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ABSTRACT

Recently the rapid growth of wireless voice subscribers, the growth of the internet and
the increasing use of portable computing devices suggest that wireless internet access will
rise rapidly over the next few years. Wireless internet is demanded to increase the channel
capacity and data rate. It is difficult to increase the channel capacity or reducing the
effective error rate in a multipaths fading channel.

To solve the above problems in wireless communications, Tarokh et al. introduced space
-time codes adopting a joint design of coding, modulation, and transmit diversity. Space-
time coding introduces temporal and spatial correlation into signals transmitted from
different antennas, in order to provide diversity at the receiver, and coding gain over an
uncoded system without sacrificing the bandwidth. The spatial-temporal structure of these

codes can be exploited to increase further the capacity of wireless systems with a relatively

simple receiver structure. Simulation results show that at the frame error rate of 107" the
32-state code with two receiver antennas gives about 3dB gain over the use of a 4 states and
two receiver antennas with the 32-state code give about 6 dB gain over the use of one
receiver antenna. It appears from the simulation results that the coding advantage obtained
by increasing the number of states and diversity gain obtained by increasing the number of
receive antenna.

This thesis also studies space-time codes applying orthogonal frequency division
multiplexing (OFDM) systems in wireless communication. In OFDM, the entire channel is
divided into many narrow parallel subchannels, thereby increasing the symbol duration and

reducing or eliminating the intersymbol interference (ISI) caused by the multipath

environments. At the frame error rate of 107" the 32-state code with space-time codes
applying OFDM gives about 7dB gain over the use of the 4-state code by simulation.
Therefore, space-time codes applying OFDM systems can be used for highly efficient data

transmission over mobile wireless channels.
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state bits (a,,ay)
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ant 1 lT ant 2
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Fig. 2-3. Trellis diagram of the 4 states STTC.
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state bits input bits (32, 3;)
a, a; a, a, (0,0) (0,1) (1,0) (1,1)
0 00O 00 01 02 03
0 0 0 1 12 11 12 13
0 01O 20 21 22 23
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Table 2-1. The Encoding and Transmission Sequence

antenna 0 antenna 1
time ¢ So S|
time t+7T — sf s;

AIZE ol A AES ARA A QHelukel gk hy(r) oF F HA AE

kv
ofy
L
Ip

= (complex multiplicative distortion) ©l|
oafjr Edw = 4 Qv #Ho|do] F e dA&HEH= AES wAls|A
&

A4y 42217} 2ol

hy(t) = hy(t +T) = hy = cye’®
h(t)=h(t+T)=h =oe’™ o
A7 T AR A& Aot auje] FANEE 22223 Zo] &
T ATk
ry =r(t) = hys, + s, +n,

ro=r(t+T)=—hys, +hs,+n, (2.22)

rr

Z %71 (combiner)

5y = hory + by,
8 = hiry—hyry (2.23)

22D H(2.22)= H(2.23)°] WA v AQR24)E = 7 3
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~ 2 2 * *
sy =(ay + 05 )sy + hyny + hyn,

5, =(ag +at)s, —hgn, +h'n, (2.24)

AiA 2 A4 e Auuy, 299 AxE A

b
I
fols
N
o
tz
9

A F @25 2dE A4 FHe g A Ao AES A3
A4 A% 25 sdds).
d*(5,,s,)<d*(5,,s,) Vi#k (2.25)

232 MAY $A GEHUE 1A TAY 7R S tho| B A g wA
=2 A5 tolHAEZE asta FAR ATl A thE Al
AR e el S8 4 gtk olgk e Aol T
AEetavel M e 4 SHHUE 7HR 2M 9] TelHAHE AT E
Atk Adz Fole] A <telvel T A otV e EEe A5 A
AwAh Mo 54 StElLbE Awa} sk o] St

o
ol

22 547 EL Abele] g A9

Table 2-2. The definition of channels between the transmit and receive antennas.

Rx antenna 0 Rx antenna 1
Tx antenna 0 hy h,
Tx antenna 1 h, h,

¥2-3. T Al QFEIYe A e 4l AlEe] A

Table 2-3. The notation for the receive signals at the two receive antennas.

