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Abstract

In this paper, we propose a improved turbo equalizer which generates a feedback signal through a simple calculation to
improve performance in single carrier system with the LMS(least mean square) algorithm based equalizer and LDPC(low
density parity check) codes. LDPC codes can approach the Shannon limit performance closely. However, computational
complexity of LDPC codes is greatly increased by increasing the repetition of the LDPC codes and using a long parity
check matrix in harsh environments. Turbo equalization based on LDPC code is used for improvement of system
performance. In this system, there is a disadvantage of very large amount of computation due to the increase of the
repetition number. To less down the amount of this complicated calculation, The proposed improved turbo equalizer adjusts
the adoptive equalizer after the soft decision and the LDPC code. Through the simulation results, it's confirmed that
performance of improved turbo equalizer is close to the SISO-MMSE(soft input soft output minimum mean square error)
turbo equalizer based on LDPC code with the smaller amount of calculation.

Keywords : improved turbo equalizer, LDPC code, low complexity, LMS algorithm

I.M & AX oz fu|sty] §3k =AM A Al2=E ol

sasith 2AAY T4 AATIEe 27 Al A

AAY FAlelE e 2vtE Butd F41 Al 71 A AREE AEFA 50nJ/bitE InJ/bit T

Fo2 Jhdske Aotk olHd 2AHY uFH F

SR, AR, FRWSE AAT s A AesE e AaA ARl Al g

(Department of Electronic Engineering, Chungbuk vz whgke]l oy} W Zolgll! AEe) AgtE =
National University) oA E Ao

% o] REO 90139 % AN (S el 550 Aelo 17454l elyt WPAN(wireless personal area network),

2 el Ak ;q g o wbo} Zra)El 7] e FA} WBAN(wireless body area network)s 3} #Z< 541 1

A 9d (No. 2013R1A2A2A01005849).
© Corresponding Author(E*rnaﬂZ ecomm@cbu.ac.kr)
HedAF 201394€ FAAEY 2013979224

HT 2 F‘_

(1956)

AeA g FutEaE AREshE OFDM(orthogonal
frequency division multiplexing) A28l =2 PAPR



20134 88 NMXtZ=t3 ==X M 50 H H 8 =
Journal of The Institute of Electronics Engineers of Korea Vol. 50, NO. 8, August 2013

(peak-to-average power ratio)= <13] <&
oz Adlslx L} wehr] durzoe=z o
A28 ALgE Aprt 32 o)z,

g gk Al zglo A= A o) ISI7F 4l Zhet
Al %*ﬁiﬂ‘:}. ]% weshy] 8 Ad SokE S ¥

A HAoh - A T3 As T3 %
Aap e Ao glom Ag Fahia Fof Alklbe]
w2 LMS(least mean square)&ild]HS ARE3E A¢
7} 2}]\14_[3][4]

3 H w2 Aes W2l A o9 Al 29S
ARgstEE ol e Al 39 Tl =& S Fojul
7] #jste] k=] @Alel 2dE Aes e
LDPC(low-density parity check) =2 AF&3F A7}
AaEa ot LDPC #57t At @ o] % z7]o) =
T 7% oggo s FEuwx Ragn o
eiuh Al 7F b gl wet sh=glo] 7lse] M E A
e AAb FHo o] 0o] opd i FIF F
<9 Zolo r|ste] wjg- AA EAst= LDPC F-35.9]

—

5 Jes FEE 5 A el it A FE
7] A&t @Al o] EE Al AlaHlo A A8 S

AstAY dotgt A F4ES g71402 fAdsh] 9
3 A77h AaHm 9ol LDPC HEs yrAow
SPA(sum product algorithm)E ©]-&3fe] E353} 3}
e BFER £ A%s 4S8 & Utk 2y

