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OFDM (Orthogonal Frequency Division Multiplexing) Al2#e Ad g A= dolg 4& N/ (3urszme 4 ¥E
dolH d2 wasle M2 g FHFE 7IXE NY A2 gukdslz BzAAM FAd AEe7) fFo] AHEH &
ol Eon n&9 ol Afo] st Y, RE R s 2e Wx WAg o]gste OFDM A2de A%
AstA Hold | FAdel B EL F& (BER: Bit Error Rate)o] <J3iA HA AlAdle] HEL HEo] AAHE EAFS ¢
ko] BAE dd A2y Ass d4ATI7] e A viide] SNR (Signal to Noise power Ratio)S F43}
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I 3 Ao uel Butdule] Wa walg pEAor ARsheE HE WEs Badit)l AA2 IEEE 80211a8 A4 Wz d
Ao mel 6 ~ 54 Mbps®} A% £EE 72tk SNRE FA37) 3 dE49 W9, Fag 999 AL 043l
MSE (Mean Square Erron)E& #HA&3lste WS o438t 23R Wag AT A8 B2g5 43 48R A}
ol¢] RMS 48l & |83t 9, a2|3 Viterbi £3 #AolM =48 HA AY (Cumulative Minimum Distance) & o} &3}
= 3o gigA vlu 245, olF $8 EVM A3 Viterbi E3534E #Was)r ALgdte A28 SNR FAWE S Al
Qtetm o] E o] &3 Hukgw HE OFDM AlAde At} vix|ebe g IEEE 802.11a8] 71%¢] A3 A2$ #$
OFDM Al2€19] A584E gUAstr] Aste HAFE AgdolAs 335t

Abstract

OFDM (Orthogonal Frequency Division Multiplexing) systems convert serial data stream to N parallel data streams and
modulate them to N orthogonal subcarriers. Thus spectrum utilization efficiency of the OFDM systems are high and
high-speed data transmission is possible. However, with the OFDM systems using the same modulation method at all
subcarriers, the error probability is dominated by the subcarriers which experience deep fades. Therefore, in order to
enhance the performance of the system adaptive modulation is required, with which the modulation methods of the
subcarriers are determined according to the estimated SNRs. The IEEE 802.11a system selects various transmission speed
between 6 and 54 Mbps according to the modulation mode. There are three typical methods for SNR estimation: Direct
estimation method uses the frequency domain symbols to estimate SNR directly by minimizing MSE (Mean Square Error),
EVM method utilizes the distance between the demodulated constellation points and received complex values, and the
method utilizing the Viterbi algorithm uses the cumulative minimum distance in decoding process to estimate the SNR
indirectly. Through comparison analyses of three methods we propose a new SNR estimation method, which employs both
the EVM method and the Viterhi algorithm. Finally, we perform extensive computer simulations to confirm the
performance improvement of the proposed adaptive OFDM systems on the basis of IEEE 802.11a.
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Table 1. Simulation parameters.

Modulation BPSK, QPSK, 16-QAM, 64-QAM
Channel encoder Convolutional encoder (K=7)

Coding rate 1/2

Channel decoder 8 level soft-decision Viterbi decoder
IFFT, FFT point |64

# of data subcarriers|48

# of pilot subcarriersi4

Guard interval Prefix: 16

Symbol duration 4 us

GI duration 0.8 us

Channel model JTC indoor office areas (Channel B)
Mobile speed 3 km/h

Channel noise AWGN

E 2 JTC Au Xy Mg 29 m2loly (xid
B)
Table 2. JTC channel model parameters for indoor
office areas (Channel B).
Tab | Relative Delay (ns) | Average Power (dB)
1 0 0
2 50 -16
3 150 -47
4 300 -10.1
5 550 ~17.1
6 700 -21.7
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Fig. 4. Mean power profile of the JTC channel

model for indoor office areas.

Aol T =4 psolx ABoA BE 37k Zol= 08 us
oln AMEZd F7| T, = 50 ns7} ©r}. Zupde £x=
3knv/hE B 2A =Y fHo|go] LA A EH &
735

JTC AW AdA9 g 2d 5 Ad BE AHEst
qom AlgHol oA AHgste FEvEE ¥ 29 2
ol 28 4= E 204 ANF Ad 2L HE A
g Z2dS Yehd Hold

0 A2+ ¥ QM 29 (Tapped delay line)2
73t g = Add EAste Ay Ad =
2ade] +& Ye dd AQ (Relative Delay)<
A8 A Z2ude] EAstE Ad AtolH, AT
79 (Average Power)& ©] X|d A7t HE A4
z2999] A AEE ek 714 A Ade]
HA AZE (50 ns)e] Azt SEEE YEPEER JTC A
de] e Z2 20 MHz €& 9% ok 2822
ANade] g Zo] 20 MHzS Al=g 3 & 74 U
of & MY odF FAZ FEe] &A%t Z H2apd
A% AAR LY HolFE AA HAH 6/ FAEE
EFE AA Y& A3d WGN (White Gaussian Noise)
7t F7He) A 29 A5V k. OFDM A& Ao
of IS} 2AskA] &7l A Ade] Ho AAAz
& RS 73+ ZolHrt} Folof drh

1. SNR 53 A8 0l

224 AN 7 SNR 297189 4
NS ol B3 4B0) 58 BHL FARA A
gal= $uks 4% OFDM Al29€ Aka 29
55 SNR 39l 4%¢ Yohrs] s 0~25 dBY)

Te Hla



64 MZ2 SNR FEUHE
25 T
» 5
815 E
Y S,
(1) 2 ""----“-r-------'--"-1?--- R:aference
—&— Diract Method
i | ~—f— EVM Method
0 5 15 x 25
SNR (dB}
32 5 AWGN zidollA ZHFHEEH gralal EyMm gt
Aol SNR M5
Fig. 5 SNR estimation performance of Direct
method and EVM method in AWGN
channel.
g
£
.‘EE
SNR (dB)
a2l 6. AWGN oM Viterbi =37{2 &2 A
2
Fig. 6. Minimum distance of Viterbi decoder in

AWGN channel.

