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Low Density Parity Check (LDPC) Coded OFDM System Using
Unitary Matrix Modulation (UMM)
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oZ SHEU A]2®HlolA] UMM (unitary matrix modulation)S AF&-3F WS- USTM (unitary space-time
modulation)©]2} F-Et}t OFDM A]2~Elol| A coherence bandwidth THE-2] o]AS Fi1 UMM tjz} A& o8
gk o] ARMEY Utk ESE HTo] t=d o] Fidsia %‘—3— J°5& ZL=LDPC (low density parity
check) Z=of thdh A7} = gt B =F4 UMM (unitary matrix modulation)2 AF8-8}32 LDPC =
t= ¥ OFDM A|&HIS ARFSHL I b $41 HYUE A838l F4l diversity 015 I Ao ol
shue] A1 QY-S o838l A'd 2] coherence bandwidth THE-9] Ful4= 71F (splitting)= Fo] del| st
Fu o]58 I2jslel UMM/OFDM Al2§le A7 stk o] W& olgsle] £ w=RolA AgtE
UMM-S/OFDM¢l| th3t A% EA4S 15 ZERayleigh Flo]d Ad SHEA A|EH0)AS Bl A3t
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ABSTRACT

Unitary matrix modulation (UMM) is investigated in multiple antennas system that is called unitary space-time
modulation (USTM). In an OFDM, the diagonal components of UMM with splitting over the coherence
bandwidth (UMM-S/OFDM) have been proposed. Recently LDPC code is strongly attended and studied due to
simple decoding property with good error correction property. In this paper, we propose LDPC coded
UMM-S/OFDM for increasing the system performance. Our proposed system can obtain frequency diversity using
UMM-S/OFDM like USTM/OFDM, and large coding gain using LDPC code. The superior characteristics of the
proposed UMM-S/OFDM are demonstrated by extensive computer simulations in multi-path Rayleigh fading

channel.
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=% | UMM(Unitary Matrix Modulation)2 ©]-8&-3+ LDPC(Low Density Parity Check) ZT]= OFDM A]2~H]
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Alz=Elell A shte] QFEUE ARE-SHEZHE coherence

bandwidth TFZe] Fuld= 71AL Sx5hd

diversity ©]58 98 4 gle-S & = ¢
& A2 B =

Foie

O. LDPC F=2e}t £|FY

i

3.1 LDPC(Low density parity check) Z=

LDPC FHE+= 1962 Gallager o 93] A|gt=
Qo] hREe] gEo] 002 ool 7Y

of o8 A"t [14][15]. LDPC 5+ &5 2
0]7]. 710111/\i EE oRE ]/‘\7(4_& 1—/\ /\]
2 7 Jom HE F35F 2Fo] Shannon ¢ A

£ ol 2Hske 2 A5g Eo|r] Wi
HT o5 FA A=HAA 4B

LDPC FE=+= sparse bipartite 12 ZZHE] Ao
A= A¥ F=ZH sum-product Lrz]Eol 23|
A Y29 ®dh Sum-product HEY &g
BT 91 F2 A5E Zie 540 U
5)= LDPC ZAFE (parity check matrix) H
S UER A2 7 guitt 449 1S, 4 E

o w9l

N
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~
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E}E‘r27H’Z‘14 1S 71 Feotk
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LDPC I E+ iterative$t UIY LI FOZE
regular LDPC =9} irregular LDPC ZE=2 U
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439

www.dbpia.co.kr



521818 =2 4] *05-5 Vol.30 No.SA

Message Node - 2874 (Row operation): F,  =1% &8k
- i _____cneck Node (7,, n) o]] anH/q a, n% :[17:5}1:]..
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Z=olt}. &3k LDPC FE (rnt) ] rate® 1-r/n W Av= 6K .6 )olw FuazEs g=si}
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A& 7FsS aEElor & Aotk WA, F 9

At AW Bn)S ol 2ol Ao siAk E Ao & HoA] A|2+E UMM-S/OFDM
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lihood rate, 4)E olgle] A3} Atk W42 BeA))s E25o|g
a8 5ol & g 3ol A7) FEE 49
A = In(a(y, [0)aly, |1)) ™ = HEGS LDPC =9 3o, Haxees ¢
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ANZEL 717} unitary HZE o) 2]
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=%/ UMM(Unitary Matrix Modulation)-S-