LDPC =+

N
_

7] $)5}o] :
39 whE 352 2 o)ge A% S 9
g WMo ANFS A4 2 7A Bl

F7 2 e US AT st 319 5

3712 L (log likelihood ratio)#t< ©]-&3t <AAIE

& WEA7IE HE 537l dig A7 et
A A& 5L °”jr[m] ARkH el BB 5317 = MAP(a
posteriori probability) 53}7]7F AFEHTE MAP 53}
71 e Tt WA vE] £ 53 s 7HTh
}11‘3} MAP 537]= v Z#dvict A 5g55 ALt
7ol

MAP 53}7] ﬂmoﬂ SISO—I\/H\/ISE5§}7I-§ AHE-3t.
SISO-MMSE 53171¢] 5384452 &)l vl
Bl "olA AN HPEE s37]el wa =4
G gtk w3 o3 BR 537]¢ LDPC #3533
43 LDPC %35 7]wF g1 Fsjrlel dis] 57} ¥

(1957)

al Sk

o A4 WHEue o
HO

1 =2

al T
= Aol 27 F
EES

Aol w“ﬂ

29

itk LDPC ¥% 7] gH S$3}7]9 = LDPC ¥%
ARk Ew_ T3] A9 @0—% Hl
11
=

7 e 5 m%k | A Sk O

55 9 = o‘ﬂé% A ot} E‘ﬂﬂgi 4zl
HE F57]olA = LLR & AZAA vHEste] A%
S PFAZITE o] g W] Zekste] LDPC H3 ©]
9] Nzt AR o]F9 NI E hde ALkS F3l
Aggttt, o] 25 E o]&ate] g F3rlolA dA st
= 53k LAE B flste] o] sl Hx 4l
59 FAE WAt Er o] WHoR LDPC H357]
gko] Bl 53719 s FHulg gl ALk
S F2Ad)e TEE A e BA4E
%5 vasty] 9l dukAl LDPC 7]Hke] B R
5381719 BER 4% Lz} B oAl AltstE )
AE BHE 538719 BER A% 1#ZE ARSI
Alglo] B3k AsS W] $1% LDPC F-35.9] A4
R 9 wbE 3155 o] 8ste] AitERE vt
2= 139 A& ofo] M4 dvtAel H
B 53719 Jidel dis) Awsta, M= AlE7

%o A ISI(intersymbol interference)

A AE AR A8 Ad s FAsF @

3ol FIR(finite impulse response) ZE A8t 4l

A% F 24T AL AFE ol

d ASZE 749 FIR 28| $3AA ISIHAA S E

53} st
LMS 4agl&

QA+ A48 3



30

L

L

& Ad Aol x,
Aoty extol gk 4]

2 (DA e
7F 0o] =W AlF
& ot 2t

362

V=

ow

0

- dn_
6w( k
- 26ka

(2)

WX, )

A Fol A
ddlolE

71 A 71&7]7F HA7F HE LMS
AHE-8H= FIR ZE o Ajd 93 741
= gey 2ol

Wit1 =

[e]
4 348

W, + 2pe, X, 3)

2] (3ol A p step size® 7S AAlEE 7+
of tigh A golth. Hak7] g pell et

01_

rl

=+ 2t
1< < —2 4)
/J/ )‘max

A7IA Ay © U AE 7,2 FAAE A7)dH 3
gdo] Ao 1+ gholth

2. LDPC #=

Gallager 732} % E¥= LDPC ¥35+ E53
co) @ FREA (VK2 EHRG o794 Ve
R5o HE $8 Jugt R50E Yan Kt 4
B HE $2 Yehdth LDPC ¥3& (V- K) X N9
3715 zZ= non-systematic sparse parity check

matrix HZ Aot} o794 non-systematico] 2}

= 9ue= HEy AA d¥ H7F submatrix 24
(N—K)x<(N—K)¢ @498 do] &A43}# &S &
sht}, 18] 3 AA sparse & low density?] ov]

