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Mode-Coupling Induced Crosstalk Optimization
in a Graded-Index Six-Mode Fiber
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Abstract—We thoughtfully investigate the feasibility of reducing
the mode-coupling caused crosstalk by optimizing the practical pa-
rameters of the few-mode fiber (FMF), based on the linear coupling
theory. According to our simulation results, the low crosstalk FMF
could be achieved with the small fiber core, the low refractive-index
(RI) related parameters, the long operating-wavelength and the
low core-eccentricity (CE). Moreover, the transmission behaviors
over the fixed coupling and the random coupling scenarios are also
discussed. The power distribution and the signal to interference
plus noise ratio (SINR) evolutions along FMF reveal the impacts
from the mode-coupling induced crosstalk in the spatial division
multiplexing (SDM) transmission system. The random nature of
the mode coupling suggesting the turbulent results are obtained
in our simulation, confirmed the observation in the SDM test. And
only a 1.23 dB SINR degradation of 16-QAM signals can be realized
after 100 km transmission with the optimized CE of lower than
4 × 10−3.

Index Terms—Spatial division multiplexing (SDM), crosstalk
(XT), mode coupling, few-mode fiber (FMF).

I. INTRODUCTION

THE transmission data-rate of the commercial optical com-
munication networks based on standard single-mode fibers

(SSMFs) is now approaching their Shannon limit, which ex-
tremely stimulates the novel technology developments enabling
increasing the system capacity or the spectral efficiency [1].
The spatial-division multiplexing (SDM) technology employ-
ing few-mode fibers (FMFs), multi-core fibers (MCFs), or the
combination structure multi-core few-mode fibers (MC-FMFs)
is a promising candidate to increase significantly the spectral
efficiency of the transmission systems. Among them, the FMF
could be considered as a special fiber developed from the
multi-mode fiber (MMF), which has been commercially utilized
in the short-distance optical transmission over several decades
[2]–[4], by reducing the core diameter to limit the number of
the guided modes. Moreover, the SDM technology based on
FMFs, MCFs or MC-FMFs has performed their huge capacity
through the experimental investigations, e.g., the records 456
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bit/s/Hz [5], 1099.9 bit/s/Hz [6] demonstrated in such system
thanks to the great spatial-utilization in a single fiber. How-
ever, in the SDM system the crosstalk-induced signal distortion
severely degraded the transmission performance. As the fiber
optimization of MCFs focuses on the core pitch to reduce the
inter-core crosstalk [7], the design of the FMF channel no
matter from the single-core fiber or the MC fiber structure is to
reduce the crosstalk from the neighboring spatial-modes. In this
paper, we focus on the fiber optimization to directly reduce this
mode-coupling-induced crosstalk during the signal propagating.

Intensive investigations have been carried out on the design
of the FMF [8]–[10] as well as the transmission performance
over the SDM channels [11]–[13]. Multiple effects, e.g., the
transmission attenuation, the mode coupling, the differential
mode group delay (DMGD) and even the Kerr nonlinearity
have been taken into account in the fiber design [8], [10], [14],
[15]. Among those factors who severely degrade the signal
quality, the mode coupling between optical light with different
modes, especially its random coupling behavior is to define the
power distribution as well as the noise accumulation along the
FMF channel. In the transmission of the order of hundreds of
kilometers, the SDM system with the weakly coupled FMF has
the potential to remove the complex multi-input multi-output
(MIMO) module [14]. Therefore, the FMF design in the view of
the weak mode-coupling is the key to perform a high-capacity,
low digital-signal-processing (DSP) complexity SDM transmis-
sion system. Several theoretical models have been proposed to
investigate the random coupling behavior in the FMF, i.e., the
semi-analytical model for a linear coupling FMF [16], the matrix
model of multimode fibers in the strong coupling region [17]. In
those models, the coupling characters induced by the parameter
“coupling coefficient” were considered, and the crosstalk (XT)
as the consequent of the mode coupling were investigated. In the
previous design works on the weakly coupled FMF [18]–[20],
the coupling characteristic is considered as the function of the
effective refractive-index (RI) difference Δneff between spatial-
modes. For a weakly coupled FMF, the Δneff should be larger
than 1 × 10−3 [18]. Although this parameter could be used to
identify the coupling characteristics of FMFs, the more direct
connection between the real fiber parameters, e.g., the fiber core
dimension, the RI distribution and the core offset on the signal
transmission performance is also important to the fiber design,
that is well discussed in this work.

