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7. COHERENT DETECTION – INTRODUCTION
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7. COHERENT DETECTION – INTRODUCTION
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7. COHERENT DETECTION – ANALOG PART
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Pseudo Random Bit Sequences (PRBS)

m-stage 
feedback shift 
register

A maximal-length sequence 
generated will contain all 
but one m-bit combinations 
within a length of 2m-1 bits.

m = 415 bits

Michel C. Jeruchim et. al., “Simulation of Communication Systems”, Kluwer Academic, Second Edition, 2002.

(Seed)

(Order)

Primitive Polynomial
[4,7]



FIBER-OPTIC COMMUNICATIONS

22 MARCH 2021 slide 27

telecom
BCN

7. COHERENT DETECTION – DIGITAL PART

DI
G

IT
AL

 C
O

HE
RE

N
T 

RE
CE

IV
ER

ADC
iI-X

i1

i2

ADC
iQ-X

i3

i4

ADC
iI-Y

i5

i6

ADC
iQ-Y

i7

i8

90o

optical
hybrid

90o

optical
hybrid

e1

e2

e3

e4

e5

e6

e7

e8

local 
laser

incoming
signal

eS

eL

eS-X

eL-X

eS-Y

eL-Y

PBS

PBS

IX

QX

j

St
at

ic
ch

an
ne

le
qu

al
iza

tio
n

(C
D,

 N
L)

CMA-LMS

IY

QY

j

polarization
tracking

phase
tracking

phase & polarization
diversity receiver

EX

EY

digital section

PLL

PLL

HXX

HXY

HYX

HYY



FIBER-OPTIC COMMUNICATIONS

22 MARCH 2021 slide 28

telecom
BCN

7. COHERENT DETECTION – DIGITAL PART

An
al

og
 to

 D
ig

ita
l 

Co
nv

er
si

on

( )20log 2 6N
dBSQNR SQNR N= → ≈



FIBER-OPTIC COMMUNICATIONS

22 MARCH 2021 slide 29

telecom
BCN

7. COHERENT DETECTION – DIGITAL PART

Ch
ro

m
at

ic
 D

is
pe

rs
io

n 
Co

m
pe

ns
at

io
n

( ) ( )
( )

( )
( )

2
2 2

222
1 2

, 2

1, 0, ,
2

tjj z z

H z

z e h z t e
j z

βω β

ω

ω ω
πβ

−
= → =



A A

Linear Regime
2

22 2
22 2

FTA Aj j
z t z

∂ ∂ ∂
= → = −

∂ ∂ ∂
β βωA A

A signal sampled every TADC seconds can be recovered by applying a finite 
impulse response (FIR) filter to the signal with tap weights:

[ ]
21

21 Nj n
h n e

π
ρ

ρ

− −  =
[ ]

2 2

0, 1

2
ADC

n N

N

L
T

ρ

ρ πβ

∈ −

 =  

=
N: Number of Taps

z-1 z-1 z-1x[n]

y[n]

h0 h1 h2 hN

…

…



FIBER-OPTIC COMMUNICATIONS

22 MARCH 2021 slide 30

telecom
BCN

7. COHERENT DETECTION – DIGITAL PART

Po
la

riz
at

io
n 

Tr
ac

ki
ng

 
&

 P
M

D 
Co

m
pe

ns
at

io
n

FIR filters

2x2 
MIMO

LMS

EX-in

EY-in

HXY

HYX

EX-out

EY-out

HXX

HYY

Inverse Channel
Matrix C†

( )

( )

j t

j t

e 1

1 e

− ∆θ

∆θ

 α ⋅ −α
  −α − α ⋅ 

 



FIBER-OPTIC COMMUNICATIONS

22 MARCH 2021 slide 31

telecom
BCN

7. COHERENT DETECTION – DIGITAL PART

Le
as

t M
ea

n 
Sq

ua
re

 
(L

M
S)

 A
lg

or
ith

m

 Fast Convergence
 Training sequence required
 High computational cost
 Hingh sensitivity to frequency and phase

misalignment (within PLL)
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 Blind filter adaptation (no training sequence)
 Robust adaptative algorithm
 Independent of carrier frequency and phase
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 Pre-convergence for QAM

h y

CMA

x L

L

ε* –
+

2

R

( )
( )

