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LPM-Based NLI Estimation Over Heterogeneous
Links: Analysis and Comparison

Dario Pilori

Abstract—Accurate estimation of Non-Linear Interference
(NLI) is critical for optimizing ultra-wideband optical networks.
This paper investigates the performance of Longitudinal Power
Monitoring (LPM)-based NLI estimation, focusing on heteroge-
neous links. While LPM offers robust, link-agnostic estimation
of Self-Channel Interference (SCI), it requires correction for
Cross-Channel Interference (XCI) to fully assess NLI. Two cor-
rection approaches are compared: a simplified Gaussian Noise
(GN)-model-based approximation and the more accurate Polyno-
mial Closed-Form GN/EGN model (PCFM). Experimental vali-
dation is conducted over both homogeneous and heterogeneous
links, including scenarios with unequal channel power, on two
different modulation formats. Results show that while estima-
tion accuracy decreases in complex scenarios, LPM-based meth-
ods still provide sufficiently reliable performance for practical
optimization tasks, such as determining optimal launch power.
These findings support the use of LPM-based NLI estimation as
a promising tool for real-time network monitoring and digital twin
modeling.

Index Terms—Heterogeneous link, longitudinal power monitor-
ing, optical fiber communications.

I. INTRODUCTION

N MODERN wideband optical networks, accurate modeling
I and monitoring are essential for the operation and optimiza-
tion of the network. In particular, the availability of simple yet
effective models of optical network elements, such as optical
fibers [1], [2] and Erbium-Doped Fiber Amplifiers (EDFAs) [3],
allows building realistic synthetic representations of the net-
work, commonly referred to as digital twins [4]. However, the-
oretical models rely on several parameters, whose uncertainties
can strongly influence their accuracy (and, consequently, the
reliability of the digital twin). In the real world, operators rely
on multiple sources to obtain these parameters, ranging from the
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datasheet of the components up to network telemetry data, with
different degrees of accuracy.

Among these parameters, a particularly important role is
played by those estimated through the receiver’s Digital Sig-
nal Processing (DSP) [5], using a class of estimation methods
broadly known as “Optical Performance Monitoring” (OPM)
techniques. Leveraging the receiver’s DSP offers clear advan-
tages: the relevant parameters can be estimated by passive
monitoring of the signals in the DSP, without requiring any
additional hardware. Moreover, these estimations are inherently
“end-to-end”, as they directly reflect the transmission perfor-
mance of the Channel of Interest (COI). Current DSP implemen-
tations already estimate several parameters, such as Chromatic
Dispersion (CD) [6], Polarization-Dependent Loss (PDL) and
Polarization Mode Dispersion [7]. Ongoing research indicates
that next-generation OPM techniques will further enhance this
capability, providing network operators with even richer infor-
mation [8], such as the power profile [9], I/Q imbalance [10] and
fiber length [11].

Other parameters, however, remain significantly more chal-
lenging to estimate, such as the separation of noise contributions
at the receiver between Amplified Spontaneous Emission (ASE)
and Kerr-induced Non-Linear Interference (NLI) [5], [12]. This
information is crucial to optimize the optical power of the
COI [13], especially in the context of ultra-wideband optical
networks [14], [15]. Unfortunately, all of the currently available
methods suffer from some serious drawbacks. Time-domain
methods [16], [17], [18] suffer from low performance when the
NLI power is low. In contrast, frequency-domain [19] or pilot-
based [20], [21] approaches are more accurate, but they require
modifications in the transmitter. Machine-Learning (ML) meth-
ods [22],[23], [24] are robust, but they suffer from generalization
problems.

Recently, the use of Linear-Least Squares (LLS) Longitudinal
Power Monitoring (LPM) [25] has been proposed [26], [27]
to perform this operation. Both theoretical and experimental
studies have demonstrated the robustness and accuracy of this
approach; however, this method only estimates the NLI power
of the detected channels. Fortunately, with the ongoing trend
towards higher symbol rates [28], [29], the impact of this lim-
itation is expected to decrease in future systems. Nevertheless,
this remains a significant limitation (both now and in the near
future) that must be addressed to obtain accurate NLI estimates.
In [26], all the channels were detected at the receiver, which was
feasible because the study was purely numerical and employed
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a relatively narrow optical bandwidth. In [27], [30] instead a
simplified version of the GN-model [13] was adopted to derive
a “correction factor”. Although the experimental results were
accurate, they were obtained in simple scenarios, in which the
rough approximation of the GN-model is known to be accurate.

