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SUMMARY
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COMMUNICATION OVER MOBILE FADING CHANNELS
by
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Promoter: Professor L.P. Linde
Department of Electrical, Electronic and Computer Engineering
Master of Engineering (Electronic)

INCE the frantic race towards the Shannon bound [1] commenced in the #&0’s, linear

block codes have become integral components of most digital communicasiemsy Both bi-
nary and non-binary linear block codes have proven themselvesragifdile adversaries against the
impediments presented by wireless communication channels. However, piinar tEndmark 1974
paper [2] byBahl et al. on the optimaMaximum a-Posteriori ProbabilityMAP) trellis decoding of
linear block codes, practical linear block code decoding schemes weoaly based on suboptimal
hard decision algorithms, but also code-specific in most instances. 8W/¥8fexpedited the work of
Bahl et al.by demonstrating the applicability of a block-wig#erbi Algorithm(VA) to Bahl-Cocke-
Jelinek-Ravi(BCJR) trellis structures as a generic optimal soft decisaximum-LikelihoodML)
trellis decoding solution for linear block codes [3].

This study, largely motivated by code implementers’ ongoing search fargelinear block code
decoding algorithms, builds on the foundations establisheBdhy}, Wolf and other contributing re-
searchers by thoroughly evaluating the VA decoding of popular binadynan-binary linear block
codes on realistic narrowband and wideband digital communication platforifedike mobile envi-
ronments. Ideally, generic linear block code decoding algorithms musthobe modest in terms of
computational complexity, but they must also be channel aware. Sucérsaialgorithms will un-
doubtedly be integrated into most channel coding subsystems that adapngirg mobile channel
conditions, such as the adaptive channel coding schemes of cikmbahced Data Rates for GSM
Evolution(EDGE), 3" Generation(3G) andBeyond 3@B3G) systems, as well as futut&* Gener-
ation (4G) systems. In this study classic BCJR linear block code trellis construstammotated and
applied to contemporary binary and non-binary linear block codes. 8GR trellis structures are
inherently sizable and intricate, rudimentary trellis complexity calculation anactiesh algorithms
are also presented and demonstrated. The block-wise VA for BCJR ttalictses, initially intro-
duced byWolfin [3], is revisited and improved to incorpord@annel State InformatiofCSl) during
its ML decoding efforts.

In order to accurately appraise tB&-Error-Rate (BER) performances of VA decoded linear block
codes in authentic wireless communication environmekdsljtive White Gaussian Noig@WGN),
flat fading and multi-user multipath fading simulation platforms were construdtediided in this
task was the development of baseband complex flat and multipath fadingettsamulator models,
capable of reproducing the physical attributes of realistic mobile fadingrmehis. Furthermore, a
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complexQuadrature Phase Shift KeyinPSK) system were employed as the narrowband com-
munication link of choice for the AWGN and flat fading channel perforneamealuation platforms.
The versatile B3G multi-user multipath fading simulation platform, however, wastaated us-
ing a wideband RAKE receiver-based compl@ixect Sequence Spread Spectrum Multiple Access
(DS/SSMA) communication system that supports unfiltered and filt€aohplex Spreading Se-
quencs (CSS). This wideband platform is not only capable of analysing the mduef frequency
selective fading on the BER performances of VA decoded linear blodks;dut also the influence
of the Multi-User InterferencgMUI) created by other users active in tde Division Multiple
AccesgCDMA) system. CSS families considered during this study inclzdeoff-Chu(ZC) [4, 5],
QuadriphasdQPH) [6], Double Sideban¢DSB) Constant Envelope Linearly Interpolated Root-of-
Unity (CE-LI-RU) filteredGeneralised Chirp-likédGCL) [4, 7-9] andAnalytical Bandlimited Com-
plex(ABC) [7,10] sequences.

