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ABSTRACT

This thesis presents the performance improvement of OFDM (Orthogonal Frequency
Division Multiplexing) system using the transmit diversity (TD) with the space-time block coding
(STBC). This OFDM system studies which referred on the IEEE standard 802.11a. In addition,
schemes of STBC depend number of transmitted antennas and received antennas. In this thesis,
binary phase shift keying (BPSK), quadrature phase shift keying (QPSK) and 16-phase shift
keying (16-PSK) are defined the digital modulation signals by transmitting into channels which
consist of Rayleigh fading channel, Rician fading channel and Log-normal shadowing channel.
Results of performance obtained OFDM system model of simulation using TD with STBC
indicate bit error rate (BER), symbol error rate (SER), frame error rate (FER) and throughput
(TRP) as function of signal to noise ratio (SNR). From the results, it is compared that
performance of these models are better than the original OFDM system. Consequently, using

transmit diversity with space-time block coding can be improved performance of OFDM system.
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Typical simulated Rayleigh fading et the carrier
Receiver speed = 40 km/hr,
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Typicel simuleted Rician fading et the Receiver
T T

Signel Level (dB about rms)
L i
T

.14 1 | L
50 100 150 200 250

Elapsed Time (ms)

59 4.3 anminziluvesdyanainifamsnemouuy lsFvuismuasm K = 6 dB
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| (Inr—u)f | (#>0)
p(r)={rsv2z 7| 26°
0 (r<0)

(4.12)
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logr = (loge)Inr (4.13)
Hz =(20loge)u (4.14)
0, =(20loge)d (4.15)
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Typical simulated Lognormal fading at the Receiver
T T

Signal Level (dB about rms)
in
T
L

20 I L L L
1
Elapsed Time (ms)
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fwau3 yauoe 4 e Felisanimudisiariiu v szgaunueglugilves “STBC(G3)-
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A15197 5.1 W15 WINDINTIAYVDITZUY OFDM AIUNIAITIU IEEE 802.11a
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Parameters Value
Data Rates 6,9, 12, 18, 24, 36, 48, 54 Mbps
Modulation Type BPSK, QPSK, 16-QAM, 64-QAM
Convolution coding rate 4, 2/3, 3/4
Number of subcarriers 48
Number of pilots 4
OFDM symbol duration 4 us
Guard interval 800 ns
FFT size 64
Subcarrier spacing 312.5 kHz
-3dB Bandwidth 16.56 MHz
Channel spacing 20 MHz
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smuamsuegaadyaiuataoadiuuuy BPSK, QPSK uag 16-QAM 111113311 OFDM
AWUIATTIM TEEE 802.11a USRI IMIAIULOYANIAY 6, 12 1408 24 Mbps MUY [3]
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M3af 5.2 Wisiines idyuedszUY STBC-OFDM
Data rate Modulation | Convolution Schemes Coded bits/ Coded bits/ Data bits/
(Mbits/s) Type Coding rate of STBC subcarrier OFDM symbol OFDM symbol
6 BPSK Y = 1 48 24
6 BPSK Y G, 1 48 24
4.5 BPSK Y2 H, & H, 1 48 18
3 BPSK Y G, &G, 1 48 12
12 QPSK Y - 2 96 48
12 QPSK Ya G, 2 96 48
9 QPSK Y H;&H, 2 96 36
6 QPSK e G; &G, 2 96 24
24 16-PSK Y - ) 192 96
24 16-PSK Ya G, 4 192 96
18 16-PSK Ya H, & H, 4 192 72
12 16-PSK Y G, &G, 4 192 48
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5.3.1 YAINT09T9
4 4 1 a @ 1 e
910317 5.1 4AATDIAT (Transmitter) 15znOUAIWUTDN lADZUNTNATAD 11TIAD N3
9 9 v 9 o ) d a o 9 cv d ¢
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Y a ! = VoW A A o 3 u,:
lafin91nmsgu (random) wazlivunaminy [1x ] e » Aedwrudeyanvua
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o 9 ar o i ° 4 o o 4 y
- AudhsvianouTagdu (Convolution Encoder) fimvhiidswalidugadoyaguiive