Rx antenna 0 Rx antenna 1
time ¢ I 7
time t+7T n 7
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F AT Fale] -9 FUsith 222 F5417] oY Abole] Y-S
Aeostar il & 2-3 & FUHe] Al qtEuel AlE Al E 2=
gejetal vt
Sg S
-5 5o
Tx Tx
antenna( antennal
hy h,
Rx v Rx
antenna0 antennal
n, n
Interference Interference 2
— B{—
n, 69 & noise & noise e n,
A4 h, v h, A4
ch.annel hl combiner h3 chiannel
estimator > < estimator
hy h Sy 5 h, h,

A 4 A 4

maximum likelihood detector

9% 212, TS Al HUE Abd FAle] 7hH] A4 TholWATE] WA

Fig. 2-12.  The two-branch transmit diversity scheme with two receiver antenna.

ry=hys, + hys, +ny
n=- hosf + hls; +n,
ry=hys, +hys, +n,

ry=—hys, + hysy + (2.26)
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a8 2-12 A AgTE H$ BE7) muAE 42279 A%

%=%Q+hﬁ+@g+@§

S=hry—hyr, +hr, —hyr, (2.27)

FAE AETE 43 22.260S A2l HYstd

=(a} + 0 +a; +0i)s, + hyng + hny +hyn, + hon,

5 =(0g +af +0i +ai)s, —hyn +hng —hyn; +hn, (2.28)
Agtd AFE o' AE s, 7F PSK Azl thak 2(227) i 4(2.28)
A THH ZA HF(decision criteria)= AFESIE FH$- Ho 7| RUZ

2 ~
(4 +&5 +o; +05 =D|s,| —d*(5,.,)
<(ag+a} +o5 +o —1)|Sk|2 —d’(5,5;) (2.29)
AZIA [ ok |s,| & 0% Aoz qm domz 4229 (2302

s @ &gl

d*(5,,8,) <d*(5,,8,) Vi#k (2.30)
A A5 §yoll dal 2@2.30)0] HFEW 5, & AEste Zlolrh AE
AEe BEsw i)
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Al 3 & OFDM < A &3 A&7 E35

31 Al FZ ELEl A B39 5T 92 Aot

Alezt EdEa B8 A e AA HEsgiv A d

Z} Abefoll A B @] W EZ(BM ; Branch Metric)2 AlAFskcE 21d g7 o] o]

rr

dHelet ZHget, 42 ol5e o (i=12,A,n, j=L2,A ,m)°liL 7

LJ

rr

THAIQE FrEolth AR el A Al QbElY jRIAC] Al S

z AE, +7 G.1)

th 21 Asel EdExo] BE 719 PolE (¢lg? A ¢') S o] &3]
W2 HELYS Feirt B HEYS Fobe A vhe 2tk

3.2)

F oA @A 24 AelelA sl WEZ(PM ; Path Metric)S Al4H3HTE
2 WEZS 27 2L =0 olA BRI wEZRE 9lal i v Eg o]
glenz v~ WEZS gs A A dusid, & el 7

ol H35 gl A ®717F gl JEHE trace
back 3} 7] SAsiATh s WEZE dA Ao BAA WEL 7

A rRg s MDY g2 9 Aolw, A HEY AL
PM,=BM +PM,_, (3.3)
olty. 714 PM, & ANA tolA w2 wEYela, BM & B WE

2ot}
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Mg =min{PM, ,PM} A PM;} (3.4)

AZIM Mg = AAH r ok AE s oM Ha sAvERen 9 3.1

= 44, 8 AN, 16 AFEN, 32 e o] 2~ Al o)t

S,y PS

0
0

12

(c) 16

Si-1 PS S
0 0
1
2 2
4 3
6
(b) 8 A Hl
S, PS s,
0 0 0
8 2
3
16
24
(d) 32 2

O 341 7 dHe] AR AlE

Fig. 3-1.

Path signal of each states.

9w BAE Ak s AEAAS] od FHE Ath wep 4
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o,
L
oz
=
rir

ohe 23t ol dE & itk

MS

— 3.5
2 (3.5)

i
;z

S, =(2°xPS, )+

AZIM S, & AR =1 M AE, Mg 2 AA ol Ha A,
PSy & telld Age A= Aseid. 7 vEy &9 PS, T EE
Ao ol 2 bit 7F B EHEE 64 AEIS 13 3bit S B3 Sbit

b ggsolol B My FEFE v dES = 20 gl @
4

A A A= trace back 2 3 E k. T U] upx| Bl &F
ol A% trace back 74 S vl ) 9lom, 7hX ] e zp4e 20wk o
At A el i dx wWEYS Musta, o owo] s AFds
S deth folx A2 AR2E VA ol AEE Fskedl (3.5
e 73 g Ak A@B.5)el JEiA e AEE ol uproi At