Numerous simulated BER performance curves, obtained using the AWGFkdiag and multi-user
multipath fading channel performance evaluation platforms, are presentbid study for various
important binary and non-binary linear block code classes, all decosiad the VA. Binary linear
block codes examined include Hamming @&ake-Chaudhuri-HocquenghdBCH) codes, whereas
popular burst error correcting non-binaReed-SolomofRS) codes receive special attention. Fur-
thermore, a simple cyclic binary linear block code is used to validate the viabiligmyfloying
the reduced trellis structures produced by the proposed trellis compleditgtien algorithm. The
simulated BER performance results shed light on the error correctiorbitiipa of these VA de-
coded linear block codes when influenced by detrimental channetgffecluding AWGN, Doppler
spreading, diminishedine-of-Sight(LOS) signal strength, multipath propagation and MUI. It also
investigates the impact of other pertinent communication system configuréiéomatives, including
channel interleaving, code puncturing, the quality of the CSI availabiegiMA decoding, RAKE
diversity combining approaches and CSS correlation characteristios these simulated results it
can not only be gathered that the VA is an effective generic optimal suiit L decoder for both
binary and non-binary linear block codes, but also that the inclusiorsbtiGring VA metric calcula-
tions can fortify the BER performances of such codes beyond that ditaibg classic ML decoding
algorithms.

Keywords, phrases and acronyms:3G, 4G, adaptive channel coding, AWGN, B3G, BCH code,
BCJR trellis, BER, CDMA, code puncturing, CSI, CSS, DS/SSMA, EDG&, fiding, Hamming
code, hard decision decoding, channel interleaving, linear block 86 decoding, ML decoding,
MUI, multipath fading, QPSK, RAKE, RS code, Shannon bound, sofistatdecoding, VA
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deur
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EDERT die verwoede resies na die Shannon-grens [1] in diegvi®880’'s aanvang geneem het,

het lineére blokkodes integrale komponente van meeste digitale kommunikasiesteisets.ge
Beide birére en nie-biare line€re blokkodes het hulself bewys as gedugte teenstanders teen die
belemmeringe wat draadlose kommunikasiekanale bied. Voor die mylpaahtit&! [2] deurBahl
et al. oor die optimalévlaksimum a-Posteriori Waarskeinlikhei AW) trellisdekodering van linere
blokkodes, was praktiese liaee blokkode dekoderingskemas egter nie net gebaseer op suboptimale
harde beslissingsalgoritmes nie, maar ook kode-spesifiek in meeste gdualle78 hetWolf die
werk vanBahl et al. aangehelp deur die toepasbaarheid van 'n bloktiperbi Algoritme (VA) op
Bahl-Cocke-Jelinek-Ravi(BCJR) trellisstrukture as 'n generiese optimale sagte besliddaigsi-
mum Waarskeinlikhei@MW) trellis dekoderingsoplossing vir ligee blokkodes te demonstreer [3].

Hierdie studie, hoofsaaklik gemotiveer deur kode-implementeerdersatduende soeke na ge-
neriese linére blokkode dekoderingalgoritmes, bou op die fondasies watBkiy Wolf en ander
bydraende navorsers gevestig is, deur die VA dekodering van gehiildee en nie-biare lineere
blokkodes op realistiese noueband en wyeband digitale kommunikasieplatfotewenstroue mo-
biele omgewings deeglik te evalueer. Generiesetliadlokkode dekoderingalgoritmes moet ideaal
nie net beskeie wees in terme van bewerkingkompleksiteit nie, maar moetoaklkewus wees.
Sulke universele algoritmes sal ongetwyfeldrgegreer word in meeste kanaalkodering substelsels
wat aanpas tot veranderende mobile kanaaltoestande, soos diebaaapemaalkoderingskemas
van huidigeEnhanced Data Rates for GSM EvolutilEDGE), 39¢ Generasig(3G) enBokant34¢
Generasie(B3G) stelsels, asook toekomstigé® Generasie4G) stelsels. In hierdie studie word
klasieke BCJR trelliskonstruksie verduidelik en toegepas op hederedbizgee en nie-biare linere
blokkodes. Aangesien BCJR trellisstrukture inherent groot en ingeldkk, word elemeiétre trel-
liskompleksiteit berekening- en verminderingalgoritmes ook voorgestetéangonstreer. Die blok-
tipe VA vir BCJR trellisstrukture, oorspronklike voorgestel dé&bolf in [3], word heroorweeg en
verbeter onKanaaltoestand InformasigTI) te inkorporeer gedurende sy MW dekoderingspogings.