Therefore, this work extends [31] and aims to provide an ex-
tensive and detailed analysis of the accuracy of LPM-based NLI
estimation, with a particular focus on heterogeneous links. The
technical part of this paper is broadly divided into three Sections.
Section II briefly recalls the key principles behind LPM-based
NLI estimation and its main limitations. Then, in Section III
we present the experimental setup and show results on a short
homogeneous link, to demonstrate the capabilities of the setup
and the transceiver. The key results are presented in Section IV,
where the proposed algorithm is tested on a heterogeneous link
composed of mixed G.652 Single-Mode Fiber (SMF) and G.654
Pure-Silica-Core Fiber (PSCF) spans with different length and
an unequal transmit power profile. A general discussion on the
key results is presented in Section V, and the final conclusions
are drawn in Section VI.

II. PRINCIPLES OF THE LPM-BASED NLI ESTIMATOR

This section introduces the principles underlying the LPM-
based NLI estimator, describing the extension of LPM to het-
erogeneous links, the estimation of non-linear SNR from the
reconstructed power profile, and the inclusion of correction
factors to account for inter-channel non-linear effects.

A. LLS-LPM on a Heterogeneous Link

While the original derivation of the LLS-LPM algorithm [25]
assumed a homogeneous link, i.e. a link made of spans of
the same fiber type, the algorithm can be easily also applied
to heterogeneous links [32], [33]. The LLS-LPM algorithm is
based on the following equation [25]

v = (Re[G'G]) ' Re [GTA,] . (1)

This equation depends on two components. The first is the vector
A1, which is an estimation of the NLI at the receiver, obtained
by subtracting a dispersed version of the transmitted signal from
the received signal; this term depends only on the transmitted
and received constellations, not on the link itself.

The other is the matrix G. According to the first-order regular
perturbation (RP1) theory [34], [35], each column represents the
effect of chromatic dispersion applied from the input (z = 0) to
an intermediate distance 2y, followed by a non-linear operator,
and then additional dispersion from zj, to the end of the link (z =
L) [25] [Eq. (8)—(9)]. Consequently, to build this matrix, the link
length L must be divided into N steps [zq, 21, ... , 2n_1], and
the chromatic dispersion between these steps must be known.
In heterogeneous links, this requires full knowledge of the span
lengths and the dispersion map, information that may not always
be available in practice.

To overcome this limitation, in [36] the authors adopted a
different, more practical, approach. Using only the knowledge
of the total cumulated dispersion, which is typically estimated
by coherent receivers [6], and the total link length L, the link
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is divided into N uniform steps with spacing Az = L/N,
determined according to [37]. This results in a power profile
that can be “corrected” later, using knowledge of the dispersion
parameter and the non-linear coefficient v of the fiber spans.
This applies only if the link is fully uncompensated, i.e. the
dispersion map is monotonically increasing. In the presence of
fiber spans with a negative dispersion coefficient (e.g., G.655
fiber), the hypotheses of the LLS-LPM are not valid, but — still
— a partial power profile may be obtained [32]. However, NLI
estimation requires a complete power profile [27]. Therefore,
this work focuses only on uncompensated optical links.

B. Non-Linear SNR Estimation

In [27] we proposed to use the byproducts of a LLS-LPM
profile to estimate the non-linear SNR, measured at the receiver.
In fact, exploiting again the RP1 model, the NLI at the receiver
A, [L, n] can be expressed using the estimated power profile ';’
and the G matrix of (1) as:

A[L,n] =G~ . )

This equation has the advantage of requiring no prior knowledge
of the link or of the non-linear coefficient ~, and it can be
directly applied to the uncorrected power profile. Then, from
this expression, it is trivial to estimate the non-linear SNR from
the Power Spectral Densities (PSDs) of the NLI A, and the
reference (i.e., transmitted) signal

G
SNRNLIPM = = 3)

C. SCI/XCI Correction

The LLS-LPM algorithm inherently estimates only the Self-
Channel Interference (SCI) component of the NLI [27], which
is the NLI generated by the non-linear beating of the COI with
itself [38], [39]. However, there are two other major sources
of NLI: Cross-Channel Interference (XCI), which involves the
beating between the COI and a single Wavelength Division
Multiplexing (WDM) channel, and Multi-Channel Interference
(MCI) which represents the beating between more than two
WDM channels. Fortunately, MCI is almost negligible for long,
uncompensated links with high symbol rate and high dispersion.
However, XCI is still a significant NLI source, even if its
significance will decrease with the future trend towards higher
symbol rates.