In this paper, we build a bridge between the XT strength and
the real FMF parameters based on the perturbation method of the
linear coupling theory. Moreover, we use the power distribution
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Fig. 1. Fiber RI profiles of ideal and actual cores.

and the signal quality to quantify the distortion from the mode
coupling in the FMF-based transmission system. The rest of the
paper is organized as follows: in Section II, we introduce the
theoretical model for the considered FMF, and the connection
between the mode coupling and the real fiber parameters; in
Section III, we thoughtfully investigate the dependence of the
XT strength on the fiber parameters, i.e., the CE, the core radius,
the relative RI difference, the cladding RI and the operating
wavelength, which helps to locate the optimized values to reduce
the distortion from the mode coupling; in Section IV, we prop-
agate a 16-level quadrature amplitude modulation (16-QAM)
signal over a 100km-lengh FMF to quantify the influence from
the mode coupling in term of the power distribution and the
signal to interference plus noise ratio (SINR) for both the fixed
coupling and the random coupling scenarios; and finally, in
Section V, we draw the conclusions of our study.

II. FIBER PARAMETERS IN THE MODE COUPLING

We considered a graded-index six-mode fiber (GI-6MF) chan-
nel, stimulating the LP01, LP11a, LP11b, LP21a, LP21b and LP02

modes, corresponding to the mode number of 1 to 6 in the paper,
and its standard RI profile (see ideal core case) depicted in Fig. 1
has been also defined in (1):

n(ρ) =

{
nco · [1−Δ · (ρ/a)α], |ρ| < a

ncl , |ρ| ≥ a
(1)

where a is the fiber core radius, nco and ncl are the RIs of the
core center and the cladding, α is the core shape parameter
and Δ is the relative RI difference. The optical field E(x,y,z,t)
stimulated in the six-mode fiber can be expressed in (2) as the
linear combination of all guided optical modes:

E(x, y, z, t) =
∑
m

Am(z, t)Em(x, y)ej(ωt−βmz) (2)

where m is the mode index, in our case m = 1∼6; Am(z,t) is the
slowly varying mode-filed envelope along the fiber longitudinal-
coordinate z; βm is the propagation constant at the frequency ω;

Fig. 2. Field distributions of the modes 1 to 6.

Em(x,y) is the electric field distribution in the fiber cross section,
and the distributions corresponding to the mode 1 to 6 are also
depicted in Fig. 2. According to the mode coupling model in
[16], the imperfect fabrication process and the mechanical stress
applied on the FMF inevitably produce continuous perturbations
on the core-cladding boundary along the FMF. And the FMF is
approximately discretized into segments along the propagation
axis. Thus, in each segment, there will be a core mismatching
along the FMF, and consequently inducing the deviation of
the RI distribution from the ideal center to the slight shifting
of the actual core, named CE, see the illustration in Fig. 1.
This RI inhomogeneity production (i.e., Δn(x,y,z)), considered
to be generated only by CE in this paper, causes the power
coupling between the propagating mode and its neighboring
modes. According to the mode coupling theory, this behavior
can be expressed by the following equations [16]:

∂zAm(z, t) = −j
∑
n

Cmn(z)An(z, t)e
j(βm−βn)z (3)

where Cmn is the coupling coefficient between mode m and n,
its expression given in (4) confirms the coupling strength is a
function of the RI perturbation Δn(x,y,z). Following the (3), the
coupling behavior is also sensitive to the mismatching of the
propagation constants, see βm-βn in the exponential function,
which indicates the coupling diversity happened between differ-
ent optical modes.

Cmn(z) =
ωε0
4

∫ ∫ +∞

−∞
[Δn(x, y, z)]2 · E∗

m · Endxdy (4)

As we can see in Fig. 1, the CE includes two elements,
i.e., the radius displacement (RD) between ideal and actual
cores and the phase displacement (PD) away from the reference
direction, just as the radius and angular in the polar coordinate
system. Therefore, the RI perturbationΔn as well as the coupling
coefficient Cmn are also dependent on these two elements when
CE happened in the FMF.

In what follows, we investigate the CE parameters to influence
the mode coupling in FMF. The discussion focuses on the cou-
pling coefficient Cmn due to its importance in the mode coupling,
see (3). We plotted the distribution of Cmn as a function of the
normalized RD, which was defined by core displacement/core
radius from 0 to 0.8 and the PD from 0 to 2π, see in Fig. 3.
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Fig. 3. Cmn profiles as a function of CE, minimum and maximum values given in (min, max) for each case.

