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Abstract We demonstrate the correlation-based longitudinal power profile estimation of an optical link
using commercial transceivers and discuss the impact of practical constraints such as a limited data
size, erroneous templates, and implementation complexity. ©2023 The Author(s)

Introduction
Monitoring the physical properties of an optical
link is crucial for ensuring reliable and effective
network operations [1]. Currently, there are two
prevalent approaches to accomplish this task: 1)
utilizing additional monitoring equipment such as
the optical time-domain reflectometers (OTDR)
or optical spectrum analysers (OSA) installed
throughout the link, or 2) extracting information
from digital signal processing (DSP) at the
receiver side. However, the former method incurs
increased costs and/or complexity (e.g., out-of-
band signal), while the latter approach only
provides cumulative values for the entire link.
Recently, a novel method has been proposed
that utilizes the nonlinear Kerr effect of optical
fibres to enable longitudinal monitoring without
requiring additional hardware [2]. Using only the
received signal, this method can measure the
various physical properties of multi-span optical
links. Previous literatures have demonstrated its
capability in estimating longitudinal power
profiles, identifying fibre-types [3], and localizing
link anomalies such as losses [3-5], multi-path
interferences [6], faulty amplifiers [7,8], and off-
centred optical filters [8]. However, these
attempts were conducted offline, typically using
high-speed sampling oscilloscopes with a
sufficient number of samples and sampling rate.
In this work, we demonstrate the use of
commercial transceivers for longitudinal power
profile estimation (PPE) for the first time to our
knowledge, where either analog-to-digital
convertor (ADC)-buffer samples or demodulated
output symbols obtained directly from the
transceivers are used. We show the estimated
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power profile of a 12-span optical link by
averaging size-limited data sets with only 1
sample per symbol. Additionally, we discuss
potential inaccuracies commonly observed in
correlation-based PPE methods along with
practical constraints. By leveraging the
accessibility of ADC buffer or demodulated
symbols in most commercialized transceivers,
we present a practical example of how PPE can
be adopted to existing systems, which is an
important step toward the productization of this
technique.

Principle of PPE using correlation templates

In general, PPE relies on the uniqueness of local
Kerr nonlinear distortion imposed on a signal
waveform during its propagation. Fig. 1 shows
the block diagram of a PPE method using
correlation templates [9]. We may assume the
signal waveform at location z; is E(z,t) =
JP(z)u(z;,t) where P(z;) and u(z;,t) are the
local power and normalized waveform at location
z;, respectively. In the regular perturbation model,
the nonlinear distortion at the location is
En(z;, t) = —jYE(z;,t)|E(z;, t)|? [10]. The total
received waveform after chromatic dispersion
compensation (CDC) is then expressed as
up(t) = u(0,t) + XLy H(Ey, (2, £), —CD,) ,
where H is an operator to apply dispersion and
CD; is the accumulated dispersion from Tx to z;.
For PPE, we generate correlation templates,
u(z;, t) = —jyii(z;, t)|i(z;, t)|?, using a reference
waveform, i(t), which is obtained after decision.
As the templates emulate the normalized version
of the nonlinear waveform at each location, the
power profile, P(z), can be calculated from their
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Fig. 1: Block diagram of correlation-template-based PPE function
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Fig. 2: Experimental setup with a schematic of the data flow for PPE (blue line: ADC buffer, red line: demodulated symbols).
CDE: chromatic dispersion estimation, WSS: wavelength-selective switch, VOA: variable optical attenuator

correlation [2,9].

Demonstration of PPE using commercial
transceivers

To demonstrate our PPE using a commercial
product, we used a transceiver line card
supporting a 68-Gbaud dual-polarization QPSK
or 16QAM signal. The configuration of our data
extraction/processing at the Rx is illustrated in the
dashed box of Fig. 2. The received signal was
sampled by 96-Gsa/s ADCs and then processed
with standard DSPs for data recovery. The
transceiver that we used offered two access
points for data extraction: 1) ADC buffer, and 2)
the direct output of demodulated symbols. The
size of ADC buffer was ~32k samples per
tributary while only a 768-long consecutive
demodulated symbols could be extracted at a
time. We tested both cases in this work and, if
necessary, used fast DSPs with training patterns
to obtain demodulated symbols from ADC buffer
data. Fig. 2 shows the experimental setup for
PPE of a 12-span link. The signal was transmitted
over the dispersion-uncompensated link
consisting of 75-km long standard SMFs, and we
set the span launch power to be ~ 5 dBm. The
number of CD steps, N, and the step size were
1000 and 15.2 ps/nm, respectively. We
repeatedly ran the PPE function for different CD;
to calculate the correlation intensity at each
location. Fig. 3(a) shows the estimated power
profile (solid line) together with the theoretical
one (dashed line). The total number of symbols
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Fig. 3: Estimated power profile (a) before and (b) after
correction (solid line: PPE, dashed line: theoretical profile)

used for averaging was ~850k. The results
suggest that the estimated profile might be useful
for a quick span length or fibre type identification
but there are still a large discrepancies from the
theoretical profile.

