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ABSTRACT 

Space Time Block Coded Multi-carrier CDMA with Minimum Total Squared 
Correlation Signatures and Multiuser Detection 

The merging of multimedia based applications with mobile communications in areas 
such as telemedicine, military, business, and entertainment implies that wireless 
communication systems have to provide high-speed broadband multiple-access 
solution to meet the demand. One approach to achieve the required solution is by 
combining Space Time Coding (STC) and Multi-Carrier Code Division Multiple Access 
(CDMA). The uncovering of the limits and capacity of Multiple Input Multiple Output 
(MIMO) system has placed STC, applied on MIMO system, as the answer for high­
speed wireless communications. While Multi-Carrier CDMA, with its ability to combat 
frequency selective channel experienced by broadband signals, has been adopted 
as the enabling technology behind 3G communication systems and widely 
considered for the future 4G systems. This work focuses on the combination of a 
variant of STC, namely Space Time Block Codes (STBC) with the frequency domain 
spreading variant of Multi-Carrier CDMA, namely MC-CDMA. The thesis proposes 
the enhancement of STBC MC-CDMA through two new designs. Firstly, a Pilot Aided 
STBC MC-CDMA scheme based on overloaded Minimum Total Squared Correlation 
(TSC) signature set was introduced for the first time. Since overloaded signatures 
were utilized as the spreading codes, a number of sub-channels in STBC MC-CDMA 
were not used for data transmission. These sub-channels were exploited for comb­
type pilot signaling. To maintain low system complexity, for the pilot sub-channels 
Least Square Estimation (LS) method was employed, and for interpolating the 
characteristics of the data sub-channels linear interpolator was applied. The validity 
of the scheme was confirmed by comparing its performance with that of the Walsh­
Hadamard based STBC MC-CDMA with block-type pilot. The result showed that 
although the spreading codes of interest are not fully orthogonal codes, for a low 
number of users, e.g. less than 7 users in a system with a capacity of 32, the 
system under investigation performed better than its Walsh-Hadamard based 
counterpart with the same capacity. This will be valuable for Wireless Personal Area 
Network (PAN) where the number of users is typically low. Secondly, a multiuser 
detector (MUD) using Genetic Algorithm (GA) was devised specifically for the STBC 
MC-CDMA. Basically, optimum detection for CDMA based systems using
conventional MUD has a high computational complexity. For K number of users for
instance, the computational complexity grows exponentially with K. The problem
presents even more impact for the more complicated CDMA derivation such as
STBC MC-CDMA that requires more processing time. Although suboptimum
detection methods with less complexity are available, they are less powerful than
MUD. To achieve the optimality of MUD while avoiding the computational
complexity, GA is included in the detector design. Furthermore, the STBC MC-CDMA
system was simulated over a frequency selective rayleigh fading channel with the
receiver employing the GA assisted MUD. The result showed that the system under
investigation performed better than STBC MC-CDMA using Equal Gain Combining
(EGC). For instance, at the BER value of 0.01, the required level of Eb/N0 for 2x2
STBC MC-CDMA using GA assisted MUD was dropped by 3 dB compared to the 2x2
scheme using EGC.
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ABSTRAK 