Consequently, neglecting MCI, the presence of XCI can be
accounted for through a single correction factor, ¢ [27]

B Pxcr
(= <1+ PSCI> . 4)

The advantage of this factor is that it can be directly applied to the
non-linear SNR, estimated using (3), obtaining a full estimate
of the non-linear SNR

SNRnL = SNRNLpM/C - 5
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Schematic of the transmitter and the receiver used in the experimental

The factor ( can be computed in different ways. In [27], we
derived an approximated formula:

1 Br\1?
log10(¢) = 7 logip(Nen) — 0.0475 {mgw (B;)] . (6)

In this equation, N is the total number of WDM channels, By,
and Bg are, respectively, the optical bandwidth at the left and
at the right of the COL

This approximation yielded surprisingly good results in the
scenarios considered in that work. However, it relies on a coarse
GN-model approximation [13], [40], which assumes a perfectly
homogeneous link, and a uniform WDM comb, in which all
channels are identical and with the same optical power. There-
fore, in realistic scenarios, this approximation might not give
accurate results. Instead, when all link parameters are known,
an exact value of ¢ can be obtained using a full NLI model, such
as the Polynomial Closed-Form GN-EGN Model (PCFM) [1].
Since it explicitly separates SCI and XCI components [1]
[Eq. (1)], ¢ can be directly computed from Pxcy and Pscy using
(6). For instance, a publicly-available software implementation
of the PCFM [41] is able to compute separately the power of
SCI and XCI.

In this work, we compare the NLI estimation accuracy ob-
tained using these two different techniques for computing (:
the rough approximation of (4), and the value derived from the
PCFM, which s considered as the ground truth. This comparison
is key to measure the real accuracy of the LPM-based NLI
estimation.

III. HOMOGENEOUS LINK

This section presents the experimental validation of the al-
gorithm over a simple and short homogeneous link composed
solely of SMF. Compared to the results reported in [27], the
new experiments were performed at a higher symbol rate, using
hard-decision to generate the reference signal. While the main
focus of this paper is on heterogeneous links, the purpose of this
section is to provide a benchmark for the algorithm, as the same
transceiver was used in the heterogeneous-link experiments
reported in Section IV.

A. Experimental Setup

A schematic of the experimental transmitter and receiver setup
is shown in Fig. 1. At the transmitter, the COI was generated
using a commercial transceiver (CISCO CIM-8 equipped with
Acacia’s JANNU DSP) operating at ~ 118 GBaud. The modula-
tion format was Polarization-Multiplexed (PM) 16- Quadrature-
Amplitude Modulation (QAM). The other WDM channels,
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Fig.2. Transmit optical spectrum, where the central channel (193.3 THz) was
modulated with a commercial transceiver, and the other channels were emulated
by shaped ASE noise.
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Fig. 3. (a) Schematic of the link, with the same transmitter and receiver of
Fig. 1. (b) GSNR (extracted from the card’s BER) and OSNR (measured with an
OSA over the signal’s bandwidth) of the central WDM channel (193.3 THz), as
function of the per-channel transmit power Pep,. The non-linear SNR is computed
from those two values.

spaced by 175 GHz, were emulated using Amplified Sponta-
neous Emission (ASE) noise, spectrally shaped by a WaveShaper
(WS) [42], [43]. The transmitted optical spectrum, measured by
an Optical Spectrum Analyzer (OSA), is shown in Fig. 2. A
booster (BST) EDFA amplifier, followed by a Variable Optical
Attenuator (VOA) was used to set a per-channel transmit power
into the line. After transmission, the COI was selected using a
tunable optical filter (TOF) and detected by the real-time DSP of
the CIM-8 transceiver. From the transceiver telemetry data, we
captured the average Bit Error Ratio (BER) and the cumulated
chromatic dispersion (CD), as estimated by the card, as well as
100 constellation blocks, each 12 288 symbols long. Each block
was then used as input to the LLS-LPM algorithm, followed by
NLI estimation. The estimated non-linear SNR values for each
block were averaged to obtain the final result. The reference
signal was generated by taking hard decisions on the received
constellation, after applying a correction factor based on the
BER [44].