Correction of spatial response and low-PAPR
The inaccuracy of the results is because, as
pointed out in [11], the correlation-based PPEs
are inherently affected by the spatial response of
the correlation function. A template u,(z;, t) is not
always uniquely correlated to the nonlinear
distortion waveform at location z;, Ey.(z;,t) .
Moreover, in the low-CD region, the low peak-to-
average power ratio (PAPR) of the signal may
cause a weak nonlinear waveform which leads to
an underestimation of the power profile. To
address this issue, we define Cy.(i,k) =
corr(u(z;, t), ur(z, t)) as a correction factor.
Fig. 4(a) shows the values of Cy.(i,k) as a
function of k for several different i . The
correlation is most noticeable when k=i as
expected; however, the correlation width is
@
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Fig. 4: (a) Spatial response and relative correlation intensity,
Cni (i, k), at different locations, and (b) the dependency of the
peak correlation intensity (i.e., i = k) on signal’s properties
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Fig. 5: (a) Reduction of correlation between a full-length
data set and segmented data sets, and (b) the
underestimation of PPE using an insufficient data length

shown to be ~130 ps/nm (equivalently ~7.5 km).
It should be also noted that the peak value of
correlation diminish when the accumulated CD is
not sufficient at the beginning of the link. This
indicates that Cy.(i, k) incorporates the effects
of both low PAPR and the spatial response. The
values of Cy.(i, k) are highly dependent on the
signal, as shown in Fig. 4(b). From the results, we
can expect the underestimation of PPE for the
first few spans becomes less problematic as we
increase the baud rate and format order. To
retrieve the actual power profile, we used the
regularized least square method. If we formulate
Cno(i, k) to be a N X N matrix, M, the power
profile after correction, P, , can then be
obtained from that before correction, B, as
follow: Pyose = (M'M + A1) /(M'Pyre) , Where A is
the regulation factor. Fig. 3(b) shows the
estimated power profile after correction, showing
a good agreement with the theoretical one.

Discussion on practical constraints
We discuss major constraints that must be
considered in practical scenarios.

1) Impact of data size

At the edge of a data block, it is not feasible to
create a perfect nonlinear waveform template
due to the lack of information outside the data
block. Thus, the use of non-consecutive data sets
with a limited size can be problematic especially
in the case of large CD such as ultra-long-haul
and/or L-band transmission. Fig. 5(a) shows the
relative correlation intensity between the
template of a 17920-symbol-long data set and
that of the divided (and shorter) data sets with
various lengths. It clearly shows the correlation is
weakened as we reduce the size of the data sets,
resulting in the underestimation of PPE in the
high-CD region as depicted in Fig. 5(b). This
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Fig. 6: Impact of the erroneous templates on PPE

could be partially compensated by using the
results in Fig. 5(a) or applying a weighted-window
to the data sets.

2) OSNR or BER of the received signal

When creating templates, it may not always
possible to use a perfect reference waveform
(e.g., post-forward error correction (FEC)). In
such case, a pre-FEC data has to be used.
However, the pre-FEC data often differs from the
actual transmitted data and it may weaken the
correlation. Fig. 6 shows the estimated power
profiles while varying the received OSNR. Note
that we used the data before correction here to
minimize the effect of noise. As expected, the
estimated power decreases as the OSNR is
reduced. The inset shows the power offset
required to eliminate this effect as a function of
the bit-error rate (BER).

3) Low-complexity implementation of PPE

The implementation complexity of PPE
heavily depends on the complexity of CDC. A
multiple times of CDC, often with a large amount,
are required to complete a set of correlation for
all locations along the link. It is imperative to
simplify the CDC process and reduce the overall
complexity. One way is to use symbol-rate data
rather than oversampled one (as we did in this
work) for PPE. The required number of taps for
CDC can be reduced by ~36% when the
oversampling rate is 1 instead of 1.25 [12]. In
addition, the use of lookup tables of the correction
factor, Cy(i,k), would be beneficial as it is
deterministic and depends on signal properties
such as format, baud rate, and pre-distortions.

Conclusions

We have shown the feasibility of using
commercial transceivers for PPE. By utilizing only
data that are easily accessible from any
commercial product, we have demonstrated the
PPE for a 12-span link. We have also highlighted
several factors that might impact the accuracy of
PPE. With careful consideration of these factors,
we believe that PPE can be used in a various
applications even with existing products.
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