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Comdined Turbo Block Decoding and Equalization

K. Mohamed-pour and M. Noor bakhsh
Deptpartment of Electrical Engineering, Khajeh-Nassir University of Technology

Abstract: In this paper, the combination of equalization and turbo decoding is studied. I n the iterative decoding of a product
code in block turbo coding system, the equalization process is performed within the iteration loop. The present study aims to
investigate the decision feedback equalizer (DFE) incorporated in the iterative decoding. Simulation results show that the more
severethe channel interference, the morethe gain of the combination of DFE and turbo decoder performance compared with the
case in which each is used individually.

Keywords: Turbo code, Equlization, Product code

\J'.'S;—** mu‘)ts—*

o) YWAY el Y ;)La.:: cYY’ dl.w cdm‘

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
https://dor.isc.ac/dor/20.1001.1.2251600.1383.23.2.5.3

[ DOR: 20.1001.1.2251600.1383.23.2.5.3 ]

(el a8 RBF 5 ML laslibons Sty 31 il oy
sl (B g5 KudS o gos e 1A e i
55 e S35 e o305 b o i 53 DFE Sl
(DFE 5 6 (555 gliS08 oS, plgxr i
5 St @b llg 5 Some Saln b s Sl

g e S OT Julos

S a5 s Y
D e B T e N
s a Ogiw 5w SLESUS ol sl eals QLS
Jsl3 &S 555 s ploil Chase o2y, S ol 5 "SISO
o303 LIS (1) UKo S35 ol plondl L6 LT Ole Lo
Lt SISO LiSUS slers = 5 (63505 Sl 0l S
By b o5 4 Lon(dh) 5 Lpn(dh) ks 08 slen LLR

g g R

Lpri(di)zlog% )
P(r |d =1
Lm(di):Iog% ™

juwj‘sg)y):)w‘&_bﬁléﬁ}ﬁri

S JUES sl g dal st slailen 5,5 558 sl
21 3 Lo a St sl dal, 1 b Len(dh)
2

Lo (d)=——r )
nosie

4 s LLR 0T bl 5 5 <6 & oo Rl U
Sy h R 5 S

P(d; =1|R)

P(d; =0|R)

a8 K hais S I o) O o g g3l KT

Lm(di)zlog )

ol s o wl LT LLR sl alis 51 (o,
Sl S Lag(d) Al s oLl 'MAP (5, S o

L;uLLRMw\))Md‘ﬂ)ﬁwﬂhJﬁﬁbfjﬁ

VWAY il oY 85l T Jle (Jokizad

dodas —)

OLE dd b yme 5 gl 55 SladS «144Y JLo
53 cibsee ledsls Ol Sledlbl anilor a5 Coul ol osls
22 DIk e s o 3, S 555 adsls ol S
Sl o S ae [Y] 3 S 5y5 JB slaas ,LiSas
1) ghmss B XS S gl s el gl 5 LIS 5
NI P N INPUNSE { BV S S Y G
LSS 53 a5l p3Y Sledbl 55,8 13 4,5 oLasSus
Sllad S 5 AT o s 4 (6 2E 0 S L
sl o 555 SRln b o8 Gilepln b sos 2LESKS
g D YTl ods 4 3 515 ) 3550 055 L 4S
£ 5 o= L JLl s wd) LS g g5 sbads
ML lslias .l 635 RBF' L ML° DFE lajlilias
Sl s oS ol s Jlosl slehoas dlos ang 5L, CET
RBF Slilaas [0-T] 555 po plol o5 &)}Q\pj_gjs
2ok OF Sl o8 ol Lo 0 oo g 3Ly IS2T
DFE jlulues b=l 53 [V+-V] Gl RBF ae oSl
Sz s M6 oL 35ms LUFIR et ol o Ly
53 I AT 5, RBF 5 ML glalasloes 4 oo oS
slie B glaas 5l eslinad YU * as, 08 L glas ks
LI5S i, IS 4 5055 slaas [V =Y s VY] e
22805 Log-MAP L "MAP lea, S L (J6 L
Szl b (B g5 IS Gl p das e s
sl ((aled Sogoas GRlHIL) S0 Sl JL IS
LiSaS 5 DFE jLusloes 51 Godos ol 3 S s
iS5 Chase oy )5S L oS 55 e eslinad B g5
S5 Sbas Ol &)ﬂ‘ ol 3heslamal b [Y] 558
Copot S SlPl 0 5 L Soslal L B
ol 53 e algdy @t (s [NE] 55 oLES0S ol
XDSL L5 slas o)l8 5 WL Cs e L Ol e (gl o adlin
o 330 XDSL (slas )18 JUassil JUIS 53 ol el
DFE _Simy col 3L 5 JUIS a5 oy slgy 45 (a4l

oy

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
https://dor.isc.ac/dor/20.1001.1.2251600.1383.23.2.5.3

