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ABSTRACT

The adaptive modulation along with SFBC transmit diversity is a very effective method to increase the
capacity of an OFDM system. However, severe performance degradation is resulted when inter-symbol
interference is applied due to frequency-selective fading in mobile communications. In this paper, we have
proposed and analyzed an OFDM system with SFBC transmit diversity and adaptive modulation scheme based
on pre-equalization methods, in order to increase the data transmission rate in the downlink without much
increase in system complexity. By introducing subchannel grouping and the pre-equalization method among
adjacent subchannels, we could enhance the efficiency of the adaptive modulation a lot. By computer simulation,
it has been proven that the proposed schemes show a better BER and throughput performance than the
conventional schemes under severely time-varying multipath fading channel.

I.ME8 A= wFAe] 34 deleld A%d 4 e 7l

S0l 2 WL B3 Atk zEAY 1% HolelE

AT A ol SN "HERIYe] Aujzd Aga] Ysie Ard" e=ks susjo ik
3 87t SEEEA, L ForE AME HA, 3ol dolelE Apdl] 3k Alxglon

* olzlodzifigtn A WEAIRT o) EEAAd P (mel@ewhaackr), ** o]Ftodxlistul A WEAIST WS (nmkim@ewha.ac.kr)
=T 1 030412-0918, A5UA}

% This work was supported by grant (No.1999-1-30200-002-5) from the Basic Research Program of the Korea Science &
Engineering Foundation.

623



FTEAIES = A "04-6 Vol.29 No.6A

OFDMe| &3] 37 Foll Slch. OFDM-2 i
AdE EY HoldE Fe vy FAEE U
o 24 dlofelg A& delelr WA gt
webd OFDM WAl Fal4= A=A so)d A,
5 AET 7&434 Zstehl). oleb AL °1 =
OFDM H}A2 813 3]=9] & HlOlEi + 714
o2 Ay u}—u—_i A2l JzL"fok:j: %7}*1?171
A 71EE HS WS 2ow gle @ 74
Af rle=e A8 A 7lee] dok A% AF
ZleRe AE AY A, A8 Wz *“}E pa
v Bol glom A sl met Agdhs HEA
22 Aofgitl £ =i A Hg f&i 71"
< A Aol wet WE £E Ales] Wi l
3 WE 7|l ws) A5E, B8 a=la 5=
g Fdeld T AdpHelch webd AMske
d ol &7l Mitelci2). vt A8 Mgt
Helult]e] Au|ag AElde £383

‘:} T4 dlofg] H$A 27H= Fink budget
<t o]5& o83 B ¢ gledl &
FA Aelell SRAQ] sold AdE o AN ¥
AEE o e AHgshe 37t EMBM
7} & oflolet. webA Ag- Wz} Ag the]HAE
& A ALFeEH T 29 Aad EES
3] S/ Qe

£ =¥ollAE SFBC A% tlolwAEE Ze A
< Wz OFDM Al2®E Agle). o] W, TDD
RoE AR 2277t Ad ABE signaling3HA
W 7T A4 A e AL Sl o)
43ick =3 AR 53019 A8-S AldsiA, A’k
g Alzgle] AR Fuke AYA soldaMe
Aes fAE 4 X S HEMY 4¥7 BER
Aes 24 34 WzE bkl € 4 ded
Boln ROUYPE T3l o] Hlskink

€ =B 4L 23elME 3 "z A=d
3¢ 7M7) AR 718l HE dHske 3
Aol Me AP 53715 24 SFBC-OFDM Al=d)
oA Ag- Wz 7S Akl 43oE AFE
AgEeldS B3 AT A=Y Fes M
At wir|Eto g 5Abx] A2 Perh