Aut F HEZE B35 B EZL fr)

=1 =2 =3 t=4 S,

PS,x 01 11 10 00 00

PS ik 01 10 00 10 01

PS¢ 0 | 1L 10 10 10

PS, 00 Nop; 01 11 11 11
Ses 01 11 10 01
Decode bit 10 11 10 01

a9 32 43 B3 94

Fig. 3-2. Decoding process of 4 states.
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t=1 =2 S,
PSox 00 11 000
PS 1K 00 01 001
PS, 10 00 010
PS; 11 00 011
PS, ¢ 01 10 100
PS; | x| 10 101
PSex 10 11 10 11 01 110
PS)x n [ N¥ | on 10 00 11
S 010 110 100 010
Decode bit 10 10 00 10

a3 33, 8AE H3o 9A

Fig. 3-3. Decoding process of 8 states.

320FDM 7|2 98] R Al=" T4

It~ &3 thZF (OFDM ; Orthogonal Frequency Division Modulation)

Hashs tael wgste] HolHE Aol A%stt Yol
ot B AL 1960 o) AFE RO, 1 R RRgon

f THA 2 A kvt gAY AlsAe] B VLSI(Very

Large Scale Integration)”’|& 2] We=Z <ls]A 1980 @ o] o] thr] &3l

ATHIL Q= Hopolth. ThE WS WAL G Sy Wz YA g

2 AR o7k ul$ dx, QA welxt We AAE ygom B

N
=
N
1

]

el A

1>
rlo
>
fru
=
O

o]

Ay
(R
O
ofy
Jus
o})'

g

ol

X

=

ol
rH

FoAAe RS FPFORA ¥e U EES 9 4 donm u
% A% Azgd gol 4§ vk OFDM ¥4 f94 UAY P4,

WATM (Wireless Asynchronous Transfer Mode), WLAN (Wireless Local Area

27



<= offset o] W

N

Network)z ol d&] 2ho]il o} wbH Fdo] Higslal
H

ek, 4 Az QEo

o N-l
s()= z id,u- e’ p(t —nT) 3.7

2 o] dlolg

3t Zolth. OFDM Alsdle 7t RAy

e
fu
-
4r
k1
-0,
il
o
A L
r!I
ofy
k)
i
-0,
i

H
g ete] FAES FAetar o5 OFDM Hlo|H AlE Aot
< IFFT(Inverse Fast Fourier Transform)$tt}. o] %o CP(cyclic prefix)& 7}t
T RF AgsA AEE $E8HA Aok #2585 FA59 d7]5e=2
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-
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Fig. 3-4. Block diagram of OFDM System (Transmitter).

28



Modulation)d 2] 0. 2

MCM(Multi-Carrier
UT ¢ wis= bAolth of7]A T

gkgatel 427k 9 o1 W OFDM 41 % 9]

J:TL
o,

S
T

OFDM

o
T

spacing

S 3% 35 o YA

TR

E

s |
==

X3

Frequency spectrum of OFDM Signal.

Fig. 3-5.

—

=B
<]

o)
;O.ﬁ

o

t}. OFDM ¢] 7} 2

o]
2R

PN
T

Ns 79

Ko
=

oy

TINA AE ST o

=
Q)

T-ZH& Ns Hi

o] Ha 7ol CP & F7leHA 9

|

HA ==

S

It} OFDM & A~

3
s

oA FHth A AlZtET Hofof

BE A& 25%71

@ 2

IFFT

1
JE

t}. CP

3

o

el

ol M=

2]
=}

o] tH8].

05

29



330FDM & A L3t |37 EdgA B3

FHe A& velBAEE o] &7 Aleit Edgs 235 7HX] OFDM

Al z~Ele 18 3.6 3 2

t,[n, k] rln, k]

» [FFT —Y Y— FFT >
b[n, k]| Space Space g[n 3

A

— time time
codingl | [FFT j L FFT decoding

t,[n, k] rln, k] Y,k

A 4

> Channel
parameter
estimator

S AT

A 4

Space
time
coding

A

19 3-6.OFDM & 283 A3z Edys 75

Fig. 3-6. Space time trellis code for OFDM.

