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Introduction System Model Optimal Detection

Phase Noise Channel Model
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Introduction System Model Optimal Detection

Optimal Approach - Joint Detection & Estimation

Sum and Product Algorithm

@ MAP detection -

by = arg max P(by|r)

@ We will use the Sum and Product algorithm in order to

compute
P(b|r)

@ First we need to derive the factor graph for this problem

@ Then, we can run the SPA message passing algorithm

Shachar Shayovitz and Dan Raphaeli (TAU) Pilotless Communications Over Wiener Phase Noise Channels



Introduction System Model Optimal Detection

Optimal Approach - Joint Detection & Estimation

The Factor Graph Approach,
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[From Barbieri, Colavolpe and Caire (2006)]
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Introduction System Model Optimal Detection

Sum and Product Algorithm

SPA Messages

o pr(fk) fo Pr(0k—1)Pd(Ok—1)pa(Ok — Ok—1)dOk_1
° py(bk) = fo Pb(0k+1)Pd(Ok+1)Pa(Oks1 — Ok)dOki1
° pa(0k) = Som—g Palck)fi(ck, Ok)

o Py(ck) = fo pr(0x) o0k ) fi(ck, Ok )dOk

Phase Quantization

@ 0 is a continuous random variable

@ SPA is approximated via phase quantization
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System Model Optimal Detection

Introduction

Phase Noise Trajectories

Pilots kill the wrong trajectories!
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Introduction System Model Optimal Detection

Do we really need pilots?

Symmetrical Constellation
@ Symmetrical constellations need pilots in order to bootstrap
the estimation process (zero point in EXIT chart)

@ Decoding symmetric constellations requires pilots due to
inherent phase ambiguity (Zero point in EXIT charts)

Asymmetrical Constellations (AC)

Wrong phase trajectories will decay over time
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Introduction System Model Optimal Detection

Symmetrical Constellation
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Introduction System Model Optimal Detection

Asymmetrical Constellation
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Decay Factor Definition

Decay Factor - Definition

@ A method to analyze the performance of AC in general
@ SPA messages can be approximated using Tikhonov mixtures
(Shayovitz & Raphaeli 2012)

N¢ Re[zf 7J9k]

0 -
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° For asymmetrical constellations the amplitude of the it
"wrong” mixture component,aX, is a decaying process

@ The decay factor § is defined as

_ Olog (E(ak))
=2
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Skewed MPSK DF IR EXIT Simulation Results

Skewed MPSK

Definition

2m™m

Sm=¢eMe m=0,1,...M—1. (1)

where € creates the skew in the constellation
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Skewed MPSK DF IR EXIT Simulation Results

Decay Factor - Skewed MPSK

Suppose the message pr(fx) can be approximated using a
Tikhonov mixture of order 2 (phase ambiguity ¢ at k = 0),

2
pr(0i) =) of £ (0k) (2)
i=1

Then, the amplitude process can be described as,
1
ERD
=1 (12,

Then the Decay Factor can be computed numerically using,
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Skewed MPSK DF IR EXIT Simulation Results

Skewed MPSK
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As € increases the decay factor is better
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Skewed MPSK DF IR EXIT Simulation Results

Decay Factor - Example
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Skewed MPSK DF IR EXIT Simulation Results

Question

For large ¢, the minimum distance is increased (BER corrupted
at High SNR), how does the skew impact the achievable
information rate?
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Skewed MPSK DF IR EXIT Simulation Results

Skewed MPSK

Information Rates for different Skews
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A skew of 0.7 seems to not lose IR, but can we use SPA without
pilots?
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Skewed MPSK DF IR EXIT Simulation Results

Skewed MPSK - EXIT Chart
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For zero a priori LLR, we get an output of non zero LLR
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Skewed MPSK DF IR EXIT Simulation Results

Bit Error Rate Simulation Results

@ 4096 length LDPC code with rate 0.89.

@ SMPSK with a skew value of 0.7 without any pilots
@ QPSK with one pilot every 40 symbols

@ oa = 0.2 [rads/symbol].
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Summary

Summary

In this talk we have:

@ proposed a new signal constellation for pilotless transmission
of signals over Wiener phase noise channels.
@ We also provided a method to analyze the performance of this

constellation. This analysis can also be used to assess the
performance of other signal constellations and provide insight.
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