d

Oﬂl

M. AlaH g
1. Hg ¥z 7Y
OFDM 7} #Ade] £ Holde A=F A

624

AL £ gloeng Fu Adud e sk
ulebd] OFDM- Flo|go] =4 2 Ad A7
g HoldS FHe AdE Feid A4 4 Utk
HE FE oid® A4% deode @e A4
oM FHF Xt& WAEaL %A ok ¥ H%ﬂw
= A AR etk wlely AlZdE sjo)d
RAe FAE4E Addx Ao AAAA BER
ol A NAE AoleH3]4]. ol=dt —"r Ad Al
2 QI3 gake} £ 4l SNRO] & FAd
d o ¥ ¥z 5L Jejtozy E*Jsﬂg &
alck
+ A9 E(x: 37 SNR, 7 = E,/Ny7t
A sz = Ad dAeldS =Hm s,
target BERS 737 Slside Wz 58
a(t)dl wet 24sop gk ol o (t)E 4
7lld FAZ A AR A 2A A
F8l oAtk o JHA] WE FF (= 0,124
no transmission, BPSK, QPSK, 16QAM)S 723}

3 £7F 44l SNR, 7:0[2()5)’-)/,"“ wet HE

sze QAR 3 Y2y M- QAMe
Aldg), 1 Eﬂ‘?—ial goled Adola] AL W
ZZ $1%} switching thresholds(¥,)E 4 $Al%
dlofe] SAlell N3l Zhzt vehd Zelcis).

oL

F 1 e deldelld H3HxE A% switching
threshold.

Yo g2 Y2 Y4
24
a o
— OO
=4 331 6.48 11.61
tlo]e
— OO
=4 7.98 10.42 16.76

b 41 SNR, = o ().l be} @z 5%
, Y=yl M — QAMe A9

o

& Aduet 3
ek

% 12 #dE Hold Ahddlx] A3 wWxE 9
3} switching thresholds(y;)E 4 EAld) dlolg
FAld| s 2 el Aelhs).

:L%.‘ 14 A% HFA €7k SNR| wet 7 wixz



=AY o AR sely A Al 53] s 4§ wlx SFBC-OFDM Al~Hlell #3F A7

0.6

P(Mn)

0.4 4

0.2 4

0.0 et

average SNR(dB)

—4&— no transmigsion
~—ar— BPSK

—m— QPSK

—— 16QAM

I8 1 AL HEelA 7 iz ol AH8H &E Un

F5o] AHE BES BAFI glth SNRo] U2
o= dj¥-5-9] Hajde] dlo|eE H43x] ¢k
SNRo] olAwx Al BPSK, QPSKY| u|Fo]
FoX |t} 14dBE 7|22 QPSKS #4: #8o]
Hx Fz 29 ¥APde] 16QAMS A3
=

2. SFBC-OFDM AJ|2H|

Arde] Falg Adedo] Aol U FaAd 21l
Ad Fae gl A viA| e FE A
AE 7o) ofe) A HA ] d=HE ¥
4 gJtH6]. ©]F SFBC-OFDMelg} 3} B =%
e T 79 44l oteEndel §F Al A o
2 283l SFBC-OFDMe] 333} Ao
o OFDM A8 F7t 39 AfsEe A9 F
OFDM #APd ze| clfejdleh. mdA OFDM
s/p(serial-to-parallel) £2e] B W5 dlelei(e)2t
25 Wid dlolej(o)E SFBC alztigl ¢id A%
2 X3P olufe} 2l
X, (m)=[X(mN), X(mN +2),---,X(mN + N - 2)]"
X, (m)=[X(mN +1), X(mN +3),-+-, X(mN + N-D]"
SFBC <2lZclg AA oJal A7t nollAe] ot
1,29} TFFT 48 77} ofefie} 2wl
Xl(n)z[Xe,]’ _X-:,l’ Xe,2’ Ty Xe,N/Z’ ‘X:,N/z]T
Xz(")z[Xo,n X;,l’ Xa,2’ M) Xo.N/2’ X:,N/Z]T
Al & FFTE A3 o]4k A7k nell412] OFDM 4
Al Az Yin)3 Y(n)9 &5 wse) g4 9

offf I,

A A5 oot 2] Ypehd 4 glch
Y(n)=A X (n)+AX,(n)+Z(n)

Y, =A X +A, X, +Z =AX +AX +Z,

Y, =A X, +A, X, +Z, =A X)) +AX +Z,
o714 ApA e 2zt A hy,hy o) DFTE 9
Z Z= NXN uzd 8ot Cis
Ay o Ay oy Ay 0 My oe A WA sl 25
Al QAxolrh Z, Z,& olab Azb nelMe
NX1 AWGN HHeje] < wine} T4 Ha
22 FAEG o] o d&de FAES F
Holgd& Ak Mk Al okt F
MNE  7HASH, Al,e = A1,o =4 o]
Ay =Ny ,=ME NR2XNA A4 93
olct. 3 AH=R el ofels} )