AWGN SNRell m& 234 w43 EVM 42
F4€ SNR& WEbd Aol F 7HA] ¥4 2T of

hu

10 dB olstell A} SNR 4 o] w1 EVM =
Aol AHF3 HWHE} F49 227 Ao g &
9 + Yok 49 £FE= SNR F42 °l8% 4%
OFDM Alz="le] A5 A AAl7)7] HEed 10
dB ot 4 28 rAs] A% F7HAA B
Ho] 279},

3% 6& AWGN g4 SNRl @& Viterbi &
3709 ¥4 Az AYE ¥E WEY $2 JTE 2
H2 29 3% 2ol e SNRIA Y= Ex

SNRel £¢%% #j4ws} wopxr). W& SNRelA 2|
A =3 g2 3 EVM ulale] SNR F = s A3e

(313)

G Bpeeeebeessdeeeossdeehs :
§ o ; ;
R;ferencel
| i | —®— Direct Method
: } | —&— EVM Method
| . | | 1 -—I-®——Vi}erbi Ms?lhnd
9 1 2 3 4 5 [ 7 8 3 10
SNR (dB)
a3 7. AWGN 4ol Viterbi 257(21 3
2 HelE o|83F SNR ZHEFH M=
Fig. 7. SNR estimaton performance  using
cumulative minimum distance of Viterbi
decoder in AWGN channel.
BAE7] $1gk Wi o2 Viterbi 53719 +4 4 A
g WAe ol43 SNR 28FA H49 45e FAd
o A F A B4 239 9abzt BAske 10
dBE 71&2.2 10 dB |8l A Viterbi %Eﬂ«] +3
A A $2& o4 SNR W FHF 2HE
a9 749 2982w 10 dB o]gtel M= Viterbi 235719
w2 Ha Ae B4 SNR 4 Akl $5ES #

A% 4 girk.

wehA £ =gl 1% Fukgst 48 OFDM Al
& 7de7] fistel SNR 34 Wl oz Aitae)
EVM "3 Viterbi 23 191

2~ El
—u
e

L

%

A AHgshE FukEn
Sty Xﬂ._f&‘:}. g HolA A
?_}EJ Aol A dlsbr] A% AEHelAE 3

s,

2. M3 OFDM AlAER AlE30|M

1% 82 FDD (Frequency Division Duplex) 53¢l
g 7tsd Al 2o 2A, Ade SNRE FA5t &
Ao HERES Wx A E 2As 1 A
RE A% AZE 39 HEFL
(Closed-loop) #}-8- OFDM
A& golg i Fa 717t
delo] $A7]d HEEE HR
d (Control channe)& &3X 417 ]i AGHE Ao
2 7} A EVM 843} Viterhi 379

T4 Hi AYE o8 THFA 8 st

e

o
e



2006 3E TAZEE

Convolution

(12, %=T) Iteriaaver

Bit Mapper

| Bit Allocation I
A

Controi Channel

-

Add
Cyclic Prafix

Chennel

Estimate SNR and
Choose Modulation Mode

e |

Bit
Demapper

Cumutative
Minimum distance

Viterbi

1 Decoder

4 Deinterleaver ¢ e

Cyulic Prefix

g 8
Fig. 8.

HEZ Mg OFDM AlAH
Closed-loop adaptive OFDM system.

BER

1
SNR (dB)

JTC Adf 4
£ BER
BER performance in JTC channel model for
indoor office areas.

Aedxled ad zZeollA SNRofl

L
©«
©

HIA] O

33, EVM W4 o2 2% SNRe] 10 dB
= EVM 848 £4 238 o83, 10
ol Viterbi l"i§7]9] 4 FAx Ags

< o]t
ARe 71E wE
JTC A

&9 ¥

N
SERRES

A

wn
5
o

D

-
2 o

o
0%
O,
Ho
é

"
r

o
o,
o
‘o,

o

°|&

£
)
R
B

HE o

7‘“’}"1 X—‘l% AZ "]*E“"ﬂ/q H
g TEMOE AN § 39 & ’\]?—fﬁﬂ | Aol A ¥

WAlS AAsty] gl AHed BYHaS f.oFsksth
a9y 102 HE 99 HS (Symbol Adaptive)
OFDM A2#, EVM W48 o83 ¥u%st 4%
(Subcarrier Adaptive) OFDM Al&® 183 H3)
3 kAol Rukdsl H8 OFDM Al2"9 vEAS

rol

BN

ES
i=
=

=2% A 43 A TC B

(314)

3z 65

E 3 XNE OFDM AlAHe| Bz atAl MEY JiFE
Table 3. Threshold level of modulation mode for the
adaptive OFDM system.
(Target BER = 10°°)

Modulation | Code Rate | Data Rate (Mbps) | SNR (dB)
No Tx 0 6 ol3}
BPSK 1/2 6 6 ~ 11
QPSK 1/2 12 1 ~ 15

16-QAM 1/2 24 15 ~ 20

64-QAM 1/2 36 20 o)

45 I T I !

Threshold Leve!

1 —€— Subcarrier Adaptive(EVM with Viterbi)
—2&— Subcarrier Adaptive(only EVM)
FH —8— Symbol Adaptive(EVM with ‘iterbi)
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