o
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dll ar 99 V- | K o Y 3 1 o Y
inseasuansaddeyanduiuin lddwmsoeasianouTagiu Jen i litianuiuiludes
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@FIUAINAUNIAY {1011011,1111001} wisvumvguulaliauiiny {133,171} lay
o o ar 1 as 73 f—'-: ﬂé 1 o 1 1
smuasasimsidhsiadoyaniiiy v dwaadluzdit 5.2 deamdandriadiusauuasgm

IEEE 802.11a 99435211 OFDM 11309118 Tag 19614

Data Encoder convenc(data, Trellis)

Trellis = poly2trellis(constaint length, [generator polynomial])
[ >
/—lj » Output data 4,
Inputdata | ¥ T o T o 7 o o i L

N

—P » Output data B,

s

31 5.2 uden laszunsuvesdudinianen Tagduiiinnwenidamiii 7

'
= 3 o

- msudinive Joyaiigridrsiauudrsygrusesnamunguimauiavesnisuegian

U

Ty uAsnen (Modulation Type) uaziimsuasdeyaninavgmassliifiumygudy
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” z 4 o 4 A a ' 1 e P [
(binary to decimal) Vo WIIMsulnAsdayamvgudyldeglugdvesariiusamem
Tuan W dauaaslumsan 5.3

Y o P ’ . 4 g '
- msisHaudenuudle-1nil (Space-Time Block Coding: STBC) odoyanylu
o a w 1 a o 1 ° @ =] o
stvasmimuTatumIuanm Suhmii 1a limsdhsaufenuuuan)s-Tndauuuy
Y & =¥ e o 1 L
urumsitsfaudengaiuegiuInssadavesimaugaaiveiniadiuds uazdnsinis
Whsa fauaasluaumsi (3.15), (3.19), (3.20), (3.29) uag (3.30) Tasdeyagaurisenniu
o & AT & R ) ' y & A
YA MUTIUIUVRIRAUWMIMTENTUAD 52 AduNIdeY gadeyalnizgnaiauiieru
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v o < { v 4 4 vk { 1 i
msihsaudoniluiGouios Fagadeyanignadralndivzdisnulaouulaslden@uns

Tugdvesvina wazime

i 4
M3197 5.3 MsuNNIgAdoya

avug A BPSK QPSK 16-PSK

0 1 1 1.0

1 -1 j 0.9239+0.3827i
2 & -1 0.7071+0.7071i
3 - 5 0.3827+0.9239i
4 = & 1.0i

5 = = -0.3827+0.9329i
6 = - -0.7071+0.70711
7 5 2 -0.9239+0.3827i
8 . = =10

9 = = -0.9239-0.3827i
10 2 C -0.7071-0.7071i
11 = = 0.3827-0.9239i

12 = = -1.0i

13 = = 0.3827-0.9239i

14 = = 0.7071-0.7071i

15 - - 0.9239-0.3827i

a L4 ar =4 o g/ [ g/ o o
- msudaaySwiHnAuLUUISIIFFT)  nawsingadayaiiunisidisiauaen
s | o 1 3 a a r a
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o @ d o 4 . 1
(IFFT) aumda 11sunsy IFFT(data,N) 1o N Ao$11UN08R U0 IFFT (N-Point) Tunsoiy

é -] = 1 1 ar =
Tou Gagnimualilinuvin 64 91999 uNIAT§INYBS TEEE 802.11a
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5.3.2 YodayRyI0s
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- MsneasHavdenuuuae-1ni (Space-Time Block Decoding) tazinsodlszuia
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DAYy 10 (Channel Estimator) 91nauuagiui lanann Aludnotinusil dufomnsesiy
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ar Y w . o 3/ dl 3/ o 3 Y
- @09ATNaABU 199%Y (Convolution Decoder) NHUINATIVINAVANVITHAADU-
o w [V o 4 A [ 1
Tagduriufie nasnn ldgadeyanugassfirumsauinianud gadeyadanaozgn
o o A g ¥ 9 a - | & Y Y 3 a a
noasaasu lagFuie W lagadoyassinduaunt nie lnaiAganuyavayaTsniga
o v A =Y o‘a:lN 3q 3 o ) w daw a " . .
dmsuinoinusi W lFmdelumsaeasiaiuuuy lanesioanesitn (Viterbi algorithm)

s lddefda

Data Decoder = vitdec(data, Trellis, thlen, opmode, dectype)

