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Abstract

OFDM is one of the promising modulation candidates for a fourth generation broadband mobile communication
system because of its robustness against inter-symbol interference(ISI). The OFDM transmission technique has
the inherent flexibility to adapt the modulation scheme on each subcarrier according to the signal-to-noise
ratio(SNR). In this paper, the adaptive modulation scheme of OFDM system is proposed in broadband mobile
channel. The proposed algorithm allocates initially the number of bits in each subcarrier using the threshold
SNR according to the target BER and controls the total number of target bits using the well-known algorithm
of Chow et al. In addition, the subcarriers of the proposed algorithm are clustered in blocks, that the signalling
overhead can be reduced for the bit allocation of subcarriers. For the simulated experiments, this paper presents
an evaluation for the effects of target BER, the various numbers of subcarriers in the subband block, and
Doppler frequency on the performance of adaptive OFDM in broadband mobile channel.
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Table 1. Simulation parameters

Modulation BPSK,QPSK,8QAM, 16QAM,32QAM
Demodulation Coherent detection
FFT size 128
Number of carriers 128

25 sample time
Frame size 64 symbols ( N,=4, N,=60)

FEC convolutional coding (R=1/2, k=7)
Doppler frequency 10~ 100Hz

Guard interval




104 / 39 olF AMdoA A$3H OFDM A 2H

¥ 2. SNR ¢ A gI[dB]
Table 2. Threshold SNR[dB]

Mo , BER of ,
od. | BER of 10 c.10-3 | BERoOf 10
BPSK 15 2.1 3.3
QPSK 35 5.3 6.9
8QAM 6.5 8.8 9.4
16QAM 135 15.5 18.5
32QAM 22 24.7 28.2

3% 4-19M e ALY FdnYIedA Fugs E5
o Fuigae] £& g2/ dJL B9 W 482

HE B, AL nFe 4EEAE 4 =
FHA6QAM)E ol &3tHe 4o Z#S HusAc

AP AQF LuZL target BERe) 10 %elx
fitse 001 9 A$ol BPSK, QPSK, 8QAM, 16QAM,
32QAMe &2 FAEAL, 2Y 4-194 be Fdael
B2E2S A= BBL*jJr_o,] F& ojn 3t 4bpee A2
g ¥3E JF HESFE Yehdth

A9H FneFAA LIUYY PUERY 42 e
A H9s At dB A9AHE v, 5B
SNR @M R@Ese 470 1A% 24Y A$

3.5X107%9 BERS Hgm, Lutgde] 8 27} A
724 % BERS Z7t8g #93dc. 974 22y »
wEste $8 Z/AL5FE 2ugad $7b 1AY o
o e umte Fa80] P & F U} 2w
$3e $8 22 BYL ASol Putdne $7 1)
d A9 vlwstd 15dB B} FE& SNR F#7+9 A4 BER
NEe vl&sg ot 22dB9 SNRatolA Butgne 4
7t 2AY ASE 107 2wsse 71 149 BSE
107%¢) BER 4%¢ RAT o714 229 2uksst
o %7} 1709} 2/0Y A$o]l Z& BER 458 Hol:
SNR FZHIME Rurgs B2 Rutds) $8 242
FASWE Rukguel £71 1749 A$9 wsted BER
Aol apolzl ok, Rutgsie METFS JT A
a9y oHFH=E 50% 9 £ 4ee ¢ § Aok
Agkdt dugZe APAe PP Wz
(16QAM)e| A¥ANE H LA, SNRo| Z7hte] o
e ng® Wxzuge BERS Ao 1073717 "ojx
i, Aeted g1 Ze BERE 20dBolM 107 %744 2o
Ae B ALY duZe Fage] FSE L F I
o g Ad GadZe SNRol Z7heol waby
Ad £FE YolXy] Wi HEe HESES AE:
BPSK, QPSKelA 16QAM, 32QAM3 Zo] B& HES

g HEE F e Hx B4 S o83y HF HE £
& EHo2M AdAFA F AP RgET
Chow %¢u2]lEE A& 43P BPSK, QPSK,

16QAM, 64QAMC 2 FAHE &3 ¥ME WY& o &3

3 A¥Y BF ME $F MEZ FISHAT A
12 334 3HE o3t Fugsdl vES TYHE
Mo Chow ZIelZo] 4§tk AN TneZe
2%t Chow FLeZL A48 4YAFste @
M 10dBRT 2& SNR FelME #l%¥ BER A

