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Abstract 

A technique to estimate the quality of live traffic transmission, without knowledge of the transmitted bits, is proposed. The 
technique, which is applicable to systems employing soft forward error correction coding, estimates the so-called asymmetric 
information from a histogram of L-values. 

1 Introduction 

System margin measurement is essential for network 
management. As a research or system installation test we can 
use known test bits, e.g. pseudo-random binary sequences, and 
compute various performance metrics with this knowledge. On 
the other hand, once the system has started carrying live traffic, 
the true transmitted bits would be unknown. Thus performance 
monitoring methods must be blind, i.e. without the knowledge 
of the true transmitted bits [1]. 

For legacy systems using on-off keying without forward error 
correction (FEC), the bit error rate (BER) and corresponding 
Q-factor estimation were performed via a Gaussian 
approximation of the probability density functions (pdfs) [2]. 
Even with unknown data, means and standard deviations [2, 
Eq. (1)] of a binary signal can be derived from hard decisions. 
However, the BER must be sufficiently low and the decision 
reliability high, for the BER to be reliably estimated in such 
systems. After the emergence of hard-decision FEC, the BER 
before FEC decoding, pre-FEC BER (or Q), has been used for 
margin measurement relative to a threshold value that 
guarantees quasi-error-free performance after FEC decoding. 
The pre-FEC BER is then simply estimated from the ratio of 
flipped to total bits in FEC decoder. 

For soft-decision FEC thresholds, information-theoretic 
performance metrics such as mutual information (MI) and 
generalised mutual information (GMI) are more reliable than 
pre-FEC BER for post-FEC performance prediction [3,4]. 
However, applying the GMI or other relevant information 
theoretic metrics [5–7] for live system performance 
monitoring is not straightforward, in the absence of blind 
estimation techniques for such metrics. Near the FEC 
threshold, pdf overlapping occurs much more frequently now 
than before, due to worse acceptable pre-FEC performance.  

In this paper we will provide an estimation of the asymmetric 
information (ASI) [6], useful for systems running unknown 
live data, under the use of soft-decision FEC and reverse 

concatenation probabilistic shaping (PS) [8]. The ASI works 
as a soft FEC threshold [6,9], and the estimation error in ASI 
are shown to be 1.7% for the Gaussian channel and 3.5% for 
fibre-optic channels. These errors correspond to 0.3 dB and 0.6 
dB signal-to-noise ratio (SNR) in the binary modulation case. 

 
Fig. 1 Functions for blind performance monitoring in DSP. 
 
2 Preliminary and principle 

Fig. 1 shows our proposed blind performance monitoring 
functions for live systems. In this work we assume the use of 
a bitwise receiver. The received complex symbol 𝒀 ∈ ℛ$  is 
softly demapped to a posteriori L-values 𝑳 ∈ ℛ& , 
deinterleaved to 𝐿 ∈ ℛ , and decoded by a binary soft FEC 
decoder, where ℛ  and 𝑚  denote the real number set and 
number of bits per modulated two-dimensional symbol, resp. 
When carrying live traffic, the transmitted bits 𝑩 ∈ ℬ&  are 
unknown, where ℬ = {0,1}. In this work we estimate the ASI 
without the knowledge of 𝑩. We just need to add a function 
for monitoring an L-value histogram in real-time digital signal 
processing (DSP). Note that using the received symbol 𝒀 
instead of 𝑳  would also be possible, but then any 
approximation in soft demapping cannot be taken into account. 

As FEC threshold for reverse concatenation PS, the normalised 
generalised mutual information (NGMI) [5], ASI [6] or 
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achievable binary code rate [7] is useful. Recently NGMI and 
ASI were compared and showed different prediction 
performance [9]. Actually, the definition of NGMI and ASI are 
a bit different as 
 

NGMI = 1 −
6(𝑩)9:;<

=>?
@=
ABC(𝑩;𝒀)

&
  (1), 

 ASI = 1 − ℎ(𝐿;||𝐿;|) = 1 − 6(𝑩)9@=IJ
ABC(𝑩;𝒀)