= e AA FE HF iR 03 Al 12 T
AEo] gles Uehith 183 LDPCH 59 135§

e HE S347]9 HA Lt &

(1938)

g5 87t

S x/NoE AolHt) vTE] WE pseb vAlA] WE
moZ FAE & ofgfo} o] oz WE e

A AT re
o 3% W

D]-[G]

r=cPhe= [p m]@e

o714, selE] WEsh WA WEE 247 2=
Elo] o at Slitel] 9x|star lvka 7pgsich 4
N7]9) BB ofzlsh Po] NES WElE F= 7Y
& S,

H,

s=rHT= ([p m]@e)lHl;]

2 (6)
= pH1T69 mHQT@ eHT

e=0 ©° a7} 9= Ao A=z wE= (9

s 7HAT.
s=pH " ®mH, =0 (7)

WAIR] WE moll 9|8 parity vector pE 23 %
o] YeRAT

p=mH, H (8

A WE Ge vy 2ol yEeRd
G=H/H "1 9)
= WY e o3 2ol yehd 4= 9t
c=mG
e [mHQTH1 Tm] (10)
=[p m]
o 714, djelE] HAF BEL LDPCH-5.9) %59 Fa3h
82471 A, weba] w2l 1A g AAVE wg- F
[t}

Al

[}
U%E H

E 9} x

e

2

o of
ol

—

Mo

R

23
et

L=

i
e

co} A=
P(sum-product) &1t

% U= ok SP
_S./ulo]y H]E Ll:oﬂ}q H

BER 4%

%
T

o
~

I} MS(min-sum)%&
g5 A3 L‘:Oﬂ A
AHEE = Ao MY F2

il

Al o

A=}
u}

5% DA

¢



20134 88 MAE=3| ==& H 50 2 H 8 =

Journal of The Institute of Electronics Engineers of Korea Vol. 50, NO. 8, August 2013

A BFET mrhE wde] ok W E MS ¢alE
Fe SP dugFdl us i Bgush He uw
BER 52 W2 tho] 9t}

Ho=fo|Mq ARgE LDPC B35 dauglEe Sp 4
gEo g LDPC #3571 AA /A 34L& 335
o A WAL $4 vEdLE A 4 % et
z718t A, A3 == FES FEe A2 ==
o= 7, HE FEL TE NE = o= B
4, vpAg o2 B 7G-S s

%2713} #}AoA LDPC E37]¢ 48L& LLR,
Ly, (uly)ol i th&3} o] m@H)

P At

Wy =P (u=—1ly)
exp(—(5/N,)(y—a)?)
—ln 5o/ )ty — o) (11)
exp(—(£/N,)(y+a)?)
L,
:4ayWOZLCy

o] 7)o A ¢ fading amplitude ©]t}.

BEHE =5 gy oM ¢, =+1 & ¢, =—1 ¢
dES S

Pl =pPlu=+1ly)

L.y
_ e
o Ly’
. 1+e (12)

Pl =Plu=—1ly)

1
1+eL"y

ol A g A3 == duo]E 343} HE &
AdHolE Bl A AMEEHE
LLR 3oz e uo

o
qmn’ q’n’ Tmn -

mHA HE =

22

o

L

;(] J‘_:‘; E” q’il m

oA ndA A =ER dduE WAAE ¢ =
mAA A =Eo A nHA HE =22 AdyE o
ANAE eugt), 281 ¢ & ndA HE =9 gs
ERdth o7191A i 1 B 0 & YERATH

A == GdolE #4L N(m)ol miAA A2 =
o} dAEo] gle HE w29 ol i & W, m
A A wsoA niA HE =ER WA= g
o] S AA ddlolE Atk

(1959)

