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ABSTRACT

In this paper, it is analyzed theoretically that the performance degradation, caused by carrier frequency
offset, in an OFDM/ M~ary PSK system. Then, when Turbo coding is adopted to an OFDM/M-ary PSK
system, the degree of performance enhancement is evaluated. Finally, the maximum frequency offset is
calculated to satisfy the BER performance required in a Turbo coded OFDM/M-ary PSK system.

As results of analysis, it is shown that the more the number of M-ary is, the worse the BER
performance is. Moreover, 7dB, 9dB, and 17dB of Eb/No are required in QPSK, 8PSK and 16PSK systems,
respectively, in order to satisfy the error performance, BER= 1073, for voice communication. If Eb/No are
10dB and 15dB, the frequency offset should be below 0.05 and 0.075, respectively, for voice communication.
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When Turbo coding is adopted to an OFDM/M-ary PSK system, the less the number of M-ary is, the
greater the performance enhancement of Turbo coding is. If the number of a M-ary system of the system

is below 16, it is found that required Eb/No is about 8dB to satisfy BER=10"°. Moreover, in the system
the Turbo coding scheme, voice communication is available with greatly low Eb/No, and 8dB of Eb/No is

enough for data communication regardless of the permission range of frequency offset.
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Fig. 2 Frequency spectrum of OFDM signal.

A%E A3 s(t)E oL A3 2o3]l
s(t)=iziwk:.R[ckie’M“(‘"iT’)]f(t—iTs) (1)

37)4 f, = kHA s Fhsai

fo=tfy+ 2)
7b He, foe 7H 2 wEn Fagon (e

1 (—t, <t<tg
f(t)= 3)
0 (t<—t,, t>ts)

AlE
0=

F717F T, ¢ M-ary PSK A]E'é‘—/] oo ut
e F5 4AL 1/, o 8ok A% AL SO
9% A2 solUst ¥ohy WA ST BE
AWGN)el 9J&) walg A =Hof =4 A% r(t)e
oS A3 2ol ©rH3)

r(t)= [ “s(t = Oh(z,t) +n(t) @

A714 h(rt)E A telA e e JE2 ol

T7]'C

B T
o

feoob o= R

—~

910

g oA 7LeAeh Faolr)
% A5 r(t BPFo| ol e g

a E}SL OFDM BzE 37 93] FFT
T P/S W3 93 £ W4 £x9

[, Bk&SI Fol 2TME 1248t OFDM/
M-ary PSK A|AEIQ] sy DE

AWGN MdellA wtgst Foe 9 IS TH e
OFDM/M-ary PSK Al&=€9] a4 2dl2 09 33
.

38 3 ek

o Foge 2EME D2{dt OFDMM-ary
PSK AlAEf2] GjM el

Fig. 3 Analysis model of OFDMM-ary PSK system
considering carrier frequency offset.

OFDM/M-ary PSK $4 41&& o A7 zZuh
s(t) =7k B o FE 5)
t, N ; OFDM Al2=H9 #
T ; OFDM A& 7t
Xy ; M-ary PSK9| 4& 415
AWGN d& HA F4€E Jie Fod5 224
AF& ns] o A Zo] ved & Qi8]
rt) = s()e®F+n(t)

=1 e Eaarn

4714 n(t)& AWGNelth
FATNAM T F7)7)F o)A H o g o] Fojzt}
I AREE AEDE 54 ATE e AT Zo]

(6)



H FAE 2= AL 1# g Turbo Code OFDM Al2=de] A

off
=
rx
2
e
st
re
-4

Eh zl i8],
=8| =1 —j2r(k~k - B

Vx & Tll“ =0Xk nzoe N+l’lk (7)

W 4F-T=J: F 3Ego A8 7o 3
gg Fug =4,

Aol HolA k' kE AL FAEH AT
B 9EaE el ghel k=k'o]H FATlA
e ANEE FAT FFoll, k=xko)H F4 A
37t A" F el

4 (el A, Noj o Achd ohg A7} Zo] e}
RS IN=3

1 = —127r(k—k‘—d()t%
N :Z:o €
T 1 —
=+ expl —j2r K=K 1 8)

et FA7|dA BRE AEE t§ A Zol
e 3,
v = expUndf) - sinc(df)x,

— exp(rdf) - sin c(f)