A _matrix = A,l A
- A, A
Re{A _matrix” A_marrix}= P"1

ERURIEAD A AENEE I ERRFE BN

b

X)) (a0 A, [ ¥(n) ]

% ) ny —a Y (D
[+ A PIX, + A E )+ 4,2 (2 +1)
(fl HADX, +AZM - A Z (n+1)

$}e] Ao 2XE] SFBC-OFDMeIA X2
|A P+ [A,)% 9 o AE] o152 Qe 4
9le-g o 4 9lrt

3. M8HZE SFBC-OFDM AlAH

F ot S a1 70 = ' OF 7). =
MY S £2 4 SNRE DA Heh o
o|MAE]l o]50] sl A% € A Helds
et AR oA e A &

ok ohek 27k 54 SNR 7 (1) = g7 (D)7 o)}

625



= EA 83 =R "04-6 Vol.29 No.6A

SFacC

l
encoder | X @) oo I g R = ’\h‘l
e =XE msertion [

/k'
v el

?'\/

Chanriel

]
Estimator

Comstetaion Lo ombinar] V() Guard
oo e o o[ G

I 2. 7|AFIAY] g R SFBC-OFDM $541 F32

[71. F A9 AF <rehiel & A9 Al dElvE
ZE SFBC A% telAEe] 34 g(t) & o)
9} ).

g =& () +a;(0)/2

a¥ 2& 7IAFNA el A HE SFBC-OFDM
$Al F25 RS gl o] 7S wE Hple]
& AN Ade) w7t o’ a(t) 7t ozl thol
HAE] 0158 zZH= £7F Hold g(t)e] dF¢e
etk Aolr.

. AR SEPIE 8BS XS HX
SFBC-OFDM

1. AKd 83

OFDM- 7t Fsfde] E Holdg F=S A
AZ F AW, o]Ae] AR HAd Bk
Ho|gE BAN= werh wWeEk] OFDMel
SFBC A% tjolvjAe] 7S 243 43¢ S
A1 A A Ade E9 dolds
Aol & "art gl Ay FAde] 44 SNR
< A 53 ¢ ok, ARE Fele Ad9A
AN E=SFBC-OFDM2] %5 A% + ok
AL W2E 3] SlsidE A CES sk e
2, b 53} 7ol complexity® F7}E 873
A derh a3 32 AF 531 AR o
739 OFDM $5418 Fo53dA] hdxez B
oAFc) A3 Yoz FAE HApdS ARE sof
24 FAE Adeltt 2 4+ AF 3 Zhel A}
A Z3E AM8s8R) o2 5o ARSI Aol A
% Wxel A AE Z71E NEHLE EAFT
otk Azbgl dolde Ae AL A2gl AA|

626

16QAM

QPSK

AN
HIRITATIT

HR

a7 3.4P SEE AM3A| 9 2% OFDM A%

9] BER A5< AA7IEg Adfolx Aligichd
e AR = ok

2. M S2P|g AlBst Mg Hx
SFBC-OFDM

a3 5& AR A Zel AP S3plE Hest
A& ¥R SFBC-OFDM AlxHle] F2E HolFy
ek AE% Arde A WA BAdE JjEeE W
Z g AAsly, SFBC dFd F AFEs]
£ AA g3k FAMdS 531 ARF IFFTEA
3 F AL "ok

I3 62 AM B3E AN A AS Wz
SFBC-OFDM Al&dlellA 7z} Wz 7] AH8d
gL HoiFy ok 4o 23 13 wwshd o
oW Al o153} A F3)9] A= s A
< WZeA o £ WFE 7de] Ad=E B0
271388 1% 4 gl uleixl, SFBC-OFDM
A AP 531E ARSI A Adsle] 323
F A9 P IE 2 BAdoA g€
sle Alx" fake] 3Ro] ¢)5-2 o 4 ik