31
Ir(l:)n” = l(l + H (q’foL - q;l”r" )>’
2 n'eN(im)\n (13)
=11,
714 Nm)\ne ndA HE ==& A9g v
A N(im)el 83 vt
HIE =& guolE #4L M(n)o] HE HAL 3
g HO n¥A dolld nHA HE w29 dZAF] 3]
= A =259 Heolgtal st mHA A =t
A A BIE 222 A g2 v S 7
A gele|E Htk
q[7)nn = amvlp [7)1 T?n'n’
) 1m'€M(n)\m )
qmﬂ, = aln’ n rm"ﬂ,
P m'E M(n)\un (14)
where,
o, ©5 determined so that q(,),m +q}n” =1.
of W M(n)\m< miA A =5 AT v
A Mn)ol AeHs ofnlgict,
wA ME me] ghe ohe st o] ARLE R o] @t
= B4 DA ARE A Hok
g =ap, IT 7.
mEJI(n)
= an,p'(rJL ?71,71, ].__[ T?n'n’
m'E M n)\m (15)
qp npn H Tmn
mE]l[(n
- anp; 7lnn H ,rrln'n
m' € M(n)\m
A4 BANME g, & 7T otelek 2ol v, 3k
& ARG
~ J1 ifg >4
v, = n n (16)
0 otherwise
gtk pHT=[v,0, ¢ o s v JHI=0 olAY,
- 1%2 N
g R B e we Sde) g, e
e st HF 2% vE S Ha, 134
ow 2dA1Rl A = QfHlolE WAR Foprt o
N BEBRE SR Bk,
3. HE 337
27 18 QuAel By Fale) AREel pas
gepdti? 29 12 1By LDPC H37]94 MAP 5



32 WME BHE S350 HAC 45 HIt HEF <
“n MAP L9<I ) Deinter- L(c“> Decod :L: E(l'n) +(xn*zn)(zn*zn)7](zn_E(zn)) (19)
- Equalizer leaver ecoder >
] o710l A x 4ke convolution $34Fo]th
L(z") Inter- LD(C") - _
leaver z,=X, +v,s" (o> I,+ HV,H") ' (y, — HX,) (20)
a8 1. HE S3b7|el 25ctolofa NX(N+M—-1) 3719 Aqd AEFHA PFEA H =
Fig. 1. Block diagram of turbo equalizer. the s} 7
S = F2E ha gom wEAe 5 Pyt e By 0 0
& gslel Awe PIAL ek o ope % |0 e e B 00 o
$7]%= SP &ag]lES AMEsth MAP 537+ HAE
s37lel A8 F e M F& AT T3] 0 0 hy 1. hy
th MAP S37]= AH- &5 Avts sl LLR @< B
FaA A A%d A9 4L ow ad LLR AR X, Vs v el mdd.
#e FYoR YHUe F37lolth. MAP 531719 X - - - a7
- n = WM Ny+1 Tp— N, +2 - $71+AV1] (22)
FYe g 2 Ao el 4 g
I Plz =+1ly) Plz=+1) (17) V.= Dl'ag(Un—M—‘v2 +1 Un— Ny +2 -+ UnJrM) (23)
BT8Pl —1ly) T Pa=——1)
s = H[01x(NZ+M—1) 1 01x1v;]T (24)

AP LLR 2 MAP 531719 8oz Sof7t
Ha A (154 ¢ A LLR g3kl zfolg Alitsto]
s3] &9 & R "k MAP S37]+ AEE
WE st b v As &3kl Abd LLR
e &

=
= ©

@S Felm ALF LLR oA W 08 & MAP 53
719l FHom yuA i Yew £IZ Filol
HE S3/1E A% g AE MEHoR S
e,

R 537dE durd oz MAP 537171 AHed
MAP 53l7]= t& S35 WA Hl8) £ 53
7t AR MAP S38b7]= v 2 Qluirt
Astsfol A Axt HEFETL Wg = o
7A 3 gltk 18 7] wite] MAP S3h7] g4l
SISO—MMSE 53175 A&ttt SISO-MMSE7| R
371 e S3p7]0l) vlEA oA ANk E

k.
d

RSye)

o=

5.3 Kol
A}"‘F:Q—v]- ==

kel

=

7]
=

EIASE= S371el Wl i =9 4
SISO-MMSE &3}719] £32 LLR #Hoz ke

29 e} 2ol Aejar

Plae, =+1z,) P, =+1)
L, (z,)=log e =+1\zAn) og P, ) (18)
& MMSE 58b7] uiRe] 34 & vehict