The other FMF parameters were: the core radius = 12 μm,
the cladding RI ncl = 1.443, the relative RI difference Δ =
2.5 × 10−3 at 1550 nm, and the core shape parameter α= 2.33.
The parameter values were the same level to a real GI-6MF
produced by YOFC [21]. For a 6-mode channel system, the
total number of coupling coefficients should be 30, here only
given 15 due to the same distribution obtained from Cmn and
Cnm. According to (4), the shape of the coupling coefficient is
relative to the field distribution. For example, the mode fields of
LP11a and LP11b are rotated by 90°, so that the rotation between
C12 and C13 is also 90°. We could observe the similar behavior
in [16] as well. Therefore, based on the results from (4) and
Fig. 3, we can find out these parameters, i.e., the radius and
phase displacements, the core size, the RI related parameters
and the operating wavelength as the key elements to define the
mode coupling behavior in FMF, which implies the possibility
to reduce the coupling strength by optimizing fibers.

III. PARAMETER OPTIMIZATION FOR LOW CROSSTALK

In the following, we investigate the dependency of the
crosstalk caused by the mode coupling on various FMF pa-
rameters. The XTm = �v�m(Pv/Pm) is defined as the crosstalk
strength of mode m, where Pv is the power of mode v after single
coupling when only the mode m is launched. When we calculated
the XTm results, only one parameter was changed to give a clear
dependence between the crosstalk strength and the single fiber
parameter. Fig. 4 depicts the calculated XTm curves of each
mode for different FMF parameters, i.e., the normalized RD, the
core radius a, the cladding RI ncl, the relative RI difference Δ,
the operating wavelength λ and the core shape parameter α. To
give a fair comparison, we monitored the normalized frequency
V throughout to guarantee the FMF considered supporting six
modes at 1550nm. We have also investigated the two cases with
or without degenerated modes. When the degenerated modes
taken into account, i.e., LP11a and LP11b channels or LP21a

and LP21b channels delivering different information, the higher
system rate is naturally expected, but the more crosstalk is also
observed due to mismatching condition in (3). All the XTm

results are shown in Fig. 4 and a part of rules are the same
as those in our previous work [22].

When CE considered in FMF, the mode coupling introduces
the energy flowing between two different modes, quantified by
XTm in Fig. 4(a) and (b). In the simulation we focused on the
RD as the core parameter when CE happened, and the impact

from PD was still considered through the mean-value operation
from 0 to 2π for each coupled field Am(z,t). Increasing the value
of RD, implying the severe core displacement happened in fibers
leads to the higher crosstalk, more than 60 dB stronger crosstalk
obtained when the normalized RD increased by three orders
of magnitude. Moreover, when the degenerated modes treated
as the independent channels, about 40 dB stronger crosstalk is
obtained between these modes compared to the non-degenerated
modes, see in Fig. 4(b). We also can see that the same XT-level
achieved within the degenerated modes, i.e., LP11a and LP11b,

LP21a and LP21b, confirms the major noise coming from the
energy coupling among the intra-group instead of the inter-group
modes.

Then, the impact from the core radius a is discussed in
Fig. 4(c) and (d). The core radius influences the electric field
distribution Em in the fiber cross section and consequently the
coupling coefficient Cmn, see (4). The similar curves obtained in
both cases with non-degenerated and degenerated modes. Much
higher crosstalk was achieved by degenerated modes LP11a and
LP11b, LP21a and LP21b in Fig. 4(d) when the normalized RD
= 3 × 10−3. We also could locate the minimum XTm =−81 dB
and−79 dB around a= 10.5 for both LP21 and LP02 in Fig. 4(c)
suggesting the importance of the optimization procedure.

The influence from the RI related parameters is investigated
in Fig. 4(e)–(j), where the relative RI difference Δ, the cladding
RI ncl, the core parameter α and the core shape parameter α
considered. These parameters are directly connected to the RI
profile of FMF, naturally defining the RI perturbation Δn and
the coupling coefficient Cmn as well, see (4). More specifically,
the reductions of Δ and ncl reduce the Δn, so that the coupling
crosstalk is suppressed with them, depicted in subfigure (e) to
(h). The slope of XTm curves for ncl is lower than the case
of Δ due to the less impact from ncl on Δn. All simulation
results confirm that the smaller values of Δ and ncl introduces
the less mode-coupling crosstalk. In addition, the XT response
on the increase of the α is different from the other parameters.
As depicted in Fig. 4(i), only considering the non-degenerated
modes, there are peaks observed for XT1 and XT2 when α
equals to around 1.7, and the increase of XT3 and XT4 gradually
saturates with α. In the case of the degenerated modes, the
coupling between degenerate modes makes XT of these modes
increase significantly with α, as shown in Fig. 4(j).