Trellis = poly2trellis(constaint length, [generator polynomial])

o o { v a o A 1
dio  thlen  fo Swuduunnlglumsdaduly smualitimn 2
2 o s Ly o
opmode 19 IHuATUMININUUDIANDATHY fvuaiiu wunc’

= Y 13 o P v
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TRP = (1— FER) x Cgppc (5.13)
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6.2.1 MInaganitly BPSK

| -+~ STBC(G3}-OFDM
—8— STBC(G4)-OFDM
—— STBC(H3)-OFDM
—@~ STBC(H4)-OFDM

Bit Error Probability

8 8 9 10 1 12 13 14
SNR (dB)
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{ —#— Conventional OFDM i3
1 =8~ STBC(G2)}-OFDM
| == STBC(G3)-OFDM
—— STBC(G4)}-OFDM
1 —+— STBC(H3)-OFDM
1 =@ STBC(H4)}-OFDM

Symbol Error Probability

6 7 8 9 10 1 12 13 14
SNR (dB)

{ ar = @ w o s 1 1 ar
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Frame Error Probability
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6.2.2 MINOYAAUUY QPSK
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Abstract

Transmitter diversity with space-time block coding
(STBC) is an atiractive transmission scheme for high
data rate wireless communication such as orthogonal
frequency division multiplezing (OFDM). In this pa-
per, the performance of space-time block coded OFDM
for IEEE 802.11a wireless LANs is presented. The
block-interleaved (BI) STBC is proposed in the study
to provide the mazimum achievable diversity gain. As
the simulation results, the STBC OFDM and BI-STBC
OFDM provide the much improved performance over
conventional OFDM. And the BI-STBC OFDM also
provide the better performance than the STBC OFDM,
especially, in the case of the two transmil antennas are
employed at the transmitter.

‘1. Introduction

Over the past several years, Orthogonal Frequency
Division Multiplexing (OFDM) has emerged as a pop-
ular technique to combat ISI channels. It can han-
dle multipath propagation and increase the robustness
against frequency selective fading or narrowband inter-
ference [1]. Because of its advantage, OFDM has been
adopted to be the physical layer for the new high data
rate wireless LAN standard (IEEE 802.11 [2] and ETSI
HIPERLAN/2 [3)).

The major impairments, however, of the wireless
communication are noise, interference, and multipath
fading. Generally, several diversity techniques such as
temporal, frequency, polarization, and space have been
used to combat the multipath fading or to suppress
the interference signal. Traditionally, the important
constraints of the receiver are cost, size and current
drain. In recently years, transmitter diversity has been
introduced by Alamouti [4] to combat fading in wireless
environments and improve the performance of the wire-
less system without significantly increasing the size or
complexity of the receiver, Space-time coding (STC)
techniques have been proposed for transmitter diver-
sity [5]-(6] and then employed in OFDM system to fur-

ther reduce fading and obtain the better signal quality
from the diversity gain [7]-[9]. Space-time block coded
OFDM presented in [10] can only exploit space diver-
sity. In (7] and [11], space-time trellis coded OFDM
are considered to exploit both space and time diversity.
Some works tried to combine bit-interleaved space-time
trellis codes (BI-STC) to increase the maximum achiev-
able diversity provided by the channels [12)-[14]. Al
though several research works have been conducted
on space-time (block) coded OFDM, but few studies
have reported on the performance of these transmission
scheme based on the existence wireless communication
system.