(1960)

AZIM, N, M 2 A AEFA FE HO =719

2 N (N+M—-1) Z Fdst gl N =N-1,
Ny=0°]th ] AelA 2 Wi gk x, F v =
j,/} 715114_[10].
eL(X,,)
A P R ey = tanh(L(x,)/2) (25)
v, = D P(x, =x)=1- (26)
xeB
o7l A B &= g el AHlshe A% AY &5 &
S Yy 2= 1 E2 919 & vk
a8y 2,5 2,9 v, S B39 F5H7] wi
2,5 SPH0E D5V gt z, =0, v, =12 T
=1}, wjebA] SISO-MMSE7 ¥ 53817]9) Uy =4 =
g 2 (19)% 3 Zo] tA] & 4 Utk
o~ J\]z
“n = Z nk(yn k E(yn*k)) (27)
k=—N,
M—1 B
ANA, Ely,)= Y, hz, o, A5 HeEs o



20134 88 NMXtZ=t3 ==X M 50 H H 8 =
Journal of The Institute of Electronics Engineers of Korea Vol. 50, NO. 8, August 2013

23} o] AojH),
. T
¢ = [Cn,N2 Cn,sz 1 Canl] (28)

22, MMSE®] Al WE = t53h 2o 1A &

% sk
c, = (o I+ HV,H'+(1—v,)ss") " 's (29)

a3 2,8 thgat o] Bl e 4 gk

32

z=c(z,— HX,+7,3) (30)

w2b SISO-MMSE 538719 €% &9 [, (z,)2
D]-%El}- 7th_[10].
¢((ZAn_Hn.,+1)/Un,+1)/Un,ﬂ

Le (In) :log@((z:z_unfl)/Unfl)/anfl <31)

=2z —HX +x,)/(1-s")

A7, iy, o 02, & TFe T} 2,

u?l,l‘ = CZI(E(zﬂlx?l = x) 7HY7L+ w_ﬂs) = anHs

2 " (3

o2, =clCov(z,.2,lr, =z)c
= cf(U?UIV+ HI/;HH, UHSSH) cn
=cfs(1—chn)
2o A Cov: convolution A4ko]t}.
Alz="lof| A LDPC F-3.9] Z}A| Rk o3k A4t
Axbe] B oy 2o 4 SISO-MMSE &
5471 75 7 jbE wieh oho] AAbEFe]l Z asitt
SISO-MMSE 53}7]¢] Alxt 575 AoA & 9
Al A s SRre] dojolal N 2 53] HE 9

Zolo|t}, 13 [ = HHE 34t}

lo © Ho

ofl

[16N>+4M*+10M —4N —4]] (33)

LDPC 53571 A B35 AelA [ = wh 3l
°]al M=N—K °]al M I N & ¥ A3 FH9
A7loltk. d ok d,= A7 sEE A2 8 g3 o
o] FAE Yepdth LDPC E37]9] w2 A3 2
of W AR Qb AR AdSE Y we BHAE
oo vgte] wjg- & HHFEE 7HxIvh

[Md,-1)+ N(d, -1)]{ (34)

(1961

.
o
Do
rr
2
rO
ol

2 J 1

S o A g0 otk :
Loz 3@ o (T > oo ol

Moo

L g f

N >'Eot&_ﬂirzrﬂgd
o o 4 g X 2L ok Xorlr iz fol
il —C{? 50 rir ot off
fol
1o
>

o 2
o2

a2
Fig.