The last parameter we discussed is the operating wavelength
λ which is important to the operation of the wavelength division
multiplexing (WDM) transmission system. The influence of the
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Fig. 4. XTm results for normalized RD, core radius a, relative RI difference
Δ, cladding RI ncl, core shape parameter α and operating wavelength λ in non-
degenerated modes considered case ((a), (c), (e), (g) (i) and (k)) and degenerated
modes considered case ((b), (d), (f), (h) (j) and (l)), respectively.

operating wavelength comes from the angular frequency ω in
(4). We calculated the whole C+L band and found out the
less crosstalk obtained from the longer operating wavelength.
However, the crosstalk diversity of WDM channels implies the
independent training operations of the MIMO equalizer required
for different operating wavelengths, increasing the cost of the
system compensation for WDM over SDM channels.

To sum up, we could reduce the crosstalk strength caused
by the mode coupling through optimizing the parameters of
FMF, including smaller RD, core radius, cladding RI, relative
RI difference and longer operating wavelength. And we iterate
the FMF parameters with fixed normalized RD of 3 × 10−3

to find the optimal parameter combination corresponding to the
minimum XT of each mode. On the whole, the optimal parameter
combination was a = 12 μm, Δ = 2.28 × 10−3, ncl = 1.43, α
= 1.2 and λ = 1582.78 nm, and the corresponding crosstalk
are XT1 = −77.90 dB, XT2 = −39.57 dB, XT3 = −39.57 dB,
XT4 = −44.67 dB, XT5 = −44.67 dB and XT6 = −84.08 dB.
In addition, the less crosstalk was indeed obtained when the
non-degenerated modes weren’t taken into account, but the
transmission capacity of the SDM system also significantly re-
duced. Therefore, the optimization for FMF becomes extremally
important for this intensively multiplexing technology.

IV. TRANSMISSION INVESTIGATION OVER A 100 km
SIX-MODE FIBER

In this section, we evaluate the transmission performance of
GI-6MF combined with the crosstalk investigation in Section III,
including the degenerated channels. In the simulation, the mode
coupling was not only considered at a certain point as we
discussed in the previous section, but also cascaded calculation
through the whole fiber by the step of the coupling length, this
accumulation operation also used in the other FMF models [17],
[23], [24]. Mode coupling only happened at the beginning of
each coupling length through the matrix Un, see the “coupling
length” labelled in Fig. 5. In the following simulation, we set
500m as the coupling length as [11], [23].

Before the transmission, we firstly mapped six independent
sets of pseudo-random binary sequence (PRBS) data with the
length of 231−1 to 16-QAM signals for six modes, as shown in
Fig. 5. After setting the signal power of each mode as 0dBm
and the initial signal-to-noise ratio (SNR) as 25 dB, the data of
six channels were injected into the ideal mode multiplexer and
propagated in the six-mode fiber. To focus on the impact from
the mode coupling, we only considered the crosstalk from all
kinds of spatial modes as the noise source to reveal the signal
evolution within the FMF. We defined Am

n-1(z,t) as the slowly-
varying mode-field envelope of mode m before the nth coupling,
and Am

n-1(z,t) of all six modes combined into a column vector
An-1(z,t) = [A1

n-1, A2
n-1, …, A6

n-1]T. For the nth mode coupling,
we set An = Un·An-1 as the output column vector, where Un

is the unitary coupling matrix solved from (3) with the Runge-
Kutta-Fehlberg (RK45) method. According to (3), we can list six
differential equations to solve the coupled Am (m = 1∼6) with
the known Cmn and the preset input Am vector before coupling.
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Fig. 5. Simulation setup for the few-mode transmission over a 100 km six-mode fiber.