First, we tested the transceiver performance over a short,
homogeneous, link, made of 5 x 85-km spans of SMF, with
EDFA amplification. A schematic of the link setup is shown
in Fig. 3(a), and the results for the central WDM channel
are shown in Fig. 3(b). The figure reports the Generalized
SNR (GSNR) [45] (i.e., the card’s SNR after removing the
back-to-back penalty) and the OSNR at the receiver, computed
over the signal’s bandwidth. The measured non-linear SNR,
used as benchmark for the LPM-based estimation method, was
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Fig. 4. Estimated power profile of the 5 x 85-km SMF link, computed at a
transmit power close to the optimal one, for the central WDM channel (193.3
THz).
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Fig.5. Validation of the non-linear SNR estimation over the 431-km SMF link.
Solid line: Measured value with (7). Markers: LPM estimation using either the
approximated XCI correction formula of (6) (squares), or the PCFM (triangles).
Different colors correspond to different per-channel transmit power values FPep.

computed (in linear units) as
1 1
SNRyy  GSNR  OSNR

This expression assumes that the NLI affecting the final con-
stellation behaves as Gaussian-distributed noise [39], which
means that the Kerr-induced Phase and Polarization Rotation
Noise (PPRN) [38] is effectively compensated by the receiver’s
DSP. The optimal per-channel transmit power is approximately
+4.5 dBm. It is worth noting that, due to the short link length,
the OSNR saturates at high transmit powers, due to the ASE
noise added by the transmitter (mainly the booster amplifier).

N

B. NLI Estimation Results and Discussion

The LLS-LPM algorithm was applied to the blocks of received
signal samples recorded by the CIM-8 transceiver with a 1-km
spatial resolution to generate the power profile of the link. The
result, for a transmitted power of approximately 4.8 dBm, is
shown in Fig. 4. As expected, the profile clearly shows the
power evolution of the channel, with a lower accuracy in the
first span, due to the non-Gaussian shape of the transmitted
constellation [37].

The estimated power profile and the G matrix of the algorithm
were then used to compute the non-linear SNR. The results are
shown as markers in Fig. 5, where each color corresponds to
a different transmit optical power, and the purple line (fourth
from the top) is close to the optimal transmit power. The COI’s
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1483 km

Fig. 6. Schematic of the link, made of 8 x 65-km spans of SMF, followed by
4 x 110-km spans of PSCF, and then another 8 x 65 -km spans of SMF, for a
total length of approximately 1483 km.

frequency was changed to measure the NLI for 7 WDM chan-
nels, distributed along the WDM comb, while the other channels
were generated with shaped ASE noise. Squares indicate values
obtained using ( computed with the approximated formulain (6),
while triangles represent values obtained using ( computed with
the PCFM [1] NLI model. As benchmark, the solid lines show
the non-linear SNR computed using (7). It should be noted that
for the lowest power levels (blue and red curves and markers),
the benchmark results are less reliable due to the very low (ab-
solute) NLI power. Nevertheless, the results around the optimal
transmit power are accurate, and the difference between the XCI
approximation and the PCFM is very small. As expected, these
results are consistent with those reported in [27], which were
obtained on a similar link but using a different transmitter.

IV. HETEROGENEOUS LINK

After validating the proposed algorithm on a simple homo-
geneous setup, we further evaluated its performance in a more
challenging heterogeneous scenario. The tested link consisted
of a mix of different fiber types and included cases with non-
uniform transmit power distribution. The experimental setup and
corresponding results are described in the following.

A. Experimental Setup

The schematic of the heterogeneous transmission scenario is
shown in Fig. 6. The link mixes G.652 SMF fibers with G.654
PSCF fibers, characterized by different values of ~ and 5.
Due to the lower GSNR of this link configuration compared
to the homogeneous link in Section III, the PM-QPSK format
was used for the COI in this experiment. After propagation and
detection, we applied the LLS-LPM algorithm to the received
signal samples, yielding the power profiles shown in Fig. 7.
In the figure, the yellow dashed line corresponds to the power
profile obtained under the assumption of a homogeneous link.
It can be observed that both the span length and the power are
not correct because of the differences in dispersion and effective
area between SMF and PSCEF. If the parameters of the fiber spans
are known, the profile can be corrected, by applying a different
span-per-span scaling factor on the distance and power axes,
[33] to obtain the blue solid curve. The span parameters, which
were obtained either from direct measurements (attenuation and
dispersion) or from datasheets (effective area), are summarized
in Table L. It is important to note that the correction is needed
only for the evaluation of the power profile and not for the
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Estimated power profile of the 1483-km heterogeneous link. The yellow dashed line corresponds to the uncorrected power profile, i.e. obtained without

knowledge of the link. The blue solid line represents the same profile, after correction using the dispersion map.

