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Abstract

In this paper, we propose a low-complexity Turbo coded BICM-ID (bit-interleaved coded modulation with iterative
decoding) system. A Turbo code is a powerful error correcting code with a BER (hit error rate) performance very close to
the Shannon limit. In order to increase spectral efficiency of the Turbo code, a coded modulation combining Turbo code
with high order modulation is used. The BER performance of Turbo-BICM can be improved by Turbo-BICM-ID using
iterative demodulation and decoding algorithm. However, compared with Turbo-BICM, the decoding complexity of
Turbo-BICM-ID is increased by exchanging information between decoder and demodulator. To reduce the decoding
complexity of Turbo-BICM-ID, we propose a low-complexity Turbo-BICM-ID system. When compared with conventional
Turbo-BICM-ID, the proposed scheme not only show similar BER performance but also reduce the decoding complexity.
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Fig. 2. The conventional Turbo-BICM-ID receiver.

|
En

==X M 50 & H 8 =

23

gineers of Korea Vol. 50, NO. 8, August 2013

(1951)

of7lol M M she] AEol wisgE HIE] Ji¢E

deke A @5 A @ olgdel ool B A
G55 Axtetd A (65)¢ 2tk
P( mo_ b|yk)
M-1
:T‘EXE(%}))P(Z/HI;C) ];[OP(U;:L *vm(xk)) (5>
M-=1
= ( exp |logP(y,lz,) + ogHP z,))
z,Ex(m,b)
M-1
2 (5)9 Fel J[1/P0W=1)8 w84 4 Gx
=0
4 @3 2ol e & g
M1

POl =bly,) H l/P(vi =1)

=0

Y exp

z,Ex(m,b)

©)

= > L)

vlh(wk) =0

logP(yk|a:k) +

]

2 (6)2] L(ub% o]zl
e, A (6)e] o

ORS 4EL(

Zt olol tg LLR g+ v
e olgste] Fzol, o el O
A (N3 2ol At

-
R |

ARG %

o

o

o, mE my RN
e rlo ~
Iy

1=

o2 o

d

x
ol

o

H
. kU

N
)
H

=

=)
N
-
1o,

=
e
BN
N

=
fm

N
o
K
=)



24

Q AQ MSB LSB
. 01 b b,
QKO K\ ? ® O Feedback
0ol ~ Qoa\a 01 00 °:0
~ \t13 \z \1 o:l1
a, TR
o 000 T T 00 1
el
belb[/
1t 100 ¥ 0
(@) 8-PSK MAtE (b) LSB &t
' Q MSBLSB AQ LSB
01 b [ b b e 11 .b, by
000 Oqg‘lback 1.0 01 Feedback
e :0 ®:0
o:1 o:1
10 00’1 10 001
1 10 1 00
» 11 Q01
(c) MiddleBit &t (d) MSB &t
Ozl 3. 8-PSKel MAalx
Fig. 3. 8-PSK constellation.
Wege u shtel vEd B AR ABFOE
AHoTd BEREE Fole Aol sbeEth 19 32
8-PSKe] 4= 2 AlEd wjgd A 79 HE F 3
el HMEES oleigle] ARFAL 5 HPES
Ebdl Aot} Z1#lo] ZE (gray code)E o83 AlE
) WS westgon 1% 3(a)E 8-PSKe| A4
=5 a9 3b)~(dE 47 by, b 2 5,5 o] 7
shek Ao ANEE YErdnh 27 3(b)~(d)l e
W onpel o] H]Eo] tigh HRE ogle] A% A
T AgE = doly o]l 0 T 191 gkl mekA HA
A sjekale] Aol Wl Hh 19 3o
Ehdl A=) A5 Y AE (Hamming distance) 2}
FZgdet A9 (Euclidean distance)Z o] §3}o] 4]
g 4= 9lor ol& HYeS (Transfer function)® 1
Bl okelel A3t 2
T,o(L,H) =1+ LH"+ LH"+ L*H" )
Typages (L H) = 1+ %LH‘“' +LPH" + %L2H“"‘ 9)
T Ly H) = 1+%LH“1+L2H“?+ %LZHQ" (10)

