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Abstract

To mmprove the BER of OFDM on a fading channel, a low-density parity check coded OFDM system is proposed in
this paper. LDPC codes are decoded with Sum-Product or Belief Propagation Algorithm known by probability propagation
algorithm. When LDPC codes are applied to OFDM system, the BER performance is dependant on the iteration number of
decoding. To improve the spectral efficiency, multi-level modulations are used in mobile communication system. But, It is
not clear how to decode LDPC code used in OFDM with multi-level modulations. In the paper, a decoding algorithm is
described for LDPC coded OFDM with MPSK. When use the proposed decoding algorithm, we get the good BER for

AWGN and a Fading Channel. Simulation results show that the proposed decoding algorithm is confirmed 1L.DPC coded
OFDM with MPSK.

Keywords : LDPC F37}/%3%7], OFDM, # o} '3, Sum-Product or Belief Propagation Algorithm

51

. InterSymbol Interference)S: ©F7]8}=
ol ZAM =& AH z%fg_o

22 olth, OFDMY ] ISI &

rﬂaé

L
| = O
_Q_
1.

H3

" AR AFOE HEg R EA T
(Dept. of Broadcasting & Information, Comm. at
Yeojoo Institues of Tech.)
T B, oA F S AR
(Dept. of Electronics at Yeojoo Institues of Tech.)
R =S 20039 E AF ol wid e A st
A= A2
Hed b 20069249149,

THSRY:

Interval & Fotge s A AT

A, 28 OFDM kg vbe 48 Holdd] osid 4
e 55 otk Be FusniSel o Fglel AuEn
gt HdHbAQl BERS 42 A7]& #2 thad Rk
dho] S WA v} o]HF J3S Htr] HshA,
T O FAA 7S Aot 7|EY B2 O
AR B35S0l ODFMe] Ag5o] A o] gl
{4, LDPC H3.+ §3 o|& FopiA w A7}
A8 x o] g} LDPCH s+ 1962 Gallagerel| &3l A]

Ae Adgdt™ 1DPC Bas HR 2Ee g
e A Ak=e] SHAlY] 24 skc}. LDPC
35 7F BPSKeF 8PSKell A-&= 3ol 7F-A1 2 d
qalx Aol YU, LDPC #59 Ase &

BE B

5 sojd Ad A W P7tE o] gkow LDPC H3:
71 37 dolo| A AR Ha 7|54 v|aA] & H3o|E
& vehp e %’= A% 7oA LDPC 58 B



52 HO|Y Mol LDPC
5343t 4<% OFDM¢] BERS 78-S woo

ol g A Az A =2 Uld §&°] QFHM
wheha] thEdd Mz o] As ey ey, tEd)
d WxE zk= OFDM A A" LDPC 38 #4835}
= el disiA WEsHA kst

&2 =TolAe, MPSKE e LDPC COFDM Al
gol| gk H& dugHE dyarh Algdeld Ax
=5, LDPC COFDM A|&glo] 749-A]d aida) &
A7) Holgd AdaA e vHE EF3Gon] F2

BER A%< hehilth
II. ®|okst A|LH

1. LDPC CODE

LDPC #3359 utE B3 o ue]lE&e Gallagero] 9] &)
A 19620 AR QA LDPC ¥57F £ 45S
ZRA AR e 30 d5e A7 AEaE A XY 2
EﬁJr <, LDPC §-3.+ Ak A Aol <48k
478 H-o2 IAHA LDPC -2+ &%
-QOM] BlafA mig A2 P 19 & 4 19 &
Zt= Sparse Parity Check Code?l
st LDPC 3%+ 1134 LDPCS} E4f2 4 LDPC 5
%9 7 FFE etk 734 LDPC #av 33
A el 7+52(Weight)7F A3 sta B34 LDPC #
S 448k Frh

LDPC #3%+ K=N-Mo|al {38 K>N-Mg<!

G

(N,

Check nodes ' m

.H

RBit nodes @ |
(a)

M(1)
Bit Node index |

\\\ L3 LGN

W XOpU| 8PN XI84D)

M{?jﬁ ¢ 000 1 0 1 0 1
Y ¢ ¢+ ¢ 1 0 1 0
(b)
8 1. Factor Graph2t Sum-Product &112|&2l 7HH
Fig. 1. Factor Graph and Sum-Product Algorithm.