SFec

xl
encader Y Ar
i\ oo Guard
S ’
2 2/}:

informatior
source

Output

a3 5 9 Ad 2 A SRS AR S Az
SFBC-OFDM



=/ AR OF A= de)d #ACA AR 5317] 7|w A4 W SFBC-OFDM Al&Hol #3F 4+

3. A S3E AISE 0H #x

S Aol g A el AR SBE ABSI,
AlZRE Fule A do)de HAe s
SFBC-OFDMe°] A58 ®4e 3hlslgirl oA
At opel, AA AL AP SERICH,
AA FAde] 3A WEE AL3HdE I
BER %55 ¥& 4 ok AW 24 HxE A}
S3h9, AS MR Al Fe Wz ¥
2] blind detections®] HZ # signaling®] 74
o] Pa A FHcf z7Hdit Wz Y signaling S
53l AR A" AR BileE A
2 Axde] 318 Ezbo] slssiel. =EF signaling
o &3 Ax"l £ PR Y 5 o] AA A
2dle] 438 ZOAA $ glchs ] Qick o]
o 3 Al AMle] ok S AL 74
HEe} A AA 54 e AS Ay
o] A=l gleng HA Axwle] gk A
wHzuhg 393 Al 2w"lel B]3) signalingg 118]31R]
Serhd ok "R Zlo)ois).

IV. Alg3olMd ant

1.AlE201d =20l
E 2% AlEEeld Heprlgolth

P(Mn)

average SNR(dB)

—— no transmission
- BPSK

-4 QPSK

—o— 186QAM

a3 6 A A B AR E)E A4 AL wz
SFBC-OFDM 4] 7+ Wiz 7|4 AM%! g5

E 2. MEelA e

parameter Value
FFT size 512
total subcarrier 512
cyclic prefix length 64
carrier frequency SGHz
symbol duration 2.56 us
sampling rate 225 Msamples/s
fdT 0.1
modulation no transmission, BPSK
QPSK,16Qam

2. Mg WX SFBC-OFDM A5

o] Wl Hollxe H-¢ WxE OFDMAIARZ H-¢
WHZE SFBC-OFDM A|ARe| A5g ARz} 3
ok 2H1A, 323 78 HS HERE AN e 3
A Wzg M3t 3¢ BERF BPS A5& BT
= 9let. A5 WEE rarget BER(107)2 FAjskd
Al SNRo] FolAld £3% 16QAMe| A%k}
20dB ©o]Foll= SNRo| $¥-3] 7] wiel, ML
Hxe] BER A5% o FolAlr

a3 8L Fu AddA Adelx SFBC-OFDM
Alzmgle] 34 wWzel 2§ x| BERIBPS A
55 2AFE gtk o] B¢ A A ez
Ade] Wahe Fob Aol ARt Ads
3l 7, o] W fdT=0.0001& AR&3lglen, A

1e+0
1ol 2

162 1.

BER

15 20 25 30

—e— BPSK BER average SNR(dB)
-4 QPSK BER
- 16QAM BER
~—4— ADAPTIVE BER
~O— BPSK BPS

- QPSK BPS
~Cr- 16QAM BPS
—O— ADAPTIVE BPS

a3 7. B8 Wze} w4 WE A~=e BERF BPS A%

627



- EA 83 =4 "04-6 Vol.29 No.6A

&L ehsicla ZEsisdch Sk 2¥ 79 Wl
F lo|HAlE o|5elz Exsly A-g wWx H
FBC-OFDMe] A28t A% A3tE A s
o F ik ol A FAd B9 T Ay
22 I3 SFBCY Aardo] =] A8z 2t
2] o] o AlE] o}Fnr} AR wEolc).

bk

zx o i

3. AN E3E HEst HE HZX

SFBC-OFDM2| 4=

2 =EeAd Ak A S3le ARes
SFBC-OFDM ] 455 Atz Alc)

BPS

—e— BPSK BER average SNR(dB)