0]&3F LDPC(Low Density Parity Check) ZTJ= OFDM A]Z2~E]

LDPC Serial . ar: signal
Input Data encoding |~ to Unitary mod split |- IFFT |—» to —

parallel

I

Unitary mod - ——
OFDM
Parallel
serial
Unitary mod = -
Guard
interval

(a) Transmitter

oo |
] - ]
OFDM | LDPC
signal Serial Parallel Decoding
to = FFT —= De-split — to
parallel serial
: [}
ig‘;ﬂi Coherent ML
detection
(b) Receiver
J8l 5. AIE UMM-S/OFDM 9] AlE# o4 =Y
Splitting over
Diagonal components of the coherence bandwidth
unitary matrix ( Split sample sizes )
/
— Spliter [
- A 7’ L |
ot — —-
Bit Stream .
LDPC Unitary | IFFT |
I e[| mauix .
encoding modulation L - .
|_ip) i
| — - -

2! 6. Splitter®] &

A7 FAE AsE AR 999 RS
AAs, FFTE %
o] OFDM WZF 4lE+ de-splitter, g
ML H#71E F38t unitary E2F vk 2183,
T o2 LDPC YIEPS FY3le] FF dlojH
& A Ik AlEHelAS 984 IFFT/FFTY] =
7] N,=128% ARESIAAL, ARRF 999 BRI
o 258Z5 ARgElITh &3k LDPC F=+E R=
1/2, H={128, 64, 7}2 AF&3Ith
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— 40 18 path Rayleigh distributed 10
% -1dB multi-path fading - l:luillmn
5 1w | e Siterations [
z &= |Diterations
a W Alliterations
P 1w | — 8 LUneoded
= - -
LN O | -17dB . e i
& | e e St o
lsample 1wt
Ol 7. v AR Ad 2d '
1w
E 1. AEHAES 9% geE
1o i i ; :
Data Modulation BPSK = b : b & % . .
- - Eb/No [dB]
Demodulation Coherent ML detection - . .
21 8. AWGN| A €] LDPC coded OFDM 4l (iterations
Data size 15.68 Msymbol/sec =1, 2,5, 10, 50)
. 64 symbols
Frame size (pilot = 4, data = 60) 10— T e ! :[ -
Number of carrier 128 : : :
Guard interval 25 samples L 7
Split size 8, 16, 64, 98 samples
Fading 18 path Rayleigh fading . T i
Doppler frequency 10 Hz =
ot L _
Forward Error LDPC Code ! _
Correcting Code (R=1/2, H={128, 64, 7}) -@- - Conventional OFDM w/o diversity »
jort L @ UMM-S/OFDM with 8samples split |2
The number of antenna | Tx=1, Rx=1 o UMM-S/OFDM with 16samples split
odess UMM-S/0FDM with 6dsamples split
-0+ USTM/OFDM with 2Tx and 1Rx :
“I" I 1 1 1
19 8& AWGN #del| 419 LDPC coded OFDM S S ey
3__-_ =1
A1Z=5jell gk BER(bit error rate) 35 AlEE°IA 2] 9. USTM-S-OFDM 4% 13 (split size = 8, 16, 64)
Asjolt}. o] AlE#o]XAY] iterationF= 1, 2,
5,10, 5002 Fyauck AT & F Y% OFDM A|=®lo] A5 shte] 4l QHEUE At
o] iterationS EYTE T2 A HYS ¢ + 83131, 64 sample split3t UMM-S/OFDM A]2~E]
ot I8y iterationS Zo] shH IvkE Xk o] Aol Hssith 18 BEE shte] JHUE F
o] Zoluyr| W] A Etiteration 5 Ao} I diversity S F7 ‘SP&% s e TR

3tt 18 89 ZA¥=E XY jteration 577} 59 10 & 4 Aok Split A0 Brhe AL It gE
o wf Hl=Eka, 509 o o AeY FolRs & Adel dig Fukr EAS & F 7] WE st
g o aHEE AXEe] i3k AT tradeoffE o] QrEUE UMM-S/OFDM A|ZHl& BER §43
Azksto] iteration 2 AASH= Zo] F4k o] Fot.