TABLE I
THE FIXED COUPLING MATRIX UN WITH THE CE OF THE NORMALIZED RD = 4 × 10−3

Then, in order to obtain the coupling matrix, we preset the input
Am vector as a one-hot vector. For example, when we set the kth
value of input Am to 1 and the others to 0, the output Am vector
is set as the kth column of the coupling matrix, representing
the energy transformed for the kth mode to other modes in the
coupling. In addition, the fiber parameters were the same as
mentioned in Section II. At the end of the 100 km-FMF, six
groups of received data were separated through an ideal mode
demultiplexer, and launched into the receiver to evaluate the
signal quality. The rare data without optical MIMO equalization
were directly used to calculate the SINR results, which contains
the valued distortion information from the mode coupling. We
considered two transmission scenarios: propagating through the
FMF with the same, fixed coupling matrix, or the randomly
generated matrices. The first scenario gives the clear impact
from the mode coupling, and the later one is closer to the real
implementation.

For the first scenario, we calculated the coupling matrix Un for
all six modes, given in Table I. In the simulation, the normalized
RD value was chosen as 4 × 10−3, and the corresponding
crosstalk for six-modes were XT1 = −65 dB, XT2 = −25 dB,
XT3 = −25 dB, XT4 = −32 dB, XT5 = −32 dB and XT6 =
−73 dB confirming the weakly coupling FMF considered in the
transmission, also seen in Fig. 4(b). From the coupling matrix,
we could locate the stronger crosstalk happened between two
degenerated modes, as we discussed in previous section. For the
fixed coupling case, all of the coupling matrices are the same
through the whole FMF. We calculated and depicted the SINR

and signal power properties versus the transmission distance
in Fig. 6(a) and (b), with a fixed coupling matrix Un, which
contains total 200 matrices through the 100 km fiber. In Fig. 6(a),
the SINR result of each mode decreases with the transmission
distance from 0 to 100 km with different speeds. And the larger
the variation of the power, representing the crosstalk strength
of a certain mode in Fig. 4(b), the faster the SINR of this
mode decreases. According to Fig. 6(b), as a result of mode
coupling, the power of each mode fluctuates periodically during
the transmission. And even the power of LP11a and LP11b returns
to the initially launched value, around 0 dBm, at near 80 km,
the SINR of these two modes is still decreasing, so that the
signal quality does not depend on the power level of the spatial
modes, but on the power exchange level, i.e., XTm of each mode
during the propagating. We simulated the SINR degradation with
XT1 strength under the same transmission distance of 100 km
and depicted the results in Fig. 6(c). The considered XT1 is
−49, −65, −82 and −99 dB, corresponds to the normalized RD
values of 3 × 10−2, 4 × 10−3, 6 × 10−4 and 1 × 10−4. We
can find that the weaker XT is helpful to suppress the signal
deterioration after a period of transmission. In Fig. 6(d), we
plotted the SINR-transmission distance curves of LP01 as an
example, with the XT1 strength of −49, −65 and −82 dB,
respectively. And the constellation results at the same 40 km of
each case are given for comparison. Consistent with the results
in [16], the increase of coupling strength results the higher of
XT accumulation with the transmission distance. At the same
time, the clear constellation with less CE impact implies the



7938608 IEEE PHOTONICS JOURNAL, VOL. 14, NO. 4, AUGUST 2022

Fig. 6. Relationships between transmission distance and (a) SINR, (b) signal power with fixed coupling matrix. (c) SINR curves with different XT1 under 100 km
transmission. (d) SINR curves during transmission with XT1 of −82 dB, −65 dB and −49 dB for GI-6MF. (e) SINR curves during transmission with XT1 of
−94 dB, −77 dB and −61 dB for GI-3MF.

significant reduction of the complex from MIMO compensation
algorithm, proving the importance of the parameter optimization
in Section III. Furthermore, in order to prove the conclusion is
also applicable to other weakly coupled GI-FMFs, we also tested
the signal quality with the transmission distance under different
XT1 in GI-3MF, results depicted in Fig. 6(e). The considered
parameters of GI-3MF were the same as the GI-6MF, except the
core radius of 7.5 μm. And the normalized RDs corresponding
to XT1 in Fig. 6(e) are consistent with them in Fig. 6(d). Due
to the less modes stimulated in the GI-3MF, the generated XT
with the same RD is also reduced. Although the strength of XT
is different between GI-6MF and GI-3MF, the dependency of
the signal quality on the transmission distance and the XT is
the same. Therefore, the optimized conclusion could be used to
guide the fiber design and evaluate the transmission performance
for the weakly coupled GI-FMFs.

