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Introduction 

The Wiener phase noise channel is studied and a low-complexity phase noise (PN) tracking algorithm is designed. The method is validated on an 
EDFA fiber optic communication channel with non-ideal lasers with linewidth of 10kHz, 100kHz and 1MHz for 16QAM, 64QAM and 256QAM. The 
method is integrated with a coded modulation system with iterative demapping and decoding. It is shown that iterations improve the BER 
performance by more than 1dB in some cases. 
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Channel model 
Consider a standard Wiener phase noise channel: 

• 𝑦𝑘 = 𝑥𝑘 exp 𝑗𝜃𝑘 + 𝑧𝑘, where 𝑥𝑘 ∈ 𝒳, and 

     𝜃𝑘 = 𝜃𝑘−1 + 𝑣𝑘 ,  𝑧𝑘~𝒩 0, 𝜎2; 𝑧𝑘 , 𝑣𝑘~𝒩 0, Δ2; 𝑣𝑘 ,  

• The process variance is found as Δ2 = 2𝜋 ⋅ 𝑓𝑊 ⋅ 𝑇𝑠, where 𝑓𝑊 
is the oscillator’s linewidth, and 𝑇𝑠 is the symbol rate 

Receiver’s task: Estimate the posteriors 𝑝 𝑥𝑘 𝑦1
𝐾 , which are 

used for achievable information rate (AIR) calculation and later 
for demodulation. 
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Model the forward and backward recursions by mixture of 
Tikhonov distributions, and use the sum-product update rules 
for finding them   

• 𝜉1 = 𝑝 𝜃𝑘−1 𝑦1
𝑘−1 =  𝛼𝑚,𝑘−1 ⋅ 𝑡 𝑤𝑚,𝑘−1; 𝜃𝑘−1
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• 𝜉4 = 𝑝 𝑦𝑘+1
𝐾 |𝜃𝑘+1 =  𝛽𝑛,𝑘+1 ⋅ 𝑡 𝑢𝑛,𝑘+1; 𝜃𝑘+1
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• 𝜉5 = 𝜉2 ⋅ 𝜉3 

• 𝜉6 =  𝜉5 ⋅ 𝑝 𝑦𝑘 𝜃𝑘 , 𝑥𝑘 𝑑𝜃𝑘
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Algorithm (in a nutshell) 
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Results – EDFA WDM optical channel 

• We study the achievable information rates (AIR)s on an Erbium doped 
fiber amplified (EDFA) wavelength division multiplexed (WDM) optical 
channel. We compare the performance of the Tikhonov mixture 
model (TMM) proposed here, the trellis method from [1] and the 
decision-directed (DD) algorithm from [2].  

• The pseudo-ideal phase-noise removal (PIPNR) is obtained via genie 
approach by subtracting the sliding window average phase-noise 
sample 𝜃 𝑘 = ∠ 𝑦𝑙𝑥𝑙

∗𝑘−1
𝑙=𝑘−𝐿−1 , and is also an AIR.  
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Figure 1. Factor graph of the receiver processing 

Figure 2. Example phase noise distribution. With the 
insertion of pilots the 𝜋/2 ambiguity is resolved 

Figure 3. AIRs on a standard single mode fiber EDFA link with 17x28GBaud channels, 

100km span between EDFAs. Left - 𝒇𝑾 = 𝟏𝟎kHz, right - 𝒇𝑾 = 𝟏𝟎𝟎𝒌𝑯𝒛 

Iterative processing performance 

• We study bit-interleaved coded modulation BER performance in 
severe phase noise scenarios and large QAM constellations.  The data 
are encoded by a convolutional turbo code. 

• The phase-noise tracking is inserted in the iterative demapping and 
decoding loop, which results in inclination of the EXIT function of the 
demapper => iterative demapping in phase noise scenarios is 
beneficial.  
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Figure 3. Iterative processing performance. Pilot rate – 5%.  Left – EXIT chart for 
an AWGN and phase noise scenarios, right – BER for 1024QAM. 𝒇𝑾 ⋅ 𝑻𝒔 = 𝟏𝟎−𝟒, 
turbo code of rate 𝑅 = 7/10, 10 turbo iterations, 5 demapping, 2 PN iterations. 
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• New method for phase noise tracking was designed, based on 
Tikhonov parametrization 

• Near-optimal performance in the analyzed EDFA WDM channels 

• Iterative processing is beneficial in severe phase noise scenarios. 
Pilots are needed in such cases 
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