£33 OFDMO| cfet A+

oAl et} of

(164)

0
ok
Fob

K) LDPCZ# M*N sje]g] A= P& Holl o)A A
oldt, H7} Full Rank7} obd 7Z-9-9ll, LDPC 3.9
e ofste . o]9f ol sfielE] A YL HE +
et o s o = 2 MY s9gAolojop Firh
[DPC 359 3 2 Sum-Product &aLg]
Zol1} Belief Propagation zo] ApgEgl?
LDPC H3+& HETQHU} =

o] 8= [DPC 2359 = 22
ol Ml 2] dEelth olg ge By
e Ao Zye oF FHL AT 2o HES

gl vhgA it

LDPC 3.+ Factor Grapholl &J&jA T =1 o
= BE X9 A wER fARAY I8 (et
Factor Graph¢ <& Yehicth 7z} vlE xE& 7}

sj2lE] A= FH] o] Feetal 4 Al kEs v
dE] A= gE o doll F3it o= HATE A2 ¥

AAe BdE e HE =29 A m=Aboo] TH
Al A wxe oM R H = sl Al A
Aol zrofsh= HaFEEo|t

2. SUM—PRODUCT ALGORITHM

28 1(h)e] Sum-Product &ate]&9] 7
o M(1)& HE =20 dFd A3 x=
el =, Fgly A= gEY HA o
AHE vebdth L(m)e mAA d2g A= ¥
of #Fojate HIEEY H¥e HEdHY S5 ¢
A Y mAA e 19 Aot L£(m)
A% LmE YeRa M(l
s 4% M)
A2 =5 mog Adshe
2 VJehdt >l miA A3 o
s qu‘i“” LHE

£
5&
o
é‘--_, J

A HEE e
mH A A=
2] q1—>m*ﬂ
AR Pla=1)E
7k iRl [HA BlE disiA] <
Ak & rpolE 92 HEd 3k 8
8 o muA AE A= g
of & Mg ARrolth IHRE f,>lE mAA
~EZ2EEH WA HE o gt extrinsic 4
B aHE ¢ vk vE g AAE3 SES of v
Eo AZAY AA =27 EHY BEE A JHE B
SowM AL ol thEe ®vHEZQ Belief
Propagation A Xx}ol] oJsfA o)A},
272 B30 a4, Sum-Product €18lES log
Domaind] ] &&de2 Fdd 4 glow

Log—Likelihood Rate(LLR)ol| ¢lsjA T7FHo= &

)\
ehdit) § = 0,1

T

———

N
Rt pd| 6‘1-
==

H Y
HIE & [9]

&

Al =L

e d

]

LA

O]-—::_—'—

oxl,



2005 98 TRI5e3

Lig) A log2L (1)

7

p; & 1A HEZ Y 3

i. 273}

zF HlE =2 [+ AMAE LLR Lp)e]
BPSKE 2zt
o 7

Elinacley
Loy
O

SJERES

Memoryless 7H7-Al A &

N} 2,

<RIOL

A Hml°1 ﬂﬂﬂ A= FHE HHe mAA

o] 845 YeEhE Ha =13 L

< O3} o] &7|skd.
L{gil->m)=L(pl)
Lrim->1)=0

23 1A
Lts—>D3 Lig—>m)

(3)
Ll AAxx=9 93t v|EA B (Checks to bits)

Zb A wE me U3l 2E AR Ld-omS
b s T s R = moﬂ ?i-éiﬂ RE ﬂr% HESZH

L (Clz—»m) = L(

L3.

.

HHE-2 5 A7) 7]5(Check stop criterion)

=X
L

(165)

M 42 #TEE H 3 =

=

= o
)
-
»
i
o, i

¥

I
Mol
-
1

r4
SR
il
o

3. LDPC CODED OFDM

(1) LDPC 7= 44

%%%ﬂHQIDHr%§@%°[%ﬂ
6@*’—’:‘& Al A
& X
G0 3 WA e AR 12
Z A 92 8 (-Dk+1AM k7R 1E
v}, 7|4 kv E7F5X(row weight)o] T},
2o A WA 3HEe] & permutationo] T} 2 A 2}

=

s
aﬁ _t;l.ag Efﬂz%oi ﬁg}_}lhq-

_&9‘__1_4

o}
AN

& 9] permutation<>

olelgt o7l LDPC H33H&
frolw 22 e REe EASH.
LDPC-COFDME] A| 2es e,

ooy

0y

OFDMO]|
13 908,

1 LT

%*8%.— °l

=)
—

Jrecomeeg

LOPCQ

Daty —» i Modulgtor IFFT Gl

YYVYYY

YEYY VY

LEPC n

5
4
P

P
!
5

LDPC
Desodimg

FET -» Demodulator b L-» Dala

E%
v

=

LOPCn
Decoding

YEYEYY
| @~ mn |

L=
Fiq.