Moreover, the second scenario with the randomly generated
coupling matrices is investigated. The random-coupling nature
of the FMF channel induced the oscillatory data-waveform and
consequently the fluctuations on the test of the signal quality,
the time-dependent channel already observed in [25]–[27]. In
the simulation, we not only randomly generated 200 coupling
matrices along the 100 km FMF representing the accumulated
impact from the mode coupling, but also tested the whole
transmission system over 60 times by randomly allocating the
coupling strength for each time, which introduced the time-
dependent channel property of the FMF-based transmission
system. The normalized RD value was selected within the range
of 4× 10−3 ± 3× 10−4, with a uniform distribution to randomly
generate the coupling matrix. In this range, the weakly coupling
channel was maintained to each time. For each coupling, the

value of RD is randomly located within this range to figure out
the corresponding coupling matrix. When the RD changes, the
distributions of Δn and Cmn in the cross section of the FMF
change accordingly, as expressed in (4) and shown in Figs. 1 and
3. Thus, the distributions of Δn and Cmn for each coupling are
random and independent. In Fig. 7(a), we plotted the mean SINR
values of each mode after propagating through 100 km FMF
with random coupling. Similar behavior was observed between
the random coupling case from Fig. 7(a) and the fixed coupling
case in Fig. 6(a), due to the same RD mean-value used in both
scenarios. And the corresponding mean power vs. transmission
distance curves were plotted in Fig. 7(b). A clear turbulence
on both SINR and power results are observed coming from
the random coupling allocation. The detail variations from the
60 independent tests were depicted in Fig. 7(c) and (d). These
results correspond to LP21a mode at 54.5 km, see the yellow-star
mark in Fig. 7(a). Because of the random coupling happened for
each test-time, the calculated SINR and the optical power were
different from the rare data. This demonstrates the real-time
signal quality is fluctuated with the oscillatory data-waveform,
just as the observation in the experiment. We have also given
the relationship between SINR and XT1 in Fig. 7(e) with a fixed
transmission distance. The simulation was also considered the
random coupling matrices and the RD values correspond to the
considered XT1 from large to small are uniformly distributed
with the mean values of 3 × 10−2, 4 × 10−3, 6 × 10−4 and
1 × 10−4 and the variance of 3 × 10−8. In Fig. 7(f), we have
depicted the mean SINR values of LP01 with different RDs,
with the same distribution of them in Fig. 7(e). It’s obvious
from Fig. 7(e) and (f) that the larger mean RD, the greater
SINR decreases, which confirms the conclusion in Fig. 6(c)
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Fig. 7. Relationships between transmission distance and (a) SINR, (b) signal power with random coupling matrix, (c) SINR and (d) power distribution of the 60
independent simulations for the yellow star of LP21b, (e) SINR curves with different XT1 under 100 km transmission in random scenario. SINR curves of LP01

with the mean RD of 3 × 10−2, 4 × 10−3 and 6 × 10−4 for (f) GI-6MF and (g) GI-3MF.

and (d). Furthermore, we can see that once the RD is less than
4 × 10−3, the degradation of SINR for LP01 mode after 100 km
transmission can be less than 1.23 dB. Then, in Fig. 7(g), we
also give the degradation of SINR with transmission distance at
different average RD in GI-3MF. And the rules demonstrated
are consistent with Fig. 6(e). According to the results from
both scenarios, reducing the mode coupling through optimizing
the FMF parameters is feasible to improve the practical SDM
transmission performance.

In above transmission, we neglect other inherent distortion
generated in the FMF channel (e.g., attenuation, dispersion
and Kerr nonlinearity) that would further degrade the signal
quality in practice, but mainly focus on the characteristics of
mode coupling induced crosstalk, which shapes the transmission
response of FMF and is significant for transmission performance
evaluation.

V. CONCLUSION

Firstly, we discussed the possibility of reducing the crosstalk
strength by optimizing the FMF parameters based on the linear
coupling theory. Then, we simulated the properties of various
fiber parameters on the mode-coupling caused crosstalk, and

the reduction of XT-level in the graded-index six-mode fiber
could be achieved up to 60 dB by properly designing the core
size, RI values, RD and operating wavelength. According to
the transmission simulation results with the fixed or random
coupling matrices, we find that the power value can’t be used
to monitor the signal quality, which is an oscillatory function of
the transmission distance. The SINR results of the transmitted
signals is more sensitive to the crosstalk strength, confirming the
importance of the optimization procedure. And we could achieve
only a 1.23 dB SINR degradation with the optimized RD less
than 4 × 10−3 after the transmission of the 100 km GI-6MF.
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