In this paper, we focus on the performance of space-
time block coded OFDM based on IEEE 802.11a wire-
less LAN [15]. The block-interleaved space-time block
coding (BI-STBC) is proposed in the study to provide
the maximum achievable diversity gain. The perfor-
mance comparisons of the bit error probability and the
frame error probability for conventional OFDM, STBC
OFDM, and BI-STBC OFDM have been presented. As
the simulation results, the STBC OFDM and BI-STBC
OFDM provide the much improved performance over
conventional OFDM. And the BI-STBC OFDM also
provide the better performance than the STBC OFDM,
especially, in the case of the two transmit antennas are
employed at the transmitter.

2. The System Model

Consider a wireless communication system with n
transmit antennas and one receive antenna as shown
in Fig. 1. At each time slot ¢, the output signal of onas
OFDM modulated symbol can be written as [7]

Xix=X{g  XnoXiy o Xip Xin,oaoe
o T (1)
fori=12,...,nand k =1,2,...,N, — 1 where N,
represents number of overlapping subchannels and sig-

nals are transmitted simultaneously from the 7 trans-
mit antennas at the time slot £.



106

Infg;r:;l;on _[Convolution Block |, ISPT“’E'T?;
"| Encoder Interleaver| | S'ock Encoder
< transmitter —:4 channel —»}
EAnL
Y,
; Space-Time Block Convolution| : Information
Block Decoder =" pe.-interleaver [~>| Decoder > Sink
(ML)
Channel
Estimator

receiver >

Fig. 1. Baseband modeling of the BI-STBC OFDM system.

Because of OFDM transformed a frequency selective
fading channel into N, perfectly flat fading subchan-
nels. Therefore, the wireless channel is assumed to be
quasi-static so that the path gains are constant over
one OFDM frame of length [ and it changes from one
frame to others.

At the time slot ¢, the received signal is given by

=D HixXiy+ N (2)

=1

where H; is the frequency response of the channel
from the i*" transmit antennas to one receive antenna,
at k** multicarrier frequency. N} is independent sam-
ple of a zero-mean complex Gaussian random variable
with variance 0.5 per real dimension. Suppose the syn-
chronization between the transmitter and the receiver
is perfectly synchronized and channel state informa-
tion (CSI) is available at the receiver. The maximum
likelihood (ML) decision matric at the receiver can be
expressed as

2

rh— > Hix X, )

i=1

: l
X = argminz

t=1

where the minimum of the summation is over all pos-
sible codewords.

To mitigate the channel memory, thereby the BI-
STBC OFDM is proposed as shown in Fig. 1. For
block interleaver, where input bits are written in a ma-
trix column by column and read out row by row which

defined as subchannels (N,) and can be expressed as

0 N, 2N, (m—1)N,
1 Ny+1 2N, +1 (m —=1)N, +1
o Bl BN i Ny—1
(4)

We defined a block size of Ny bits and m columns,
the c** interleaved bit is equal to the r** encoded input
bit, where r is given by [1]

cm

r=cm — (N — 1) floor (Ff;) (5)

Convolution code is used as the outer code for all

transmission schemes, namely, conventional OFDM,

STBC OFDM, and BI-STBC OFDM. For the inner

code, the STBC with the coded schemes Gs, Gs, Hs, Ga,

and M4 [6] are used for 2, 3, and 4 transmit antennas,
respectively.

3. Simulétion Results

In this section, we provide the simulation results of
the conventional OFDM, STBC OFDM, and BI-STBC
OFDM based on IEEE 802.11a wireless LANs [15]. The
simulation parameters are given in Table 1. For our
simplification, the proposed systems are defined to sup-
port only single user (no multiuser interference: MUT).
over slow fading channels, Furthermore, we assume



Table 1. Simulation parameters.

Parameters [ Value
Data Rates 9, 12 Mbps
Modulations QPSK, 16-PSK
Convolution code rate 1/2
STBC schemes Ga, Ga, Ga, 3, Ha[6]
STBC rates 1,1/2,3/4
Number of subcarriers 52
Number of pilots 4
OFDM symbol duration 4 ps
Guard interval 800 ns

that the received signals must have equal average power
and impulse response of the channel is known at the re-
ceiver.