-4 QPSK
—8— 16QAM

~—— ADAPTIVE BER
—0— BPSKBPS
-~ QPSK BPS
—o— 16QAM BPS
—- ADAPTIVE BPS

3% 8. SFBC-OFDMelIA 43 #ze} 14 Wz BERF
BPS A%

BER

0 5 15 20 25 30

—8— BPSKBER average SNR(dB)
-4 QPSKBER
~#— 16QAM BER
—4— ADAPTIVE BER
—O— BPSKBPS

“r- QPSKBPS
—0— 16QAMBPS
—O— ADAPTIVE BPS

a3 9. o4 A el Ak S81E 443 SFBC-OFDM
M A wzel 34 WMET AH43 BERY BPS A%

628

a8 92 AR Fulg AR Helde FHe
SFBC-OFDM A|z=Hlol|A] <l Adztel AP 53
£ AR, A wxel A wze| BERF BPS
d5-& BT Qlvh e 42749 Azl vingd
of, =2 28 89} wlwshH rlo|wAlE oo
BER#} BPS®] A%so] 2F Y =HAUSS o F
oltk.  BER=10"2¢l4] BPSKE SNR=8.25dB,
QPSK+ SNR=11.5dB, 16QAM-E SNR=18.25dB]
o olE 28 92} wwswl (BPSK
SNR=13.75dB, QPSK : SNR=17dB, 16QAM
SNR=23.25dB) tlo|WAjEle] 202 o2k 5dB2]
A% MAde] 98-S AT = olrk Hg wxY
BPS ¥4  SNR=18dBel4  2.6870BPSei|4]
3.0457BPSE 0.36BPS 3= 3ich

23 10 A dPe] AP=HA 2 A A
A FAde AP F3E ARSRE 2 wWxe AN
3% ¢k vl Wz uE2] BERY BPS Aol
ok 23 112 AF AHe] A= sle A%, A
A AL A EE AHRE 3 wze AR
=] o2 o2 Wz uhEe BERY BPS Al%0]
t}.

1e+1

1e+0

te-1

182

BER
g

0 5 10 15 20 25 30

—e— BPSKBER
—&- QPSK BER
-~ 16QAM BER
—4— ADAPTIVE BER
—0O— BPSKBPS

L QPSK BPS
~+- 16QAM BPS
-0~ ADAPTIVE BPS

average SNR(dB)

ag 9. 9" A el A
dM Hg gizel uA Wz

532 %43 SFBC-OFDM
AH&-3F BERS} BPS 4%

2



“

EE/AM OF A sleld @Al A §3br] 74 4§ Wx SFBC-OFDM A 28)el] 3% o7

BER

—e— BPSK
4 QPSK
to§ | —8— 160AM
~¥- ADAPTIVE
~— PraEQ 16QAM |

0 5 10 15 20 25 30
average SNR(dB)

BPS
3
I

1a-3

~0— BPSK
1 - QPSK

{ o~ 160AM

1 —— ADAPTIVE
—0— Pre-EQ 16QAM

1e-4

1e-5

[} é 1‘0 1I5 2‘0 2'5 30
average SNR(dB)

oy 10, AA A A BEE AR w4 wx

16QAM} o}E- W2 wWe] BERF BPS A% Wi

(A5 Ago] AVHA o2 29

o] o A A At se|de] UAI
quasi-flat A'd-& AHESIsich AE Aol Azl
Aebd 29 1004 B A FAdE SR 1
Z 16QAM MZE target BER= 107& w121)7]
WA ST 4BPSE A% ¥WEEr Frhe A&
& = sick 2 118 AF AHHo] AjEA 9=
A5 AmEd, A A 7kl SNRE ARA
=3 73 WR 160AM #HE wPHo] rarget
BER= 107-& fA3ldAd, A$ HHo] Agk=|A|
e Agur "oxixwt A3 Mg wWxzud
T2 438 Be ]I £ gk

N3E

E =52 318 gz 838 ST $lE
4], SFBC A% tlo|HAElE zZk= OFDM Al2H
oxel e WHERE Aeksigitlh. SFBC-OFDMe]
AWl Aol Asltkas sR|RE Falg A=z F)

1e+0

1o 8

1e-2

BER

—e— BPSK
—4- QPSK
166 | —#- 16QAM
—v- ADAPTIVE
—— LIMITED TPC 16QAM [

0 5 10 15 20 25 30
transmit SNR(dB)

Te1

1e2 1.