Turbo coded BICM-IDQ S& T M J|H

(1952)

A sh 42

W oy, aq, a3, 0, 18 3(a

gt Agel #=H
)oll HERd up
2ol fZ2tjet A (Euclidean distances)®]th.
Ao #H Agle] ostd APHoz &
go] oM = A or WIlstER 3
of oate] 7 & S etk 4 /)~
(10)ell Yebd FEeuet Al &
Aol b, (least significant bit, LSB
85 7V 5 des HERd
Atk whEbA 2
3}04 LSBel| tjgh RS H
T ghak= Weks AQkght
z_% 200 e mho} 2Eo] )& Alctd 7 el ¥
B BS7)o e AEHES deE HEd] tigk ¢
ARG AlLtste] 27|12 dAFY JEAES:
2 e HE g JH= A9l HE Ko7
A A= AR7F ol E R Turbo-BICM-IDE +&
at7] faiM = HE Ror)eA F7HA o g2y H)
|t R AFRE Ateteolety HE H37]9
EFE7t A S "ok w2 ERedAE
Turbo-BICM-ID¢] 78 HFEE 7FAAI7]7] $138td
HE 5570 FRH|EC digh Fr
dAFo Wy B35 Fasts 7He A
QoA A nle} o] 8-PSK 4l &2 LSBel & d3s}
poll "= AEE AstAS W 7P £ A
55 B Ao qAHER HE BRI ¥
= AHH|EE 8-PSK AE9] LSBel| vigsk3it).
=74 Aoksl= Turbo-BICM-IDE]

m
)

s} H]Eog

X

[t

rﬂ

rr

S 171 7- = vehd Zlolth 28 4o vhebd wpst

o] Aletshs 7S BE BErldA AE ArH|

E, cpol i3t 9 RAR L))ol QEWE AA
Deinterleaverl

= Deli:)dsull{ator L‘V(Vk); Deinterleayer? Lu(q{)' D—[c;\(l::::l(;r “
Deinterleaver3
N
a7 4. Hetsks 7ol A7 =
Fig. 4. The proposed Turbo-BICM-ID receiver.



St
Elgel

E

20134 8& ®Xt
Journal of The Institute of Electronics

e
=)
Cs

3]
n

B9 APAAR, L))
AEEHY 729 2s
sofol gk $JFAFR, L
#9] Turbo-BICM-ID$} H
< HE 5374 dE HE
o7 AAkg o) flemw Eﬂ‘i 2357
A BE F ds B olye HE 53

712 A%EE R ¥k 1/3E FolEo
Tell Had s=do] HPEE A B

= H--=
Fxdol sith

Yk
“(vy
|JEna
S|

7]

of &
°lE

—

¥, M X oM

2~
T

=

i} 2t
Turbo-BICM-IDoj A Bz7] =
W] == MSB, LSB,
shel MEl 282
0:15]:2_ U] ]L: /\].7(4
A% Asfolnt.
E|H H35 9} 8-PSK
A5
S-BICM (single-BICM) 71¥ < A}-8-3F%th BICM 7]
Holl A= Qe e Fxe wheba] 17l 1o YeRd vf
sh o] Azl vjRs= HE 2E e
2 teel Sy
(multiple-BICM)¥} sluve] HIE <HHHE ALEstE
S-BICMe.2 s 4 o', M-BICMS S-BICMS}
JetS Wl A E B Fag EE dgfo] <l
sk S1x]of wjgo] 7hsk ol Ak ¥ 59} 69
AR AE Bx7)eA AMEE= MSB, LSB
Middle bitell thdt AR} Bo 7)ol AH K

2 (bit stream)
JEZHE AHE3t= M-BICM

jus)

Gl

=i
N

ir
ar

1. BHE 39| H

Table 1. Turbo code parameters.
Coderate 1/3
Constraint length 3
Generator polynomial (1, go/g,) = (4, 5/
Interleaver Uniform interleaver
Interleaver length 1024
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