K e -1
+ny
A MA G2 kA F BEnE ASHe HY 3
B AZL, F oA e AH ¥ AR pHE
Uetis, elAle g2 g AdEein # e
el g4 HET sinc(4D)O] AE 74 2o

Egsof gk

V. 214 =0 mE OFDM/M-ary PSK
AMAH] siH 2E

29 4F 955 o4 e Xad BE B3 g

wET 34 0TAS nAY A9 ¥R A
se9t s, 2 g A3 Zo] FHIG

so=—%-sin(-§+8k)

sl=—%-sin<—§—¢9k> (10)

Offiet0| 2t 2192 4psKel BEH2UB
EEICE 2L B! offsetO) AN
SCIR BEH2| 80| YHSl ST

YYOES &0 WakH BICH. 5 012 LI8H

s 021 48 £ 18D} H2ICH,

a8l 4 grsul Folge 2ITMf o2 Y 2| g
Fig. 4 Variation of decision distance according to carrier
frequency offset.

i

So

& 5 oz =y
Fig. 5 Error decision.

+

(1]

=8

[e]
—_
[\

WE5 Fus oxgel 9@ 94 9428
H OFDM/M-ary PSK Al 28 ¢ £
3 Zo) THAT,

P. = [ P-p(6)s (12)

911



S| YA BB =E2 A5E A5E

V. EHE 753} J|Y

29 68 HE $37)9 2 toloj1dg nojzy,

[— T 5
Intericaver ] : > Y,

a8 6 & 2357|° B clo|o{ad
Fig. 6 Block diagram of turbo encoder.

23 [7]dA 209 BHE 3 ded F A9
RSC (Recursive Systematic Convolutional)E HE 2
AFstn, 5 £37] (ENC1¥ ENC2)9 &8 Agx
=g 74] 71 AsiM F HEVE dHEsE Yr
o] ¥& JehE st Utk dlolg A|d27t Zeg)
92 ALEvd HE R3v|e Argst vy F
Me] RSCE o|F &E& Z=ZH A 4 3tk
T3 RSC HI71(ENCD®| BE ZHE 022 W
71 alA vile FE HEE § Ty Bo 29
o} weld 5 7] RSC Atolell ¥9l ¢lE2l¥ ne
doje] Zdz HY v E(tail bit) vzl dslzd 2
olojt}. o] df ElH R m7|dA e AAEE Aldx
(systematic  sequence)9t & E *]ﬂi(parity
sequence) 2 TAH H3& A|ld2g R Egd £3
dd 588 AA Hele ZalY(parity frame) 1*
A & (puncturing) -t} Weld 09 69 B R 57]9)
R.= 1/20] €9 28 694 bye=( X, Yy
kgl €7kl BlE 374 T4
e Aldzo 747 ol &3

r

1

=
o
L

3358
e A
Elue Aldxo}
g,

2

BE F3oM fiFEe] Az Ad 2 AHH A
%“3519#, EE AZE o] 100 ms ool Az
4 7He3tth. 96 kbps] dlolH &4 A

2i¥] Zo|7} 400 Bl EojW ok 833 ms9 A7t A o]
BAATI] ojeid A7 AL F - A A
AA7A 1AE o FHEFANAE 7bEEoh

BE B3 dzte A8 7 U E dg3t 2o
BE g YA 2 uE & 9o}
= (13)

o714, R HEg&oln
Z84717] 184 vAY HY vEE AR R
23] fs8l FHAE Aotk BT 09 Aldxr
Buyoids 12 F ARYE ¥39 (codeword)E EE
& o Hoj= 2 vES] Fro oz} BAEA e}
a8D2 HE B39 g F&o B 33 (lower
bound)& W& 2o FozcH10]

2
P, = n_VPe (14)

Es = EbRc

(n—v)n & Y3718

N o

V. A A ¥ HE

1% 7% AWGN &7 A ¥ ut471 102470, F
g 9.2 Aol 005% 7BF ary ¥ @& OFDM/
M-ary PSK A]~#¢] BER 4%<&
22¥ ary ¥7F 712+ E BER 4% @'ﬂ%ﬁ °—J
&+ 9tk dE o, &4 Mul29 QoS (Quality of
Service) 272 BER=10"3%& w&EA1712id QPS
K, 8PSK, 16PSK Wz whale)] 9 ztzh oF 7 dB, 9
dB, 17 dB9 E,/N,7} 2798 ¢ 3= 3l

aY 8& AWGN 7oA 2 drsls} 1024709
A% F34 22X Mo @& OFDM/SPSK AlAH <]
BER 4%5% Ueldt 1802 R E4F E,/N,
oim 71% BERE 2A4st7] A3l s &He Al 1