2.
2. System Model.

NES-L



54 Hold z'doiM LDPC F52F OFDMO ofst AT 43 <
71N, BE BEES LDPC #3532 F3sia I
) 11 = N N L(ps,l (2235_2)
A Wxe [FFTE AHEdo 24 F85 1 OFDM Lip',) (1=3s)
AMagUolA 22k e FE BAMsT] dElx e ] ]
OFDM A E-E5d) stgddt) Fakds Al glo)dl a)yg ole} ol z7istE AY g Fo BPSKY Y3
AA, I8 FFE AA) A wa pAer T8 LIS SeE waE
Guard Interval)7} At a7l e, Fa+ A A0l 2T
a7 ol Aol Waldl, BE 27o] WA, A m. N=sold
e W T OFDM - Ald Wz FFTel oA
FHEC FFT 9ajA] 2% A58 OFDM Al E-o A HarH AlgdHelde AaE dudth #1
HzyloA Bzdr Bzg nEELS [DPC 28 B of Algd el stebaEE YeERIY X =52 A&
2o BIxo] AHAEES EIsiv} ol Mo} ALEH s AR AL F AHRE e
Rayleigh #lojd oz XA 742 0.125 usec(57h¢] Al
(3) MPSKO| CHBt AOF ¢ n2|= Z)dUdh & 7kEA 33 (1080, 525) LDPC Z=& A}
Aekst A AHe] BHE 9nalZS Suym-Product 9 Gatal 10089 Hd v Sles AR As AREs)

@]

Il 2 ) %‘-)\O?t A =T
o3 27)shEc) e 2ol WAl Falg AR ¢ 1% 38 AWGN Adadn 2z daeSe thop
WA HESo] Balsl 7] 7lsAe Aolsi 3 whE-gla=o] i3t L.DPC-COFDM® BER X %& 4
it} e 427} Z74st] whe}, LDPC-COFDME)]
L) = i Dt =1y, BERe| 7|14€g o 4 v} E3, LDPC-COFDMY
¥ Pz, = 0ly,) BER-2 10038]o] =S & 4= 9t}
< g n ) ol WEIFE ZANDAGE 1009] W]
. g AREA 9 0Rs 10038 oAdAE AAE
) mp[— Wer =77, g ““-)f)“} or7] wiolth 17 4 ME Fng so]d il
- 1T 27 9 A Bz dmelEy g wEsl4e] oislA LDPC
5; e\pL o1 ~ %15) *ff’ Q") } COFDM¢] BERZ UEbdTH AWGN Aol 283} 1)
] f o) 20° - o 1 = =16 e -y e = 1=
waf A, AR S B o slvk e SlgTE S
1 |’ = i . N of whz} LDPC-COFDM® BER%: 7HMET 19 6
iy Wer o+ g o= o AWGNSE A Fude dold Ad oE mo
LDPC-COFDM Al2-dle] B3 orqalSe] Wi &4
1 min T ) 7570 ! 1H. 3
L [j N ey ]} oy S HEE T B NoZk Svhel wi, w

so BFe t] M Ak AWGN Ade] w54
H& Eb / NO = 1.1 dB oA 62¢]32 Eb/ NO = 3.1
Bl SOtk Ael Fug Ade] wEe PF S

PARZRCE = tHA B E QI ME
JEg e J s oA HET} 19 MPS Eb/ NO = 3.1 dB oA 66013 Eb/ NO = 45 dB o1A] 7
< YeRdTH olt}, olA 4|, W Eb/NO7} 2HA] ef2f vHe 3l49f 3§
AlRrer Alzglol e aeo] mjgE& 2zt MPSKE T AWGNSE Mel Z=uke= Holy) Ad ok 1o
ARESHE QPSKol dishA, e2ld AEe] 27] 7beA AUtk 28 88 e Adola] (1080, 525)
& g o] 278kt LDPC #%3}¥ OFDMel w34 BPSK [-Q &3+
1 . QPSK¢} 8PSKE zt+= LDPC-COFDM<$ BERE YE}
L( 1)__ L(ps,l) (Z_“S 1) (8) _
PO L) (1= 2s) ' Ak 1Qe] m=she 9o glolA, 2709 LDPC %%
7)o 537170 ARE-H I