For STBC OFDM and BI-STBC OFDM, the num-
ber of the transmit antennas depends on the STBC
schemes such as @ for two transmit antennas. All
transmission schemes perform standard of conventional
OFDM system that has convolution coding rate 1/2
and constraint length 7 code with generator polynomi-
als (133,171) [1]. To investigate the performance of the
proposed STBC OFDM, we consider its performance
in two cases: 1) performance at the same modulation
(QPSK) and 2) performance at the same data rate (12
Mbps).

3.1 Performance at the Same Modulation

To investigate the performance at the same modula-
tion, all transmission schemes employ the same QPSK
modulation. In the case of one transmit antenna (con-
ventional OFDM), it can support data rate at 12 Mbps
as same as the two transmit antennas employ the G;
(code rate is one). In the case of 3 and 4 transmit
antennas, the code Hz and Hs are used, respectively.
Consequently, the code rate of Hs and Hy are 3/4 then
the data rate in each case is 9 Mbps. In Fig. 2 and Fig.
3, it is seen that the performance can be improved in
both BER and FER from the STBC OFDM and BI-
STBC OFDM. For example, the Hq provides the diver-
sity gain of about 2.5 dB and 12.5 dB over H3 and G,
respectively, and the improved diversity gain of about
2.5 dB can be obtained from BI-STBC OFDM with
G» at the BER of 10~%. In Fig. 3, the M4 provides
the diversity gain of about 1.5 dB and 10 dB over H3
and Go, respectively, at the FER of 1072, From these
simulation results, it is seen that the Gz provides the
better performance over conventional OFDM while it
can maintain the same data rate of 12 Mbps.
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Fig. 2. Performance comparisons of bit error proba-
bility for conventional OFDM, STBC OFDM, and
BI-STBC OFDM with QPSK modulation. -
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Fig. 3. Performance comparisons of frame error proba-
bility for conventional OFDM, STBC OFDM, and
BI-STBC OFDM with QPSK modulation.

3.2 Performance at the Same Data Rate

In this case, all transmission schemes are assigned
to be the same data rate of 12 Mbps. For one and
two transmit antennas, the transmission schemes are
same as the previous section., In the case of 3 and 4
transmit antennas, the code G3 and G4 are used, re-
spectively. The code rates of G3 and G4 are equal to
1/2. Hence, to obtain the same data rate with s, the
16-PSK modulation is used. The bit error probability
and frame error probability are shown in Fig. 4 and
Fig. 5, respectively. It is found that at the bit error
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Fig. 4. Performance comparisons of bit error proba-
bility for conventional OFDM, STBC OFDM, and
BI-STBC OFDM at 12 Mbps.
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Fig. 5. Performance comparisons of frame error proba-
bility for conventional OFDM, STBC OFDM, and
BI-STBC OFDM at 12 Mbps.

rate of 10~° the G4 provides the diversity gain of about
2.5 dB and 7.5 dB over the G3 and G, respectively.
And the improved diversity gain of 2.5 dB can be ob-
tained from the BI-STBC OFDM with G,. In Fig. 5,
the G4 provides the diversity gain of about 1.2 dB and
2 dB over Gs and Ga, respectively, at the FER of 1072,

4. Conclusion

In this paper, we investigate the performance of the
STBC OFDM for IEEE 802.11a wireless LANs. The
performance comparisons of bit error probability and
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frame error probability for conventional OFDM, STBC
OFDM, and BIL-STBC OFDM have been presented.
As the simulation results, it can be achieved the im-
proved diversity gain over conventional OFDM. And
the BI-STBC OFDM also provides the better perfor-
mance than the STBC OFDM, especially, in tha case
of two transmit antennas are employed at the trans-
mitter. Therefore, the STBC OFDM is a feasible way
to reach the high data rate wireless communication.
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