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Multi-Dimensional Modulation Designing Based on
Four-Dimensional Nonlinear Interference Model for
Single-Span Optical Transmission System
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(School of Computer Science and Information Engineering, Hefei University of Technology, Hefei, Anhui 230009, China)

Abstract: With the increasing demand of optical communication data rate, the nonlinear effect in optical fiber has be-
come the main factor limiting the growth of channel capacity. To solve this problem, this paper proposed a nonlinearity-tol-
erant geometrically-shaped (GS) four-dimensional (4D) modulation optimization method is proposed based on the 4D non-
linear interference (NLI) model. The transmission performance of four different modulation formats (including the 2D and
4D modulation formats designed for additive white Gaussian noise (AWGN) channel and optical fiber channel, respective-
ly) are compared in detail via the simulation in the AWGN channel and single-span optical fiber transmission systems. The
numerical results show that the constellation shaping based on the joint optimization of 4D NLI model and 4D space can not
only achieve higher linear shaping gain but also provide better nonlinear tolerance. Taking the 5-channel wavelength divi-
sion multiplexing transmission system as an example, the optimized NL-4D-1024 format can reduce the transmitted power
by 0.8 dB and 0.4 dB compared with the traditional quadrature amplitude modulation (QAM) and 2D-GS modulation, re-
spectively.
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