Om dieBisfout TempdBFT) werkverrigting van VA gedekodeerde |&re blokkodes in outentieke
draadloses kommunikasieomgewings akkuraat te waardeerSerameerbare Wit Gaussiese Ruis
(SWGR), plat deining en multi-gebruiker multipad deining simulasieplatformsegeskgesluit in
hierdie taak was die ontwikkeling van komplekse basisband plat en multipadndieirkanaal si-
mulatormodelle, wat instaat is om die fisiese eienskappe van realistiese mabiedade kanale te
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herproduseer. Verder was 'n komplekse&adratuur Faseskuif SleutelingkFSS) stelsel gebruik as
die gekose nouband kommunikasieskakel vir die SWGR en plat deinendelkeerkverrigting eval-
uasieplatforms. Die veelsydige B3G multi-gebruiker multipad deinende simuk$tepm was egter
saamgestel deur gebruik te maak van 'n RAKE ontvanger gebaseeargadise wyeban®direkte
Sekwensie Spreispektrum Veelvuldige Toed®8/SSVT) kommunikasiestelsel wat ongefilterde en
gefilterdeKomplekse SpreisekwernsigSS) ondersteun. Hierdie wyeband platform is nie net instaat
om die invloed van frekwensie selektiewe deining op die BFT werkverrigtamgVVA gedekodeerde
lineére blokkodes te analiseer nie, maar so ook die invioed vamdig-gebruiker SteurindMGS)
geskep deur die ander gebruikers wat aktief inkbee Divisie Veelvuldige ToegariigDVT) stelsel

is. KSS families wat oorweeg is in hierdie studie sluizZiadoff-Chu(ZC) [4, 5], Kwadratuur Fasige
(KF) [6], Dubbele Syban(DSB) Konstante Omhulling Lirér Geénterpoleerde Eenheidswort@O-
LGI-EW) gefilterdeAlgemene Tjirp-agtig€ATA) [4, 7, 8] en Analitiese Bandbeperkte Komplekse
(ABK) [7,10] sekwensies.

Talryke gesimuleerde BFT werkverrigtingkurwes, verkry deur varBiéGR, plat deining en multi-
gebruiker multipad deining werkverrigting evaluasieplatforms gebruik te nveadkl in hierdie studie
voorgek vir verskeie belangrike bame en nie-biare linéére blokkode klasse, almal gedekodeer
deur van die VA gebruik te maak. Bére linéere blokkodes wat ondersoek is, sluit in Hamming
en Bose-Chaudhuri-HocquenghdgfBCH) kodes, terwyl gewilde sarsiefout korrigerende niegbin
Reed-SolomofRS) kodes spesiale aandag ontvang. Verder word 'n eenvoudigssikirere linere
blokkode gebruik om die lewensvatbaarheid van die gebruik van diemevadigde trellisstrukture,
geproduseer deur die voorgestelde trellis kompleksiteit verminderingieaigo te bekragtig. Die
gesimuleerde BFT werkverrigtingresultate werp lig op die foutkorreksime@ns van hierdie VA
gedekodeerde lirsge blokkodes wanneer hulleibeloed word deur nadelige kanaaleffekte, inslui-
tend SWGR, Doppler spreiding, verminderidgn-van-Sig(LVS) seinsterkte, multipad voortplant-
ing en MGS. Dit ondersoek ook die impak van ander toepaslike kommunitelsekonfigurasie-
alternatiewe, insluitend kanaalintervlegging, kodeperforasie, die kwalaeitdie KTl beskikbaar
gedurende VA dekodering, RAKE diversiteit samevoegingsbenageean KSS korrelasie karakter-
istieke. Vanuit hierdie gesimuleerde resultate kan dit nie net afgelei wairdid VA 'n effektiewe
generiese optimale sagte inset MW dekodeerder is vir beidadien nie-biére linere blokkodes
nie, maar ook dat die insluiting van KTl gedurende VA metriekberekenirgBET werkverrigtinge
van sulke kodes kan verbeter bo dit wat haalbaar is deur klassieke &kdddringsalgoritmes.

Sleutelwoorde, frases en akronieme3G, 4G, aanpasbare kanaalkodering, B3G, BCH kode, BCJR
trellis, BFT, DS/SSVT, EDGE, Hamming kode, harde beslissingsdekodekarmpalintervliegging,
KDVT, KFSS, kodeperforasie, KTI, KSS, ligdee blokkode, MAW dekodering, MGS, multipad dein-
ing, MW dekodering, plat deining, RAKE, RS kode, sagte beslissingstiring, Shannon-grens,
SWGR, VA
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