& Holu SNRgtel AAFE Chow %1"’\’/] 9| BER
o] A¢tdk ¢nEZFe BER 2ot o &g &gt
o714 Aerd ¢z ZE3 Chow ?——_}”’E]ui’/] ] o A
H]

%% BER 4%& Hol¥ SNR FdA:E E=3¥
Hul o] 83 o824 Chow ¢ Za H| Wl A
3 danEF Alagddy eHIHEE 24 T s
& 4 9dth

OF 4-29) APA ALY gnFES

SR

fitg= 001

2 %4 BPSK, QPSK, 8QAM, 16QAM, 32QAMoZ
FAsA L, AdDG €3 FAF HESFE 4HER €T
At 9714 BER,,,.08 BE2A #3S Ao At
] 3 3} 9 o}

& dneEe Ase

37 0 16QAM
-3 Chaow algorithm

b=16 4bpc

B’(Ermt Rats(BER)
3,

5 10 15 ] 2%
SNR{dE]

a9 4-1. At dadEe A sHa
Fig. 4-1. The comparison of the performance of the
proposed algorithm
Aol 10737 5x10 739

A¥d o4 BER] 0.01%

BER & ZE A ¢nEZFY A%l 10729
BER .- H&3t9¢ el 453 umsted 08dB
A% SNR A% F49S BAsidrh. SNRzkel %

842 10729 BER,..& %t A%d dnas
o] BER A%°] 10 %% 5x107%9 BER,,.& A&
#9¢ %9 BER 4% uzste IS HAE
# 9ok 4714 AL AmEZEL SNRIOl e F¥
o 10739 BER,,.,e Hq&¥ozM Addoz o
e HESS A4ste wol=d Z3slA 3txm, SNR3to|
Z74%l wetd AdA ez o 2 uESE AP
107281 BER;® ©183t9 348 4348 92 %
Jee & & gk



E9EE-A 28 Be Hust # 6 4 2 9 2005. 4 / 105

o .
Target BER : 0.01
7+ Target BER : 0.005
--%- Target BER : 0.001

8it Error Rate(BER)

b
E
i

1? e 5 ;,;MWMM i
a1d 4-2. BERtmgeta == 75]%‘0‘}93 ol g
At duzFe] AJF Al
Fig. 4-2. The comparison of the performance of the
proposed algorithm using different BER, 4 et

2% 4-39) APlM AL FneEe BER,,..
e 107% 9 #%$e) BPSK, QPSK, 8QAM, 16QAM,
2QAML. g FASFR, A dFdd HT HEFE 4
HEZ dgstgrt. q7]4 fﬂ'da g2 d4s
of A<t dne]Ee BER A5S B fis =8
T4 feedback delay |2, fir,7F 0.019 A%
A A Zo] Ade Aol AA WA FEE&
a3, frrh 01Y A$E Ade) W 49 298
% omg

A¥ASNA fr7b 001, 005, T3 019 Hgol
Aots GmalZe BERS 21dBe] SNRaIAN ztzt
107° 3X107° zz@lm 2x107%e ngew, frol
Ad+E Ads duelEe] BERS AL ¢ + ok
o} e AYAFA AtH AnEHL Ad e
W7l whe A A #E3 nzste dde
2 BER d%°] 9oj3e & 4 Aot A¢d gz
BER 11,09 SNR QA GE o) &3te] 2t Rubgsto] u|
EE 333t ubdo), Chow ¢1glEe ad &3 @
A Y e T 2 BubEste] ¥ HES A
Astnz 27 vE $9 WAelM Holg maltt

A
&

e

F 544,

oy g

==

1 ..
Doppler-delay product : 0.01
: i+ Doppler-delay product : 005 {7
W - Doppler-delay product : 0.1

8,

Bit Ervor RateBER)

1 15
SNR[GB]

1% 4 3. 31 -rJJr-rg} 11“‘ 1\]7P—% g2 sds
73—%°ﬂ gt AtE duneEe AF v
Fig. 4-3. The comparison of the performance of the
proposed algorithm using various f,;7;

oA 2 o= Agd dugFdH Chow &g
&9 AdF dF nEE 27 HE 3

394 FH G ddss wm ?ﬂ&—’F% e
Atk £ 304 Kt 3
ARe SE RERE, d=

= ’Ymargin

w3 pgE AGE &

AR F2
Mol E Chow FneFY Hwst ANT FuelF
ugh 2o}, Chow ¥neFe F43 el dus
o e BREE AL S
%+ Ak o471A A L

