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Effect of Mode Coupling on Quantum Bit Error Rate in Mode Division
Multiplexing Simultaneous Transmission System
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College of Information and Navigation, Air Force Engineering University, Xi'an, Shaanxi 710077, China

Abstract In the quantum-classical signal simultaneous transmission scheme sharing a same few-mode fiber based on
mode division multiplexing, the mode coupling effect in the optical fiber will lead to crosstalk between channels,
resulting in bit error. In this paper, a segmented link model of few-mode fiber is constructed, and the magnitude of
mode coupling strength due to fiber splicing error is studied, based on which the system quantum bit error rate
(QBER) formula is deduced in the presence of mode coupling. By comparing the coupling strength of each mode,
the optimal transmission mode of quantum signal in the scheme is determined. The effects of mismatch distance,
torsion angle, and fiber length on the QBER are discussed. The results show that the three factors that affect the
coupling strength of link mode are positively correlated with the QBER, and the quantum-classical signal
simultaneous transmission system with small fiber splicing error in short distance can effectively reduce the QBER.
Key words optical communications; quantum communications; mode division multiplexing; simultaneous
transmission sharing a same fiber; mode coupling; quantum bit error rate
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Fig. 1 Piecewise link model of the few-mode fiber
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(b) quantum signals are loaded on LP,;, mode; (c¢) quantum signals are loaded on LP,;, mode
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