TABLE I
LINK FIBER PARAMETERS AT 193.3 THz
Span  Type L [km] D, [ps/(nm - km)] Ay [pm?]
1 SMF 65.36 16.40 80
2 SMF 65.22 16.60 80
3 SMF 65.02 16.58 30
4 SMF 65.30 16.47 80
5 SMF 65.10 16.44 80
6 SMF 65.61 16.40 30
7 SMF 67.22 16.44 80
8 SMF 70.97 16.37 80
9 PSCF  108.83 20.92 130
10 PSCF  108.94 16.40 86
11 PSCF  108.88 20.70 150
12 PSCF  106.36 20.50 110
13 SMF 70.86 16.44 80
14 SMF 67.38 16.47 80
15 SMF 62.89 16.25 80
16 SMF 62.89 16.60 80
17 SMF 62.85 16.60 30
18 SMF 62.84 16.80 80
19 SMF 62.88 16.50 80
20 SMF 67.80 16.18 80

NLI estimation. Indeed, NLI estimation was performed on both
corrected and uncorrected profiles, obtaining identical results.
Therefore, all power profiles used in the following analysis
correspond to the uncorrected case.

Similarly to the previous setup, we also measured the GSNR
and the OSNR (measured over the signal’s bandwidth), and we
computed the non-linear SNR using (7). The results are shown
in Fig. 8. Because of the limited output power of the EDFAs, it
was not possible to reach very high values of transmit optical
power. Nevertheless, we were able to fully capture the optimal
transmit power, which was around +5.5 dBm. Note that, due to
the longer distance, in this experiment the OSNR did not saturate
at high values of optical power.

B. Non-Linear SNR Estimation

The estimated non-linear SNR for this link is shown in Fig. 9,
where different colors correspond to different transmit power
values, and the purple line (third from top) is close to the
optimal power. Compared to the previous results (see Fig. 5), the
accuracy is lower. This is expected, since the scenario is more
challenging: there is a significant power difference between the
channels at the end of the link (the link does not contain any
WSS), and the power profile of Fig. 7 is noisier. Nevertheless, the

191 : :
GSNR
18 OSNR y
SNRy,
17 :
B 16} ]
x
Z 15} :
n
12 : :
2 4 6 8

P, [dBm]

Fig. 8.  Measured values of GSNR and OSNR (measured over the signal’s
bandwidth), and computed non-linear SNR for the heterogeneous-link experi-
ment.
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Fig. 9. Validation of the non-linear SNR estimation over the 1483-km hetero-

geneous link. Solid line: Measured value with (7). Markers: LPM estimation
using either the approximated XCI correction formula of (6) (squares), or the
PCFM (triangles). Different colors correspond to different per-channel transmit
power values P

performance is still good, with a negligible difference between
the two XCI estimation algorithms.

C. Unequal Channel Power

For the derivation of the approximated expression of ¢ in (6),
two key assumptions were made: both the link and the WDM
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value with (7). Markers: LPM estimation using either the approximated XCI
correction formula of (6) (squares), or the PCEM (triangles). Different colors
correspond to different total transmit power Prx values.

comb must be homogeneous. As shown in the previous subsec-
tion, that approximation works also in a heterogeneous link com-
posed of different fiber types and span lengths. However, in that
case the WDM channels had equal launch power. To evaluate the
impact of power imbalance, we introduced random per-channel
variations uniformly distributed in the range [—1.5, +1.5] dB,
resulting in the transmit optical spectrum shown in Fig. 10 (left
axis). The right axis (red circles) highlights, on a smaller scale,
the power difference between channels, using — as a reference
— the central WDM channel. The chosen imbalance was large
enough to have an impact on XCI, while remaining within
realistic operational limits. The transmission was tested over
the same 1483-km heterogeneous link described in the previous
section.

The estimated non-linear SNR values (markers), compared
with the measurements (solid lines), are shown in Fig. 11. In
contrast to previous Figures, the legend shows the total (and
not the per-channel) power, since it is different for each WDM
channel.

In this case, the difference between the results obtained using
(6) (squares) and those computed with the PCFM model (trian-
gles) is greater, especially for the channel with the largest power
deviation (192.95 THz). Despite this, the proposed estimation
method maintains good accuracy, with errors typically below
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1 dB across the tested frequency range and launch powers. These
results confirm its suitability for practical deployment in realistic
optical systems.