[ equalizer

33

. AMetsh= MZE2 7hMdE B2 S3P

o N2

o

it - o
PN e o fr
>,

[

fol

o ot &

o N 2 o o
_0|L

u ol > O o> L jo
. Ly o
VN oM T
oL
~ = o

e,
o

2=

o~

oa
2
fols
>
o
oX,
ol
ol
rir
o

ol
ot
o
A
lo
ox
o
o,
off
=
2
o
e}
_0|L
=
o
olrt
>
N
fo

N
o

T
e

o
Mo B o
foagiﬁgrworz
off '™ Lot
z O
. =

o

T
i rﬂ‘

N
- >
o
o o,

1
1o

=)

2
qb!
o
el
oxl
N
o
T
lo,

& r

;
N o
ol
o

to

ofo o

ol

ol

a2
o

to N
N
_
=
2o
o o
NS

ﬂ
1o
rf oX

Mo
o=

)
[
>
b
R )
% g2
T
o,
i
tlo
i oft
-
%0,
ui

> ol
ot
o b

rir

ol
1
o
it
2
oo
ol
N
=
2
o
e
oZ,
o}
|

1o
o
il
~
ri
o
ftl
ol
%

f
o ok
Lo @ oo |y
NIOF%E—TEPENO@
> gt >
do 2 O A W oz
iy SN
3R o ~
£ AT
o L2
rU:  — T
Y = o
ro, o N
>
i) r ofo

=
(2

ol
O
oX, (I;E fo
Mo ot > g 2 M
o (o Mo S
> Tl o rr
N N % !
:VI N =2
rlr o
LTS ol
o rr o
O
o
o
o
o

2
ox
ful
)
2
N ot
tlo
W
)

lo dlo dlo

oX
off
tlo
o
ox
>
N

3 Bu 539

71l BHAEE 53 QakE
LDPC E37] o]%9 o
434 3 L,°] MSE 3t

o

F

9,
o
ol
3
4
ot
iy

LDPC N symbol

encoder map

ISI + Phase noise I‘i

Symbol LDPC
de-map ™ decoder

A

2. Hetsks

normalization

HWE HE Sap|e 5%

2. Block diagram of the proposed improved turbo

equalizer.



34 e HE S317|2 At 45 7t

Lc. frame
L. = e frame(540) (35)

Lr:, max value

9 AelA Lo 75 540709 ¢ =ZH < gtes =9
Aol A 7hd 2 Fom Zed] HAE UH FoA L,
& T3 1 v L, 3= conjugation sFe] A7)
o]%9] A& L9 w3t T zeqle Hits T3tk

L=FElL,L,] (36)

QoA e L, 7k A 309 L3 Akl A
T Hugoz yHA AEAE O Feith

olo
ol
N
2
o
f
=5
>,
fot
to
ol
toby
N
=
2
N

=
>,

Iv. AlEgjold & HE

widAe HE SR Aitgs
e 7H A HRE T3] Al2Rle Ades EAEHTh
Al % 17 e FAHoA Aldgsidlon
= 180 x 720 Z7]°] e E] A2 Y
48 AMgsdth Ed deAE AdEe ITU
Pedestrian A E&& AH&8tit) 94 LDPC H-3 7]
ghe] BE 53 o 2
sp7] Ao ke mE dess WA Q"WK} a1 o
o

1o
N, e
BE,

i =Rl A ARbshE dE HE 538719 LDPC
T AA HbEo] W ATS Felsta GolA gl
AukA Rl HKE T3] 9f Hlalste] A% 24 skl A}
3 A Y Zodk AXES vluste] Aetksh=

(1962)

o 2
¥ 1. AzZeolM &4
Table 1. Simulation parameters.
Parameters Values
Modulation QPSK
# of pilot 7
Parity check matrix
) 180 x 720
size
Code rate 3/4
Channel ITU Pedestrian A
Phase noise
-12dBe, 10kHz, -120dBc
(power, cutoff, floor)

E 2 ITU EdX A A=

Table 2. ITU Pedestrian A Channel.

Tap Channel A
Relative delay Average power
(ns) (dB)
1 0 0
2 110 9.7
3 190 -19.2
4 410 -22.8
1
0.9o
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
o 2 S I ¢ g ¢ 8
8 3 ITU 28X Axdel zid E4A
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Fig. 4. Constellation of received signal.
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Fig. 6. Comparison of improved turbo equalizer and
LDPC based turbo equalizer according to
iterated number.
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