[ DOR: 20.1001.1.2251600.1383.23.2.5.3 ]

« K2 >

ni| k1 Information

Check Bits

D IS S sl - S

|
"

Lpri(di)

Lext(di)

» »

? U
Lch(di) —D@J—V Chase Algorithm T

;Lpost(di)

Chase oz, s8I bl 5 SISO sliSus -Y IS

53 A ol e el L6 8 5 Y e
.:yidemaﬁ('\)ikgbl{ﬁmajﬁﬁdb-

w;[n+1 =w;[n]- mqn- ile'[n] QY
e m s S efn] Al 35 X[N] O s &S
Pl o s 4 oy Lt JUS

e[n]=d[n]-z[n] V)
356 S pee AIN] 5 Sleiloas o3 25 > Z[N] O 55 S
e 0 IS8 el Jlyl ledeon I[N 51 e 5 2[N]

o one - TR LY Z

AU 55 sliSas DFE .8 5 -¢
S ol S5k (slor 4258 0 S S gt - b
:).\::& nJ‘J )‘J—; <Y’)J§":' L;)")): L;l_n;S/JSJBLw (2)J§_‘2 ):
Do s gl 53 250 0 0dis (V) JSS 5o s S 5
FB 5 FF jliloas slo 2 sleor s % oo 31 JUS LLR

oy

Gillae 5 ol KudS s 3l 36 oS das e 0L (53555

Dy e o (0) dal
Lext(di)zl—pog(di)' Lpri(di)' L (d) ()
O 5 o o3l oS (555 L) ) SO LSS 5
035> GLESUS Lpi(d) Olye 4 S0 S Lea(d) 0 45
ol s a3l QLIS (F) IS5 53 oS 655 Olan 3, o 51,5
b o slazel BB ot Lpa(dh) 0g olil slal 5 s
S5SB ol SSS walsl U oS 55 e ot kie 55 S
i3S o ol 5SS sl s Lp(dh) Sldie ey oo G 4

:).J:L;a

DFE jluilues ¥
[N 5 6 b slilns o5 o 5L 51 LS DFE Slcloes
Sldluan O Slaa gl Gl Hls gad sl sl o3ls O
e 2l 5 316 el et wls 0LES () K4 > DFE
UFB s 4 55 5 R Sy S bl
53 ety e 3 S IMS S s g e LS
el I 53 a6l oS el DFE (ol e ol b

VATt oY 85l VY Jle oSzl

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
https://dor.isc.ac/dor/20.1001.1.2251600.1383.23.2.5.3

[ DOR: 20.1001.1.2251600.1383.23.2.5.3 ]

Lext(di) Lpri(dn) J Lext(dn)

Lpri(di) SISO SISO
ROW DEC. COLUMN DEC.
Leh(di ™
. Lpost(a) Lch(dn) Lpost(dn)
to
Decision
- - i
A g gl s Y e
Input
signal % Xn] yinl 2n] din]
— maitch filter — FF —»@—» Decision
T (symbol period)
FB

DFE jluilaes o lisle —¢ K3

Decision Directed Error Signal Learning Curve
0.025

T
I
I
I
I
I
002 - - -1 --—- : ,,,,,,,,,,,,,,
I
I
I
I
I
0.015(y- - - L O S
oorpfp - -t L]

0.005 1

I | | \ !
2000 4000 6000 8000 10000
Symbol Number

Mﬁﬁwdb):dﬂfagw—o‘)&:

Lpri
Input from Lext Lpri
match filter Lext
) FF " SISO ROW SISO COLUMN
L, DEC. N DEC. .
Lch Lptost
0
1 decision
FB « | Symbol «()« Interleaver |«——
Estimation

305 WSS s DFE oS 5 -1 IS

VWAY il oY 85l T Jle (Jokizad

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
https://dor.isc.ac/dor/20.1001.1.2251600.1383.23.2.5.3

[ DOR: 20.1001.1.2251600.1383.23.2.5.3 ]

