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Abstract: We provide a simple evaluation of the spectral efficiency limits and optimum
core count of homogeneous single-mode multi-core fiber links limited by crosstalk, providing
useful insight on the design requirements of these systems.

OCIS codes: (060.2400) Fiber properties; (060.2330) Fiber optics communications.

1. Introduction

Space division multiplexing (SDM) systems using weakly coupled core multi-core fibers (MCF) have been extensively
proposed to achieve ultra high-capacity transmission (e.g. [1–3]). In particular, homogeneous single mode MCFs have
been used to reach Pb/s capacity through the use of advanced SDM techniques, such as core-coding or multi-core
modulation formats and wideband wavelength division multiplexed transmission [1, 3]. The performance of such
systems may be limited by inter-core crosstalk [4]. Hence, it is imperative to investigate their spectral efficiency (SE)
limits. In particular, the impact of crosstalk on the SE is related to the fiber geometry and the transmission distance.
Understanding these limits may provide useful insights for the design of MCFs as well as multi-core components for
SDM systems.

We present a simple theoretical evaluation of the SE limits of SDM systems limited by crosstalk in homogeneous
MCFs. We show that an optimum core count may be calculated for a given transmission distance and fixed cladding
diameter, assuming optimal core distribution. We apply our approach to compute the optimum core counts for MCF
link distances from short-reach up to long haul assuming a set of characteristics of MCFs used in previous experimental
demonstrations.

2. Spectral Efficiency Limits in Multi-Core Fiber Systems

In this work, we assume that transmission is supported by coherent detection and the transmitted signals have no
dominant carrier. Furthermore, it will be assumed that the symbol rates are sufficiently high that crosstalk fluctuations
may be ignored [5]. In these conditions, we may assume that the crosstalk follows a Gaussian distribution within each
quadrature of each polarization. In addition, we will assume that the crosstalk spectrum is flat. Under these conditions

Fig. 1. a) Core arrangements maximizing core pitch for MCFs with 2 to 50 cores (a) and the corre-
sponding estimated maximum and minimum crosstalk (b).
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