BPS

1e3

~} —O— LIMITED TPC 16QAM

0 5 10 15 20 25 30
transmit SNR(dB)

I8 1L AA e AR SEE AME wA Wz
16QAM} T}2 ¥z uPHe) BERF BPS A% H|aL
(HF o] A A

o] SFBC-OFDM2d%55 A3hA7ch &
A= olE #Asr] sl A FAd T AR
S Akt A BAd 2 AP 53
ol Adel Az Falp Az Holods Z o
o]d g wpiel FEISFBCY A45E FRIAIA
ARkgE Alzle] Azl Fale AdA Heo|y 3
BoAMe Ase ZEE Fgct HE HRE 5P|
el = ol A Ad2g esinz A 53
7Ve A3 7ol MEe complexity s L7514]
& Rerh =3 MR AS 1Y g, A 5
P& AA FAde) gl wA wWEE A
S E Hg Hzel vhZIKE target BERE
AR 7 9la AT detectionHF & 73]
g 4 ik AlEHe)AS T8l A eE Aslet
AlzdlE AW ox 42 37304 BERY 43 &
F 71& A& WE OFDM AlA"HT 28 A%-$

e & 4 sk

f
Ad

e

¢

nr

629



FTEAIE3)E=EA] "04-6 Vol.29 No.6A

il =eel s, =EARP,
3, wlaeelREA),  ARHPEEA
Y o= APk

[1] Ove Edfors, Magnus Sandell, Jan-Jaap van de
Beek, “An Introduction to  Orthogonal
Frequency-Division Multiplexing,” TULEA |,
1996 September.

[2] Thomas Keller and Lajos Hanzo, “Adaptive
Multicarrier ~ Modulation: A
Framework for Time-Frequency Processing in

Convenient

Wireless Communications,” IEEE Proceedings
of the IEEE, vol. 88, No 5, May 200

[3] M.S.Alouini and A.J.Glodsmith,”Capacity of
Rayleih Fading Channels Under Different
Adaptive  Transmission and  Diversity-
Combining Techniques,” I[EEE Tras. Beh.
Techno., vol 48. No. 4, July 199

[4] AJ.Goldsmith and S.G.Chua, “Variable-Rate
Variable-power MQAM for Fading Channels,”
IEEE Trans. Comm., vol. 45, No. 10, Oct
1997

[5]1 JM. Torrance and L.Hanzo, "Optimization of v

switching levels for adaptive modulation in
slow Rayleigh fading,” Electron Lett., vol 32,
June 20, 199

[6] King F. Lee and Douglas B. Williams, “A
Space-Frequency Transmitter Diversity
Technique for OFDM Systems,”in Proc. IEEE
GLOBECOM, Nov. 2000

[7]1 Shengquan Hu and Alexadra Duel-Hallen,
“Combined Modulation and
Transmitter Diversity Using Long Range
Prediction for Falt Fading Mobile Radio
channels,” in Proc. of IEEE GLOBECOM’0l1,
Nov. 2000

{8] TKeller and L.Hanzo, “Sub-band adaptive
pre-equalized OFDM transmission,” in Proc.
VIC, Sept., 1999

[9] Jung-Sun Goh and Nak-Myeong Kim,
“Adaptive Channel Estimation for OFDM

Adaptive

630

system with Fading Rate Estimator under
Time-varying Multipath Fading Channel,”
CDMA International Conference, Nov. 2002,

1 & 4HJung-sun Goh) 2354
20004 24 : o|FjAx|tL AR} FE} 4
20034 24 : o)FAx|eEtw AR FAIET M}
20033 29 ~3A) : LG AH® F4 CDMA 974
<¥WAlEol> WCDMA, OFDM, MIMO

4 = ¥ (Nak-myung Kim) A4
1980 29 : A-gdigha
A F3 24

19824 2% : KAIST A7) %2
Ax}gar AAL

19901 : @=F Cornell
University 21582}
38t whah

19904 ~ 19964 : LG AREA Holedp=l,

199611 ~ A : o|sjAx} ek FF}ehst
ARBAET Fa

<#4Eok> SDR, MIMO-OFDM, 4G Mobile

Communication,

Cross-layer  Opti-
mization