F 2EZH gg dobd F Yot dE £ E,/N, 7t
10 dB9} 15 dBY) %%, BER=10"°% 2437 9
HHE FoF 2 ZAE 747 0.05 0075 ©l3tE A
sof g8 & & At

19 9% AWGN #8764 5 wgrt 10247, &
B @ X Ao 00580 H$ Turbo FE 3} 71 A&
ary 5 ©& OFDM/ M-ary PSK A~ ¢] BER 4
TE Jehdth JYo2REH ary b BETE
Turbo #29 A% AN A5/t aA ved s ¢ F
k. 28ld 16 ary ©l8ke} PSK W2 W4o] Turbo

r



R T LZAHS 1#HE Turbo Code OFDM Al2®e A5 sfMel] Bt AF
23535 71yg HEe Ae, doly Mujze] QoS %
A¢l BER=10"°¢ wHA7189 ¢ 8 dB o3t e+
ol AWGN (df = 0.05)
EJ/N,7t 2798 ¢ 4 Uk -
1: \\\" ol b S
1o &&
le+0 s E"‘3"{*—u_‘,.. \ S
1ol AWGN (df = 0.05 g 166 3 \Z\ ‘E i,
102 S — o A
fo3 V\O\KT :‘*‘1\* —‘\ﬂ ;; [+] \ \ \
- N . o | 5 B o —
1es v lot0 :gn\m 2 \
g AN i - T\
to6 -0 - 16PK + TURBO \93}
le? \ o M—o 2 4 6 8 0 R 1'4 1'5 B »
1od — \ E,/ N, {dB]
leY —— OPSK
v &K \
1e-10 T —m— 1675K \
T T e e W a2l 9 AWGN oM Turbo 853} 7|8 HEA
E/N, 1B ary ol g OFDMM-ary PSK A[AE9
’ BER 4 & (§ trsule=1024, Ful5 2=4
=0.05)
a2 7. AWGN EZ0IA ary $0l 2 OFDMM-ary Fig. 9 BER of OFDM/M-ary PSK system according to
PSK AJAE|9| BER AMs the number of ary when turbo coding technique
(2 HISTS=1024, FO5 @ TA=005) is adopted in AWGN environment (the number
Fig. 7 BER of OFDM/M-ary PSK system according to of sub-carrier=1024. frequency oftset=0.05).
the number of ary in AWGN environment (the
number of sub-carrier=1024. frequency offset o
=0.05). o AWGN (M=8)
o S 5 ST S
le+0 104 S L
| AWGN M=8) < =
let 105 = .l —
o TR o — 0 e T~
s L i LS
- o7 1o € =0ms =
- TR el - oo | 5 3 ammumo 0\ AN
. v ~— - d-
g v : T R NN
AN B Bl A N
les \L — 112 %dﬁul'mmm') T T T \:\ \
18 o & 0025 \ 0 2 4 6 8 w0 12 14 16 18 x
1e-10 i « :(ms E, /N, 1dB)
en = acar Y
12 T ™ T T T T T T
L R R 18 10. AWGN #ZolA Tubo £33t 7|18 HE
E /N, [dB) Al Foie &Moo W& OFDM/BPSK Al

Ao BER N (¥ r&ms=1024)

Fig. 10 BER of OFDM/8PSK system according to
frequency offset when turbo  coding
technique is adopted in AWGN environment

a3 8 AWGN #dolAM Foiy 2z o
OFDM/SPSK A|AEIS| BER MS(% dt4 D

LA

T==1024) o
Fig. 8 BER of OFDM/BPSK system according to (the number of sub-carrier=1024).
frequency offset in AWGN environment (the
number of sub-carrier=1024). 29 10& AWGN #7304 & wram7) 1024719

7% Turbo F33 7Y AEA Fag SxAd w
£ OFDM/8PSK Al24®9] BER A%< Uehdd 2

913



FIHG YRGB =EA A5 ASE

PO Z2HE Turbo &8 71HE A&59 nf$ e
Eu/N, o2 &4 Mu]~ ( BER=10"*)E £&3]
NPT = 9ULS ¢ F Aok 2z doly AMulx

( BER=10"°)t F35 234 3L FA]