(S 8l Ol (ds .ol Cre + Njy " Cppe
Crc +*Nitr " Cpre

New S 8 1 o=

Crc *Core
2B Jdod 5 g5lhans -0

FaskS S dsb o el 8 e T3 SN Sl Sl
355 48,5 IS 4 XDSL paa JUsl JULS Olye 4 Vsane S
(V) U5 53 JUS ) oslS 3 oy [V 8] ml 3, S ol
5 2.7 Msymb/secesls e o (gl Il 395 o 03
4QAM 05 Ny 5182 MHz LS 3 | sl ~
5SS L (Down stream gl )
B 05 8 el st el il ol g3
o) =l ol BCH (32,26) Il (nl s aslizad 3,50
Uil Lo sl o3l LIS (M) IS s (g3lwa
B s e e a
£ YO le—oe aulis 3l gilwiluen 5 LSS
Vo leoe anslie . ul 148 B jSlu> 45 345 0 yesie
OLES o s Bl 53 1y 8 e 5l 3B e gt
s 0.46 dBS das

Gilwilaen 5 2SN S 5 c = 3 aS Ll
Sl 3 asds 1) S5 Dlads ol a5 Gedad 25l
A MGkl Ce e il Ol 5 plnil (e el
D S Gl Aol Al O 0 ged S 1, ST lads
Wl ol Jos i £ Y Glgione 4 by e (goleans o
e (g3l 5 oLES0S I 6l 1y lee i S
S Al L3 3 oS T e s 4 ¥ ot s ol
Coar e Ml Zals | s cl )V o 5l g (oes
s ol b Js 008 e Gedas A0y, 5o ALl fals
e e 0L |y (i 0 Shes gy 55 sLiSWS 5 DFE S 5

452 MHz sl> 50.954 MSymb/SEC e o b (g 3lott
s0F IS 5 SIS Olea L (Up-stream ) —wlee)
el o 0313 OLES () S5 53 gl & ol 0y S ol
Li IS e sl cle 6 Sl ol s

00

. 2 L T .
e 2/Snoisze Sl gl Ll 05,5 ol Sl sy
Cdle e L LLR ) ga (5,50 & L oS o JUIS
):&g\@jﬁﬁ.:;wojﬂjmwgﬂéé\ﬂ
Cogots Sadle S 55y (0 S 4 FB s slgiss s
L2355 DFE 3> ot (ol 53 ol ol BB 55 e
L;l_q-gcj:dl_:f.ﬁjdulSLLRu_q-jJ}-tQ_q-)’\
S35 Li S —x 5, S o FB s FRla s > >

:ﬁ)b .L.::L' okl wA}J

Li =(2/s25e)(Lextz(di) +17) W)
Ol el ools oh:,sww/p'rj)
S runroy =il ={ 9 Lig0 @)

g5 3 e pS s 53 el FB A (355 S «
gl s b L b o LLR 81 el Jla| STas
V] ose
1- ehi
1+ebi
5 el oy sy i e 5 1 3 Slas ax S p 3 e
5 el o DFE s ps obls e OF g
Sl I LMS Gl gl Eln] e S o5 e
Al s 4 ZIN] oS3 pdomn (53505 5 p 5 e
en] = Sysorr) - 2Nl (1)
oty S iSS L DFE S, S

éi(SOI-—r) =Ed;} = O)

o cper)p Y Jlesl Oy Sso 4 (Sdomn) Siame
(25 iy o5 DDl oy o Gl & (el Ly (G 8
SIS Slads slaws S s 8 GLiSuS 4 by e o6, S
Stz 5 Cro Ll 55 LSS Sy Nir L
I s Cre>>Core v Ol Cpre L |, DFE jlislaea
Cre+Core il IS S dams s s3lailuen 5 LESUS
© byl oy GiSUS LDFE S 5 Sl s ol

Sl JS Sy W 555 el S5 Sl slass

VATt oY 85l VY Jle oSzl

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
https://dor.isc.ac/dor/20.1001.1.2251600.1383.23.2.5.3

[ DOR: 20.1001.1.2251600.1383.23.2.5.3 ]

-10

201 - - - -

e 0| . N

710 )|

<o) A

I N |

) S —

0L - - -1 ____ I __________

Amplitude Response (dB)

oL - -l

-80

Frequency (MHz)
. . . )
0
10 T T
0 No Goding
1: Independent DFEand Turbo Decoder
10°L 2 Independent DFE (Slowed Down) and Turbo Decoder |
3 Joint DFE and Turbo Decoder (Hard Symbol Edimation)
4 Joint DFE and Turbo Decoder (Soft Symbo Estimation)
0l ,
§ 10—37 1
m ol 1
5
10
b )
V3 271 \os
4
]_(:)‘6 | | | | | | | |
5 6 7 8 9 10 n 12 13 14
BE/NO(dB)