Az n oA ol delel = bkl k=12A} & i=12 °l|A
[kl k=12A K} 8 FA9 d& 152 2353 @A o A

<
OFDM °] 22< Al Fre A% relvb= gn k]t o,[nk]Hzd

2
rj[n,k]zzHij[n,k] ti[n,k]+ wj[n,k] (3-8)
=1
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rln, k)= (rl[n’ k]j (3.9)

%[n,k 5[51]“5 i] ]2]21["’]{]} (3.10)

] 22 [”a k]

)
). 1 [ ikl
t[n,k]_b k] (.11)

ojth. HE7lel dad Ad dAeprH e Ad
F vk A8l Tzl Al

7 7](channel estimator)& A}
s A
WA WEH BM S 313, BM &

N5 FFT 907 H

BM[n,k]=|rln. k]~ Hlnk] . i (3.12)
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s, (1) = i c, (ki) e’ ) ot —iT) (3.13)

Ji=Jo+— (3.14)

fo8t 1.5 A7 g ate] s w2 Fabaeel OFDM A E9] dlolE F
7otk T, & T,=t,+A 2 Fo1A = OFDM A& F7]olal, 97|14 A=

BZ otk 7b7ke] OFDM Ao Hx 3189l g(f) &=

(-A<t<t)

1, A
g(t):{o . (t<=A,i>1) 13)

ojth. RtV neollA miA Rlo] FAld A%

rr

Vo) = 5, (T)%h,, (T;6)+n(t) (3.16)

olty, 71M x = AMFH|AL at) £ Hh JFFASH o=t ATt

iTy oA kAA vEEste] FFT 9 7, (k,i) <

nm

t+iT, o
ro(k, z)_—ji‘T (1) e T gy (3.17)
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4.1 OFDM & #-§3}A &< A%

Ao Ms Al EFE s 5 gid A=
A8tk 19 4-1 & QPSK ®xE 3hal, Tl A telvket g )9
T VS AREsa, Zde] delrh 130 9 Aleit EdEs B EE
o el webA AlEee]ld Aol 32 FElS 16 HEIY A A9
g x| gy, 1ear, Z# of 2 &(frame error rate)©] 107 oA 32 AEj<} 4
BHl= oF 1.5dB Ao A5 zkol7t Q)

Holgd AHd &AM

TY 42 & QPSK WA 3, ¥l A% etElush Fole] 54 ot
UE AREa, Zele] dolzk 130 &) A7 Edes REE Avs)

whebA] Aol Asteleh. 32 4, 16 4, 1ela 8 dE|e] s o]zt
Mz A etk cel Zee) olege] 107 el4 32 el 4 Fee
°F 27dB =S| A% Aolh gtk Al Fol WA 4B o)t b
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Fig. 4-1. Performance of QPSK with one receive and tow transmit antenna.
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35



| | | | | |
| | | | | |
| | | | | |
L e
| | | | | |
| | | | | |
X X | | | |
WWDHD“ | | | |
- — QN | | | |
¢ X X | | | |
N wn n | | | |
\\\D.AD\.VD.D.\\\A\\\\T e Sl
mmnoco | | |
| | | |
| ! | |
+ + + | | | |
| | | | | |
| | | | | |
| | | | | |
Ty G )
| | | |
| | |
| | | |
| | | |
| | | |
| | | |
| | |
| | | |
Feemq e X -
|
|
|
|
|
|
|
Lo -4
|
|
|
|
|
|
I
I
o —

Es/No

Jjo

o)
ol
gl
Hr
gl
o

Mo

PV Froll W A
Fig. 4-3. Performance of space time block codes versus antenna number.

4-3

3

o|t}. BPSK ¢} QPSK ©f tf

T

<A
4

ool kA

A Al bEIG

U5 ge w4

2]

(‘)l_

=

oltt.

T UTh HIE o & & (bit error rate) 107

2022 AFEES 1 bivs/Hz
QPSK & B 4l <HElu 7F 4 4w o 3

PN
=2 e

]

A
™

o 4 BPSK <}

5

e

~

JJo

=

td thelH A o]

S

g wol A%

e}

}7] wiZolth. ZLefut, <tHu

3|

el
TR

S 7HA1 71

O~ =2
T=

7}

=
Q)

36



4.2 OFDM & Z &% 3<%
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