&
  (2), 

 𝐼L
M:N(𝑩; 𝒀) = 𝔼𝑩,𝒀 Plog$

𝕢(𝒃,𝒚)=

∑ X𝑩(𝒃)𝒃 𝕢(𝒃,𝒚)=
Y  (3), 

where h, 𝔼, 𝕢(𝒃, 𝒀) denotes differential entropy, expectation 
and auxiliary channel (a channel assumed in soft demapping) 
[4,8,10], resp. Hence ASI = NGMI in matched decoding (𝑠 =
1) and ASI < NGMI in mismatched decoding cases. We here 
focus on ASI, which is based on symmetrised a posteriori L-
value, or asymmetric L-value, 𝐿; = (−1)\𝐿, where 𝐿 is the L-
value that will be fed into the FEC decoder, and 𝐵  is the 
corresponding transmitted bit [6]. As a possible example in 
practical implementation, the SNR of the auxiliary channel is 
set to a fixed FEC threshold value [11]. Then the SNRs of the 
received symbols carrying live traffic and that of the auxiliary 
channel will have a gap, e.g. several dB of system margin. 

 
Fig. 2 Blind performance monitoring for PS-64-QAM having 
𝐻(𝑩) of 4.1 bpcu. The pdf as a function of (a) symmetrised a 
posteriori L-value 𝐿; or (b) absolute value |𝐿;|. 

Figure 2 shows an example of L-values and the blind ASI 
estimation procedure for PS 64-ary quadrature amplitude 
modulation (QAM) at an SNR of 10 dB. In the following 
simulation and experiment, we used more than 106 samples of 
bitwise L-values. Constant composition distribution matching 
(CCDM) [12] is applied with the output block length of 1024 
pulse amplitude modulation symbols. The QAM symbol 
entropy 𝐻(𝑩) is 4.1 bit/channel use (bpcu). We estimate the 
ASI from the pdf 𝑝|`a| (orange in Fig. 2), which is obtained just 
after soft demapping. The operation principle consists of the 
following steps. 

1. Prepare 𝐾  predetermined Gaussian distributions 𝑝̂`a,d
NeN  for 

𝑘 = 1,⋯ ,𝐾, characterised by different means and variances,  
to be used as pdf candidates for 𝐿h. 

2. Set 𝜌 = 𝑝|`a|(𝑚𝑎𝑥) , where 𝐿;  is approximated by its 
quantised value and 𝑚𝑎𝑥 and 𝑚𝑖𝑛 denote the maximum and 
minimum quantised 𝐿;, resp. 

3. For 𝑘 = 1,⋯ ,𝐾 , let 𝑝̂`a,d(𝑖) = (1 − 𝜌)/∑ 𝑝̂`a,d
NeN (𝑗)&hp9q

rs&tu  
for 𝑖 = 𝑚𝑖𝑛,⋯ ,𝑚𝑎𝑥 − 1  and 𝑝̂`a,d(𝑚𝑎𝑥) = 𝜌 , to satisfy 
∑ 𝑝̂`a,d(𝑖)
&hp
ts&tu = 1. 

4. Find the best 𝑘 = 𝑜𝑝𝑡 from all 𝑘s to minimise the mean 
square error between 𝑝|`a|  (orange) and the  𝑝̂|`a|,d  (green), 
which  is derived from 𝑝̂`a,d. While we implement this as a full 
search over the predetermined distributions, other optimisation 
methods, e.g. gradient descent over the distribution 
parameters, can be employed. 

5. Calculate the ASI, called blind ASI in this paper, by applying 
𝑝̂`a,xyz (blue) to 𝑝`a in (2). 

 
Fig. 3 Simulated absolute error in ASI estimation for PS-64-
QAM with 𝐻(𝑩) of 4.1 bpcu over the Gaussian channel. 

Once the histogram 𝑝|`a|  is stored in DSP, the above 
processing is implementable in an external software or field 
programmable gate array. For the case shown in Fig. 2, the ASI 
from the sampled 𝑝|`a| with knowledge of transmitted bits is 
0.877 and that from the proposed estimation is 0.872, so the 
absolute error is only 0.005. Figure 3 shows the absolute 
estimation error by blind processing as a function of ASI when 
we swept the SNR from 5 dB to 15 dB. The SNR in the 
auxiliary channel was set to a typical FEC threshold condition 
of ASI = 0.86 [13], and the L-value was quantised to 4 to 8 bits, 
i.e. 16 to 256 bins. The absolute error in estimation is almost 
within 0.015 (the relative error is at most 1.7%) at ASIs larger 
than 0.86, which is the regime of practically interest. An ASI 
of 0.86 corresponds to a Q-factor (from BER) of 5 dB for 
binary modulation such as quaternary phase-shift keying 
(QPSK). The Q-factor can be also estimated from the chosen 
Gaussian distribution’s mean and variance, i.e. 𝑄 =
𝑚𝑒𝑎𝑛 √𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒⁄ . 

