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Abstract In this paper, the statistical properties of mode coupling and modal dispersion in mode-division
multiplexing systems are studied. Employing a statistical modal-dispersion model based on the density-ma-
trix formalism, the mode-coupling induced variations of optical-field energy distribution and coherence,
and the statistical distributions of various physical quantities concerning the modal dispersion in a six-mode
fiber are numerically simulated. The results show that random perturbations of the fiber cause the coher-
ence among different modes to decay rapidly to zero within a short propagation distance, therefore, when
processing mode signals in coherent optical communication systems, it is important to consider both the
energy coupling and coherence variation among the modes. It is also found that the statistical distributions

of the first and second-order modal dispersion in the six-mode fiber can be described by a modified set of
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formulas originally derived for polarization mode dispersion. Our work can provide a theoretical guidance
for performance recovery of optical signals in mode-division multiplexing systems and promote the practi-
cal applications of mode-division multiplexing technology.
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