I% 9+ diversity7} §l= dWHE <1 OFDM, £ I 102 g =Zd9o] <td OFDM, 98 AEvt

Lo A Aorste shte] &4l oHUE ALL = F split¥] 2 Ad ZHo] ¢HE UMM-S/OFDM,
UMM—S/OFDM, a3 F e $4 FEHuVeH LDPC Z9¥ OFDM, 181 3}}e] QHHUE A}
e Al SrEUE A}EEH= USTM/OFDM A2 43132 LDPC =Y 98 AETHE split® UMM-S/
dof i3t A5 HluE ST 7|4 AREE OFDM A|Z=Hlell thgt s HwE F3g Aol
split Z7]E 8, 16, 64 sample ©|3, £Z2] F3}4 th & AlEdoldelN &2 FI34E10HzS At
£ 10HzEZHA 2§ 79 AdS Fgsuck 28 9 g3t AlEHA AAdAME & F A%l
9o Ao M= & 4 J5°] UMM-S/OFDM Al LDPC ¥ 3%3}¥l OFDM AlZHle] A5 Ad3d
HE splits Bo] @45 450l FoFe & F °] {1+ UMM-S/OFDM A|=Hle] A5o] Hlsjhs
ATk 3 F Y F4l tElUE AME-S USTM/ ¢ 4 Yok a#EZ B =FoA AFSLDPC
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=% | UMM(Unitary Matrix Modulation)2 ©]-8&-3+ LDPC(Low Density Parity Check) ZT]= OFDM A]2~H]

10" T T T T T

H i | -# LDPC coded UMM-S/OFDM
- - @+ LDPC coded OFDM

-a- Uncoded UMM-S/OFDM
--0-- Uncoded OFDM

o’

BER

Eb/No [dB]

32 10. Altel LDPC coded UMM-S-OFDM  “35H]al
(split size = 98, Doppler frequency = 10Hz)

B35 3}E UMM-S/OFDM A|2Hlo] Ao 714
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= ¢ T An

oif
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QEIVE ARgSte] AREE F3be] gt diversity &
A sk WRo] AFE AAR E=dole] &
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< 2] fEiM, B =RoME shie] £ ¢
HUs A8l UMM WYY LDPC FE=E
OFDM *]2=Hlo] 283 LDPC %33} UMM-S/
OFDM  Al&HLS ARFsITE  #tE UMM-S/
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bandwidthihge] Fut4= HAS Fo] Fapgo] o
gt diversityE A § otk AlE#elA A
M= & F Uxo] AUgH 98 ME AL
LDPC FTJE UMM-S/OFDM A]Z=El¢] BER 4
o] 7FF Utk I¥EE AUgH AlxHe FF
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= 7t

ofr M

ERs

|

ik
o
rok

[1] L. Cimini, “Analysis and simulation of a
digital mobile channel using OFDM,” IEEE
Trans. on Commun., vol.33, pp.665-675,
July 1985.

[2] T.LA. C. Bingham, “Multicarrier modulation
for data transmission: an idea whose time

has come,” IEEE Commun. Mag., vol.28,

Copyright (C) 2005 NuriMedia Co., Ltd.

pp-5-14, May, 1990

[3] V. Tarokh, N. Seshadri, and A.R.
Calderbank, “Space-time codes for high data
rate wireless communication: performance
criterion and code construction,” I[EEE
Trans. on Information Theory, vol.44, no.2,
pp.744-765, Feb., 1998.

[4] V. Tarokh, N. Seshadri, and A.R.
Calderbank, “Space-time block coding for
wireless communication: performance re-
sults,” IEEE J. of Select. Areas Commun.,
vol.17, no.3, pp.451-460, Mar., 1999.

[5] V. Tarokh, A. Naguib, N. Seshadri, and
AR. Calderbank, “Combined array process-
ing and space-time coding,” IEEE Trans. on
Information Theory, vol.45, no.2, pp.1121-
1128, Feb., 1999.

[6] G. Raleigh, and J. M. Cioffi, “Spatio-tempo-
ral coding for wireless communication,”
IEEE Trans. on Commun., vol.46, no.3,
pp-357-366, Mar., 1998.