8PSKell thafiAf, s=2le Ase] 27] 7bFeide o3 7b7be] Ba 72 2E LDPC 23535t HESLS 77t
I ol x7skdEh [ Ads Q Adel AHdEa QPSK A2 dAbdd

(166)



20054 9& HX}

Ok

TA7IA HxE QPSK A& 4 AREL =
Hotod 1o SFets B35 9ste EsH)
T 5old = AWGN Ajdidola BPSKE 2
Turbo %3¢ OFDM (TCOFDM) Aj~#l¢] BERE
vebditt =17] 5129 JEEMel F5& R = 1/29]
Turbo F3E ARSIt Log-MAP ¢ E&
TCOFDM Al2®le] B3F otug|Fow ALg3fsl whi.
TE 837 AASYY, B =R4A [-Q F33%
LDPC COFDM¢] BER 7¢] BPSK$} Al ~83} 54
331 QPSKE zte= LDPC-COFDMe] BERE Y@
Eb/NOol A BPSKE zH= Al2ElRT) o b
T ok T3 8PSKE zh=
BPSKZ

Al Fek

-‘—!

=5 O
'6-"[__

LDPC-COFDM¢] BER-&
zr= A 2®"o) dialA] gk 13 dB ALt £
S & 4 9k IQ-PSKE zt= LDPC-COFDM
& A% daglgol A #Eohe RS BT
o™ Eb/NO7F 25 dBRU A%, LDPC-
COFDM<®] BERS TCOFDMHU}F £ %3lw 25dB

o

<
A

A O,
=1

10 =
10 —g = x\ = —
Eo_ }\\T =
g BN =
By NN %
10 BH| —  Uncoded OFDM e —
S| O dter=1 > —
| B~ lter=5
10 8 B lter=10 \\‘“
H -©O- lter=50 “:\‘)\
i € iter=100 AN
10" —
1 1.5 2 2.5 a 3.5
Eb/NO [dB8]
g 3. o] Bhkx Sieof st JERAlY xfEofiM g
BER Ms
Fig. 3. BER on an AWGN channel for various number
of iterations.
10
1o
———
.2 _““-\ —
16 = —
50 = g
=
o 'E=S| ——  Uncoded OFDM = ¥%¢E
| - ter=1 — ki::_‘“
]| A~ lter=5 ~
| B lter=10C \‘
10 E - ter=50 “‘\
| X ter =100 %
R T |
s 35 4 45 5
Eb/NO [dB]
% 4. o8] b Sleof st Fob MEf xfHofl A
°| BER M&

Fig. 4. BER on an Frequency-Selective channel for

various number of iterations.

e ==X H 42 # TEH X 3 =

S

Bt & 799 LDPC-COFDM¢® BERS TCOFDMHK.
o} BER A5l 98 & + Ut

o] 2 & Eb/N07} A & A$- LDPC-COFDM+=
TCOFDME Y} A2 Q=34 3| | £ BER
5= e

Bit Error Rate

[T [T

$U0 |

Uncoded OFDM (BPSK)
TCOFDM (BPSK}
LDPC-COFDM (BPSK)
LDPC-COFDM {(QPSK)
LDPC-COFDM {I-Q)

[ [

o

i 2 3 4
Eb/NO [dB}

Bl 5 JERAlA ol ZH HEHAIS] BER M
Fig. 5. BER of both the LDPC-COFDM with BPSK,
I-Q coded, QPSK, and TCOFDM with BPSK on
an AWGN channel.
” = TC(IDFDM (BPSKI)
70 H| 1= LDPC-COFDM (QPSK)
. c\ “1\
) ' 'y
| T | e
OO 1 2Ebe0 {dB? ‘ >
a8 6, JiRAle Dt Fale MED Hold X Hof A
o W Hi= Sl
Fig. 6. Average number of iteraton 5 on both an
AWGN . and a Freguency-Selective fading
channel. |
Z 1. AlEfo|lM ui2id g
Table 1.  Simulation Parameters.
‘i’i?é BPSK, QPSK
27 A g
5 HP &3 ¢ 64
FFT Point < 512
S A0MHz
B3 M4 0.25 usec
A =g A, Fold A
A =Fe F3r 80Hz
0 A2 84 ol dge] 27)e] A=
A 7+AE 0.125 usec

