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SUMMARY           
 

DESIGN AND PERFORMANCE EVALUATION OF A FULL RATE, FULL DIVERSITY 

SPACE-TIME-SPREADING CODE FOR AN ARBITRARY NUMBER OF Tx ANTENNAS 

by 

Francois De Villiers Maasdorp 

Promoter : Professor L.P. Linde 

Department of Electrical, Electronic and Computer Engineering 

Masters of Engineering (Electronic) 

 

Since the mid 1990’s, the wireless communications industry has witnessed explosive growth.  

The worldwide cellular and personal communication subscriber base surpassed 600 million 

users by late 2001, and the number of individual subscribers surpassed 2 billion at the end of 

2006 [1, 2].  In order to attract and accommodate these subscribers, modern communication 

systems, like the Third Generation (3G) and Fourth Generation (4G) cellular networks, will 

have to provide attractive new features such as increased data throughput rates, greater system 

capacity, and better speech quality. These modern communication systems promise to have 

advantages such as wireless access in ways that have never been possible before, providing, 

amongst others services such as live television (TV) broadcasting to Mobile Stations (MS)s, 

multi-megabit Internet access, communication using Voice over Internet Protocol (VoIP), 

unparalleled network capacity, seamless accessibility and many more. 

 

With specific, but not exclusive reference to the cellular environment, there are numerous 

ways to increase the data throughput rate and system capacity. From an economical 

perspective, it would be more efficient to add equipment to the Base Station (BS) rather than 

the MSs.  To achieve these improvements the motivation to utilise transmit diversity’s 

capabilities have been identified as a key research issue in this study.  Alamouti [3] proposed 

a transmit diversity technique using two transmit antennas and one receive antenna, providing 

the same diversity order than using one transmit antenna and two receive antennas.  Since 

Alamouti’s publication in 1998, many papers in the field of Space-Time (ST) coding have 

been published.  Current research in the field of ST coding consists of finding methods to 

extend the number of transmit antennas to more than four, while still achieving full rate, as 

well as full diversity which is the main motivation for this study.   

 

 
 
 



This study proposes a novel idea of breaching the limitations with ST coding theory by 

combining ST coding with Spread Spectrum (SS) modulation techniques in order to extend 

the number of transmit antennas to more than four and still achieve full rate as well as full 

diversity.  An advantage of the proposed scheme, called Direct Sequence Space-Time 

Spreading (DSSTS) has over current Space-Time Spreading (STS) techniques is that it uses 

50% less spreading codes.  A performance evaluation platform for the DSSTS scheme was 

developed to simulate the performance of the scheme in a realistic mobile communication 

environment.  A mobile communication channel that has the ability to simulate time-varying 

multipath fading was developed and used to evaluate the performance of the DSSTS scheme.  

From the simulation results obtained, it is evident that Walsh sequences that exhibit 

particularly good cross-correlation characteristics, cannot overcome the effect of the antenna 

self-noise in order to exploit the diversity gain by adding extra antennas, i.e. diversity 

extension.  The research also showed that an optimal trade-off exists between antenna 

diversity and antenna created self-noise.  Performance results of the DSSTS scheme in slow 

and fast fading channels for a different number of transmit antennas are also presented in this 

study.  With the capacity analysis of the DSSTS scheme, it was shown that the addition of 

extra transmit antennas to the system indeed increased the system capacity. 

 

A further addition to this study is the investigation into the assumption that the channel should 

be quasi-static over the frame length of the ST code.  A Space Sequence Transmit Diversity 

(SSTD) technique is consequently proposed that allows the transmission of the Alamouti 

symbols during one time interval instead of two.  This relieves the ST code from the 

assumption that the channel should be quasi-static, allowing it to be used in a more realistic 

multi-user environment.  A performance evaluation platform for the SSTD scheme was 

developed and used to obtain simulation results in a multipath fading channel.  It was also 

shown that the proposed SSTD scheme is successful in combating the effects of multipath 

fading for small Code Division Multiple Access (CDMA) user loads.  However, as a rule of 

thumb, the square root of the spreading sequence length divided by two depicts the user load 

at which the SSTD scheme was not capable of overcoming the combined effects of Multi-

User Interference (MUI) and multipath fading. 

 

Keywords:  3G, 4G, transmit diversity, capacity, ST Block coding, full rate, full diversity, 

Spread Spectrum, SSTD, DSSTS, time varying multipath fading, cross-correlation, antenna 

self-noise, quasi-static, CDMA, MUI. 
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Promoter : Professor L.P. Linde 

Departement Elektriese, Elektroniese en Rekenaar-Ingenieurswese 

Meester in Ingenieurswese (Elektronies) 

 

Sedert die middel 1990’s het die draadlose kommunikasie-industrie ’n reuse ontploffing in 

gebruikersgetalle beleef.  Die wêreldwye getal sellulêre en persoonlike kommunikasie 

gebruikers het die 600 miljoen kerf bereik, en die getal het 2 biljoen bereik aan die einde van 

2006 [1, 2].  Om al hierdie aantekenare te akkommodeer, sal moderne kommunikasiestelsels, 

soos die Derde-Generasie (3G) en Vierde-Generasie (4G) selfoonnetwerke, grootliks moet 

aanpas om hul datatempo te verhoog, groter stelsel kapasiteit hê, beter stemkwaliteit te 

verkry, ens.  Hierdie moderne kommunikasiestelsels beloof om voordele soos draadlose 

toegang te verleen, wat nog nooit van tevore moontlik was nie, soos byvoorbeeld direkte 

televisie uitsendings na mobielestasies, multi-megagreep Internet-toegang, kommunikasie wat 

gebruik maak van stem-oor-internet-protokol (VoIP), altyd-aan Internet-toegang, en meer. 