%8 dB A=Y E,/N,E &3 Ad¥ + A&&
<4+ Aok
w g

B =fdAe $4 dEs Fag QXA
OFDM/M-ary PSK Al2=€d] plX& A% d&& &
A3t7] -‘r’%ffﬂ 284E% Fx3ATh 223 Turbo ¥
53} 718§ OFDM/M-ary PSK Al2:gle] & &3}o
Nx 7}]@ Axg HrpstHch FF:YHo2 Turbo

Coded OFDM/M-ary PSK Al ~€ oAl 273}= BER
N5 g shEA77) e §E 7Hed Hd Fug 2
xzHe AAsg

He A9 A} ary $7F AEFE BER A% &
g o 7 AT, ¥4 Mulz9 QoS =AY
BER=10"*%& %&A)718{W QPSK, 8PSK, 16PSK
Wz gae A, 747 % 7 dB, 9 dB, 17 dBY]
EJ/N, 7 8788 ¢ & Add 2832 E,/N, 7}
10 dB2} 15 dBS! 4%, BER=10"°%& ©43s7] ¢
HAE F35 QZME 742} 005, 0075 o8t §A)
ok &g & £ Ak W, OFDM/M-ary PSK Al
8o Turbo ¥#2& HEsH ary 77 ¥&F5
Turbo 3.9 A% X &x7 24 Yebdg & ¢
Ak Zel3 16 ary ©l8te] PSK Wz H4lo]
Turbo #3538 71¥& A& A%, do]y Auj29
QoS Z7A¢ BER=10"°% ¢£A7184W o 8 dB
ol3te] E./N,7} T84 ¢ & A E& Turbo
Hog 7S 4435H v $e EJ/N, e £
A Ae2E FE3) Y £ UdSE ¢ F Ay,
diolg] MulAE Fop4 QI A &2 BAG]
8dB A& E,/N,2 %3 4% + UL ¢
& A

°l

914

=

[11 O. Edfors, M. Sandell, J.-J. van de Beek, D.
Landstrom and F. Sjoberg, "An introduction to
orthogonal frequency- division muitiplexing”,
Research Report TULEA 1996, Division of Signal
Processing, Lulea University of Technology,
19%6.

[2] J. A C. Bingham, "Multicarrier modulation for
data transmission @ An idea whose time has
come”, IEEE Commun. Mag., vol. 28, no. 5, pp.
5-14, May 1990.

[3] S. Hara, M. Mouri, M. Okada, and N. Morinaga,
"Transmission performance analysis of multi-
carrier modulation in frequency selective fast
Rayleigh fading channel”, Wireless Personal
Commun., vol. 2, pp. 335-356, Jan.-Feb. 19%.

[4) H Sani, G. Karam and 1
"Transmission Techniques for Digital Terrestial
TV Broadcasting”, IEEE Commun. Mag., pp.
100-109, February 1995,

[5] W. D. Warner and C. Leung, "OFDM/FM Frame
Synchronization for Mobile Radic Data
Communications”, IEEE Trans. Veh.. Technol,
vol. 42, no. 3, pp. 302-313, August 1993

6] T. M. Schmidl and D. C. Cox, "Blind
synchronization for OFDM”, Electronics Letters,
vol. 33, no. 2, pp. 113-114, January 1997.

[7] C. Berrou, A. Glavieux, and P. Thitimajashima,
"Near Shannon limit error-correction coding and

Jeanclaude,

decoding : turbo coding”, in International Con-

ference on Communications, pp. 1064-1070, 1993.

(8] AMY, 84, AFEF “itds Faig 0 T
ut& OFDM M-ary QAM Al2”19) 4% &4,
FEEAg=EA, A4y, A4BE, pp
1024-1031, 19993 64¥.

[9] V. Kuhn, “Evaluation the performance of turbo
codes and turbo-coded modulation in a

DS-CDMA

Selected Areas in Communications, vol. 17, no.

12, pp. 2138-2147, Dec. 1999.

environment,” IEEE  Journal on



=l

An upper bound on turbo code free distance,”
IEEE ICC, vol. 2, june 1996.
0] #(Young Chun, Lee)

“

[10] W. J. Blackert, E. K. Hall, and S. G. Wilson,

2L A LY 8t

H

Tor

o

e
wo
do

—~,
Erd

oo

o Mo )

b3 apaA)

£l

Ho
w

3

X

915

a3} ey A

st}

il

i