V. DISCUSSION

Based on the results described in this paper, together with
those in [27], it can be concluded that the LLS-LPM algorithm
provides reliable SCI estimation under typical conditions where
NLI behaves as an AWGN source (i.e., when (7) is valid).
A noisier reconstructed power profile is expected to reduce
SCI estimation accuracy, as discussed in [37], and this aspect
deserves further investigation. Even so, since (almost) all optical
networks use WDM, a detailed study on SCI estimation alone
would have limited real-world impact.

Regarding the XCI estimation, this work demonstrates that
in “normal” conditions, the simple approximation of (6) holds.
By “normal”, we refer to systems with approximately uniform
WDM combs (equal symbol rate and spacing, and mild power
differences among channels). However, when the power dif-
ference is larger, for instance for the channel at 192.95 THz
in Fig. 11, the performance of the NLI estimation algorithm
slightly decreases. This is expected, since (6) was derived (fol-
lowing [40]) assuming a perfectly homogeneous link and WDM
comb. In this case, a full NLI model can provide more accurate
results, at the expense of requiring knowledge of all system pa-
rameters. However, as shown in Fig. 11, even PCFM predictions
exhibit some deviations. These are likely due to parameter un-
certainties and the limited precision of reference measurements.
Mainly, they originate from the GSNR and OSNR values used in
(7), whose combined measurement errors distort the reference
curves at low power, as seen in Fig. 9. However, the main
purpose of non-linear SNR estimation is usually to determine
the optimal transmit power [13], which depends (in dB scale)
on the non-linear SNR scaled by a factor of 1/3. Consequently,
this scaling strongly mitigates the impact of these inaccuracies
on the estimated optimal power.

Three main experimental constraints should also be noted.
First, the channel spacing was relatively large. This was neces-
sary to accurately measure the OSNR, which is needed to obtain
the reference curves (solid lines in Figs. 5, 9, and 11). However,
this reduces the amount of XCI affecting the channels; con-
sequently, the measured XCI contribution was slightly smaller
than in typical dense-WDM scenarios.

The second limitation concerns the modulation format. In this
work, we transmitted QPSK and 16-QAM. On one hand, these
modulation formats produce noisier power profiles [37]; on the
other, they induce less PPRN, which facilitates the estimation
of non-linear noise. However, all interfering channels were
generated by shaped ASE noise [42], [43], corresponding to a
Gaussian constellation [38], [46] which induces stronger PPRN
and XCI. Hence, we believe that, using a Gaussian-like constel-
lation (e.g., QAM with probabilistic constellation shaping) on
all WDM channels, would yield similar results. Future studies
should also investigate denser channel grids, higher-order mod-
ulation formats, and dynamic network scenarios to further assess
the applicability of LPM-based NLI estimation.
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Finally, the third limitation is the overall optical bandwidth.
This experiment was carried out using only (part of) the C-band.
Future multi-band systems, using also the L- (and possibly
other) bands [47], exhibit strong Inter-channel Stimulated Ra-
man Scattering (ISRS), which adds a power transfer between the
channels. While the LPM algorithm was extensively tested on
those scenarios [48], [49], NLI estimation was never attempted.
In general, given the accuracy of LPM in the presence of ISRS,
we can assume that SCI estimation would be still accurate.
However, the computation of the correction coefficient ¢ might
be different, especially when using models — such as (6) — that
do not consider ISRS. Consequently, the overall estimation of
NLI might require different — and more complex — expressions
of ¢, and this is also left for future investigations.

VI. CONCLUSION

NLI estimation based on LPM is a powerful and robust
technique, which does not require any prior knowledge of the
link configuration. However, it has a significant limitation: it es-
timates only a portion of the total NLI, namely the Self-Channel
Interference. In this work, we investigated the performance
of LPM-based NLI estimation in three different experimental
scenarios, focusing on the accuracy of the SCI/XCI ratio, which
is needed to estimate the full NLI power at the receiver. We
adopted a simple approximation based on the GN-model, and,
as benchmark, we used a recently-published full NLI model: the
PCFM. The approximation assumes a homogeneous link and a
uniform WDM transmission. Therefore, we accurately tested
its behavior on two cases: a heterogeneous link, mixing SMF
and PSCEF fiber of different lengths, and a non-uniform WDM
comb, with a power imbalance among channels. As expected,
the accuracy of NLI estimation in a heterogeneous link is lower,
especially in the presence of a power imbalance between the
channels. Nevertheless, the method still achieved satisfactory
performance. Consequently, we believe that these results show
that this method is a promising technique for monitoring and
optimization of optical networks, which can be applied in con-
junction with power profile estimation.
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