 

Met spesifieke, maar nie eksklusiewe verwysing na die sellulêre omgewing nie, is daar ’n 

verskeidenheid maniere om die datatempo, asook die stelselkapasiteit te verhoog.  Uit ’n 

ekonomiese lewensvatbare oogpunt is dit meer effektief om toerusting by die basisstasie te 

plaas as by die mobielestasie.  Om hierdie voordele te behaal, is uitsaai-diversiteit dus as ’n 

sleutel navorsingsveld in hierdie studie geïdentifiseer.  Alamouti [3] het ’n uitsaai 

diversiteitskema voorgestel wat twee uitsaai-antennas en een ontvangs-antenna gebruik en 

dieselfde diversiteitsorde het as ‘n stelsel wat een uitsaai-antenna en twee ontvangs-antennas 

het.  Sedert Alamouti se publikasie in 1998 is talle publikasies oor Ruimte-Tyd (RT) kodering 

gepubliseer.  Hedendaagse navorsing op die terrein van RT-kodering wat metodes behels wat 

fokus op die uitbreiding van die aantal uitsaai-antennas na meer as vier, terwyl volle 

datatempo en volle diversiteit steeds bereik word, het gelei tot die hooftema van hierdie 

studie.  Hierdie studie stel ’n skema voor wat die beperkings in RT-kodering oorbrug deur 

Sprei-Spektrum (SS) modulasie te kombineer met RT-kodering om die aantal uitsaai-antennas 

 
 
 



te vermeerder na meer as vier, terwyl volle datatempo, sowel as volle diversiteit, steeds gehaal 

word.  ’n Voordeel wat die voorgestelde skema, naamlik Direkte Sekwensie Ruimte-Tyd 

Spreiding (DSRTS), oor konvensionele Ruimte-Tyd-Spreiding (RTS) het, is dan ook dat 50% 

minder spreisekwensies gebruik word.  ’n Werkverrigting evaluasie-platform vir die DSRTS-

skema is ontwikkel om die werkverrigting van die skema in ‘n werklike omgewing te 

simuleer.  ’n Mobiele kommunikasiekanaal wat die vermoë het om tyd-variërende multipad-

deinende kanaaltoestande te simuleer, is ontwikkel en gebruik om die DSRTS-skema se 

werkverrigting te evalueer.  Uit die simulasieresultate was dit ooglopend dat die Walsh-

sekwensies, wat besonder goeie infasige kruiskorrelasie-eienskappe besit, nie die effekte van 

die antenna-self-ruis kon oorkom ten einde die diversiteit wat deur die byvoeging van ekstra 

antennas verskaf word, te benut nie, d.i. diversiteits-uitbreiding.  Uit die studie was dit ook 

duidelik dat daar ‘n optimale uitruiling bestaan tussen antenna-diversiteit en antenna-self-ruis.  

Werkverrigtings-resultate van die DSRTS-skema in stadig - sowel as vinnig - deinende kanale 

vir verskillende aantal uitsaai-antennas, word ook in hierdie studie voorgelê.  Met die 

kapasiteitsanalise wat van die DSRTS skema gedoen is, is bewys dat die uitbreiding van 

uitsaai-antennas wel die stelselkapasiteit verhoog. 

 

In ’n verdere uitbreiding op hierdie studie is ondersoek ingestel na die onrealistiese 

aanvaarding dat die kanaal quasi-stationêr oor die vensterperiode van die RT-kode is.  ’n 

Ruimte-Sekwensie Uitsaai-Diversiteits (RSUD)-metode word voorgestel in hierdie studie wat 

die uitsaai van die Alamouti simbole oor een tydsinterval, in plaas van twee tydsintervalle laat 

geskied.  Dus hoef die kanaal vir ‘n RT-kode nie meer quasi-stationer te wees nie en kan dit 

gebruik word in ’n meer realistiese multi-gebruiker omgewing. ’n Werkverrigtings-

evaluasieplatform vir die RSUD is ontwikkel om simulasieresultate vir ’n deinende multipad 

kanaal te verkry.  Die studie toon ook dat die voorgestelde RSUD-skema suksesvol is in die 

oorkoming van deinende multipad-kanaal effekte vir ’n klein Kode-Divisie-Veelvuldige-

Toegang (KDVT) gebruikersbelading.  As ‘n algemene reël kan die vierkantswortel van die 

sekwensielengte gedeel deur twee beskou word as die gebruikerslading waar die RSUD 

skema egter nie die gekombineerde effekte van die deinende kanaal en Multi-Gebruiker-

Steuring (MGS) kan oorkom nie. 

 

Sleutelwoorde:  3G, 4G, uitsaai diversity, kapasiteit, RT kodering, volle tempo, volle 

diversiteit, Sprei Spekrum, RSUD, DSRTS, tyd varieërende multipad deining, kruis-

korrelasie, antenna self-ruis, quasi-staties, KDVT, MGS. 
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