0
10— _ T T
0: NoGoding
1: Independent DFE and Turbo Decoder
10°L 2" :Joint DFEand Turbo Decoder (Hard Symbol Estimation)|
3'0" : Joint DFEand Turbo Decoder (Soft Symbol Edimation)]
107,
10%
0%
10° ;
3%21
10° | | | | | | | | |

4.52MHz 4 0.945Msymb/sec gl » s3lw and C’L" -4 s

VWAY il oY 85l T Jle (Jokizad

PDF created with pdfFactory trial version www.pdffactory.com

01


http://www.pdffactory.com
https://dor.isc.ac/dor/20.1001.1.2251600.1383.23.2.5.3

[ DOR: 20.1001.1.2251600.1383.23.2.5.3 ]

0
10

Velocity: 20 m/s, Urban Condition, Rate: 0.5 Msymbol/s, BTC(64,51)2»4QAM

107

—— 1;I;1dependent DFE(2,2), Turbo Dec.
—«— 2: Joint DFE(2,2), Turbo Dec.

Bit Error Rate
= =
o OI
s

=
o
A

107

-6
10
8

Eb/NO (dB)
(g 53 ek &l Slasein b Kudd JUIS 3 BTC(64,51)* KyuS L RBF 5 DFE gl sl 5 Shes -V 0 K2
sl 4-QAM O ge¥ g s 5 20 M/S 05,8 s v 0.5 MSymbOI/SEC ¢ framms &

dbuowkdhd‘ﬁdﬁkﬁmd‘ﬁ\Awwg‘}?}fbﬁ:w—\d}b

q; () ) Y

/0

\TA Y/Y 0/

P (dB) v o

-Y

- —A —\

et S (SuSs )8 5 Sledloes S 4 by s
Slwand bl das 0 QLU ) o Dy foo
&L&aﬁmjwwprjwja\):éwlnb&l_u
sdalie &S sb Olen 3510 Jlor o g0 S oo (e
250 S8 o5 5 Sledlann S5 I ol 53 50 e

S o sl Vo s gl Jlasl 36,40 0.7dB

& S w1
LS8 s DFE S 5 ddr b G ol
el w8l 5 Sas blis 53 0F 5, Ses 5 6l JB g5, 5
):ASM:&QWJ.pB-@bCJJSJ\ij)f S)9n
et el a5 BB s g ol WU S 1S S -
o g JJ‘)SL;«FBA.}‘_;{})} Ls\f' fJ"LﬁA}JC’Jl}_ Qﬁb)
55 L bl 5 SLESUS L anglis jo a1 (i
j\sg}uww\;s)w.g.\?c_bv_f%

5 ol 5 6V 3,08 L (sl sV ste

ov

3DFE oS 5 51 Jol o a8 353 e ol il o
0.37 dB s> 3 5 S 5L Ol )5 gL SUS
S oty Sedle e 5 9d e 0kid pl e Do Sl o
S Ce 4 S (S350 p
sLiS U o an 4 DFE jLiilucen 5, Slas caslsl s
Sakd JUIS (sl el 5 1me b 53 53 o B 55
o3 s FB 5 FF (sl s (ol sl 35 S e ail)) LI,
Bl 53 s T b cline i a5 JUIS 3L
(V) s 53 OF o s i Jlo liasein s 3L s GSM
0 llien Godar gl S cpl 3 VY] ol s o3
f i Gy e Es 3L LMS ) SISl eslind sl
Jsb ol b il e P isel dlis SaS  JUS
ol 31 eskizad 13 D8] el od slital 5 8 Sl
S s Sy Cons s S 534S ol ol B
Ao Sons s OF 515 LS (5,85, 1, JUS iS5 o3 LMS
- s el (O ~)J§.& 53 Ll & L sl slislawa

L;L@:\M C»—v-" IS s v_w) 4'QAM QHYJJ.A )\ el

VATt oY 85l VY Jle oSzl

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
https://dor.isc.ac/dor/20.1001.1.2251600.1383.23.2.5.3

[ DOR: 20.1001.1.2251600.1383.23.2.5.3 ]

turbo decoding

iterative decoding

product code

decision feedback equalizer
maximum likelihood

radial basis function network
finite impulse response
throughput

. maximum A’ posteriori
10.soft input-soft output

11.log likelihood ratio
12.maximum aperori probability
13.transversal
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