[7]1 S. Fukumoto, M. Sawahashi, and F. Adachi,
“Performance comparison of forward link
transmit diversity techniques for W-CDMA
mobile radio,” Proc. of PIMRC’99, vol.3,
pp.1139-1143, Sept., 1999.

[8] S. M. Alamouti, “A simple transmit diver-
sity technique for wireless communications,”
IEEE J. Sel. Areas Commun, vol.16, no.8,
pp.-1451-1458, Oct., 1998.

[9] T.L.Marzetta, and B.M. Hochwald, “Capacity
of a mobile multiple-antenna communication
link in Rayleigh flat fading,” IEEE Trans.
on Information Theory, vol.45, no.l, pp.
139-157, Jan., 1999.

[10] B.M. Hochwald, and T.L.Marzetta, “Unitary
space-time modulation for multi-antenna
communications in Rayleigh flat fading,”
IEEE Trans. on Information Theory, vol.46,
no.2, pp.543-563, Mar., 2000.

[11] BM. Hochwald, et.al., “Systematic design
of unitary space-time constellation,” IEEE
Trans. on Information Theory, vol.46, no.6,
pp.1962-1973, Sept., 2000.

[12] C. Ahn, and I. Sasase, “Convolutional coded

443

www.dbpia.co.kr



283 =54 "05-5 Vol.30 No.SA

coherent and differential unitary space-time
modulated OFDM with bit interleaving for
multiple antennas system,” IEICE Technical
Report, SST-47, pp.75-80, October, 2002.

[13] C. Ahn, and 1. Sasase, “Convolutional coded
coherent and differential unitary space-time
modulated OFDM with bit interleaving for
multiple antennas system,” proc. of ISA
2003, Malta, Sept., 2003.

[14] S. Y. Chung, G. D. Forney, Jr, T. I
Richardson, and R.Urbanke, “On the design
of low-density parity-check codes within
0.0045dB of the Shannon Limit,” IEEE
Commun. Lett., vol. 5, no. 2, pp. 58-60,
Feb. 2001.

[15] R.G. Gallager, “Low Density Parity Check
Codes” IRE Trans. Inform. Theory, vol. 8,
pp. 21-28, 1962.

Z = 4= (Nam Soo Kim) A3

19901d 29 st Ak
g EA(F3HAD

1996'd 8¢ grrhstul Ay
g} AL SAFEAAD

1997 89-~2003d 79 €&
AAE AY ATHHW F
o 7

1999 39~3A] st WAA

2004 5¥~-3A ERYHI AYIFE HW FUE
N 93

<#AEoR oA B4 B oleEal 9

ot

444

Copyright (C) 2005 NuriMedia Co., Ltd.

Z & 3l (Hwan Min Kang) 239

1997 29 gkoiEtw Ak
F8 EAFEAD

19999 29 st AR
gt Makag SH(FHAD

2004 89 gt HAF
A sty vy £
(33D

20049 9Y~HA AR FRFAFZ BAATF
4 AT

<#AlEok Software Defined Radio (SDR), DSP &
58, Wibro A28, ORE F4l 9 o]5FAl o

= 4 5 (Sung Ho Cho) A3

19783 29 Fgrhsta AAbs
s EU(F D

1984'd  12¥ University of

lowa FAHFE TS £

— ‘

- (&SHHAD

| l ' 1989'd 8 University of Utah
AFEHE S EdTS

LI
1989 8¥~1992d 8¢ I=AFAIATY A
A

19923 og~&AA  FeFhstu ARSI wa
<¥AEok HAEA = HW 2 S/W A7, SDR
A8 A, AEEA, ©lEF 4], RFID

www.dbpia.co.kr



	UMM(Unitary Matrix Modulation)을 이용한 LDPC(Low Density Parity Check) 코디드 OFDM 시스템
	요 약
	ABSTRACT
	Ⅰ. 서 론
	Ⅱ. UMM-OFDM 시스템
	Ⅲ. LDPC 코드와 디코딩 알고리즘
	Ⅳ. 컴퓨터 시뮬레이션
	Ⅴ. 결 론
	참고문헌
	저자소개