= pua
@ BHE} Chow FnEFHL eS¢ F dn

¥ 3. Age dug]FEH Chow ¢arg]Ee Aibsk bl
Table 3. The comparison of the computational
complexity between the proposed algorithm and

Chow's algorithm ; K=number of subcarriers,
Iy =number of 7,4 iterations, d=number of multi-

plications/divisions for Yy,4 ¢, #p=number of

subcarrier blocks, L=number of SNR thresholds,



106 / Bdg olF AdoA A3 OFDM Al=HS 93 Ax

Zlgd #g A+

(i

Chow et al. The pn:')posed
algorithm
Number of multi- |K + L (2d—1 ) ng+1
plications/divisions 5376 65
Number of com— 0 ng- L
parisons 768
V. g8

Iekshsich. A%t

Zo HE g% e BER,,,,geH SNR 9}
Age olgste] 7 Burgstel 27 HME $8 B9
i, Chow LelE WAL ol &ste] AA Lo v
E 42 Aojdy 494 A¢d FLUZE SNR &
of Wetd BER,,..° SNR Q733 Rubgste] Wz
g Ads zETdozA A A% B ALFS
gasan. B8 AL FnAZAAE 98 Ao B
$%2 @ 7|9 B2Eoz TAFORA Fusne WE
gge
A

3¢ A% Nadd ewi=g 9% FFAARe
d aelel Wyl we B Ad Ao o o
F& stax @
Fa1=d

[1] Grunheid, R., Bolinth, E., Rohling, H., “A blockwise
loading algorithm for the adaptive modulation technique
in OFDM systems,” Proc. the 54th IEEE Vehicular
Technology Conference, 2001. Volume: 2, 2001, pp.
948-951.

[2]1 Ahn, C.-]., Sasase, I, “The effects of modulation
BER, Doppler
adaptation interval on the performance of adaptive
OFDM in  broadband IEEE
Transactions on Consumer Electronics, Vol. 48, No. 1,
Feb. 2002, pp. 167-174
(3] Chow, P.S., Cioffi,
discrete

combination, target frequency, and

mobile  channel,”

JM, Bingham, JAC., “A

practical multitone  transceiver loading
algorithm for data transmission over spectrally shaped
channels,” IEEE Transactions on Communications,
Vol. 43, No. 2, Feb. 1995, pp. 773-775.

[4] Pahlavan, Kaveh, Wireless information networks,
Wiley, 1995.

[5] J.A.C. Bingham, “Multicarrier modulation for data
transmission: an idea whose time has come,” IEEE
Commun. Mag., Vol. 28, Mar. 1990, pp. 17-25.

[6] H. Sari, G. Karam, and I Jeanclaude,

“Tramsmission techniques for digital terrestrial TV
broadcasting,” IEEE Commun. Mag., Vol. 33, Feb. 1995,
pp. 100-109.

[71 US. Patent, Orthogonal Frequency Division
Multiplexing, No. 3, 488,455, Jan. 1970.

[8] R. W. Chang, “Synthesis of band-limited orthogonal
signals for multichannel data transmission,” Bell Syst.
Tech. J., Vol. 46, Dec. 1966, pp. 1775-1796.

[9] R. Steele and W. Webb, "Variable rate QAM for
data transmission over Rayleigh fading channel,” Proc.
in wireless, Calgary, Albet, Canada, 1991, pp. 1-14.

[10] H. Masuoka, S. Sampei, N. Morinaga and Y,

Kamio, ” Adaptive modulation system with variable
coding rate concatenated code for high quality
multi-media communication systems,” IEEE Proc.

VTC'1996, Piscataway, NJ, USA, pp. 815-819.

[111 T. Yamamura, H. Harada, Y. Kamio and M.
Fujise, "A study on adaptive modulated high mobility
OFDM radio transmission system,” IEICE Tech.
Report, RCS 1999, July, 1999, pp. 33-40.

[121 T. Yoshiki, S. Sampei
"Performance of a Multilevel Transit Power control
scheme for the OFDM subcarrier adaptive modulation,”
IEICE Tech. Reprot, RCS 2000, July, 2000, pp. 63-68.

and N. Morinaga,

o} % F(Chong—Koo An)

19774 A2dgte A7|3eat 249
19794 g=Hshrled A71RAAS S
(F84Ah

1989\ Univ. of Texas at Austin(F%}
ukAL)

1979~1980d dulFF AT A}
1980~8 A &4distn Hxhgsty) wS

2 AR 2

W ART S IHE AN

L R ETEL A
eueta AAgst