In the computation of ℎ(𝐿;||𝐿;|) in (2), step 5, 𝑝|`a|  can be 
partially used instead of 𝑝̂|`a|,xyz  to estimate ASI, but no 
significant difference was found. Note that once we have the 
ASI, the achievable information rate (AIR) can be estimated 
as AIR = 𝐻(𝑩) − (1 − ASI)𝑚.  
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3 Experiments 

We experimentally examined the proposed method using the 
setup in Fig. 4, which was almost the same as the one used in 
[14]. A 51-tone optical comb was generated by an electro-
optics comb generator with seeded light from an external 
cavity laser (ECL). Then the comb lines were separated into 
even/odd tones and modulated in an in-phase/quadrature (IQ) 
modulator. An arbitrary waveform generator created a 24 
Gsymbol/s electrical signal, which was fed to the modulators. 
Polarisation-division multiplexing was emulated and 
neighbouring tones were decorrelated using optical 
interleavers (OIs). The generated comb-based 25 GHz spaced 
51-tone modulated signal was propagated through a 
recirculating loop consisting of 80 km standard single-mode 
fibre spans, erbium-doped fibre amplifiers, an optical 
bandpass filter for suppression of out-of-band amplified 
spontaneous emission noise, a wavelength-selective switch 
(WSS) for gain-tilt compensation and an acoustic optical 
modulator (AOM). There was no performance difference 
when including a polarisation scrambler inside the loop, so we 
removed it for loss reduction in the loop. The centre channel 
having a wavelength of 1545.32 nm was extracted by an 
optical filter, mixed with local oscillator light from an ECL, 
coherently detected and sampled in a digital sampling 
oscilloscope. The signal was recovered by pilot-based offline 
DSP [14]. The recovered constellations are shown as an inset 
in Fig. 4. 

 
Fig. 4 Experimental setup. Insets are constellations for PS-64-
QAMs (5.7 bpcu at 5 loops and 4.6 bpcu at 13 loops, resp). 

The examined modulation/shaping formats were 16-QAM, 64-
QAM, PS-16-QAM, PS-64-QAM and PS-256-QAM. The PS-
64QAM format was generated with CCDM [12], whose 𝐻(𝑩) 
were 4.1, 4.6, 5.2 and 5.7 bpcu, and the PS-16-QAM and PS-
256-QAM were generated with the DM in [15], whose 𝐻(𝑩) 
were 3.4 and 6.3 bpcu. The SNR assumed in the soft-demapper 
was set to a pre-set value per modulation/shaping case, 
assuming a typical FEC threshold of ASI = 0.86 [13] 
regardless of the number of loops. The number of L-value bins 
were set to 32 bins as a possible value in a deployable DSP. 
Figure 5 shows the ASI with transmitted bit knowledge (solid 
lines) and by the proposed method without such knowledge 
(dashed lines). The markers for base constellations 16, 64 and 
256-QAMs are coloured in green/red, blue/orange and 
yellow/purple. In the regime where the ASI is more than 0.86 

(black line), the maximum absolute error is within 0.03, so the 
maximum estimation error is 3.5%. A potential cause of this 
two times larger estimation error for the fibre-optic channel 
than the Gaussian channel may be that analogue signal 
distortion makes the L-value distribution more non-Gaussian, 
which is also influenced by the normalisation and quantisation 
of L-values, and the finite number of Gaussian distributions 
tested (here 𝐾 = 8192). Below the assumed FEC threshold ASI 
of 0.86, the prediction performance becomes worse due to the 
pre-set fixed soft-demapping. The prediction performance was 
not improved even when the ASIs of each bit-level were 
estimated separately and then averaged. We have also 
monitored the Q-factor, and then the absolute error was less 
than 1 dB at a true Q-factor from 5 to 10 dB. 

 
Fig. 5 Experimental results. 

4 Conclusion 

Soft-decision FEC thresholds are efficiently estimated from 
bitwise L-value histogram using a Gaussian approximation. 
Experiments show typical estimation errors within 3.5%, 
which corresponds to an SNR of around 0.6 dB in the regime 
of ASI = 0.85–0.95 in the case of a binary modulation. This 
accuracy is comparable with typical SNR estimation methods. 
The proposed method needs minimal overhead in hardware, 
i.e. just a memory for saving the L-value histogram, so it is 
feasible for live system performance monitoring. 
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