(167)




56 Hold MM LDPC £33 OFDMO| CHst - 43z 9
V.4 & [10]Y. Kou, S. Lin and M. P. C. Fossorier, "Low
density parity check codes: construction based
B wmolA [DPC COFDM AlA8lse Ao on finite geometries,” IEEE GLOBECOM 2000,
= o mEsl o oo= vol.2, pp. 825-829, 2000.
G7retity. #AQkek LDPC-COFDM Al =859 [11] D. Hosil, E. Svensson and D. Arnold, "High-rate
AWGNY} =34 A9 A (Frequency-Selective) # 0] low—density parity check codes: construction and
LS ok o] Ao nfEZgl £o pAE & application:” 2nd International Symposium on
- o Turbo Codes, pp. 447-450, 2000.
e s HEIE Eb/NO > 25 [dBI9 W, BPSK= 517 pou P, H Siegel, and L. B. Milstein
ARE-RE (1080, 525) LDPC_COFDM# AWGN®l A "Performance analysis and code optimization of
BPSK-S ARg-sk TCOFDMYY} tf =& BER &% low density paritv—check codes on Rayleigh

Hom Eb/NO < 5 25 dBY W, LDPC-COFDM?7}
U BERA 52 WERIAT QPSKE AH8-¢ LDPC
COFDM¢] BER **-L—'OI T4t Eb/NO #tol A BPSK
]}\Eﬂﬁ_];]_ F /d L}E}Lﬂgj\t:]-

B = A BPSK/QPSK-":- AHE-3E LDPC-COFDM
A5 dafjA 535 dugse Agstd L gdAd

= 1L =
O O
]'ﬁ'e E-MDI’-

A~ H]E

———

Al

]

= N S

| |
s

[1] H Futaki and T. Ohtsuki, "Low-density
parity—check (LDPC) coded OFDM systems,”
[EEEVTC 2001 fall, vol. I, pp. 82~86, Oct. 2001.
C. Berrou and A. Glavieux, "Near optimum error
correcting coding and decoding: Turbo—codes,”
[EEE. Trans. comm., vol. 44, no. 10, pp. 1261~
1271 Oct. 19%.

R. G. Gallager, "Low density parity check
codes,” IRE Trans. Inform. Theory, vol. IT-8§,
pp. 21~28X, Jan. 1962

R. G Gallager, Low Density Panty Check
Codes, no. 21 in Research Monograph Series.
Cambridge, MA: MIT Press, 1963

T. Wadayama, "A coded modulation scheme
based on low density parity check codes,” The
23rd SITA 2000, pp. 379382, Oct. 2000.

M. Chiani, A. Conti and A. Ventura, "Evaluation
of low-density parity check codes over block
fading channels,” IEEE. ICC"2000, vol.3, pp 1183
~1187, 2000.

D. I. C. MacKay and R. M. Neal,

[2]

[3]

[4]

"Near

Shannon limit performance of low density parity -

check codes,” Electron. Lett., vol. 32, no. 18, pp.
1645-1646, Aug. 1996.

D. L C. MacKay, "Good error—correcting codes
based on very sparse matrices,” IEEE Trans.
Inform. Theory, vol. 45, pp. 399~431, Mar.1999.
F. R. Kschischang, B. I Frey and H A.

Loeliger, "Factor graphs and the sum-—product
algorithm,” IEEE. Trans. Inform. Theory, vol.47,
no. 2, pp. 498~519, Feh. 2001.

(168)

fading channels,” IEEE .JSAC, vol. 19, no.5, pp.
924~ 934, May. 2001.

—a oFus A
Modem,

‘)00‘7 L"]

T H A F-of
FPGA>

Channel Coding,

1995 ~ & 2} o Fof st 7‘45‘V’
<F 34 F-oF ¢ uProcessor, DSP, Fﬂter >

ol @ F(H3K)
19801 #evheti &%
&g (F8Ah
1984 F-E st wfehel A&}
A 5T} (FHAAD
1990 #-eohea okl Ax
A @ sk (B8 A

19931 ~
<A ek

~&dA A5 AA aa
Semiconductor, ASIC>