Penggabungan aplikasi multimedia dengan komunikasi bergerak (mobile) di dalam 
bidang seperti tele-kesihatan, ketenteraan, perniagaan, dan hiburan mempunyai 
implikasi bahawa sistem komunikasi tanpa wayar harus dapat memberi 
penyelesaian jalur lebar yang berkelajuan tinggi dengan kemampuan capaian 
berbilang. Sa/ah satu pendekatan untuk mencapainya adalah dengan 
mengkombinasikan Space Time Coding {STC} dan Multi-Carrier Code Division 
Multiple Access (CDMA). Penemuan akan had dan kapasiti dari sistem Multiple 
Input Multiple Output {MIMO) telah menempatkan STC, dengan sistem MIMO, 
sebagai Jawapan untuk memenuhi komunikasi tanpa wayar berkelajuan tinggi. 
Manakala Multi-Carrier CDMA, dengan ketahanannya terhadap saluran memilih 
frekuensi yang dialami oleh isyarat Jalur /ebar, telah dipakai sebagai teknologi asas 
untuk sistem komunikasi JG dan Juga secara meluas dipandang sesuai untuk sistem 
4G. Ketja ini memfokus pada kombinasi antara suatu jenis STC yang dikenali 
sebagai Space Time Block Codes (STBC) dengan suatu jenis dari Multi-Carrier 
CDMA yang melakukan penyebaran dalam domain frekuensi, dikenali sebagai MC­
CDMA. Tesis ini mengajukan penambahbaikan STBC MC-CDMA melalui dua 
rekabentuk baru. Pertama, sebuah skim berbantukan pilot, Pilot-Symbol Aided 
STBC MC-CDMA, berasaskan kepada set tandatangan overloaded Minimum Total 
Squared Correlation {TSC), telah diperkenalkan untuk pertama kalinya. 
Memandangkan set tandatangan tersebut dipakai sebagai kod penyebaran, 
sebilangan cabang saluran dalam STBC MC-CDMA tidak diguna untuk transmisi 
data. Sebilangan cabang saluran tersebut dimanfaatkan untuk comb-type pilot 
signaling. Untuk memastikan kerumitan system yang rendah, untuk sub saluran 
pilot, kaedah Least Square Estimation {LS) telah digunakan dan untuk interpolasi 
ciri-ciri cabang saluran data, linear interpolator telah diaplikasikan. Kebenaran skim 
ini dipastikan dengan membandingkan prestasi ketjanya dengan STBC MC-CDMA 
berkod Walsh-Hadamard yang memakai block-type pilot Hasil penyelidikan 
menunjukkan bahawa meskipun kod penyebaran yang diselidiki bukanlah kod 
orthogonal, untuk bilangan pemakai yang keal sebagai contoh, kurang dari lapan 
pemakai untuk sistem dengan kapasiti 32, sistem baru yang memakai kod tersebut 
mempunyai prestasi ketja yang lebih baik dari sistem yang memakai kod Walsh­
Hadamard yang orthogonal dengan kapasiti yang sama. lni akan berguna untuk 
Wireless Personal Area Network (PANJ yang umumnya mempunyai b11angan 
pemakai yang kecil. Kedua, sebuah Multi user Detector (MUD) dengan Genetic 
Algorithm (GA) telah diciptakan untuk STBC MC-CDMA. Pada dasarnya, pengesanan 
optimum pada sistem CDMA menggunakan MUD konvensiona/ memiliki kerumitan 
pengiraan yang tinggi. Untuk bilangan pemakai K, kerumitan pengiraan bertambah 
secara eksponensial mengikut K. Masalah ini memberi kesan yang lebih pada 
terbitan CDMA yang lebih rumit seperti pada STBC MC-CDMA yang memerlukan 
pemprosesan yang lebih lama. Meskipun kaedah pengesanan cabang optimum 
dengan kerumitan yang lebih rendah dapat dipakai, tetapi kemampuannya lebih 
rendah dari MUD. Untuk mencapai keoptimalan MUD dengan mengelakkan 
kerumitan pengiraan yang tinggi, GA disertakan dalam rekabentuk pengesan. 
Tambahan pula, sistem STBC MC-CDMA disimulasi untuk saluran rayleigh fading 
memilih frekuensi dengan bahagian penerima yang menggunakan MUD 
berbantukan GA. Hasil simulasi menunjukkan bahawa sistem yang dise!idiki 
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mempunyai prestasi kelja yang Jelas /ebih ba1k dari STBC MC-CDMA dengan Equal 
Gain Combining (EGC). Sebagai contoh, untuk BER sebesar 0.01/ Et/No untuk 2x2 
STBC MC-CDMA dengan MUD berbantukan GA ada/ah 3 dB /ebih rendah 
dtbandingkan dengan skim 2x2 dengan EGC. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background 

The idea of undertaking the research work presented in this thesis was induced by 

issues arising in the development of mobile tele-emergency system in the School of 

Engineering and Information Technology, Universiti Malaysia Sabah. 

The mobile tele-emergency system project aims at providing medical 

emergency services in remote areas and disaster struck areas by means of mobile 

medical units (Husni et al., 2004). Furthermore, since very remote areas and 

disaster struck areas normally lack telecommunications infrastructure, the medical 

units should be able to communicate with each other independently without any 

supporting conventional telecommunication infrastructures (Husni et al., 2006). The 

tele-emergency system must be able to provide real-time multimedia services, 

although for non-emergency situation non-interactive store and forward technique 

is acceptable, and to accommodate the needs of high-speed transmission of large 

medical information content and high quality video communications (Husni et al., 

2004). 

In order to support such operational abilities, the only possible technological 

solution for the communications is the broadband mobile wireless technology. 

Physical layer design, i.e. wireless communications design, is a key to the quality of 

the communication system building block of the medical units, which in turn will 

also define the quality of the medical services. Thus, it demands advanced wireless 

technologies supporting the system at the physical layer. 

The obvious source of problems in mobile wireless communications is the 

wireless channel itself as the transmission medium. The mobility of the units affects 

the characteristics of the channel with fading phenomenon. The fading generally 

follows Rayleigh probability distribution function, except for short distance where it 


