
multiple-output (MIMO) and power-domain non-orthogonal multiple access (NOMA) are combined to achieve massive ac-
cess and spectral efficiency. Furthermore, we construct a DD-domain micro-Doppler structured-mapping mechanism, where
rotor micro-Doppler signatures serve as physical-layer fingerprints for identity association, providing a reliable index for ro-
bust tracking and cooperative control under dense or crossing trajectory conditions. For the uplink backhaul, a superposition

transmission architecture is designed with full-frequency multiplexing for the master UAV and frequency-division access
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for slave UAVs. By decomposing complex cluster interference into parallel two-user NOMA models and applying a joint
detection scheme based on the message passing algorithm and successive interference cancellation, the proposed method ef-
fectively mitigates inter-user interference, ensuring air-ground link reliability. Finally, a sensing-aided cooperative trajectory
control loop is established using the sensed range/velocity and micro-Doppler feature identity association results to realize
the integrated sensing-communication-control process. Simulation results demonstrate that the proposed scheme avoids the
bit-error-rate floor observed in baselines based on orthogonal frequency division multiplexing and non-orthogonal multiple
access, and achieves a signal-to-noise ratio gain of approximately 7 dB. Moreover, the sensing module realizes stable esti-
mation of range and velocity, with accuracy trends consistent with the Cramér-Rao bound analysis. In the closed-loop coop-
erative validation, the sensing-feedback-based UAV swarm achieves three-dimensional formation trajectory tracking. Dur-
ing continuous maneuvering cruise, the cooperative position root mean square errors of the four slave UAVs are controlled
at 0.13, 0.15, 0.19, and 0.23 m, respectively, and the relative errors do not diverge. This preliminarily verifies the closed-
loop stability of the proposed scheme in the integrated sensing-communication-control process at the simulation level.

Keywords: integrated sensing-communication-control system; orthogonal time frequency space; micro-Doppler; non-
orthogonal multiple access; control compensation mechanism
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calization
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