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Outline
• The discrete model of the channel with ISI.

• The turbo principle applied to iterative equalization and 
decoding: Turbo Equalization.

• The BCJR algorithm applied to equalization and 
convolutional decoding.

• Example of Turbo Equalization.

• Results and discussion.

• Turbo Equalization using the “Interference Canceler 
(IC)”.
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Introduction

• Turbo codes were invented by Berrou, Glavieux
and Thitimajshima in 1993 [Ber93].

• Turbo Equalization was proposed first by 
Douillard, Jezequel, Berrou, Picart, Didier, and 
Glavieux in 1995.

• A simplified Turbo Equalizer was proposed by 
Glavieux, Laot, and Labat in 1997.
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Multipath Channel (MP)
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Conventional system

• Equalization and decoding separately.
• Equalization: Filtering (LMS, DFE)

MLSE (Viterbi Algorithm) 
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Turbo Equalization
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MP channel as a Markov chain
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Transmission model with MP channel
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SISO device
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•A hard decision can be done based on the signal of the LLR

•The reliability of the decision is related to by the magnitude 
of the LLR.
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Maximum A Posteriori (MAP) Equalizer

( ) ( )
( )






−=
+=

≡
r
r

|1
|1

ln π

π
π

n

n
n

E

cP

cP
cL

( ) ( )
( )
( )
( )

( )
( ) ( ) ( )ππ

π

π

π

π

π

π
π

n
E
an

E
e

n

n

n

n

n

n
n

E

cLcL
cP

cP

cp

cp

cP

cP
cL

+≡







−=
+=

+







−=
+=

=









−=
+=

≡

1
1

ln
1|
1|

ln           

:Rule Bayes' using ,
|1
|1

ln

r
r

r
r

( )
( ) nInformatio PrioriA  

n Informatio Extrinsic 

→

→
π

π

n
E
a

n
E
e

cL

cL

MAP equalizer
rn ( )π

n
E cL

( )π
n

E
a cL



7

13

MAP Decoder
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Turbo Equalization (TuEqu)
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Turbo Equalization (TuEqu)
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Questions???
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MAP algorithm (BCJR)
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MAP algorithm
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MAP algorithm
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MAP algorithm
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Forward recursive computation of α
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Forward recursive computation of α
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Backward recursive computation of β
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Backward recursive computation of β
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MAP algorithm
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MAP algorithm

( )
( )

( )

( ) ( ) ( )

( ) ( ) ( )

















=



















=

∑

∑

∑

∑

−=
−

+=
−

−=
−

+=
−

1

''
1

1

''
1

1
1

1
1

,

,

ln  

,,

,,

ln 

k

k

k

k

b
kkk

b
kkk

b
kk

b
kk

k

ssss

ssss

SSp

SSp

bL

βγα

βγα

r

r

1input  +

1-input  

0s

1s

2s

3s

time
k1−k

( ) ( )
( )









−=
+=

≡
r
r
|1
|1

ln
k

k
k bP

bP
bL



14

27

Questions???
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MAP Equalizer
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MAP Equalizer
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MAP Equalizer
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MAP Equalizer
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MAP Equalizer implementation [Koetter]
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MAP Equalizer implementation
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MAP Decoder
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MAP Decoder
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MAP Decoder implementation [Koetter]
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MAP Decoder implementation
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MAP implementation

• For a practical implementation, the vectors 
forward and backward need to be normalized 
to avoid underflow.

• The MAP algorithm can be implemented in the 
log domain (Log-MAP-algorithm) for 
computational simplicity.
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TuEqu example
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TuEqu example
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TuEqu example
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TuEqu example (p=1)
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TuEqu example (p=1)
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TuEqu example (p=1)
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TuEqu example (p=1)
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TuEqu example (p=1)
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TuEqu example (p=1)
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TuEqu example (p=1)
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TuEqu example (p=1)
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TuEqu example (p=1)
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TuEqu example (p=1)
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TuEqu example (p=1)
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TuEqu example (p=1)
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TuEqu example (p=1)
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TuEqu example (p=1)
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TuEqu example (p=1)
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TuEqu example (p=1)
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TuEqu example (p=1)
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TuEqu example (p=1)
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TuEqu example (p=2)
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TuEqu example (p=2)
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TuEqu example (p=2)
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Evolution of the LLR’s
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Results
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TuEqu using MAP

• The MAP algorithm applied in turbo 
equalization is adequate to low spectral 
efficiency modulations and channels 
exhibiting a low delay spread.

• In 1997, Glavieux proposed an Interference 
Canceller in the Turbo Equalizer for 
channels with strong delay spread and high 
order modulations.
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Turbo Equalization with IC
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Turbo Equalization with IC
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TuEqu example
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Adaptive Turbo Equalization
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TuEq, other approaches

• Turbo equalization using block codes

• Turbo equalization using turbo codes

• Turbo equalization using joint channel 
estimation and MAP equalization (BCJR).

• Turbo equalization applied in multi-user 
detection of CDMA systems.
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Questions???