22
X X out

22
Y Y out

R A

R A

−

−

ε = −

ε = −
µ:  Convergence

parameter (~ 10-2)

error function filter updating mechanism

R: circle radius

k 1 k k * k k
XX XX X X in X out
k 1 k k * k k
XY XY X Y in X out
k 1 k k * k k
YX YX Y X in Y out
k 1 k k * k k
YY YY Y Y in Y out

h h A A
h h A A
h h A A
h h A A

+
− −

+
− −

+
− −

+
− −

+ µ ⋅ε ⋅

+ µ ⋅ε ⋅

+ µ ⋅ε ⋅

+ µ ⋅ε ⋅









2x2 
MIMO

FIR filters

CMA

EX-in

EY-in

HXY

HYX

EX-out

EY-out

HXX

HYY



FIBER-OPTIC COMMUNICATIONS

22 MARCH 2021 slide 33

telecom
BCN

7. COHERENT DETECTION – DIGITAL PART

Co
ns

ta
nt

 M
od

ul
us

 
Al

go
rit

hm
 (C

M
A)

( )
( )

( ) ( )

( )

( )
( )

( ) ( )

( )

( ) ( ) ( )

( )

( ) ( )

t

FI LS

t

FI S L

t

FI LS FI

j t
j t t t

S L

j t t t
S L j t

2 j t t t t j t
X X S L S L

eRE A t A e
2 1

1RE A t A e
2 e

1E E R A t A e R A t A e
2 2

θ

θ⊥

⊥

θ

 
∆θ  

 ω +θ −θ 

 
  ω +θ −θ⊥  

⊥ − ∆θ

 
 
 ω +θ −θ +∆θ ω +⊥ ⊥ 

 α ⋅
=   −α 

 −α
=   − α ⋅ 

α −α
+ = +



















 

( ) ( )

( )

( ) ( ) ( )( ) ( ) ( ) ( ) ( ) ( )( )

( ) ( ) ( )

( )

( ) ( ) ( )

( )

( )

( ) ( )

t

S L

t t

FI LS FI S L

2

t t

2 2 2 2 22
S S L S S L S S

2

2 j t t t j t t t t
Y Y S L S L

2 2

S

R A t 1 A t A R 1 A t A t A cos t t t
2

1E E R A t A e R A t A e
2 2

R 1 A t
2

θ⊥

⊥

θ θ⊥

⊥

 
  θ −θ 

⊥ ⊥ ⊥

   
      ω +θ −θ ω +θ −θ −∆θ⊥ ⊥   

=

= α + −α + α −α θ −θ + ∆θ

−α α
+ = − =

= −α +α







  




 

 ( )( ) ( ) ( ) ( ) ( ) ( )( )2 2 22
S L S S L S SA t A R 1 A t A t A cos t t t⊥ ⊥ ⊥− α −α θ −θ + ∆θ 

( ) ( )

( ) ( ) ( ) ( ) ( )( )

( ) ( ) ( ) ( ) ( )( )

2 2

S S

22 2 22 22
X X S L S L S S

22 2 22 22
Y Y S L S L S S

A t A t

RE E A t A R 1 A t A cos t t t
2

RE E A t A R 1 A t A cos t t t
2

⊥

⊥ ⊥

⊥ ⊥

=

+ = + α −α θ −θ + ∆θ

+ = − α −α θ −θ + ∆θ



 

 

QPSK



FIBER-OPTIC COMMUNICATIONS

22 MARCH 2021 slide 34

telecom
BCN

7. COHERENT DETECTION – DIGITAL PART

Fr
eq

ue
nc

y 
&

 P
ha

se
 

Es
tim

at
io

n

VCO

∆θ i

N f

N p

Te-j(·)

1-α

α
loop filter

s i a i

Decision-Directed Phase-Locked Loop (DD-PLL)

Re

Im

∆θ i

Rotated
reference
constellation

S i

Constellation spinning at IF
Constellation wiggling due

to phase noise
Constellation rotated due

to phase uncertainity
QAM grid decision
Gray code
Short training sequence

α ∼ 0.95
Nf ~ 1000 samples
Np ~ 10 samples

Reference constellation steps
(π/20) following the smallest
mean-square error 
(Maximum-Likekihood)

When LMS is used, PLL is placed inside the LMS 
loop increasing the system’s instability. CMA 
avoids this situation.
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Viterbi & Viterbi Algorithm
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φ =
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Im

θA

QPSK

 Very symple implementation
Works only for QPSK
Multi-modulus variations for QAM
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e j(φs+φc )

e Mj(φs+φc )= e -4jφc -Mφc
~
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~
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( ) { }S 2m 1 ,m 0...M
M
π

φ = + =PSK
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